
BASIN ANALYSIS IN PETROLEUM EXPLORATION 

@
G

E
O

L
O

G
Y

B
O

O
K

S



BASIN ANALYSIS 
IN 

PETROLEUM EXPLORATION 
A case study from the Bekes basin, Hungary 

edited by 

PAUL G. TELEKI 
U.S. Geological Survey, Res ton, Virginia, U.S.A. 

ROBERTE. MATTICK 
U.S. Geological Survey, Reston, Virginia, U.S.A. 

and 

JÄNOS KÖKAI 
Mining Bureau of Hungary, Budapest 

formerly Hungarian Oil and Gas Trust, Budapest, Hungary 

SPRINGER SCIENCE+BUSINESS MEDIA, B.V. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Library of Congress Cataloging-in-Publication Data 

Basi n ana lys i s 1n petroleu m explorat io n
 :

 a  cas e stud y fro m th e Bekes 
bas in ,  Hungary /  edi te d by Paul  G.  T e l e k l ,  Robert  E.  Mat t i ck ,  and 
Janos Koka 1. 

p.  cm. 
Include s Index . 

1.  Petroleum—Geology—Bekes Basi n (Hungar y and Romania) 
2.  Petroleum—Prospecting—Beke s Basi n (Hungar y and Romania) 
I .  T e l e k l ,  P.  G.  (Pau l  G.) ,  1930-  .  I I .  Mat t l ck ,  Robert  E . 
I I I .  Koka l ,  Janos . 
TN271.P4B37 1994 
553.2'  8  *  09439—dc20 94-22321 

Printed on acid-free paper 

Al l Rights Reserved 
© 1994 Springer Science+Business Media Dordrecht 

Originally published by Kluwer Academic Publishers in 1994 
Softcover reprint of the hardcover 1st edition 1994 

No part of the material protected by this copyright notice may be reproduced or 
utilized in any form or by any means, electronic or mechanical, 

including photocopying, recording or by any information storage and 
retrieval system, without written permission from the copyright owner. 

ISBN 978-94-010-4412-7 ISBN 978-94-011-0954-3 (eBook)
DOI 10.1007/978-010-4412-7

ISBN 978-94-010-4412-7

@
G

E
O

L
O

G
Y

B
O

O
K

S



TABLE OF CONTENTS 

Foreword ............................................................................................................................................... xi 
Paul G. Teleki, Robert E. Mattick and Janos K6kai 

1 Structure of the Bekes Basin Inferred from Seismic Reflection, 
Well and Gravity Data ......................................................................................................................... 1 
John A. Grow, Robert E. Mattick, Anik6 Berczi-Makk, Csaba Per6, Denes Hajdu, Gyorgy Pogacsas, Peter 
Vamai and Ede Varga 

ABSTRACT .......................................................................................................................................................... . 
INTRODUCTION ................................................................................................................................................. 2 
PREVIOUS SEISMIC REFLECTION STUDIES FROM THE PANNONIAN BASIN .................................... 6 
MORPHOLOGY OF THE BEXES BASIN ......................................................................................................... 6 
EXTENSIONAL AND OBLIQUE EXTENSIONAL FEATURES ..................................................................... 8 
MESOZOIC BELTS .............................................................................................................................................. 12 

Battonya-PusztafOldvar Mesozoic Trough ................................................................................................... 12 
Bekes-Doboz Mesozoic Trough ................................................................................................................... 22 

LISTRIC NORMAL FAULTS IN THE NEOGENE SECTION ......................................................................... 32 
GRA VITY AND MAGNETIC INTERPRETA TION .......................................................................................... 34 
TECTONIC INTERPRETATION ........................................................................................................................ 35 
CONCLUSIONS ................................................................................................................................................... 36 
REFERENCES ..................................................................................................................................................... 37 

2 Sequence Stratigraphy of the Bekes basin .............................................................................. 39 
Robert E. Mattick, Janos Rumpler, Antal Ujfalusy, Bela Szanyi, and Iren Nagy 

ABSTRACT ........................................................................................................................................................... 39 
INTRODUCTION ................................................................................................................................................. 39 
PRINCIPLES USED IN INTERPRETATION ..................................................................................................... 41 

Basinally-Restricted Unit (BRU) .................................................................................................................. 42 
Retrogradational Unit (RU) .......................................................................................................................... 42 
Progradational Unit (PU) .............................................................................................................................. 42 
Sequences ..................................................................................................................................................... 43 

STRUCTURE MAP ON RU ................................................................................................................................. 44 
MAJOR SEQUENCES OF PU 1 ..........•....................................................................•.•.......................................... 45 

Sequences IN-6N .......................................................................................................................................... 45 
Sequences INW-3NW .................................................................................................................................. 50 
Sequence 1 W ................................................................................................................................................. 51 
Sequences 7N-9N and 4NW-6NW ............................................................................................................... 51 
Sequences in the Battonya-Pusztafoldvar Area ............................................................................................ 55 

WATER DEPTHS ................................................................................................................................................. 58 
AGES AND DEPOSITIONAL RATES ............................................................................................................... 61 
SUMMARY OF DEPOSITIONAL HISTORY .................................................................................................... 61 
ACKNOWLEDGEMENTS ................................................................................................................................... 64 
REFERENCES ..................................................................................................................................................... 64 

@
G

E
O

L
O

G
Y

B
O

O
K

S



vi 

3 Lower Pannonian Deltaic-Lacustrine Processes and Sedimentation, Bekes Basin ........... 67 
R. Lawrence Phillips, Istvan Revesz and Istvan Berczi 

ABSTRACT ........................................................................................................................................................... 67 
INTRODUCTION ................................................................................................................................................ 68 
METHODS ........................................................................................................................................................... 68 
SUMMARY OF THE STRA TIGRAPHY ............................................................................................................ 68 
PRE-NEOGENE (BASEMENT) ROCKS ............................................................................................................ 70 
MIOCENE MARINE SEDIMENTARY ROCKS ................................................................................................ 70 
MIOCENE AND YOUNGER LACUSTRINE SEDIMENTARY ROCKS ........................................................ 72 

Basal Conglomerate ...................................................................................................................................... 72 
Basal Marl ..................................................................................................................................................... 72 
Prodelta Lacustrine Turbidites ...................................................................................................................... 72 
Delta-Slope Deposits ..................................................................................................................................... 76 
Delta-Plain Deposits ...................................................................................................................................... 79 

SEDIMENTARY MODEL OF THE BEXES BASIN ......................................................................................... 79 
REFERENCES ..................................................................................................................................................... 82 

4 Facies and Depositional Environments of Miocene Sedimentary Rocks ............................ 83 
Karoly SzentgyOrgyi and Paul G. Teleki 

ABSTRACT ........................................................................................................................................................... 83 
INTRODUCTION ................................................................................................................................................. 84 
STRATIGRAPHIC RELATIONS OF THE MIOCENE SEQUENCE ................................................................ 87 
LITHOLOGY AND FACIES OF MIOCENE SEQUENCES .............................................................................. 87 

Badenian Deposits ......................................................................................................................................... 87 
Sarmatian Deposits ........................................................................................................................................ 94 

PALEOGEOGRAPHY OF MIOCENE SEDIMENTATION .............................................................................. 95 
HISTORY AND EVOLUTION ............................................................................................................................ 95 
SUMMARY AND CONCLUSIONS .................................................................................................................... 96 
ACKNOWLEDGEMENTS ................................................................................................................................... 96 
REFERENCES ..................................................................................................................................................... 97 

5 Stratigraphic Framework and Sandstone Facies Distribution of the 
Pannonian Sequence in the Bekes Basin ............................................................................................ 99 
C. M. Molenaar, I. Revesz, I. Berczi, A. Kovacs, Gy. K. Juhasz, I. Gajdos, and B. Szanyi 

ABSTRACT ........................................................................................................................................................... 99 
INTRODUCTION ................................................................................................................................................. 99 
DEPOSITIONAL RELATIONS OF THE PANNONIAN SEQUENCE AS INDICATED BY 
SEISMIC PROFILES AND WELL-LOG CROSS SECTIONS .......................................................................... 101 

Topset (Shallow Lake-Delta Plain-Alluvial Plain) Reflections ................................................................... 101 
Clinoform (Prodelta Slope) Reflections ........................................................................................................ 102 
Significance of the ShelfBreak .................................................................................................................... 105 
Basin Slope and Water Depth Measurements ............................................................................................... 108 
Bottomset (Basinal) Reflections ................................................................................................................... 108 
The Basal Clayey Marl and Marl .................................................................................................................. 109 

SUMMARY OF SANDSTONE FACIES AND DISTRIBUTION ...................................................................... 109 
Basinal Turbidites (Szolnok Formation) ....................................................................................................... 109 
Prodelta-Slope Sandstones (AlgyO Formation) ............................................................................................ 110 
Delta-PlainlDelta-Front Sandstones (TOrtel Formation) .............................................................................. 110 

@
G

E
O

L
O

G
Y

B
O

O
K

S



VII 

Alluvial-Plain Sandstones (Zagyva and Nagyalf6ld Formations} ................................................................ 110 
REFERENCES ..................................................................................................................................................... 110 

6 High Resolution Polarity Records and the Stratigraphic and Magnetostratigraphic 
Correlation of Late Miocene and Pliocene (pannonian, s.l.) Deposits of Hungary ....................... 111 
Donald P. Elston, Mikl6s Lantos and Tamas Hamor 

ABSTRACT ........................................................................................................................................................... 111 
INTRODUCTION ................................................................................................................................................. 111 

Pannonian Basin ......................................................................................................................... ................... III 
Assumptions Underlying Previous Correlations in the Pannonian Basin .................................................... 112 
Advent of Seismic-Stratigraphic Profiles ..................................................................................................... 114 

GEOLOGIC SETTING ............................................................................................................ ............................. 114 
Structure ....................................................................................................................... ................................. 114 
Stratigraphy ................................................................................................................... ................................ 115 
Biostratigraphy .................... .......................................................................................................................... 119 
Isotopic Ages ................................................................................................................................................. 119 

MAGNETOSTRATIGRAPHY ............................................................................................................................. 120 
Sampling ...................................................................................................... .................................................. 120 
Laboratory Procedures .................................................................................................................................. 121 
Polarity Zonations ......................................................................................................................................... 124 

CORRELATIONS WITH POLARITY TIME SCALE ........................................................................................ 130 
Assumptions and Tie Lines ....................................................................................................... .................... 130 
Seismic Stratigraphy ..................................................................................................................................... 131 
Comparison with Marine Core Records ....................................................................................................... 132 
Correlations of Hungarian Sections with Polarity Time Scale ..................................................................... 133 

DISCUSSION ............................................................................................................ ............................................ 134 
Regional correlations .................................................................................................................................... 134 

SUMMARY ............................................................................................................ ............................................... 139 
ACKNOWLEDGEMENTS ................................................................................................................................... 140 
REFERENCES ..................................................................................................................................................... 140 

7 Correlation of Seismo- and Magnetostratigraphy in Southeastern Hungary .................... 143 
Gytirgy Pogacsas, Robert E. Mattick, Donald P. Elston, Tamas Hamor, Aron Jambor, Laszlo Lakatos, Miklos Lan­

tos, Emti Simon, Gabor Vakarcs, Laszl6 Varkonyi and Peter Vamai 

ABSTRACT ........................................................................................................................................................... 143 
INTRODUCTION ............................................................................................................ ..................................... 144 
PREVIOUS STUDIES ............................................................................................................ .............................. 148 
PRESENT STUDIES ..................................................................................................... ........................................ 150 
PROFILE I ......... .................................................................................................................................................... 150 
PROFILE II ............................................................................................................................................................ 153 
PROFILE III ............................................................................................................ .............................................. 153 
PROFILE IV .......................................................................................................................................................... 153 
DISCUSSION OF RESULTS ............................................................................................................................... 155 

Filling of Bekes Basin ........................................................................................................ ........................... 155 
Lake Level Changes ...................................................................................................................................... 158 

REFERENCES ............................................................................................................ ......................................... 159 

@
G

E
O

L
O

G
Y

B
O

O
K

S



viii 

8 Organic Geochemistry of Crude Oils and Source Rocks, Bekes Basin ............................... 161 
J. L. Clayton, I. Koncz, J. D. King and E. Tatar 

ABSTRACT ........................................................................................................................................................... 161 
INTRODUCTION ................................................................................................................................................. 162 
ANALYTICAL PROCEDURES .......................................................................................................................... 162 
RESULTS .............................................................................................................................................................. 164 

Crude Oil Geochemistry ............................................................................................................................... 164 
Source Rock Geochemistry ........................................................................................................................... 165 

DISCUSSION ........................................................................................................................................................ 169 
Oil Correlations ............................................................................................................................................. 169 
thermal maturity ............................................................................................................................................ 171 
Oleanane Content .......................................................................................................................................... 172 
Oil migration ................................................................................................................................................. 172 
Reservoir Temperatures ................................................................................................................................ 183 

SUMMARY AND CONCLUSIONS .................................................................................................................... 183 
ACKNOWLEDGMENTS ..................................................................................................................................... 184 
REFERENCES ..................................................................................................................................................... 184 

9 Geochemistry of Natural Gas and Carbon Dioxide in the Bekes Basin-
Implications for Exploration ............................................................................................................... 187 
J. L. Clayton and I. Koncz 

ABSTRACT ........................................................................................................................................................... 187 
INTRODUCTION ................................................................................................................................................. 187 

Geologic setting ............................................................................................................................................ 189 
Previous studies ............................................................................................................................................. 189 

ANALYTICAL PROCEDURES .......................................................................................................................... 189 
RESULTS AND DISCUSSION ............................................................................................................................ 190 

Source rock data ............................................................................................................................................ 190 
Habitat and source of the gases ..................................................................................................................... 190 
Carbon Dioxide ............................................................................................................................................. 191 
Evidence for hydrocarbon gas migration ...................................................................................................... 194 

IMPLICATIONS FOR EXPLORATION ............................................................................................................. 196 
Szarvas-Endrod ............................................................................................................................................. 197 
Sarkadkereszttir ............................................................................................................................................. 198 
Pusztafoldvar-Battonya ................................................................................................................................. 198 
Martftl, Mez6rur, Ocsod ................................................................................................................................ 198 

SUMMARY AND CONCLUSIONS .................................................................................................................... 198 
ACKNOWLEDGMENTS ..................................................................................................................................... 199 
REFERENCES ..................................................................................................................................................... 199 

10 Abnormal Pressure and Hydrocarbon Migration in the Bekes Basin ................................ 201 
Charles W. Spencer, Arpad Szalay and Eva Tatar 

ABSTRACT ........................................................................................................................................................... 201 
INTRODUCTION ................................................................................................................................................. 201 
OVERPRESSURING ............................................................................................................................................ 203 
CAUSES OF OVERPRESSURING ..................................................................................................................... 204 
POROSITY AND PERMEABILITY .................................................................................................................... 209 
TIMING OF HYDROCARBON GENERATION ................................................................................................ 210 

@
G

E
O

L
O

G
Y

B
O

O
K

S



ix 

MIGRATION MECHANISMS ............................................................................................................................. 211 
SELECTED EXAMPLES OF HYDROCARBON MIGRATION AND ENTRAPMENT ................................ 214 
SUMMARY AND CONCLUSIONS .................................................................................................................... 216 
ACKNOWLEDGMENTS ..................................................................................................................................... 218 
REFERENCES ..................................................................................................................................................... 218 

11 Structural Control on Hydrocarbon Accumulation in the Pannonian Basin .................... 221 
Gyorgy Pogacsas , Robert E. Mattick, Gabor Tari , and Peter Varnai 

ABSTRACT ........................................................................................................................................................... 221 
INTRODUCTION ................................................................................................................................................. 221 
WRENCH FAULTING, DERECSKE BASIN ..................................................................................................... 223 
EXTENSIONAL BLOCK FAULTING IN THE NAGYLENGYEL AREA ...................................................... 227 
POSITIVE BASEMENT WARPS, ALGYO AREA ............................................................................................ 227 
BASEMENT HIGHS ASSOCIATED WITH THRUSTS, FOLDES AREA ....................................................... 228 
STRUCTURAL INVERSION, BUDAF A ANTICLINE ..................................................................................... 230 
GROWTH FAULTS, DEV A V ANY A AREA ...................................................................................................... 233 
CONCLUSIONS ................................................................................................................................................... 233 
REFERENCES ..................................................................................................................................................... 234 

12 History of Oil and Natural Gas Production in the Bekes Basin ........................................... 237 
Andras Kovacs and Paul G. Teleki 

ABSTRACT ........................................................................................................................................................... 237 
INTRODUCTION ................................................................................................................................................. 237 
EXPLORATION HISTORY ................................................................................................................................. 241 
OIL AND GAS FIELDS ........................................................................................................................................ 242 

Battonya ........................................................................................................................................................ 242 
PusztafOldvar ................................................................................................................................................. 243 
Sarkadkereszttir ............................................................................................................................................. 251 

PRODUCTION AND RESERVES, BEKES BASIN .......................................................................................... 256 
CONCLUSIONS ................................................................................................................................................... 256 
ACKNOWLEDGEMENTS ................................................................................................................................... 256 
REFERENCES ..................................................................................................................................................... 256 

13 Vertical Seismic Profile Experiments at the Bekes-2 Well, Bekes Basin ............................ 257 
M.W. Lee and Gabor Goncz 

ABSTRACT ........................................................................................................................................................... 257 
INTRODUCTION ................................................................................................................................................. 257 
DATA PROCESSING AND ANALYSIS ............................................................................................................ 258 

Near-offset VSP Data .................................................................................................................................... 258 
Far-Offset VSP Data ..................................................................................................................................... 260 
Walk-away VSP Data ................................................................................................................................... 267 

INTERPRETATION AND MODELING ............................................................................................................. 267 
CONCLUSIONS ................................................................................................................................................... 274 
REFERENCES ..................................................................................................................................................... 274 

@
G

E
O

L
O

G
Y

B
O

O
K

S



x 

14 Modeling Seismic Reflection Data in the Vicinity of the Bekes-2 Well ............................... 277 
John 1. Miller and Istvan Veges 

ABSTRACT ........................................................................................................................................................... 277 
INTRODUCTION ................................................................................................................................................. 277 
DATA ACQUISITION .......................................................................................................................................... 278 
PROCESSING OF THE SURFACE DATA ......................................................................................................... 281 

Reprocessing ................................................................................................................................................. 281 
Processing of line Be-2 ................................................................................................................................. 281 

MODELING .......................................................................................................................................................... 281 
CONCLUSIONS ................................................................................................................................................... 294 
REFERENCES ..................................................................................................................................................... 294 

15 Geologic Model, Probabilistic Methodology and Computer Programs for 
Petroleum Resource Assessment ......................................................................................................... 295 
Robert A. Crovelli and Richard H. Balay 

ABSTRACT ........................................................................................................................................................... 295 
INTRODUCTION ................................................................................................................................................. 295 
GEOLOGIC MODEL ............................................................................................................................................ 296 
ANALYTICAL METHOD OF PLAY ANAL YSIS ............................................................................................. 297 
ANALYTICAL METHOD OF PLA Y AGGREGATION ................................................................................... 302 
APPLICABLE COMPUTER PROGRAMS ......................................................................................................... 303 
CONCLUSIONS ................................................................................................................................................... 303 
REFERENCES ..................................................................................................................................................... 303 

16 Undiscovered Recoverable Oil and Gas Resources, Bekes Basin ........................................ 305 
Ronald Charpentier, Laszl6 Volgyi, Gordon Dolton, Richard Mast, and Andras Palyi 

ABSTRACT ........................................................................................................................................................... 305 
PLAY ANALYSIS APPROACH .......................................................................................................................... 305 

Geologic Model ............................................................................................................................................. 305 
Computer Programs ...................................................................................................................................... 306 

APPRAISAL OF THE BEKES BASIN ................................................................................................................ 306 
PLAY DESCRIPTIONS ........................................................................................................................................ 307 

Play # 1: Fractured Crystalline Basement. .................................................................................................... 307 
Play #2: Mesozoic Fractured Basement (Pre-Upper Cretaceous) ............................................................... 307 
Play #3: Upper Cretaceous of North Bekes ................................................................................................. 308 
Play #4: Overpressured Miocene ................................................................................................................. 309 
Play #5: Lower Pannonian Basal Conglomerates ........................................................................................ 310 
Play #6: Basal Lower Pannonian Fractured and Silty Marls ....................................................................... 310 
Play #7: Basal Turbidite Onlap .................................................................................................................... 311 
Play #8: Basal Turbidite Drape Structures ................................................................................................... 313 
Play #9: Fans and Slumps ........................................................................................................................... 314 
Play #10: Delta Slope ................................................................................................................................... 315 
Play #11: Delta Front ................................................................................................................................... 315 
Play # 12: Upper Pannonian Fluvial and Low-Relief Structures ................................................................. 316 

RESULTS .............................................................................................................................................................. 317 
ACKNOWLEDGMENTS ..................................................................................................................................... 318 
REFERENCES ..................................................................................................................................................... 318 

INDEX .................................................................................................................................................... 319 

@
G

E
O

L
O

G
Y

B
O

O
K

S



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 Bekes 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 Bekes basin contained 
infonnation on possible structural and stratigraphic tar­
gets, but for reasons of confidentiality, this infonnation 
is omitted in this volume. 

The Bekes basin covers an area of about 4000 km2 in 
southeastern Hungary and continues eastward into Ro­
mania (see Fig. 2, Kovacs 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 Bekes 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 fonned 
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 undefonned cover of mid-Mio­
cene to Recent sedimentary rocks, as thick as 7 km, hides 
a basement complex that was extensively defonned by 
Mesozoic thrusting and subsequently by a complex sys­
tem ofnonnal 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: (I) the desire to increase the exchange 
of infonnation 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 modem 
methods available through using Western sources. An 
example of (I) can be found in Killenyi 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 Bekes basin with respect to its geological setting 
in the Pannonian Basin. In mid-1991, petroleum produc­
tion in Hungary amounted to 1.89x103 metric tons/day 
of oil and 5.2x106 m3/day of natural gas, with the Bekes 
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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xii Teleki, Mattick and K6kai 

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 (Pogacsas, Mattick, Tari, and others, this vol­
ume). 

Much of the present hydrocarbon production of Hun­
gary is from middle Miocene (Baden ian 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 Bekes 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 Bekes 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 ofthe Bekes 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 
Bekes 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 oflacustrine sedimentation (Phillips and 
others, this volume; Molenaar and others, this volume): 
(I) basal calcareous to silty organic-rich marl, (2) 
prodelta turbidites, and (3) delta-slope deposits. The 
relative chronostratigraphy oflate Miocene and Pliocene 
deposits in the Bekes 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; Pogacsas, 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 (Baden ian 
and Sarmatian) and postrift (lower Pannonian) shales and 
marls in the deeper parts of the Bekes basin and adjacent 
basins are the probable source of the natural gas and oil 
produced in the Bekes 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 Bekes 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 Bekes 
basin where the oil and natural gas fields have been 
discovered. 

Reservoir rocks range in age from Precambrian to late 
Pliocene in the Bekes 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 Bekes 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 
Bekes basin has been relatively unsuccessful to date 
(Kovacs and Teleki, this volume; Spencer and others, this 
volume). The deepest well, Bekes-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 C02 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 Bekes 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 Bekes 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 
Veges (this volume). 

An assessment of the recoverable, undiscovered re­
sources ofthe Bekes basin suggests that 5.22x106 metric 
tons of oil and 18.05xl09 m3 of natural gas remain to be 
discovered in 12 plays in the Bekes basin (Charpentier 
and others, this volume). These estimations were made 
with the help of a package of computer programs (F AS­
PUM) based on analytical probabilistic methodology and 
developed by Crovelli and Balay (this volume). 

As noted 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 lata (Pannonian s.I.)". This classi­
fication has been further compounded in Hungary by 

dividing the Pannonian (s.l.) 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.l.". Again, in order to avoid confusion, we 
refer to Miocene age rocks that are older than "Pannonian 
s.I." either as pre-Pannonian Miocene rocks, or by the 
appropriate stage names (typically, Badenian or Sarma­
tian in the Bekes 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 Szab6, Vice­
President of the former OKGT (now MOL Ltd.), Dr. Bela 
Bard6cz, Chief Geologist of MOL Ltd., Dr. Karoly Mol­
nar, 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 RumplerofGKV, 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 ofthe 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. releki Robert E. MaUick Janos K6kai 
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1 Structure of the Bekes Basin Inferred 
from Seismic Reflection, Well and 
Gravity Data 

John A. Growl, Robert E. MatticK, Aniko Berczi-Makk3, Csaba Pero4, Denes Hajdu5, 

Gyorgy Pogacsai, Peter Varnal and Ede Varga6 

ABSTRACT 

The B6k6s basin (areal extent 3900 km2) 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 Bekes-Doboz Mesozoic trough and 
2000 m thick in the Battonya-PusztafOldvar 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 Totkomlos-I well, Triassic rocks overlie Jurassic rocks, and at the 
Bekes-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 (Bekes-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 B6k6s basin near the Hungarian-Romanian border, indicates 
that the crust near the axis of the Bekes 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. 

IU.S. Geological Survey, Denver, Colorado 80225, USA 
2U.S. Geological Survey, Reston, Virginia 22092, USA 
3MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1311, Budapest, Hungary 
4Eotvos Lorand University, Budapest, Hungary 
SMOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-5001, Szolnok, Hungary 
~OL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1068, Budapest, Hungary 

P. G. Teleki et al. (eds.). Basin Analysis in Petroleum Exploration, 1-38. 
© 1994 Kluwer Academic Publishers. 
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2 Grow and others 

Along the northwest boundary of the Bekes 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 . 
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Figure 1. Major tectonic units of the inner Carpathians showing Bekis basin (BB) and tentative correlations be­
tween units in west Carpathians (WC) and Apuseni Mountains (A) and between south (SC) and east Carpathians 
(EC) (modijiedfrom 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 Bekes basin is a northwest-southeast-trending 
trough in southeast Hungary and has an areal extent of 
3900 km2. The basin is more than 6500 m deep and is 
filled with sedimentary rocks of Neogene age (Figs. I 
and 2). The basin is one of several subbasins in the 

Pannonian Basin. The geographical location of the 
Bekes 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 ofthe Bekes 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 Bikis basin (BB) and H6dmezovasarhely-Mak6 trough (HM) (modifiedfrom Fig. 2 of Royden and others, 
1983). Contour interval = 1 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 ofpre-Neo­
gene rocks. The numerical values (e.g., 13-3) are age ranges (x106 years) of Neogene volcanic centers from P6ka 
(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 Bekis basin 
and H6dmezovasarhely-Mak6 trough and the smaller basins to the north. 

ment, were thrust northward in the area of the present 
westem 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. I). Late Creta­
ceous(?) and Paleogene rocks are absent in the Bekes 
basin, but were penetrated by wells in the Szolnok trough 
to the north (Fig. I) and occur elsewhere in the Carpa­
thian Mountains (Burchfiel and Royden, 1982). 

In middle-to-Iate 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 ofthe lithosphere and its loading by 
sediments (Sclater and others, \980). Most of the defor­
mation appears to be characterized by strike-sl ip faulting, 
whereby oblique extensional and compressional zones 
alternate locally between the strike-slip zones (Royden 
and others, 1982; Royden and others, \983; 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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GENERAlIZED RIFTING MODEL 

Postritt Sediment. 

RiIl-on .. 1 

(a) 

SIMPUAED BEKES BASIN 

Oownwarping 01 early Pcstrih $edimems 

_---~P~~.~lri~lIbOe:po::.ibl~'"'::~(;IaI;et:;Miocelll 10 _III) 

(b) 

Pre<iIt Mesozoic Nappes 
WNI<Iy Oelocllld by 

Saismlc Prom .. 

PraM easement (Paleozoic 
and Precatnbrian ~ and 
melarnorp/llc rocks) 

Figure 4. (a) Simplified extensional graben containing prerijt, synrijt and poslrijt sediments. (b) Simplified model 
of the Bikes basin with relatively thin synrijt deposits and rounded (planed) basement (prerijt 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 Horvath (1988), indicate that 
a complex system of east-northeast-trending, left-lateral, 
strike-slip faults occur in the area northwest and outside 
of the Bckcs 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 Bckcs 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 Bckcs 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 Horvath, 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 Bckes 
basin comprise the prerift sequence as evidenced by a 
well-developed erosional unconformity between the 
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6 Grow and others 

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 Bekes 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 Bekes basin based on the inter­
pretation of seismic data, Pog,ksas and others (this volume) 
report that little or no sedimentation occurred in the time 
period 12-9 Ma. All ofthese 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 Bekes basin. 

The Bekes 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 Bekes 
basin are developed in subsequent sections of this chapter. 

The purpose of this investigation was to: (I) identity 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 Bekes basin from gravity data, 
and (4) where applicable, relate the above to occurrences of 
oil and gas in the Bekes 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 Bekes 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; Pogacsas, 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 Bekes basin. 

MORPHOLOGY OF THE BEKES BASIN 

The dominant basement feature in the Bekes basin is the 
Battonya-Pusztafoldvar high which bounds the Bekes 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 Bekes and H6dmezovasarhely (H6d)-Mak6 
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Figure 5. Map showing depth to pre-Neogene rocks in the vicinity of the Bekis basin and HOdmezowlsarhely­
Mak6 (H6d-Mak6) trough. The location of seismic profiles discussed in text and selected wells also are shown. Con­
tours modifiedfrom Kilenyi and Rumpler, 1984. Orm: OrmenykUt; Sark: Sarkadkeresztur; Mak6: 
HOdmezovtisarhely-Mak6. 
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8 Grow and others 

basins, respectively. On the northwest, the Bekes basin 
is bounded by the Szarvas and EndrOd highs, on the north 
by the Devavanya and Szeghalom highs, and on the 
northeast by the Komadi and SarkadkeresztUr highs. The 
Algytl high bounds the H6d-Mak6 basin on the south­
west. The Bekes 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 Bekes 
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
menykut (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-I 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 
Bekes-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-l3fa (Fig. 7). This graben, named the 
Bekes trough, is located in the northeast comer of the 
Bekes basin (Fig. 5). Inferred synrift sediments dip 
gently southeastward and terminate (or become thin) 
against a northwest-dipping normal fault. At the 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 rnIsec) in the axis of 
the Bekes 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 H6dmeztlvasarhely-Mak6 (H6d­
Mak6) basin (Fig. 8, seismic profile Ma-16) appears to 
be less complex than the Bekes 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 Mak6-2 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 H6d-Mak6 
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 (Pogacsas 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 Bekes basin and H6d-Mak6 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 Bekes 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 Bekes 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 ofthe Bekes basin, occur mainly 
in two northeast-southwest-trending belts (Fig. 9). The 
southern belt, referred to as the Battonya-Pusztafdldvar 
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 Bekes-Doboz Mesozoic trough, underlies the north­
ern part of the Bekes 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 Bekes 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 Bekes basin (Kovacs 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 Bekes 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 Bekes basin area is thermally overmature (Clayton 
and Koncz, this volume). 

Battonya-Pusztafoldwir Mesozoic Trough 

Past interpretations of geological data have concluded 
that the Mesozoic rocks in the Battonya-Pusztafdldvar 
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 ofthe 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-Pusztafdldvar 
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 Totkomlos (T)-I and Pusztasz5ll5s (Psz)-1 wells, 
located near seismic line To-31 (Fig. 11), were exten­
sively cored. The results 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-I well, Middle Triassic 
dolomite overlies Lower Jurassic limestone (contact at 
2693 m, Fig. 13). In the Psz-l 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-Pusztaf6ldvar 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-Pusztaf6ldvar trough and the Codru nappe system 
are shown in Figure 16. According to Berczi-Makk 
(1986), almost all of the rock units exposed in the Codru 
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Structure of the Bekis Basin 13 

t 
N 

MESOZOIC ISOPACH 
Contours in Meters x 100 

Se ismic Lines 

• Bikh-2 Wells discussed in Text 

~ Pinchout of Mesozoic rocks 

o 10 20 30 40 so 

KILOMETERS 

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
Pusztaf6ldwir and Bekis-Doboz Mesozoic troughs. Blank zones represent areas where Neogene rocks were 
deposited directly on Paleozoic or older rocks. H6d-Mak6: H6dmezovtisarhely-Mak6; Orm: Ormenykut; Sark: 
Sarkadkeresztur. 
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Structure of the Bikis Basin 

I I 

TOTKOMLOS (T)-l WELL CII 
0. 

Age 0. 
0 
Z 

Fm. Depth Lithology Sample 
Core Description (m) Number 

I 

0c: 
c:o c:._ 
oc: 
Cl. 

./\fVY" 1792 , I light grey dolomite r-
u I I 
IJ) I I I IJ) I ,2 light grey dolomite 0 I I -- c: ~ 

fo- _2 -~ 0 CII E / / 0. CII 
0. ... 

/ / / 0. ::> 0 
0. u.. / / / 2205 0 

/ / z 0 
/ / u ,3 grey doiom ite c: u -0 / / / '4 I ight grey dolomite CII IJ) 0. IJ) IJ) 0 / / / CII _2 c: "t:l / / / --... _!2 -0 ... 

fo- c: c: / / ,5 light grey dolomite e::( 
0 / / / .!E "t:l IJ) 

"t:l 0 u / / 
"t:l --1 / / 
~ / / / 

/ / ,6 brownish grey dolomite 
2693 ~ ,7 brownish grey dolomite r-u 05 

~-- IJ)--CIIIJ) 0-
~IJ) ClIO 
o~ c:E ,8 brownish red limestone --1:1 o~ 

""") ::E& 2905 
~ ,9 dark grey dolomite c: 

CII-~ c: "t:l_2 I 010 dark grey dolomite -IJ) 0 CII-"t:l1J) -iii 010 
"t:lo CIIE ,II dark grey dolomite 
~-;: c: N .. 

f0- e::( (/)0 
u.. 

Lower Werfen 3165 .. . . 012 var iegated sandstone 
Triassic Fm. - . . . 

3237 "..1\1\1' ~ ,13 red weat hered quart z CII 
0. U V V v '14 porphyry 0. -(5 v v 0 N V V V Z 0 v v CII v v v ,15 red quartz porphyry IJ) 

0 v v 
Cl. v v v ,16 red qua r t z porphyry c: v v 
~ v v v u.. 
CII v v 
0. V V Vv 0. 

3605 v 
::J . . . . . . ,18 variegated arkosic sandstone 

3653 
. . . . . . . 

c: I+~+v+ _!2 oc: ++ ,20 pale red granite ~ ».Q ++ + .0 c:-
E 0 0 ++ 
0 ::E ++ + u o~ 
CII m& ++ ~ 

Cl. +.+.+ 
3998 

Figure 13. Summary of ages and lithologies of Mesozoic rock units penetrated in the T6tkoml6s (T}-l well. Num­
bers show locations of cores. Note age inversion at a depth of2693 m. 
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18 Grow and others 

.. II 

PUSZTASZOLLOS-l WELL Q) 
0-

Age 0-
0 
z 

Fm. Depth Lithology Sample Core Oeseri ption (m) Number 

1717 ~ 8 
Upper CSO'lcldO- :9 I ight grey brecciated dolomite f---;--

/ / '10 
Q)c:: 

Triassic poco Fm. 

~ 'II 
.~ 5l 

I/) 
1810-

012 ~ 
:J - -- dark grey foliated argillite 

.... 0 - - - '13 . 
Q)Q) - - - 014 rv rv rv 
~o I/) rv rv dark grey foliated marl 
0.E =.2 c rv rv rv 015 

.....IQ) -0 rv rv .... :0-- - --
U N ..... - - 016 dark grey foliated argillite I/) 1/)0 2077 .-oE rv rv rv C 
0 ......... rv rv ..... - NO U. 

Q)I/) I/)u. 
rv rv 017 0-1/) :J marl, calcareous mar I O-~ a.. rv rv ,18 grey 

:::>:J 
rv rv 

J 
rv rv 

,~90 rv rv grey calcareous marl 
2361 rv rv 

Figure 14. Summary of ages and lithologies of Mesozoic rock units penetrated by the Pusztasz6116s (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 Csanadapaca, Pusztasztillos and 
T6tkoml6s areas (Fig. 15) of the Bekes 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 ofthe Szeged Formation 
overlies the Werfen Formation (Csa-2, -4, -5, -6, Oros-2, 
T-2, ·6, -28, -29, -30, -31, Tk-I, and Veg Ny-l wells). 
This sequence of dark gray dolomite is lithologically 

similar to a sequence of dark gray dolomite ofEarly-Mid­
die Triassic age that overlies the Werfen Formation in the 
Codru nappe system (Fig. 16). In the Battonya­
PusztafOldvar trough, the Csanadapaca 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 Csanadapaca 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-PusztafOldvartrough 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-

@
G

E
O

L
O

G
Y

B
O

O
K

S



Age 

~ 

Ql 
a. 
a. 

en ~ 
:::> 
0 .!!! 
W "0 

"0 
U .-
<l ::E 
l- I--w 
a::: ~ 

U Ql 
3 

.3 

E -
0 

::E 

U -- ~ en Ql 
en 01 

<l 01 
0 a::: Cl 

:::> 
I--"",) 

u 
'iii 
UI 
0 

-1 

~ 

Ql 
a. 
a. 
~ 

I--
U 
U) Ql 

en "0 

<l '0 

- ~ 
a::: 
I-

~ 

Ql 

3 
0 
-1 

Structure of the Bekes Basin 

Formation Facies or Unit 

'V\'VVVV\, " . ft 
ftAftftAA 

Pusztaszollos 
Formation 

V 

Moneasa 
Formation 

.~.J l.Jv.J,)".J".J.A, 

C sa nOda poca 
Formation 

Szeged 
Formation 

I 7 

Werfen 
Formation 

Sandstone 
Unit 

~ littoral detrital 
~ facies 

~ 
L..:..:.:..:J 

shallow marine 
detr ital facies 

Lithology 

. VVVVV\I' ,. 'VV" 

grey, dark grey 
reddish brown 
foliated shale, 

argillaceous marl, 
calcareous marl 

with locol 
sandstone interbeds 

brownish grey to 
reddis h brown 
limestone with 
calc ite veins 

I 
light grey 
dolomite 

brownish grey dolom. 

dark grey marly Is. 

dark grey 
dolomite 

variegated shale, 
red sandstone 
with anhydrite 

Ijrey purplish 
cherty sandstone 

Thickness Occu rence 
(m) (Wells) 

' V\IVVVVV'v ~'VV\, 

Kasz 0, Psz 
PszK, Pf 

19-173 

Psz, TK, Med 

VlJl.rtr 

>100 Psz, Pf, T 

TT 
Csa,Kasz, KaszO, 

PSZ, Pf, T,TK, 

>6->551 Veg Ny 
Med, T 

Csal,T 

>7-145 Csa,Oros,T,TK, 
V8g Ny 

9-174 Csa, Domb, Kev, 
Nsz, T 

>2- 58 Oomb DNy 

shallow marine 
carbonate facies 

pelagic facies 

19 

Figure 15. Summary of ages, facies and lithologies of Mesozoic rock units in the Battonya-PusztafoldVlir Mesozoic 
trough Csa: CsanCtdapcica; Oras: Orashilza; T: T6tkoml6s; Pf Pusztafoldvar; Med: Medgyesbodzas; Domb: 
Magyardombegyhaza; Psz: Pusztaszollos: Nsz: Nagyszenas; Kasz: Kaszaper; Kev: Kevermes; Veg: VegegyhGza; 
Csal: Csanadalberti. 
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20 Grow and others 

Battonya- Codru Nappe System (Bleahu and others, 1981) 

Age Pusztaf61dva r 
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Figure 16. Inferred correlation of the Mesozoic rock units in the Battonya-Pusztafoldwir Mesozoic trough with 
rock units of the Codru nappe system in the Apuseni Mountains (Berczi-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-Pusztafdldvar trough is known 
from only a few wells (Psz-I2, -13, Pf-128, -129, T-I and 
T -II) 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 
Pusztasz6116s Formation (Fig. 15) in the Battonya­
Pusztaf6ldvar 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 Pusztasz6ll6s 
Formation. Although the rocks of the Pusztasz6116s 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; 
Berczi-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 Pusztasz6ll6s nappe, composed of Mid­
dle-Upper Triassic rocks, overlies the Totkomlos 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 Vegegyhaza 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-Pusztaf6ldvar 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. 

Bekes-Doboz Mesozoic Trough 

Three seismic profiles across parts of the Bekes-Doboz 
Mesozoic trough are shown in Figures 18-20 (profiles 
A-I6/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 Bekes-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 \.5-2.0 seconds (Fig. 
20) using an average velocity of 5000 m/sec. 

The Bekes-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 ofthe Bekes-2 well by 
weak reflections (Fig. 21). 

Strong, low-frequency, northwest-dipping reflections 
on the northwest side of Bekes-2 well appear to occur 
within the lower Mesozoic unit (Fig. 21). Vertical seis­
mic experiments in the Bekes-2 well (Lee and G6ncz, this 
volume) and a model constructed from the seismic data 
of profile Gyu-30 (Miller and Veges, 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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Sarkadkereszhlr (Sark)-I and Bekes-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 Bekes-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 Bekes-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 ofthe 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 Bekes-Doboz trough is given in Figure 
23. Although good correlation between the Bekes­
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 ofthe two areas can not be made because the 
Jurassic section in the Bekes-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 Bekes­
Doboz trough, the Bihor autochthon, the Battonya­
Pusztaf<ildvar 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 Bekes-Doboz trough appear to differ from 
similar age rock units in the Battonya-Pusztaf6ldvar 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), Sikl6s Formation in the Bekes­
Doboz trough consist of thick, brown-gray, light to gray 
dolomites deposited in shallow water in a lagoonal envi­
ronment (Bihu-I, Doboz-I, Fab-4, Kom-4, KOt-I and 
Sar-I wells). According to Berczi 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 Koros) Dolomite Formation 
of the Bihor autochthon. Both the Doboz Limestone 
Formation (Bekes-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 
KarpMi (Carpathian) Keuper Formation in the Bekes­
Doboz trough is tentatively correlated with the Scarita 
Formation ofthe 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 Bekes-Doboz trough and 
rock units of the Bihor autochthon (Fig. 24). The base 
of the Cretaceous section in the Bekes-Doboz trough is 
marked by a strong unconformity which is correlated to 
the occurrence of bauxite in the Bihar autochthon. In 
both the Bekes-Doboz trough and the Bihor autochthon, 
the basal part ofthe Cretaceous section contains coarse­
grained sandstones which are inferred to mark the initial 
Cretaceous transgression. The Biharugra Formation of 
the Bekes-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 (Bekes-2, 
Bihu-I and Doboz-I 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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BEKES-2 WELL CII 

Age 
a. 
a. 
0 
z 
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Number Core Desc ri pt ion 
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c 
CII 
<.J 
0 

~ 

3339 r~ ,3 dark grey argillite .. ' '" 8. ~ " 
.. ,4 light sandstone and breccia 

a. a> 0 6. 6. 6. :::),-a> 
U O 6. A _ oj 

Oc; 3529 ivYVV' ,6 light grey limestone " " .- g" .35 ~E 
Middle 3658 ,7 red and grey oolit ic limestone 

Jurassic 
Lower 

3752 red limestone, marl 
Jurassic '" '" '" '8 

? 
3893 ~ 

CI).~ c 
-en .2 I ,9 dark grey dolomite 
"0 en 
"00 en 
~'':: c 

I- <t 
4145 ~ 010 dark grey siltstone, sandstone -.... I (\. 

CDC", 
a. ... " 6. b. A , II breccia a.~o 6. A 
:::)u~ b. A 6. 

4320 ~ ,12 light grey limestone 

c 
.2 -0 ,13 dark grey limestone E ... 
~ C 

en C 0 
:::J 0 '" '" .s::. 
0 - CI) '" ,14 dark grey marl -CI) a. c '" '" 

.s::. 
<.J <t 0 

'" 
u 

0 -:4 '" E '" '" Q; I CI) :::J ... c E <t 
u .2 ::i 

... 
E 0 ... .s::. 

CI) CI) >. ,15 dark grey limestone .-
~ ... c m 

'-0 0 \0 
....J m en ... 

0 
.s::. 
>. 
QI ,16 light and dark grey limestone 0 z 

5417 
,17 dark grey limestone 

Upper Cor path. ':'':'~~. , 18 reddish brown siltstone 
Triassic Keuper .. 

, 19 reddish brown siltst.,sandstone Fm 5500 
. . ... 

Figure 22. Summary of ages and lithologies of rocks penetrated in the Bekis-2 well. Numbers show locations of 
cores. Note age inversion at a depth of4145 m. 
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Structure of the Bekes Basin 
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Carpathian 
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Doboz 
Formation 

Siklos 
Formation 

· .. 
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· ... 
· . . . 

~ littoral detrital 
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L.:..:..:....:. detrital facies 
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."""""AAAAA A ... AAA .. ......... " .............. 
i'fght browniSh' grey -------- --;''';' -----

Bekes, Sark, 
argillaceous limestone >77->1081 Bihu 

with calcite veins 
dark grey marl, 

Bekes, Doboz, calcareous marl, 20-200 
oolitic limestone Bihu 

red siltstone acongl. 51-110 Bihu Doboz 

red 8grey oolitic Ims. 94-135 Bihu, Bakes 

AAAAA ....... AA A ............ A ...... ,"A" 
1;'ed'SiItStOne,sandstOne ------- - -Blhu -Dobol"'''' 

13-305 with grey limestone B~k's ' 
dark rey 
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calcareous marl 

>160-197 Bihu,Doboz 
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Bi hu Dollaz, FOb. dolomite with >16-295 

Kom,Kiit,Orm, SOr light grey limestone 

variegated shale, 
grey sandstone >49-243 Fab,Gyoma,Kiit 

variegated massive 
sandstone,red shale 77 Bihu 

~ shallow marine 
t::z::::z:I carbonate facies 

1-___ -1 neritic-pelitic facies 

Figure 23. Summary of ages and lithologies of Mesozoic rock units in the Bekes-Doboz Mesozoic trough. Sark: 

29 

SarkadkeresztUr; Kom: Komadi; Ftib: Ftibiansebestyen; K6t: K6r6starcsa; Drm: DrmerlYkut; Stir: Stirimd; Bihu: Bi­
harugra. 
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Figure 24. Correlation of Mesozoic formations and rock units in the Bekes-Doboz Mesozoic trough with those of 
the Bihor autochthon in the Apuseni Mountains. 
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Structure of the Bekes Basin 

c 

EXPlANATION 

_ '0- Depth contours 01 pre-Neogene In meters x 100 

~ Middle Cretaceous nappes, displaced northward 
with possible Miocene extensional reactivation 

o 
I 

Pinchout '01 Mesozoic sedimentary rocks on south 
flank Qf Battonya-Pusztaloldv'r Mesozoic Belt 

Miocene extensional laults 

Miocene strike-slip faults 

listric growth faults In postrlft sedimentary rocks 

10 
I 

20 
I 

30 
I 

KILOMETERS 

.. 0 so 

31 

Figure 25. Tectonic map of the Bekes basin and surrounding region. ABC shows location of gravity and magnetic 
profiles of Figure 28. Hod- Mako: Hodmezovasarhely-Mak6; Sark: Sarkadkeresztur. 
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32 Grow and others 

in the Bekes-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-l , 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 Bekes­
Doboz trough, were displaced northward only a short 
distance. The present northward dip of the low-fre­
quency reflections in the Bekes-Doboz Mesozoic trough 
(Figs. 18-20) may be due to late-stage folding of the 
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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 Bekes 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 oflistric normal faults. The strike ofthese faults 
is parallel to the northwestern and northeastern bounda-
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Figure 26. Seismic line Szr-16 over the Szarvas (Szr) high showing growthfaults in the postrift sedimentary sec­
tion. Numerous growthfaults similar to these occur in the Be/cis 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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34 Grow and others 

ries of the Bekes basin in the vicinities of the Szarvas, 
Endrod, Devavanya, KomMi, and Sarkadkereszrur 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 Devavanya 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 post rift 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 
Bekes basin. According to Mattick and others (1985) 
and Pogacsas and others (this volume), the basement 
highs on the northwestern and northern sides ofthe 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 
INTERPRET A TION 

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 Bekes 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 glcm\ 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 Bekes basin. 

A two-dimensional gravity model for the Bekes 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/cm3 

respectively, then a large mass of high density material 
(2.9 g/cm3 in the upper crust and 3.2 g/cm3 in the lower 
crust) must exist within the crust beneath the axis of 
Bekes 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 of26-29 km (based on the regional seismic studies 
ofPosgay and others (1986», to 23 km beneath the Bekes 
basin and25 km beneath the H6d-Mak6 trough. It should 
be noted that the deep reflection lines of Posgay and 
others (1986) were not located over the deepest parts of 
the Bekes basin or H6d-Mak6 trough. 

The high density body beneath the axis of the Bekes 
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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2-DIMENSIONAL GRAVITY MODEL 
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Figure 28. Gravity and magnetic profiles across the H6dmezowisarhely-Mak6 (H6d-Mak6) trough and Bikes ba­
sin, and a crustal model calculatedfrom the gravity data. A high density crust and/or shallow mantle is required to 
explain the gravity high that occurs over the central part o/the Bikis basin. See text/or detailed discussion. Mgals: 
milligals; nt: nannoTeslas (1 nannoTesla = 1 gamma). Densities are expressed in glcm3 and the vertical exagera­
tion is 1.3. Location o/profile is shown in Figure 25. Sarkad: Sarkadkeresztur. 

fonnation 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. I). 
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 
Sarkadkereszrur 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 Sarkadkeresztur 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 Bckes basin. 

TECTONIC INTERPRET A TION 

The major tectonic elements observed in the seismic 
reflection and well data from the Bekes 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 ofthe Szarvas, Endrod, Devavauya and Szegha-
10m highs. Northward-verging, Cretaceous thrust faults 
are inferred to exist in the Battonya-Pusztafoldvar and 
Bekes-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-Iate 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 Bekes 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 
Bekes-Doboz and Battonya-PusztafOldvar Mesozoic 
troughs can be documented. Examination of the rock 
units penetrated by wells in the Battonya-Pusztafdldvar 
Mesozoic trough brings forth strong evidence that the 
southern part of the Bekes 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 Bekes-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 Bekes-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 Bekes-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 Bekes basin and surrounding 
regions before Hamilton's model can be rejected. 

Although a few Neogene growth faults are observed in 
the Bekes 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 Bekes basin appears to have occurred 
rapidly during the middle-to-Iate 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 Bekes basin and H6dmezovasarhely-Mak6 
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
pIer and Horvath (1988). However, the amount of strike­
slip movement in the study area cannot be determined 
from available data. 

Secondly, good examples on seismic records of listric 
normal faults associated with Miocene extension and 
clear reflections from their faults were not observed in 
the study area; therefore, it is difficult to determine the 
amount of extension that occurred in Miocene time. 
Miocene sediments are relatively thin in comparison to 
typical extensional basins, and occur in poorly developed 
grabens. This suggests that the Bekes basin was starved 
of sediments during the rifting phase, likely because of 
ponding of the sediments upstream or because of down­
stream bypass into the Caspian or Mediterranean seas. 

Thirdly, poor seismic resolution in the Mesozoic sec­
tion makes it difficult to map deep faults and internal 
structures in the Mesozoic troughs; however, well and 
seismic data indicate that overthrusting occurred within 
the Bekes-Doboz Mesozoic trough during Late Creta­
ceous time. The age and lithologies ofthe Mesozoic rock 
units in the Bekes-Doboz Mesozoic trough (both hang­
ing-wail and foot-wall blocks) are similar to those ofthe 
Bihor autochthon in the Apuseni Mountains of Romania 
and probably were not subjected to significant horizontal 
displacement. Analyses of well and seismic data from the 
Battonya-PusztafOldvar Mesozoic trough suggest that 
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two or more north-dipping nappe structures are present. 
The rocks of these Cretaceous nappes are similar with 
respect to lithology, age and depositional environment to 
rocks ofthe allochthonous Codru nappes in the Apuseni 
Mountains. Seismic and core data indicate that complex 
structures exist within the Mesozoic section and that 
large velocity inversions (10-20%) occur at depth. These 
low velocity zones may represent zones of fractured 
Mesozoic rock, perhaps with cavernous porosity. How­
ever, limited exploration for oil and gas in the Mesozoic 
section in deep (central) parts ofthe Bekes basin has not 
been successful (Kovacs and Teleki, this volume). This 
is probably due to the fact that good quality source rocks 
do not exist in the Mesozoic section in the area of the 
Bekes basin and the fact that the Mesozoic section in the 
area is thermally overmature (Clayton and others, this 
volume). 

A fourth result is that the two-dimensional gravity 
model constructed across the Bekes basin indicates either 
high density crustal material existing beneath the basin 
and/or that depths to the mantle are relatively shallow 
(approximately 23 km). The body of high density, 
mafic(?) crustal rock could represent fragments of oce­
anic crust incorporated into the crust during Late Creta­
ceous compression or mafic rocks intruded into the crust 
during Miocene extension. Deep crustal reflection, re­
fraction, and magnetotelluric soundings are needed to 
further delineate this anomalous crust. 

Although existing 24- and 48-channel seismic profiles 
from the Bekes basin provide excellent penetration and 
resolution in the Neogene postrift section, seismic reso­
lution in the complexly folded and thrusted prerift Meso­
zoic and older sections is poor. Higher-fold seismic 
profiles or 3-dimensional seismic grids might signifi­
cantly improve the quality of seismic data from the 
Mesozoic section, but the high cost of obtaining such data 
may not be justified unless (or until) better prospects for 
commercial quantities of oil and/or natural gas in the 
Mesozoic section can be demonstrated. 
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2 Sequence Stratigraphy of the Bekes Basin 

Robert E. Mattick], Janos Rumple?, Antal Ujfalus/, Bela Szany/, and [ren Nag/ 

ABSTRACT 

The 6500-m-thick section of Neogene and Quaternary fill in the Bekes basin (3900 km2) reflects a normal cycle of 
rift-related sedimentation that began in late Badenian time (16.5 Ma) when marine waters were shallow «200 m). By 
late Sannatian or early Pannonian time (12-10 Ma), lacustrine conditions prevailed and water depths in the basin 
increased as a result of basin subsidence rates that greatly exceeded sedimentation rates. The latest history of the basin, 
from approximately 5.78 Ma, reflects continuously shallowing waters, which resulted from sedimentation rates that 
were generally higher than basin subsidence rates. By late Pannonian time (4.25 Ma), water depths in the lake were 
200-400 m, and continued shoaling culminated in the eventual disappearance of the lake in Pliocene time. 

Detailed mapping of sequences, the boundaries of which are attributed to the cyclic shifting of delta lobes, indicates 
that the Neogene post-rift history of the Bekes basin reflects one of the last episodes of filling of the much larger 
Pannonian Basin. It was not until other subbasins to the northwest, north, and northeast became filled by southward­
prograding sediment wedges that the major river systems were able to advance to the area ofthe Bekes basin. Thereafter, 
rapid deltaic filling of the basin proceeded as major river systems converged and lacustrine sedimentation became 
confined to a progressively shoaling basin that was rapidly decreasing in areal extent. 

During much of the early Pannonian history of the Bekes basin, large volumes of clastic sediments transported by 
rivers were channeled along structural depressions; the depressions or troughs were derived from prerift or early rift 
topography ofthe basin. In some ofthese troughs, large subaqueous fans, consisting chiefly of very fine grained material, 
developed near the base of the slope. In later stages of basin filling, sand was derived primarily from prograding delta 
fronts and moved downslope by slumping, sliding, mass flow, and turbidity currents. In this later stage, subaqueous 
fan systems and channels on the slope were poorly developed. 

INTRODUCTION 

According to Lerner (1981), the general geographic 
name for the region inside the arc formed by the Eastern 

Alps, the Carpathian mountain system, and the Dinaric 
Alps is the Carpathian basin or the intra-Carpathian 
region (Fig. I). This intramontane region, however, is 
not topographically uniform; emergent ranges divide it 

1 U.S. Geological Survey, Reston, Virginia 22092, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1062, Budapest, Hungary 

P. G. Teleki et al. (eds.). Basin Analysis in Petroleum Exploration. 39-65. 
©·1994 Kluwer Academic Publishers. 
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EUROPEAN PLATFORM 
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EXPLANATION 

~ Thrust loult with 
sowteeth on upper plate * Direction 01 thrusting 

P7:::I Bekes Basin 
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Figure 1. Location of the Pannonian Basin and the study area within the intra-Carpathian region. The Carpa­
thian Basin consists of the Pannonian. Vienna (V). Southwest Transdanubian (TD). Transcarpathian (TC). and Tran­
sylvanian (TS) Basins. Danube-Raba Lowland: DRL; Transdanubian Central Range: TDCR; Bukk Mountains: Bu; 
Apuseni Mountains: A. Figure modifiedfrom Burchfiel and Royden (1982). 

into several subbasins, the largest of which is the Pan­
nonian basin. The Pannonian Basin is superimposed on 
structural elements of the Carpathians and represents a 
post-tectonic basin, partly created by extension in middle 
and late Tertiary time (Burchfiel, 1976). According to 
Royden (1988) and Grow and others (this volume), ba­
sins of the intra-Carpathian region are underlain by nap­
pes of Mesozoic age, and initial subsidence of the basins 
was synchronous with Miocene thrusting of the outer 
Carpathians toward the European foreland. Thrust belts 
in the area are controlled by overall convergence of 
Europe and Africa and by the arrangement of small 
continental fragments between the converging conti­
nents (Horvath, 1988). 

The part of the Pannonian Basin within Hungary is 
divided, mainly on the basis of buried basement topog­
raphy, into subbasins, one of which is called the Bekes 
basin (Fig. I). The Bekes basin is in southeastern Hun­
gary, covers an area of about 3900 km2, and is roughly 
bounded by buried basement highs to the southwest, 
northwest, and northeast (Fig. 2). The Bekes basin ex­
tends southeastward into Romania, where it is referred to 
simply as the Pannonian Basin (Burchfiel, 1976). 

Because the purpose of this study was to map Neogene 
and Quaternary stratigraphy, older rocks are referred to 
as basement; these rocks are chiefly Paleozoic and Meso­
zoic igneous, metamorphic, and deformed sedimentary 
rocks. 

Neogene subsidence in the Bekes basin probably began 
during the late Styrian orogenic cycle in early Badenian 
time (Szentgy6rgyi and Teleki, this volume). The Neo­
gene transgression of the sea is represented by Miocene 
sedimentary rocks of Baden ian and early Sarmatian age, 
which were deposited in relatively shallow-water, near­
shore marine to brackish-water environments during 
subsidence. The combined Badenian (16.5-13 Ma) and 
Sarmatian (13-11.5 Ma) stages represent deposition from 
16.5 to 11.5 Ma (Steininger and others, 1985; Hamor and 
others, 1987). As indicated by well and seismic data, the 
combined thickness of the Badenian and Sarmatian sec­
tions in the Bekes basin ranges from 0 to about 275 m 
where penetrated by wells. These rocks are absent on 
some basement highs as a result of non-deposition 
(Szentgy6rgyi and Teleki, this volume). 

The lower part of the Badenian section contains coarse­
grained conglomerates and/or breccia that grade upward 
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Figure 2. Structure map on pre-Cenozoic rocks in the area o/the Bekis basin, southeast Hungary. Figure modi­
jiedfrom Kitenyi and Rumpler (1984). 

to sandstone and marl and biogenic limestone. Accord­
ing to Szentgyorgyi and Teleki (this volume), the Bade­
nian section represents deposition in water depths ofless 
than 200 m in a marine environment of normal salinity. 
During Sarmatian time the Pannonian basin became iso­
lated from the eastern Paratethys and waters in the Bekes 
basin became shallower and less saline in comparison to 
Badenian time. 

In the central parts of the Bekes basin, the Sarmatian 
shallow-water deposits are conformably(?) overlain by a 
section of lacustrine clayey marls, marls, and turbidites 
which, according to Lukacs-Miksa and others (1983) and 
Berczi and others (1985), were deposited in part in deep 
water, perhaps as deep as 800-900 m (Mattick and others, 
1985), during late Sarmatian(?) and early Pannonian 
time. This part of the sedimentary rock section reaches 
thicknesses of about 2500 m. 

Studies by Kesmarky and others (1981), Pogacsas 
(1984), Marton (1985), and Mattick and others (1985) 
indicate that the clayey marls, marls, and turbidites are 
conformably overlain by a series of prograding sediment 
wedges composed of sediments deposited in fluvial, 
delta, prodelta, and basin environments. The sediment 
wedges in the Pannonian Basin are related to the progra-

dation of deltas from the northwest, north, and northeast 
during Pannonian through Pliocene time when water 
depths in the basin were rapidly shallowing from about 
900 to 0 m. These youngest sedimentary rocks (2500 m 
thick) are inferred to represent a [mal stage of deposition, 
which culminated in the eventual disappearance of the 
lake in Pliocene time (Kazmer, 1990). 

PRINCIPLES USED IN INTERPRET A TION 

The Bekes basin contains a relatively conformable se­
quence of sedimentary rocks that represents a complete 
cycle of rift-related basin fill, starting with sedimentary 
rocks that represent basin subsidence developed during 
initial rifting and ending when the rate of basin subsi­
dence slowed and the basin was filled by sediments. 

In order to reconstruct the Neogene depositional history 
ofthe basin, we divide the sedimentary rock section into 
three principal units: (1) a basinally restricted unit, (2) a 
retrogradational unit, and (3) a progradational unit. The 
progradational unit, in tum, is subdivided into seismic 
sequences based on lithologic and facies associations and 
objective criteria observable on seismic records. Ap­
proximately 2000 km of seismic-reflection data were 
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Figure 3. Location of seismic profiles interpreted in this study. Heavy lines (numbered) mark profiles displayed in 
other figures of this report. The numbering system of the seismic profiles follows that used by the Oil and Gas Trust 
of Hungary (OKGT. presently MOL Ltd). 

analyzed (Fig. 3). These data were correlated with the 
paleomagnetic work of Elston and others (this volume) 
in order to approximate the ages of the various units and 
sequences. 

Basinally-Restricted Unit (BRU) 

The basinally restricted unit consists of Miocene (Bade­
nian and Sarmatian) sedimentary rocks deposited in rela­
tively shallow-water, near-shore marine to brackish­
water environments during the initial subsidence of the 
basin. As previously stated, this section includes con­
glomerates and/or breccia that grade upward to sandstone 
and marl and biogenic limestone (Szentgyorgyi and 
Teleki, this volume) and represents a time period of about 
3.5 million years. Because this unit is relatively thin, it 
is not distinguishable on most seismic records. 

Retrogradational Unit (RU) 

On seismic records from central parts of the Bekes 
basin, the retrogradational unit is represented by strong 
continuous, horizontal reflections that exhibit an onlap 
pattern at the base of the section (Fig. 4a). Laterally, 

beyond the northern and western margins of the basin, 
basal reflections form a downlap pattern. Well data 
(Phillips and others, this volume) indicate that much of 
this unit consists chiefly of marls and very fine grained 
sandstone turbidites which represent basinal facies de­
posited in a relatively deep-water lacustrine environ­
ment. The strong onlap pattern of reflections within the 
unit suggests that the sediments were deposited mostly 
during a period of rising lake level. The unit averages 
about 2000-2500 m in thickness and represents a time 
period of about 5.72 million years. 

Progradational Unit (PU) 

The progradational unit is divided into an early progra­
dational unit (PU 1) and a late progradational unit (PU2). 
In general, PU 1 is represented seismically by sigmoid 
and oblique-sigmoid reflections that are indicative of 
basinward progradation (Fig. 4a). Further basinward, 
reflections within the unit form a downlap pattern on the 
top of the retrogradational unit. As will be discussed, 
PU 1 is inferred to represent an episode of progradational 
delta construction within the Bekes basin during which 
time water depths in the lake reached a maximum of 
about 1000 m and then rapidly shallowed to about 200 
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Figure 4. (aj Seismic record (GYU-7j from the Bekes basin showing division of the sedimentary rock section into a 
basinally restricted unit (BRUj, retrogradational unit (RUj, early progradational unit (PUlj, and late prograda­
tional unit (PU2) above basement (B). BRU is less than 100 m thick and, therefore, cannot be distinguished on the 
seismic record. The early progradational unit is subdivided into sequences (Sj by surfaces of periodic nondeposi­
tion, which are believed to represent periods of delta-lobe switching. (bj A schematic diagram of a sequence. The 
upper and lower boundaries of the sequence are usually ofhigh amplitude except in the uppper clinoform zone, 
where the reflections are weak to absent. The basal-most reflections above the bottom boundary show an onlap pat­
tern at the base of the clinoform zone, followed by sigmoid-shaped reflections, followed by oblique reflections, and 
followed again by sigmoid-shaped reflections. The inflection point (Aj represents the shelf break or shelf-slope 
boundary. 

m. Well data indicate that PU I contains delta-plain, 
prodelta, and basin-floor facies including marls and tur­
bidites. PU I averages about 1700 m in thickness and 
represents a time period of about 1.53 million years. 

The late progradational unit (PU2) is characterized seis­
mically by moderately strong, wavy reflections (Fig. 4a). 
Well data indicate that this unit consists chiefly of shal­
low-water to delta-plain facies deposited in shallow-lake, 
fluvial, and marsh to terrestrial environments. PU2 rep­
resents the last stage of basin filling, averages about 
2000-2500 m in thickness, and represents a time period 
of about 4.25 million years. 

Sequences 

Local hiatuses separate progradational units in PUI 
(Fig. 4). These local hiatuses are probably best referred 

to as sequence boundaries (Mitchum and others, 1977; 
Vail and others, 1977). They appear, throughout much 
of the basin, to be related to short periods of non-deposi­
tion, which probably resulted from continuous delta-lobe 
switching and, as such, are inferred to represent 4th order 
stratigraphic cycles. 

A schematic diagram of a sequence is shown in Figure 
4b. The basic pattern (from bottom to top) of bottom 
boundary, basal on lap, sigmoid-shaped reflections, 
oblique reflections, repeated sigmoid-shaped reflections, 
and upper boundary is interpreted as representing a local 
cycle of sedimentation along a delta front. The change 
in reflection character within the sequence is believed to 
represent changes in sediment supply and deposition 
rates - from a period of non-deposition (bottom bound­
ary), to relatively low to intermediate sediment supply 
and deposition rates (sigmoid reflections), to relatively 
high sediment supply and deposition rates (oblique re-
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flections), and ending with relatively low to intermediate 
sediment supply and deposition rates (sigmoid reflec­
tions). The top of the sequence is believed to mark a 
temporary cessation of sedimentation resulting from 
channel or delta-lobe switching. The sequence shown in 
Figure 4b is an idealized model; those observable on 
seismic records differ somewhat from this and exhibit a 
wide degree of lateral variability as might be expected 
along a delta front where numerous delta lobes were built 
out into a shoaling lacustrine basin by many migrating 
distributary channels. 

Other authors (Pogacsas and others, this volume) have 
attempted to correlate some of the stronger hiatuses, or 
sequence boundaries, with basinwide changes in lake 
level, related, perhaps, to global sea-level changes. De­
tailed analysis of closely spaced seismic records, how­
ever, indicates that most of the hiatuses or sequence 
boundaries are local events that extend for distances of 
30 kIn or less along strike, and that beyond these dis­
tances the boundaries become conformable relations. 
This suggests that the hiatuses are related to temporal 
lateral movement of delta lobes and not to basinwide 
lake-level changes, which should result in basinwide 
unconformable events. If some of the hiatuses are related 
to basinwide lake-level changes, the important issue then 
is the cause of these changes or cycles. Further research 
may show that proximity to marine waters or climatic 
(precipitation/evaporation) cycles may be linked to 
lacustrine cycles. 

The major units (basinally restricted, retrogradational, 
and progradational) are inferred to have genetic similar­
ity to systems tracts as dermed by Posamentier and others 
(1988) and VanWagoner and others (1988, 1990). How­
ever, because the term "systems tract" is usually used in 
association with a eustatic sea-level cycle, the authors 
have used descriptive terms that separate the units from 
their genetic history. 

Similarly the term "sequence" is used rather than 
parasequence or subsequence. Although parasequence 
boundaries have been interpreted as resulting from the 
drowning of delta lobes (VanWagoner and others, 1988), 
parasequences are typically several meters thick and 
usually not resolvable by seismic-reflection data. Seis­
mically, the "sequences" identified herein resemble typi­
cal high-frequency water-level cycles superimposed on 
a longer basin subsidence curve associated with rifting 
of the basin. Although technically a seismic sequence 
must be bounded by an erosional unconformity and this 
feature appears to be lacking for the sequences identified 
in the Bekes basin, the inability to identify erosion-re-

lated features may be due to problems associated with 
seismic resolution. 

The inflection point on the upper sequence boundary 
(Fig. 4b) is interpreted as representing the shelfbreak or 
the shelf-slope boundary. In Figure 5, the loci ofinflec­
tion points along the tops of the major, mappable pro­
grading sequences are plotted. These are interpreted as 
representing shelf breaks associated with major lacus­
trine deltas or delta systems that filled the subsiding 
Bekes basin. 

There follows a discussion of sedimentation patterns 
inferred from structure contour maps constructed on RU 
and the major sequences, a discussion of water depths, 
ages, and depositional rates for the various units. 

STRUCTURE MAP ON RU 

The retrogradational unit (RU) is marked seismically 
by a strong onlap pattern (Fig. 6). Correlation with core 
data and well-log data (Phillips and others, this volume; 
Gy. Juhasz and I. Revesz, oral communication, 1989) 
indicates that this unit represents, for the most part, 
periodic influxes of turbidites into a deep basin where the 
precipitation of CaC03 and the deposition of mud from 
suspension occurred. According to Mattick and others 
(1985), the marls and turbidites represent basinal facies 
which were coeval with the development of turbidite­
fronted deltas or delta systems located chiefly to the 
north, northwest, and west of the Bekes basin. During 
the early stage of deposition, much ofthe sediment being 
transported basinward from these delta areas was cap­
tured by intervening subbasins. The clastic sediment that 
reached the Bekes basin was transported mainly through 
subaqueous canyons or troughs and was distributed by 
bottom currents as evidenced by the strong onlap pattern 
of reflections. 

A structure contour map constructed on the top of RU 
is shown in Figure 7. Comparison with the structure 
contours on the top of the basement complex (Fig. 2) 
indicates that most of the sediments represented by RU 
simply filled preexistent basement lows. As will be 
shown by seismic evidence, the large northeast-trending 
trough, herein referred to as the Bekes trough and located 
at the northern boundary of the basin (Fig. 7), controlled 
sedimentation throughout much of the early history of 
the Bekes basin. 

To the south, RU pinches out against the north flank of 
the Battonya-Pusztaf6ldvar basement high (Fig. 7). The 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Sequence stratigraphy 45 

/ 

-. .-
.... 

EXPLANATION 

Location of prominent shelf­
slope boundary (shelf break). 
Hathures are on shelf side 
of boundary. 

Infernational boundary. 

Outlin. of Bekes Basin 

Figure 5. The loci of inflection points for major prograding sequences in the area of the Bekes basin. These are in­
terpreted as representing shelf breaks or shelf-slope boundaries. The sequences progradingfrom a particular direc­
tion (N, NW, W, and SE) are sequentially numbered from oldest to youngest. Relative ages of unnumbered 
sequences could not be determined. 

configuration of contour lines in the vicinity of the 
pinchout suggests that differential subsidence of the 
basement high occurred after deposition ofRU. Appar­
ently, the basement surface to the southeast remained 
relatively stable while, to the northwest, it subsided. 

The maximum depth (4100 m) to the top ofRU and its 
maximum thickness (2700 m) occur in the central part of 
the basin - the area outlined by the 2.70-second contour 
line in Figure 7. As will be shown, this central area 
remained a major depocenter throughout much of the 
basin's subsequent history. 

MAJOR SEQUENCES OF PU 1 

As the advancing deltas prograded to the margins ofthe 
Bekes basin, sediments began to spill directly into the 
basin. The start of this stage of deposition is marked on 
seismic records by sigmoid and oblique-sigmoid reflec­
tions of the early progradational unit (PU 1, Fig. 6). The 
early progradational unit (PU 1) was divided into 25 
sequences (Fig. 5) and structure contour maps prepared 

on some of these units were used to reconstruct the spatial 
and temporal filling of the basin. Each ofthe sequences 
is inferred to represent a delta lobe containing sediments 
deposited in delta-plain, prodelta, and basin-floor envi­
ronments and, as indicated by results from drilling, many 
are fronted by a thin turbidite apron. In the discussion 
below, the delta lobes are labeled by the direction from 
which they prograde (N, NW, W, and SE) and consecu­
tively numbered from oldest to youngest. 

Sequences IN-6N 

Structure contour maps on sequences I N-6N show 
progressive southward deltaic encroachment into the ba­
sin (Figs. 8-12). The oldest of these sequences (IN and 
2N, Fig. 8) can be traced about 20 km south of the basin's 
margin, where they terminate in a downlap pattern on the 
underlying marls and turbidites ofRU. 

On seismic records, sequences IN and 2N are separated 
by an area of chaotic reflections (Fig. 8), which is inter­
preted as representing subaqueous mass movement 
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Figure 8. Structure contour maps on the tops of sequences IN, 2N, and 1 NW. Reflections in these sequences show 
a downlap pattern onto RU. Chaotic reflections occur between IN and 2N in the area of the Brikis trough, where 
sediments were funneled to central parts of the basin. 
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deposition of 4N (Fig. 10) because reflections from within the two units interfinger. 

EXPLANATION 

Deplh in '.0 -.ay "a •• Ulm. 
(miUineand., bela. stiomic 
dalum (II. lo.el + 100 01 I. 

::Y Localion 01 shell break 
assoc.iortd with sequence -4N. 

Downlap o. onlap ,,'enl 01 

/"'" seismic 'Sequence, dashed whit'! 
Inferred . 

Aria .hlrt seismic sequence 

t 
/IIVV Inll" InQ'" .ith adjaeen' 

aequence . 

N -.- Int.rno,ional bounda., . 

j Oulline .1 aikis Sasin . 

Location al possible chon nil •• 

0 10 20 •• 
interpreted from Slisrnic dafa. 

It • Fan or slump deposit. interpreted 
frOM Hismic dafa . 

Figure 10. Structure contour map on the top of sequence 4N. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Sequence stratigraphy 

Dol pollern shows Dol polltrn shows 
OrtO of prograd ing liS' • • OrtO of obl ique -
sigmoid rtf\ion. # ' Co~9moid relletl ion$ 

·~~Y : 

0 , 

. ':- 'I.fJ/J~~.,0> '. 
. ~~(/ ~ ~ ... '" '* ... ~ em'; DOIrNlAP •• 

~ I 
~ 
~ 

~ 
N 

j 
10 20~ .. , , 

NVV 

-.-
.... 

EXPLANATION 

~plh in IWO-W.y Iro,ellime 
(mlllisecordsl be low seismic 
datum (ua 1 ... 1 + 100 mI . 

Locotion 01 shelf brtok 
ouoeiottd with sequance 5N. 

Downlop Or onlop tlt.nt 01 
Mismic s.tqutnce. 

Area where seismic sequence 
interl inge .. with ad jacent 
sequanc • . 

Intetnotionol boundary. 

Outlin. 01 Bek" 8osin . 

Loeot ion 01 possibl. ChOM.I 0$ 
interpreted Irom seismic data . 

Fan or s lump deposits interpreted 
from seism ic data . 

49 

Figure 11. Structure contour maps on the tops of sequences 5N and 3NW Onlap, downlap, and interfingering re­
lations with adjacent and underlying units are shown. 
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50 Mattick and others 

(slumps, slides, and irregular deposition) that occurred as 
sediments were funneled basinward, down the axis of the 
Bekes trough. Reference to Figure 2 (basement map) 
indicates that the trough is a relatively old feature. Its 
trend, therefore, was probably determined by prerift or 
early rift topography and, apparently, it was a major 
conduit for moving sediments into the central parts of the 
Bekes basin throughout much of its history, possibly 
until less than 5.78 Ma as indicated by results ofmagne­
tostratigraphic studies, which will be discussed in an­
other section of this paper. 

The vertical and lateral relations among sequences IN-
6N are summarized schematically in Figure 13. Se­
quences IN and 2N, approximately coeval in the basal 
part of the section, terminate against the top of RU by 
downlap. The lower part of 3N is approximately time­
equivalent to 2N, whereas, the upper part of 3N is ap­
proximately coeval with 4N. Similarly, the lower part of 
5N is coeval with the upper part of 4N. Sequence 6N 

w 

terminates by downlap on top of 4N and 5N and, there­
fore, is younger than both. 

It is not clear whether this early progradational episode 
(deposition of IN-6N) was linked to a single fluvial 
system that periodically shifted from the west side of the 
Bekes trough to the east side of the trough, or whether 
two or more fluvial systems, one from the north and 
another from the northeast, transported the sediment 
load. It is clear, however, that the Bekes trough, which 
controlled sedimentation during the deposition of RU, 
gradually became filled, and a nearly continuous delta 
front (6N, Fig. 12) formed south of the older prograda­
tional fronts. 

Sequences INW-3NW 

Deltaic encroachment from the north was concurrent 
with deltaic encroachment from the northwest (se­
quences INW, 2NW, and 3NW; Figs. 8, 9, and 11, 
respectively). The time-stratigraphic relations between 

E 

.................................. . .... .. .... .. .. .. .. .. .. .. .. .. .. ...... ........ .... .... .. .................... .. -:.:.:.:.:.:.:-:.:.:.:.:.:.:.:. :B.A~~M.E~l·:-:·:·:·:·:-: -:.:.:.:.:.: -:.: -: . ...... .. .... .. .. .... .... .. .. .... ...... ...... .. .... .... .. .... ...... .... ........ 

Figure 13. Schematic diagram showing the relations between RU, sequences 1 N-6N, and basement in the northern 
part of the Bekis basin. Arrows show direction of onlap or downlap. Dashed lines indicate interfingering of units. 
Wary line represents an unconformity. 

Figure 14. Schematic diagram showing the relations between early sequences prograding from the northwest 
(NW) and north (N) above RU. Arrows show onlap and downlap relations. The ages of sequences 1 NW and 2NW 
relative to the ages of the sequences prograding from the north are not known. The top of 3NW, however, is younger 

than 6N. 
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Sequence stratigraphy 5f 

RU, the sequences prograding from the northwest (I NW-
3NW), and the sequences prograding from the north 
(IN-6N) are shown diagrammatically in Figure 14. Al­
though the relative time-stratigraphic relation between 
the sequences mapped in the northwestern part of the 
basin is clear (based on the principal of superposition), 
their time-stratigraphic relation to the sequences mapped 
in the northern part ofthe basin is not. Clearly, however, 
IN and INW are younger than RU, and the top of3NW 
is younger than 6N (Fig. 14). 

Sequence IW 

During deposition ofthe sedimentary rocks represented 
by 1 NW -3NW, or possibly subsequent to the deposition 
of2NW, sediments were entering the basin from the west 
(sequence 1 W, Fig. 12). Sequence I W extends from the 
western margin of the basin eastward to about the center 
of the basin. At its eastward extent, reflections in the 
upper part of I W terminate by downlap against the tops 
of 3NW and IN; whereas, laterally to the north, the 

w 

and 3NW or if progradation from the west postdated 
deposition of sediments represented by 3NW. 

Sequences 7N-9N and 4NW-6NW 

After deposition of sequences I W, 3NW, and 6N, the 
lake in the Bekes basin was reduced to about half its 
former extent. Much of the subsequent history of the 
basin is one of converging fluvial systems depositing 
their sediment loads in a lacustrine basin shrinking in 
size, while the main depocenter remained relatively sta­
tionary in the east-central part of the basin. Confined to 
a relatively small basin, many of the main prograding 
depositional sequences began to interfinger downdip and 
laterally. In this manner, the younger sequences became 
more widespread and, as such, represent more varied 
depositional environments. 

Structure contour maps on the tops of sequences 4NW 
and 7N are shown in Figure 16. Although approximately 
coeval, the top of7N extends slightly higher up into the 

E 

;=;12NW~ ~ 
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Figure 15. Schematic diagram showing the relation of sequence I W to other mappped sequences. Symbol ~ indi­
cates progradation perpendicular to direction of section. Arrows show onlap and downlap relations. 

sequence interfingers 3NW and to the south, it terminates 
in an onlap configuration against 3NW (Fig. 12). 

The relation of sequence 1 W to other sequences 
mapped nearby is shown schematically in Figure 15. 
This figure illustrates that the top of 1 W is younger than 
the top of 6N and 3NW, and that the base of 1 W is 
younger than 2NW. The time-stratigraphic relation be­
tween the lower part of 1 Wand 3NW (based on the 
principal of superposition), however, is not obvious on 
the seismic records. Because of this uncertainty, it can 
not be determined if progradation from the west was 
contemporaneous with progradation from the northwest 
during deposition of the sediments represented by 1 W 

sedimentary section than does the top of 4NW as indi­
cated on seismic records from the center of the basin 
where the two sequences interfinger. 

In the central part of the basin, 4NW and 7N are 
overlain by 5NW to the northwest (Fig. 17), 6NW to the 
north-northwest (Fig. 18), and 8N to the north-northeast 
(Fig. 17). Sequence 5NW terminates by onlap against 
4NW to the west and by downlap against the same 
sequence in the deeper parts of the basin. South of the 
main depocenter, 8N interfingers with age-equivalent 
sequences that represent sediments brought in from the 
south; whereas, north of the depocenter, 5NW and 8N 
interfinger with 6NW (Fig. 17). 
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Figure 16, Structure contour maps on tops of coeval sequences 4NWand 7N. By this time, the areal extent of the 
lake had decreased by more than 50% in comparison to its size during deposition of IN (compare with Figure 8), 
This decrease in size was a result primarily of rapid deltaic progradation from the north and northwest. 
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Figure 17, Structure contour maps on tops of sequences 5NW and 8N. The advance of delta fronts from the north 
and northwest became more rapid as the areal extent of the lake decreased (compare with Figures 8, 11, and 16), 
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Figure 18. Structure contour map on top of sequence 6NW. Following the convergence of delta fronts that were 
prograding chiefly south and southeast (Fig. 17), progradation now was to the south-southeast. 
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Figure 19. Schematic diagram showing the relations between sequences mapped in the central part of the Bekes ba­
sin. Symbol1.. indicates progradation perpendicular to direction of section. Arrows show downlap relations. Area 
marked "high-amplitude reflections" is believed represent a shallow-lake or marsh environment that developed be­
hind prograding delta fronts. 

The lateral and vertical relations among sequences 
5NW, 6NW, SN, 9N, and the sequences underlying them 
are shown schematically in Figure 19. The somewhat 
complicated interfingering relation among 5NW, 6NW, 
and SN is interpreted as resulting from the convergence 
of fluvial systems. Reference to Figure 5 shows that the 
composite delta lobes of 1 NW-5NW formed a southeast­
ward-prograding sediment wedge. Similarly, the com­
posite delta lobes of 1 N -SN formed a separate southwest­
ward-prograding sediment wedge. The two rivers asso­
ciated with these sediment wedges apparently converged 

about 10 to 15 km north-northwest of the basin depocen­
ter, and a sediment wedge began to prograde south­
southeast from the confluence of these rivers. The new 
southward-prograding sediment wedge is represented by 
sequence 6NW. 

During and following deposition of the sediments rep­
resented by 6NW, progradation from the north continued 
in the northeastern part of the basin. This episode is 
represented by 9N (Figs. 5, 6,19,20, and 21). Seismi­
cally, 9N is characterized by strongly oblique reflections 
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Figure 21. Structure contour map on top of sequence 9N. At this time, the main depocenter began to shift south­
ward (compare with Figure 17). 

(Fig. 6). These oblique reflections are interpreted as 
evidence of a rapid increase in the rate of delta prograda­
tion and basin filling (indicated by arrows in Figure 5). 

The time-stratigraphic relations among sequences 9N, 
8N, 6NW, and a series of high-amplitude, continuous 
reflections are illustrated schematically in Figure 19. 
Sequence 9N is clearly younger than 8N, as evidenced 
by the downlap termination of oblique reflections of 9N 
against the top of SN. The time-stratigraphic relation 
between 9N and 6NW is less clear. The uppermost part 
of 6NW appears to interfinger with the youngest part of 
9N; interfingering suggests that the two units are some­
what coeval, at least in the youngest parts of their section. 
To the west (Figs. 19 and 20), flat-lying, high-amplitude, 
continuous reflections are seen to be, in part, time equiva­
lent to 9N. These reflections are interpreted to represent 
deposition in a low-energy (quiet, shallow-water) envi­
ronment that developed on the platform formed by 5NW 
and6NW. 

During the last stage of deposition represented by 9N, 
the main depocenter of the Bekes basin was gradually 
shifting southward at the same time that sediments were 
being brought into the basin trom the southwest (Fig. 21). 

Sequences in the Battonya-PusztajOldwir Area 

Although the precise time is not clear, a depocenter 
began to form in the southern part of the Bekes basin 
when the area of the Battonya-Pusztafdldvar basement 
high (Fig. 7) began to sink below lake level or became 
submerged as the lake level rose, as evidenced by reflec­
tion patterns that indicate aggradational stacking. By this 
time, much of the H6drnezovasarhely trough, located to 
the east -southeast of the Bekes basin, had been filled by 
prograding sediment wedges. This filling allowed flu­
vial systems to advance over the trough and discharge 
their sediment loads into the Bekes basin. This advance 
was trom the west (Fig. 5, sequences 2W and 3W). At 
the same time, other delta fronts began to encroach from 
the south-southeast (Fig. 5), likely from highland areas 
(Apuseni Mountains and Eastern Carpathians(?» in what 
is now Transylvania in Romania. 

Submergence of the Battonya-Pusztafoldvar area is 
evidenced by a relatively thin layer (0-150 m) of basal 
conglomerate, including sandstones and shales, that un­
conformably overlies basement rocks and has been pene­
trated in numerous wells drilled on the Battonya­
PusztafOldvar basement high. The age ofthis basal con­
glomerate (Fig. 22) relative to the previously discussed 
depositional units is uncertain because, north ofthe Bat-
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Figure 22. Structure contour map on top of basal conglomerate (BC), a diachronous unit which represents initial 
submergence of the Battonya-Pusztafoldwir high. 
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Figure 23. Structure contour map on the top of sequence 2W. Coeval sequences 7NWand ISE (Fig. 24) mark the 
start of deltaic sedimentation in the southern part of the Bekes basin as the Battonya-Pusztafoldwir area sank below 
lake level. BC: basal conglomerate. 
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(Fig.23) mark the start of deltaic sedimentation in the southern part of the Bekes basin as the Battonya-Puszlafold­
var area (Fig. 23) sank below lake level. BC: basal conglomerate. 

w E 

0 

L6.I 0.5 
::::IE 
~ 1.0 
...J 
L6.I 
>~ 1.5 exCll 
Q:o 
~z 

2.0 0 '£ ~ >u ext..J 
~CIl 2.5 
I 

..... 
0 
~ 3.0 
~ 

!~; ~~ 
3.5 

57 

Figure 25. The relations between the basement complex, the basal conglomerate unit (BC), and sequences 2 W, 
3W, 2S£, and IS£ as they appear on seismic record Be-78 (Fig. 3) recorded on the Battonya-Pusztafoldvar high in 
the southern part of the Bikes basin. Sequences 2S£ and 3W are approximately coeval. Arrows show direction of 

downlap. 
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58 Mattick and others 

Table 1. Approximate water depths during deposi­
tion of various units and sequences in the northern 
part of the Bekis basin. These data indicate that wa­
ters of the lake in the Bekes basin area were progres-

RU 
IN 
2N 
3N 
4N 
5N 
6N 
7N 
8N 
Start of9N 
Endof9N 
Pu2 

WATER DEPTH m 
1000 (?) 
1150 
1300 
900 
1000 
700 
850 
800 
650 
400 
200 
<200 

tonya-PusztafOldvar high, the conglomerate could not be 
traced seismically nor was it penetrated in wells. How­
ever, according to Molenaar and others (this volume), the 
unit represents deposition along the lake shoreline as the 
lake level rose, or the Battonya-PusztafOldvar high sub­
sided below lake level, and is time transgressive. From 
relations evident on seismic records, the basal conglom­
erate unit of the Battonya-Pusztaf6ldvar area is inferred 
to be younger than the previously discussed turbidites 
and marls ofRU. 

In the Battonya-PusztafOldvar area, the oldest se­
quences above the basal conglomerate can be chronos­
tratigraphically correlated with each other and with some 
of the previously discussed sequences (2W, Fig. 23; 1 SE 
and 7NW, Fig. 24). Near the crest of the Battonya­
PusztafOldvar buried basement high, the chronostrati-

sw 

... + •••• + + 
•••••• t + .. + 

graphic relation between 2W and 1 SE is not clear on 
seismic records (Fig. 25); but further north, the two units 
are inferred to be approximately coeval because of their 
interfingering relationship (Fig. 23). To the northwest, 
2W interfmgers with 7NW (Fig. 23); whereas, to the 
northeast, I SE interfmgers with 8N (Fig. 24). These 
time-stratigraphic relations are summarized schemati­
cally in Figure 26. On the basis of these relations, 8N, 
7NW, 2W, and ISE are inferred to represent sediments 
deposited as the main depocenter in the Bekes basin 
began to shift south toward the Battonya-PusztafOldvar 
area. At this time, fluvial systems were converging from 
the north, northwest, west, and southeast to a small area 
in the southeastern part ofthe Bekes basin. 

Following the deposition of sediments represented by 
2Wand ISE, delta fronts continued to advance from the 
west, southwest, and north in the southern part of the 
Bekes basin (3W, Fig. 27; 2SE, Fig. 28). At its north­
ward extent, 3W interfingers with 9N (Fig. 27), and 
seismic data from the area of the interfingering indicate 
that the top of3W is slightly younger than the top of9N. 
In most areas, 3 Wand 2SE are approximately coeval, but 
locally, the upper part of2SE is somewhat younger than 
the upper part of 3W, as evidenced by the fact that 
reflections in the upper part of 2SE show a downlap 
relation to the top of 3 W (Fig. 29). 

WATER DEPTHS 

The inference that, on the average, the waters of the 
Bekes basin were continuously shoaling after deposition 
of the retrogradational unit (RU) can be tested by estim­
ating the approximate water depths of the lake during 

NE 

............. + + ....... + ... V1"AA,A"""".A 
•••• + .... + .... + .... + ...... 

. ·«:Bh'E;M#!:::::::::::::;,;, . 
• + + + ...... + ... + + ..... . 

.. • + +. + + .. + .. + + ...... .. 

Figure 26. Schematic diagram showing relations between selected sequences in the southern part of the Bekis ba­
sin. Sequences 7NWand 1 SE were mapped as a single unit approximately coeval with 2 W. Further north, 1 SE ap­
pears to be coeval with 8N (Fig. 24). RU, retrogradational unit; B, basement. 
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o 10 20km 

! 
EX P L ANAT ION 

Depth in two-way traveltime 
(milliseconds) below seismic 
datum (sea level + 100 m). 

Location of shelf break 
associated with sequence 3W. 

Downlop or onlop exlent of 
seismic sequence. 

Area where seismic sequence 
int.rfingers with adjacent 
sequence. 

International boundary. 

Outline of Bekes Basin. 

Figure 27. Structure contour map on the top of sequence 3W, which is approximately coeval with 2SE and 9N as 
inferredfrom the noted interfingering relations. 
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Figure 28. Structure contour map on the top of sequence 2SE, which is approximately coeval with 3 W as inferred 
from noted interfingering relations. 
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w E 

BC • • • • • • • • ••• ••• '. • • • •••••••••••••••• BC 
.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. :BASEM·ENf·:·:·.·:·:·:·:·:·:·:·:·:·:·:·:·:·:· ................................................................................. 

Figure 29. Schematic diagram showing relations between basement complex, the basal conglomerate unit (BC), se­
quences 2W, 3W, 1SE, and 2SE, and PU2 in the Battonya-Pusztaf6ldwir area (Fig. 28). Wavy lines indicate uncon­
formities and arrows show directions of downlap and onlap. 

Table 2. Summary of thicknesses (T), ages, and average sedimentation rates for units in the Bikes basin. With the 
exception ofBRU, thicknesses of the units were calculatedfrom Figure 30. 

Sequence 

BRU 
RU 
PU\ 
PU2 

275 
2225 
1700 
2500 

'" 1000 
a: 
w 
t:i 2000 
::IE 

s 

T(m) Age (Ma) Duration (10 ) 

15(?)-11.5 3.5 (?) 
11.5-5.78 5.72 
5.78-4.25 1.53 
4.25-0 4.25 

~F=====~~9~N~~~~~~~~::~~~~:: ~ 3000 aN 

~ 4000 .-' __ ~_.J 
W 
C 

5000 

6000 --r-__ ~ 

o 5km 
~ 
V.E.'3.2 :1 

Sedimentation 
(m/106 vrs) 

79 
390 
1100 
590 

.....--l 

N 

Figure 30. Interpretation of composited seismic profiles KO-J 1, GYU-7, and GYU-22 across the north and central 
parts of the Bekis basin. The seismic profile is shown in Figure 6 and its location in Figure 3. Arrows show direc­
tions of downlap and onlap. Symbols designating the various units are explained in the text. Note that the vertical 
scale is in depth rather than time. 
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deposition of various units and sequences (Table I). Ap­
proximate water depths were calculated by measuring the 
vertical distance from bottom set beds (undaform reflections) 
to topset beds (fondaform reflections) along continuous re­
flections on seismic records from the northern part of the 
Bekes basin where the sigmoid and oblique-sigmoid patterns 
are best developed. Although the calculated depths are only 
approximate because many ofthe prograding units prograde 
from atop basement highs to basin deeps and corrections for 
differential compaction and subsidence were not applied, the 
general indications are that the water depths continuously 
decreased from 1000 m to <200 m as the basin filled during 
Pannonian and later time. 

The water depths are estimated to have been about 1000 m 
during the last phase of deposition of the retrogradational unit 
(RU). The water depths increased somewhat during the 
initial phases of deposition of the early progradational unit 
(sequences IN and 2N), and decreased to about 200 m during 
the latest phase (sequence 9N). Water depths associated with 
PU2 were probably much less than 200 m as inferred from 
the absence of internal clinoform reflections within the unit 
and the description by Phillips and others (this volume) of 
the inferred depositional environments - perhaps tens of 
meters. 

It should be noted that the water depths shown in Table I 
were estimated in the northern part of the study area where 
paleo-prodelta slopes are characterized by relatively steep 
gradients. In the southeastern part of the basin, water depths 
appear to have been shallower, and paleo-prodelta slopes 
were characterized by relatively gentle gradients. 

AGES AND DEPOSITIONAL RATES 

According to Mattick and others (1985), indirect evidence 
indicates that Neogene delta construction in the northernmost 
part of the Pannonian basin began sometime between Sarma­
tian and earliest Pannonian time, perhaps at 12 Ma. Magne­
tostratigraphic studies (Elston and others, this volume) indi­
cate that distinct delta fronts were being constructed at about 
7 Al Ma about 100 km north of the Bekes basin. In addition, 
Pogacsas and others (this volume), using seismic strati­
graphic methods, extend the work of Elston and others (this 
volume) to the northern margin of the Bekes basin. The 
results of these authors indicate that the uppermost part ofthe 
retrogradational unit (RU) in the Bekes basin was deposited 
about 6.68 Ma, sequence IN was deposited about 5.78 Ma, 

and 9N was deposited earlier than 4.25 Ma. Accordingly, 
average sedimentation rates are calculated to be 79, 390, 
1100, and 590 m/million years, respectively, for BRU (15(7)-
11.5 Ma), RU (11.5-5.78 Ma), PU 1 (5.78-4.25 Ma), and PU2 
(4.25-0 Ma). These data are summarized in Table 2. 

SUMMARY OF DEPOSITIONAL HISTORY 

The Neogene and Quaternary sedimentary filling of the 
Bekes basin can be divided into four depositional stages 
corresponding to the basinally restricted unit (BRU), the 
retrogradational unit (RU), the early progradational unit 
(PU 1), and the late progradational unit (PU2). 

BRU represents initial basin subsidence during Badenian 
and Sarmatian time (15(?)-11.5 Ma) and is marked by shal­
low-water, near-shore marine to brackish-water environ­
ments of deposition. Low sedimentation rates (79 m/million 
years), about equal to subsidence rates, prevailed throughout 
this period. 

RU represents a period of increasing water depths in a 
lacustrine environment over a period of about 5.72 million 
years (Table 2). The early part of this stage is inferred to 
correspond to a period of rapidly increasing water depths 
(late Sarmatian or early Pannonian) during which time the 
Bekes basin was largely starved of sediments because debris 
transported by rivers was being captured by subbasins along 
the northern and western margins of the Pannonian Basin. 
As a result of high subsidence rates coupled with low sedi­
mentation rates, the water depths in the lake rapidly increased 
from 200 to about 1000 m. Support for this inference comes 
from Grow and others (this volume), who, as a result oftheir 
tectonic investigations, point out that synrift sediments are 
either relatively thin or absent in the basin. Pogacsas and 
others (this volume) conclude that the Bekes basin was 
relatively starved of sediments between 12 and 9 Ma. 

During the early part ofthis stage, delta fronts were located 
about 100 km north and west of the basin's margins. clastic 
sediments (turbidites) were periodically transported into the 
basin. marls (interbedded with the turbidites) resulted from 
the precipitation of CaC03 and mud from suspension. 

During later phases, turbidite-fronted deltas approached the 
margins of the basin, and sediments spilled directly into the 
basin. Depositional patterns during this later phase of depo­
sition of RU are illustrated in Figure 31. By this time, delta 
fronts had advanced to within about 35 km of the basin's 
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Figure 31. Map showing facies distribution the final phase of deposition of RU. By this time. delta fronts. which 
were prograding southward and southeastward. were about 35 km from the northern and northwestern margins of 
the Bikis basin. Deposition within the Bikis basin consisted chiefly of marls and turbidites representing distal basi­
nalfacies. The Battonya-Pusztafoldwir high was above lake level. 
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Figure 32. Map showing inferredfacies distribution during the early phase of the deposition of PU! . Delta fronts 
had reached the northern and western margins of the Bekes basin and the Battonya-PusztafoldVlir high was starting 
to sink below lake level. The map was constructed using the following sequences: upper part of 3N (Fig 9). middle 
of 4N (Fig 10). lower part of 3NW (Fig II) . middle of I W (Fig 12). and the lower part of the basal conglomerate 
unit (Fig 22). 
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northern, northwestern, and western margins. Within the 
Bekes basin, deposition was limited to basin facies -
principally marls and turbidites. The Battonya­
Pusztaf61dvar basement high was above lake level during 
much of this time period. 

About 6.25 Ma, delta fronts had advanced from the 
north and west to the margins of the Bekes basin. This 
advance marks the beginning of the deposition of the 
early progradational unit (PU I). Along the northern 
margin of the basin, a delta front was almost continuous. 
It was disrupted only by the Bekes trough (Fig. 32) 
which, thereafter, played only a minor role in controlling 
sedimentation. These delta systems were composed of 
thinner sedimentary sequences than those formed during 
the earlier stage and lacked a thick turbidite apron. The 
dominant constructional mechanism was probably delta­
lobe switching, which gave rise to a succession of pro­
grading sequences that reflect multiple overlapping 
lobes. In central parts of the basin, deposition was rep­
resented by basin facies - chiefly turbidites and marls 
(Fig. 32). To the south, on the north flank of the Bat-

o 10 ZOk .. . , 

t 

I 

tonya-Pusztaf6ldvar high, locally derived conglomer­
ates, sandstone, and shale were being deposited (Fig. 32). 

During later phases of PU I , the basin had shrunk by 
about 50% in comparison to its size at 6.25 Ma (Fig. 33). 
Major river systems began to converge, and the main 
depocenter moved southward as sedimentation was 
gradually restricted to a basin decreasing in size. Water 
depths in the deepest parts of the basin were probably on 
the order of 650 m (Table I, sequence SN). Behind the 
delta fronts, marshes and/or very shallow, ephemeral 
lakes began to form (Fig. 33). To the southeast in the 
vicinity of the Battonya-Pusztaf6ldvar high, rivers that 
were previously southeast of the basin had advanced to 
the margins of the basin. The ridge of the submerged 
Battonya-Pusztaf6ldvar high practically escaped sedi­
mentation because sediments brought in from the south­
east were largely funneled north of the high and laid 
down on its still-steep north flank (Fig. 33). 

During the last phases of deposition associated with 
PU I , the main delta fronts advanced southward and 
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Figure 33. Map showing inferredfacies distribution a later phase of the depositon of PUI . As a result of contin­
ued delta progradingfrom the north and west, the areal extent of the BliMs lake had decreased by more that 50% 
compared with its size at the start of deposition of PUI (Fig. 32). The Battonya-Pusztaf6ldwir high (Fig. 32) had 
sunk below lake level and delta fronts were encroachingfrom the southeast. Shallow lakes or marshes began to de­
velop in the northern part of the basin behind the advancing delta fronts . The map was constructed using the follow­
ing sequences: upper part of8N (Fig. 17). upper part of5NW (Fig. 17). lower part of6NW (Fig. 18). upper part of 
2NW (Fig. 23). and lower part of ISE (Fig. 24). 
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southeastward, and the main depocenter migrated south­
eastward as well. 

According to Collinson (1976), a progression from 
delta deposits associated with deep-water basins to delta 
deposits associated with shallow-water basins is part of 
the nonnal evolution of a basinal sequence of sedimen­
tary fill. This evolution appears to characterize the Bekes 
basin. Collinson (1976) further stated that deep-water 
turbidites that front deltaic sequences are the earliest in 
any basinal sequence and are generally overlain by 
younger, shallower water deposits composed of thinner 
sedimentary sequences that are characterized by delta­
front sheet sandstones, which probably are related to 
lobate-type subdeltas. The dominant mechanism in the 
construction of the later delta deposits is often lobe 
switching, which results in a succession of stacked se­
quences (Coleman, 1976) as is interpreted for the Bekes 
basin. 

The average sedimentation rate during deposition of 
PU 1 was about 1100 m/million years (Table 2) - much 
greater than the average subsidence rate as evidenced by 
incessant shoaling waters, the depth of which decreased 
from about 1100 m to 200 m (Table 1). This stage was 
associated with rapidly prograding delta fronts. Prograd­
ing delta wedges in the northern part of the basin (se­
quences IN-9N) are calculated to have advanced at an 
average rate of about 30 km/million years; the rate of 
advance was relatively slow during the early phases of 
deposition and increased during later phases. 

The late progradational unit (PU2) represents the 
youngest episode of deltaic deposition in the Bekes ba­
sin. The sedimentary rocks associated with PU2 repre­
sent shallow-water deposits consisting chiefly of delta­
plain facies deposited in shallow lake, fluvial, and marsh 
to terrestrial environments. These deposits locally reach 
thicknesses of 2500 m, and, according to Berczi and 
Phillips (1985) and Phillips and others (this volume), 
analyses of core data indicate that they represent shal­
lower water environments than the underlying prograd­
ing sequences. Locally, the base of the deposits are 
marked by a strong onlap pattern which Mattick and 
others (1985) interpreted as evidence of a period of 
widespread shallow lakes and marshes. The absence of 
clinofonn beds within the unit suggests that water depths 
in the Bekes basin were very shallow at the time of 
deposition - probably much less than 200 m. This stage 
of basin filling represents a relatively long period of time 
(4.25-0 Ma) during which the average sedimentation rate 
was about 590 m/million years (Table 2) - about equal to 
or slightly higher than the average subsidence rate. 

In his review of this paper, Molenaar (written commu­
nication, 1988) points out that in places the base of the 
late progradational unit (PU2) is time transgressive. This 
relation would be expected ifPU2 was deposited on top 
of PU 1 as waters receded locally rather than basinwide. 
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3 Lower Pannonian Deltaic-Lacustrine 
Processes and Sedimentation, Bekes 
Basin 

R. Lawrence Phillip/, Istvan Revesi and Istvan Berczi 

ABSTRACT 

Sedimentological investigations of the 6500-m-thick Neogene and younger section ofthe Bekes basin reveal multiple 
sedimentary processes related to deltaic progradation in a deep lacustrine basin. Cores, well logs and seismic profiles 
were used to investigate the sedimentologic processes, the paleoenvironments of deposition, and the history of basin 
filling. A gradual termination of middle Miocene (Badenian-Sarmatian) shallow-marine bioclastic deposition marks 
the time of accelerated basin subsidence and the onset oflacustrine sedimentation(Pannonian sensu-lata). Three major 
stages of lacustrine sedimentation are identified. These stages (in ascending order) are represented by: (I) basal 
calcareous to silty organic-rich marl; (2) prodelta turbidites; and (3) delta-slope deposits. 

The basal marl (248 m thick) reaches its maximum thickness in central parts of the basin, but also drapes most 
surrounding basement highs. 

Abundant sand-rich turbidites derived from advancing deltas form a thick (963 m) prodelta sequence. Subsequences 
identified within the prodelta strata include, in ascending order, distal lobe, fan, rare channel, and slumped deposits. 
Successive fan systems, that originated from multiple deltas, formed solitary to interfingering sand bodies as the deltas 
advanced. 

The slope deposits, with inclined strata (3-25° dips) can be divided into 3 main depositional sequences: (I) alternating 
marl, silt, and sand laminae; (2) amalgamated turbidite sands; and (3) deformed (slumped) beds. Density flows and 
slumping were the dominant depositional-erosional processes on the delta slope. During deposition, sand bypassed the 
slope and was carried through gullies and/or channels to the base ofthe slope. These gullies and/or channels later became 
filled with amalgamated turbidites or with large slumped sediment masses. The turbidites contain marl rip-up clasts 
interbedded with large- and small-scale cross-bedded sandstones. The thickness of the delta-slope deposits suggests 
that the lake was at least 600 m deep. 

1 U.S. Geological Survey, Menlo Park, California 94025, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-2443, Szazhalombatta, Hungary 

P. G. Teleki et al. (eds.), Basin Analysis in Petroleum Exploration, 67-82. 

© 1994 Kluwer Academic Publishers. 
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INTRODUCTION 

An analysis of cores from hydrocarbon exploration 
wells in a deep lacustrine basin, the Bekes, indicates that 
its sedimentological history was dominated by sequential 
as well as coeval deltas that prograded from the north, 
northwest and west. This study attempts to document 
past depositional processes and reconstruct depositional 
environments for Pannonian (sensu lato) age rocks by 
determining the distribution and lithology of pre-Neo­
gene and Neogene age strata. 

Figure 1. Index map o/the study area in Hungary. 

The area of investigation is located in southeastern 
Hungary in the the Great Hungarian Plain (Nagyalfold) 
(Fig. I). The Bekes basin contains more than 6500 m of 
Neogene and younger sedimentary rocks and is approxi­
mately 65 km in diameter. Beneath the post-Paleogene 
sedimentary fill, basement highs rise to within 1000-
2000 m of the ground surface (the Battonya high to the 
southwest, the Szarvas-EndrOd-Szeghalom highs to the 
north, and the Sarkadkeresztiir high to the northeast). 
These basement highs define the basin's boundaries in 
Hungary (Fig. 2). 

Extensional tectonism, which began during the Mio­
cene, resulted in subsidence and formation of the Bekes 
basin and several other Neogene-age basins in Hungary 
(Horvath and Royden, 1981; Royden and others, 1982; 
Royden, 1988). Active Miocene basin rifting is recog­
nized in the sedimentary column by the deposition of 
Badenian (middle Miocene) coarse, synrift basal con­
glomerates succeeded by shallow marine bioclastic sedi­
ments (Szentgy5rgyi and Teleki, this volume). 

The major rock stratigraphic units represented in core 
samples (in ascending order) are: (I) pre-Neogene rocks 
(basement), (2) middle Miocene shallow-marine bioclas­
tics and clastics, and (3) Miocene and younger lacustrine 
sedimentary rocks. In this study the Miocene and 
younger lacustrine sedimentary rock sequence is divided 
into 5 units in ascending order: (I) basal conglomerates, 
(2) basal marls, (3) prodelta turbidites, (4) delta-slope 
deposits, and (5) delta-plain, fluvial-to-terrestrial depos­
its. 

The goals of this study were: (1) define the processes 
and depositional environments within the deltaic-lacus­
trine Pannonian (sensu lato) age strata, (2) understand the 
stratigraphic history of basin filling, and (3) identifY sand 
bodies that may be potential hydrocarbon reservoirs. 

METHODS 

Cores from 52 wells located both within as well as on 
the flanks of the Bekes basin were examined (Fig. 2). 
Cores ranged in depth from 554 m (Szeghalom (Sz)-I 
well) to 4525 m (Doboz-I well). Core diameters ranged 
from 6.5 to 8.5 cm. The standard core length was 1.5 m; 
but core recovery was highly dependent on sediment 
texture and degree of cementation. Sections as long as 
37m were recovered from the deepest part of the basin 
(Kondoros (Kond)-I well). Continuous cores as long as 
72 m (Pusztafoldvar (Pf)-190 well) were recovered on 
the Battonya high, and 34 m (Endr5d (En)-23 well) on 
the'Endr5d high. Approximately 50 percent of the recov­
ered cores from the Bekes basin were investigated. 

Where possible the cores were examined to identifY 
vertical trends (beds thickening or thinning), sedimen­
tary structures, texture, grading, evidence of bioturba­
tion, and tectonic features (such as slickensides and frac­
turing), to as well as define the depositional environ­
ments. 

SUMMARY OF THE STRATIGRAPHY 

The Pannonian-age rock formations recognized in the 
Bekes basin are shown in Figure 3. The Bekes formation 
consists of basal conglomerates and is usually found on 
basement highs. The T6tkoml6s, Vasarhely, Dorozsma, 
and Nagyk5r5s Formations consist of basal calcareous to 
silty marls, which range from 50 to 90 percent CaC03. 
The Szolnok Formation consists of lacustrine prodelta 
turbidite deposits. The Algy5 Formation represents 
delta-slope deposition. The T5rtel and Zagyva Forma-
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Figure 2. Isopach map of Neogene sedimentary fill in the Bekes basin. Contours in meters. The wells whose cores 
were investigated are also shown. 
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Figure 3. Rock-stratigraphie chart offormations, rock units, ages, and depositional environments within the Bikes 
basin. 

tions represent delta-plain deposition. In this study for­
mation names were not used because many of the Hun­
garian formations are strongly time-transgressive. 

PRE-NEOGENE (BASEMENT) ROCKS 

The oldest (pre-Mesozoic) rocks of the basement com­
plex consist chiefly of granite, schist and quartzite, and 
locally quartz porphyry. Mesozoic rocks consist of dolo­
mite, conglomerates, sandstones and mudstones. Evi­
dence of intense fracturing and shearing was observed in 
almost all rock cores from the basement complex; both 
open and filled fractures can be observed. Calcite fills 
many of the fractures (Fig. 4). Hydrocarbon traces (dead 
oil) were observed in open voids in fractured Mesozoic 
dolomite at depths of 3984-3997 m in the Ormenykut 
(Orm)-I well. A discussion of the basement rocks and 

their tectonic history is given by Grow and others (this 
volume). 

MIOCENE MARINE SEDIMENTARY ROCKS 

Miocene (Badenian and Sarmatian stages) marine sedi­
mentary rocks unconformably overlie pre-Neogene 
rocks (basement) over much of the Bekes basin. The 
maximum penetrated thickness of this unit is about 275 
m; however, it is inferred to be > 1000 m thick in central 
(deep) parts of the basin (Szentgyorgyi and Teleki, this 
volume). The unit is absent on some structurally high 
areas. The unit consists chiefly of shallow-marine bio­
clastic and clastic sedimentary rocks and contains con­
glomerate, sandstone, rhyodacite, limestone, and marl. 
Cores from this unit were recovered from 23 wells. In 
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Figure 4. Photographs of cores of Miocene, shallow-marine sedimentary rocks: A) calcite-filled fractures in ma­
rine sandstone (Bekes-2 well; depth: 3i 86-3194 mY; B) bioclastic limestone consisting of coralline algal nodules 
and bioclastic debris (Nagyszenas (Nsz-2) well; depth: 3009-3018 m). 
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general the unit represents deposition in a high-energy, 
shallow-marine environment. The bioclastic limestone 
is composed of oolites, rhodoliths (algal nodules), co­
ralline algae, and mega- and microfossils (Fig. 4). Black 
limestone reflecting deposition in a reducing environ­
ment is interbedded with the marine sediments. The 
presence of rounded to well-rounded monolithic mica 
schist conglomerate indicates marine reworking and sort­
ing of basal Miocene conglomerates on the basement 
highs. A complete discussion of this marine sequence is 
found in Szentgy6rgyi and Teleki (this volume). In 17 
of the cores containing Miocene (Badenian/Sarmatian) 
marine rocks, there was evidence of intense fracturing 
and shearing as was observed in the underlying pre-Neo­
gene rocks. 

MIOCENE AND YOUNGER LACUSTRINE 
SEDIMENTARY ROCKS 

Basal Conglomerate 

Basal conglomerate of Pannonian (sensu lato) age was 
identified in 4 wells (Csanadapaca (Csa)-3, Csa-6, Pf-2, 
and Pf-190) on the Battonya high and in one well (Sz-9) 
on the Szeghalom high. The strata range in thickness 
from approximately 10 m (Pf-2 well) to 46 m (Csa-6 
well). According to Molenaar and others (this volume), 
in the Battonya area, these conglomerates were deposited 
as the Battonya high subsided below lake level and are 
time-transgressive. 

The sediment texture varies from coarse sandstone to 
conglomerate. The composition of the gravel indicates 
that it was derived from the underlying bedrock, which 
on the Battonya high consists of granite in the south and 
schist in the north. The texture of the basal conglomerate 
usually fmes upwards. 

Basal Marl 

With the exception of the Battonya high and locally on 
the Szeghalom high, middle Miocene marine rocks are 
overlain by calcareous clay to silty mar!. The contact 
between these units appears to be gradational, at least in 
central parts of basin. The basal marl was identified in 
17 wells scattered throughout the basin. The marl grades 
upward from carbonate-rich clay to silty clay. The thick­
ness of marl cored within the basin ranges from 173 m 
(Orm-I well) to 248 m (Hunya-l well). In the Kunagota 
(Kag)-I well on the flank of the Battonya high, at least 
115 m of marl was penetrated; whereas, on the Battonya 

high, the Csa-3 well penetrated 92 m and the Magyar­
dombegyhaza (Domb )-DNy-l well 86 m of mar!. On the 
Szeghalom high the Devavanya (Deva)-2 well pene­
trated at least 67 m of mar!. These marls are of Pannonian 
age (Miocene) and represent deposition in a deep lacus­
trine environment (Berczi and Phillips, 1985) following 
accelerated basin subsidence during extension. The lake 
system apparently covered much of the region as indi­
cated by the fact the marl was penetrated on most base­
ment highs. The southern part of the Battonya high 
apparently remained emergent and was only covered by 
the lake system during later stages of basin filling (Mat­
tick and others, this volume). 

In the deepest parts of the basin, the unit is represented 
by organic-rich, black, argillaceous-to-calcareous clay 
that was deposited in a reducing environment. In these 
areas sedimentary structures are rare and most of the marl 
appears to be without structures in the cores. Thin silt or 
very fine grained sandstone laminations increase upward 
in the marl section suggesting that clastic sediment influx 
into the basin increased as a delta system (or systems) 
advanced towards the margins of the basin from the 
north, northwest and west. bioturbation, observed in 
cores from depths of3848 m in the Hunya-l well, may 
have caused mixing of the sediment, resulting in the 
structure-free marls observed in the lower part of unit. 
However, in the Hunya-I well, the evidence ofbioturba­
tion does not exist above approximately 3700 m and does 
not occur again until approximately 1971 m depth in 
sediments representing delta-slope deposits. This sug­
gests that in most of the deeper parts of the basin, depo­
sition took place in an euxinic environment. Water 
depths within the central part of the Bekes basin may 
have been as deep as 900 m (Mattick and others, this 
volume) during deposition of the basal marls. Stratifica­
tion of lake waters or poor circulation may have aided in 
the formation of a reducing environment in the deeper 
parts of the basin as has been observed for the basal marls 
deposited in the adjacent H6dmez6vasarhely-Mak6 ba­
sin to the west (Phillips and Berczi, 1985). 

The marls in several wells are intensely sheared, as are 
the underlying pre-Neogene and Neogene marine strata. 
Within the deeper parts of the basin, the basal part of the 
marl sequence is fractured. 

Prodelta Lacustrine Turbidites 

The basal marls grades upward to lacustrine turbidites 
interbedded with mar!. The prodelta lacustrine turbidites 
are interpreted as evidence of coarse clastic sediment 
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derived from a delta system (or systems) that was advanc­
ing toward the Bekes basin. Turbidites were identified 
in II wells within the deepest parts of the basin. Tur­
bidite sandstones are found as deep as 4000 m (Doboz-I 
well) and as shallow as 2478 m (K5r5starcsa (K5t)-I 
well). The prodelta turbidite sandstones interbedded 
with marl range in thickness from 963 m (Hunya-I well) 
to 737 m (Kond-I well) and 700 m (Gyo-I well). The 
turbidites rapidly thin from 700 m in the Gyo-I well to 
225 m in the Gyo-2 well and pinch out on the Szeghalom 
basement high north of these wells. 

The turbidite sequence comprises a sand-rich sequence 
in which the sand content ranges from 68 to 90% in the 
basal beds and increases to 95% near the top of the 
sequence. Even in the deepest parts ofthe basin the sand 
content is high, the average sand content was 80% for 
cores from the Gyo-I well and 92% for cores from the 
Kond-I well. The sand-rich turbidites penetrated in 
some wells can be divided into depositional systems 
based on the presence of vertical sedimentary sequences. 
Depositional sequences identified within the turbidite 
unit include distal lobe deposits, amalgamated fans, and 
channel deposits. 

After the deltas had advanced into the basin, coarse­
grained sediment was transported through gullies and 
channels down the delta slope to the base of the slope by 
slumping and other density flow processes. Earlier, 
when the delta fronts were outside of the basin, sediment 
pathways were controlled by paleo-topography. For ex­
ample, sediments were funneled into the basin through 
troughs between the Szeghalom and the Sarkadkereszrur 
highs, between the Endr5d and Szeghalom highs, and 
between the Szarvas and Battonya highs, as indicated by 
the presence of paleo-bathymetric troughs. The troughs 
eventually were filled as the deltas advanced over the 
highs. In the trough between the Szeghalom high and the 
Sarkadkereszrur high, sediment was funneled from a 
delta system advancing from the north into the deepest 
part of the basin south of the Sarkadkereszrur high. 
Turbidite sandstone beds, as much as 8.5 cm thick and 
containing Bouma Ta-b sequences, are found at depths 
of 4000 m. These are the deepest turbidites cored within 
the basin. 

In the northern part of the basin (Hunya-I, Kond-I, and 
Gyo-I wells), the earliest phase of distal turbidite depo­
sition is interpreted to be represented by a lobe sequence 
of a lacustrine fan system. The turbidites may have been 
funneled between the Endr5d and Szeghalom highs, or 
between the Szarvas and the Battonya highs. The lobe 
sequence, at depths of 3404-3419 m (Kond-I well), 

consists of repetitive bundles of thickening upward tur­
bidite sandstone beds that include thin laminations of 
marl. This sequence, which is 14.4 m thick, rests on the 
basal marl unit. Marl also overlies the sandstone beds. 
The maximum thickness of the turbidite beds is 164 cm; 
the average thickness is 23 cm. The sand content aver­
ages 87% and ranges from very fine-grained to fine­
grained texture. Sedimentary structures in this sequence 
include graded beds with Bouma sequences Ta, Ta-e, 
Ta-b-e, and occasionally ofTc and Tc-e sequences. Load 
structures, internal deformation structures, dish struc­
tures, mud-draped scours, and thin sand laminae in marl 
are the remaining sedimentary structures (Fig. 5). 

The early lobe sequence is overlain by stacked beds of 
interbedded turbidites and marl (Figs. 5 and 6). These 
turbidite beds comprise the major part of the prodelta 
deposits. Sandstone dominates in most of the beds; the 
sand content ranges from 75 to 95% in this sand-rich 
system. Depositional sequences are difficult to interpret 
owing to interfingering of multiple fan systems associ­
ated with the advancing multiple deltas. Repetitive up­
ward-thickening sequences, which may represent inter­
fingering lobe deposits are common. In addition, amal­
gamated turbidite beds, shallow meandering channel de­
posits, and possible deep channel deposits were also 
identified. 

The maximum thickness of the prodelta turbidite beds 
is 211 cm (Bekes-5 and Hunya-I wells); the average 
turbidite bed thickness of each cored interval ranges from 
IO to 48 cm. Average sandstone bed thickness for all 
prodelta cores ranges from 20 cm (Kond-l well) to 31 
cm (Hunya-I well). Bouma sequences consist of Ta, 
Ta-e (both Ta and Ta-e sequences make up more than 
60% of the turbidites), Ta-b, Ta-b-e, and Ta-b-c. Com­
plete Bouma sequences, Ta to Te and Ta-b-c-d, are only 
found in the basal part of the turbidite section. Sedimen­
tary structures within the prodelta deposits consist of 
graded and massive sandstone beds, load structures, 
flame structures, internal deformations, mud-draped 
scours, marl rip-up clasts, cross-beds, amalgamated 
sandstone beds, and laminated sandstone and marl. 

Core data indicate that meandering channels were pre­
sent on top ofthe fan-lobe systems. The migrating-chan­
nel, accretionary bank deposit shown in Figure 5c (Gyo-l 
well) is 188 cm thick and consists of inclined beds (14° 
dip) of alternating marl and sandstone laminations; many 
ofthe sandstone beds are composed of small-scale cross­
bedded strata. Such sequences of beds and their sedi­
mentary structures are similar to those found in the 
modem channel-fan system of Lake Geneva as reported 
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Figure 5. Measured stratigraphic sections within the prodelta depositional environment: A) lobe sequence (above 
basal marl) consisting 0/ repetitive turbidite sandstone beds thickening upward (Ta, Ta-b-e sequences, Kondoros 
(Kond)-I well; depth: 3404-3431 m); B) amalgamated turbidite sandstone beds within/an deposit (Kond-I well; 
depth: 3330-3357 m); C) accretionary bank sequence dipping at 14° (in lower part o/section) overlain by a shell 
lag deposit containing marl rip-up clasts, cross-beds, and amalgamated turbidite sandstone beds which may repre­
sent channel-jill (Gyoma (Gyo)-I well; depth: 3060-3078 mY; D) overbank channel deposits containing gently in­
clined strata consisting 0/ amalgamated thin sandstone beds separated by laminated marl and sandstone (Be/cis-3 
well, depth: 2701-2715 m). 
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Figure 6. Photographs of cores of prodelta turbidite sandstones: A) amalgamated turbidite sandstone beds con­

sisting mainly ofTa and Ta-b-e Bouma sequences (Kondoros (Kond)-l well, depth: 3330-3357 mY, B) turbidite 
sandstones containing Ta-b-e and Ta-b-c-e Bouma sequences (Gyoma (Gyo)-l well; depth: 3200-3218 my. 

by Houbolt and Jonker (1968) and to the ancient, mean­
dering, deep-sea fan channels investigated by Mutti and 
Ricci Lucchi (\ 975), Mutti (1977), and Mutti and Nor­
mark (\ 987). The lower accretionary bank deposits are 
overlain by laminated marl and sandstone with marl 
rip-up clasts (containing abundant shells); the marl and 
sandstone are overlain by beds of large-scale cross-bed­
ded sandstone and amalgamated turbidites. The cross­
bedded sequence may represent the basal part of a chan­
nel system because the depositional sequence is similar 

in many respects to those reported from ancient deep-sea, 
channel-fan systems by Mutti and Normark (1987). 

The existence of overbank channel deposits is also 
indicated by the presence of gently inclined strata con­
sisting of Ta and Ta-e sequences (Fig. 5d). The sand­
stone beds in these sequence are thin (average 8 cm) and 
occur as amalgamated graded beds separated by thin 
sand-marl laminations. The bedded sequences, how­
ever, show no vertical trends (Fig. 5, 8ekes-3 well). 
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Figure 7. Photograph of cores of deformed turbidite 

sandstone containing overturned strata, load struc­
tures, andflame structures (Gyoma (Gyo-l) well; 
depth, 3060-3078 m). 

Defonned turbidites, as well as defonned laminated 
sandstone and marl beds that represent slumped deposits, 
can be observed in cores at discontinuous intervals above 
depths of 2800 m in the Gyo-l, Hunya-l, and Kond-l 
wells. The defonned strata are present in the upper part 
of the turbidite sequence but are rare below a depth of 
2800 m. The slump deposits show evidence of over­
turned and vertically inclined beds that were faulted and 
defonned (Fig. 7). Horizontal-bedded strata occur above 
and below the defonned beds. 

Turbidites in the upper part of the prodelta sequence, 
compared to those in the lower part of the sequence, 
contain more sand, have abundant amalgamated sand­
stone beds, and show evidence of increased frequency of 
tractive current flow as indicated by the presence of 
cross-beds. The sandstones in the upper part of the 
turbidite section usually have a coarser grain size (rang­
ing from fine- to medium-grain sand) compared to the 
sandstones in the turbidites in the lower part of the 
section. In some cores from the upper part of the section, 
the sandstone is very friable. Sedimentary structures 
include massive to graded turbidites containing Ta, Ta-e, 
Ta-c and Tc-e Bouma sequences, marl rip-up clasts, 
large- and small-scale cross-beds, dish structures, load 
structures, and inclined or parallel-bedded thin sand and 
marl laminations. The sandstone beds, which average 18 
to 23 cm in thickness, reach thicknesses of 64 cm. 

The most striking character throughout the section of 
prodelta deposits in the Bekes basin is the high sand 
content of the stacked turbidite beds. In the adjacent 
H6dmezovasarhely-Mak6 basin to the west, beds with 
similar sand content are present in deltaic facies (Phillips 
and Berczi, 1985; Berczi and Phillips, 1985). 

The initial influx of coarse-grained sediment into the 
Bekes basin is represented by the fan-lobe sequence. 
Progradation and aggregation of the repetitive fan-lobe 
sequences and development of mUltiple fan systems 
ahead of the advancing deltas produced the stacked sets 
of turbidites. Some parts of the section contain repetitive 
thickening-upward beds. In the northern part of the 
basin, these beds (between well depths of3100-3460 m) 
represent either sheet-flow sands or fan-lobe turbidites 
deposited when delta fronts overtopped paleo-bathymet­
ric highs that surrounded much of the Bekes basin. Fan 
systems were constructed by broad (although apparently 
shallow) channels and narrow meandering channels. 
Modem and ancient turbidite fan systems that are sand­
rich are characteristically channelized (Multi and Nor­
mark, 1987). Successive fans originating from the mul­
tiple deltas rapidly filled the deep basin as the deltas 
advanced. 

Delta-Slope Deposits 

Delta-slope deposits were identified in cores from 22 
wells. In the center of the basin, the top ofthe delta-slope 
deposits were penetrated at a depth of 1910 m in the 
Gyo-l and at 2100 m in the Kond- \. The maximum 
penetrated thickness of these deposits is 600 m (Gyo-l 
well). Based on interpretation of electric logs, delta-
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Figure 8. Measured stratigraphic sections of delta-slope deposits: A) laminated marl containing thin sand lami­
nae and sandstone beds, some deformed, all dipping 3° (Bekis-3 well; depth: 2580-2598 m), B) deformed (slumped) 
5.9-m-thick bed of marl-sand laminae with dips rangingfrom 15 to 20° and overturned beds (Bekis-3 well; depth: 
2432-2450 m); C) amalgamated sandstone beds near base of slope. The beds contain marl rip-up clasts, abundant 
planar laminalions, cross-beds and graded beds (Ta and Tb sequenr;es) (Gyoma (Gyo) -2 well; depth: 2147-2160 

m). 
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slope deposits vary in thickness from 475 to 600 m in the 
Bekes basin (Molenaar and others, this volume). 

The delta-slope deposits can be divided into three de­
positional sequences; in ascending order these are (Fig. 
8): (I) alternating marl, silt, and sand laminae interbed­
ded with thin sand beds; (2) amalgamated turbidite sands; 
and (3) deformed (slumped) beds. In comparison to the 
prodelta deposits, the sand content in the delta-slope 
deposits is noticeably less in most of the examined cores, 
ranging trom 5% in the laminated marls and sandstones 
to 83% in the amalgamated turbidites. Sand texture 
ranges trom fine- to medium-grained size. The sand beds 
usually contain abundant plant tragments. The average 
sandstone bed thickness is 15 cm; the maximum bed 
thickness (63 cm) occurs near the base of the delta-slope 
deposits. 

The primary characteristic of the delta-slope deposits is 
gentle to steeply inclined strata; measured dips range 
trom 3-25° but most of the laminae and beds dip between 
3_8°. A few beds, however, appear to be horizontal or 
inclined at very low angles. Sedimentary structures in­
clude abundant silty marl laminae that alternate with 
laminated sandstone. In cores, small- to large-scale 
downslope oriented cross-beds (up to 26 cm thick), amal­
gamated thin to thick massive sand beds, and graded 
sandstone beds containing mainly Ta and Tb Bouma 
sequences could be recognized. A number of beds con­
tain Ta-b-c, Tb-c, Tc, and Tc-d sequences. In additional, 
abundant marl rip-up clasts in sandstone beds, dewater­
ing structures, abundant evidence of deformation (over­
turned beds, penecontemporaneous faulting, and folded 
and distorted strata), and sparse bioturbation represented 
by narrow vertical and horizontal burrows could be ob­
served in the cores (Figs. 8 and 9). 

Processes that were active on the delta slope can be 
inferred trom the sedimentary structures. Alternating 
thin sand-marl laminations and associated small-scale 
cross-beds indicate that sediments were transported 
downslope by density currents. High and low density 
underflows that are common features of lake systems 
produce alternating "varved" light silt-rich and dark clay­
rich marl laminations on delta slopes in modem lakes. 
Density underflows usually occur during river flooding 
when sediment discharge into the lake is high. Storms, 
however, will resuspend lake sediments and storm cur­
rents will also transport the sediment downslope as un­
derflows, producing the characteristic "varved" laminae. 

Alternating, inclined silt-sand laminae with sharp con­
tacts that grade to silty marl are the most abundant 

A 

Figure 9. Photographs of cores of delta-slope depos­
its: A) gently dipping marl and sandstone laminae in­
terbedded with sandstone beds that contain load 
structures, small-scale cross-beds, dewatered struc­
tures, and a deformed (slumped) sandstone bed 
(Sarkadkeresztur (Sark)-! well; depth: 2434-2439 mY. 
B) inclined, alternating marl and sand laminae that 
may have been deposited by density underflow cur­
rents that flowed down the delta front (Szarvas (Szr)-
19 well; depth. 2296-2299 m). 
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structures within the Bekes delta-slope deposits (Fig. 9). 
These alternating laminae in the slope deposits are simi­
lar to laminae in cores from delta slopes of modem lakes 
(Houbolt and Jonker, 1968; Sturm and Matter, 1978; 
Pickrill and Irwin, 1983). Thick sand laminae and thin 
sandstone beds (l to 5 cm thick) alternating with marl are 
common toward the base of the slope (Fig. 8). Many 
sandstone beds located near the base of the slope were 
observed to contain small-scale cross-beds. Traction 
currents, as well as downslope turbidite flows, are be­
lieve to be responsible for the formation of these se­
quences near the base of the slope. 

As stated previously, the sand content of the delta-slope 
deposits is low in comparison to the sand content of the 
prodelta deposits in the Bekes basin. Much of the sand 
apparently was transported in channels across the slope 
and deposited directly in the prodelta region. Deformed, 
slumped sandstone beds, which are interbedded with 
large- and small-scale cross-beds and form amalgamated 
sequences may represent channelized slope deposits 
(Fig. 8). The amalgamated sandstone beds suggest chan­
nelized flow that occurred within depressions formed 
initially from slumping or in broad low-relief channels. 
Some of the channels located on the slope may have had 
their origin (head) in the delta- plain-fluvial system as is 
the case with channels cut into the present-day delta slope 
in Lake Geneva (Houbolt and Jonker, 1968). Rapidly 
prograding, fluvial-deltaic systems apparently supplied 
abundant sediment to the delta front. According to Prior 
and Bornhold (1986), rapid sediment accumulation 
causes excess pore-fluid pressures to develop in uncon­
solidated sediments. This leads to unstable conditions 
which result in subaqueous landslides on the delta slope. 
Such slumps are common features on delta slopes both 
in lacustrine and marine environments (Prior and others, 
1981, 1984; Prior and Bornhold, 1986; Prior and Cole­
man, 1982; Bornhold and others, 1986). 

Evidence of significant slumping in a downslope direc­
tion can be observed in many of the cores from the 
delta-slope deposits. These slump deposits range from 
solitary deformed sandstone beds to slumped sequences 
as thick as 5.9 m composed of alternating sandstone and 
marl laminations and beds (Figs. 8 and 9). Much ofthe 
slumped sediment was transported from the delta slope 
by gravity flow mechanisms to the prodelta region in the 
form of turbidites 

Delta-Plain Deposits 

Delta-plain and overlying fluvial-terrestrial deposits 
were identified in cores from 12 wells. The depositional 

environments for these deposits were difficult to identify 
because these largely unconsolidated, fine-grained sedi­
ments are difficult to recover in cores. In general, delta­
plain sediments are characterized by tan-to-brown or red 
silty claystone, rare medium-grained massive sand, de­
formed beds of sand and silt, sand and silt containing 
small-scale cross-beds, and organic-rich silty sediment. 

The dominance of silty claystone suggests that deposi­
tion most likely occurred in the form of overbank flood 
deposits adjacent to river systems that crossed the delta 
plain. The apparent lack of abundant sandstone suggests 
that the river systems crossing the delta plain did not 
migrate laterally through time, because this would have 
resulted in the deposition of blanket channel sands. In­
stead, the rivers, through time, probably formed solitary, 
stacked channel systems. Some of these stacked channel 
systems can be recognized on seismic profiles. Sedi­
ments representing fluvial, shallow lake, bay, and marsh 
environments probably are also present but were not 
recognized in the cores because of poor core recovery. 

SEDIMENTARY MODEL OF THE BEKES 
BASIN 

Sequential to coeval progradation of lacustrine deltas 
primarily from the north, northwest, and the west (Mat­
tick and others, this volume) gradually filled the Bekes 
basin during early Pannonian time. The lake was at least 
600 m deep in early Pannonian time, as judged by the 
thickness of the delta-slope deposits. The active deposi­
tional processes and the history of basin fill can be 
determined from an interpretation of the distinctive de­
positional environments (Fig. 10). 

Subsidence of the Bekes basin in late Miocene time, 
accompanied by the closure of the connection to the sea 
resulted in a transition from a shallow-marine environ­
ment to a brackish-lacustrine environment.(Paratethys). 
This transition is recognized in cores by a change in 
lithology from shallow-marine bioclastic sediments to 
bioturbated black calcareous marls, followed by non-bio­
turbated marls. Marl formed a blanket deposit in the 
basin and covered most of the surrounding bathymetric 
highs. Silt, settling from suspension, together with pre­
cipitation of carbonates was the dominant sedimentary 
process during the basin's early history. Later, as the 
prograding delta fronts approached the basin's margins, 
distal turbidite sands were deposited as thin laminae 
alternating with marl. During this time, on the marginal 
bathymetric highs, marl continued to be deposited while 
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Figure 10. Stratigraphic section, depositional environments, and major depositional processes within the Bekis ba­
sin. The depths of facies boundaries are from the Hunya-l well. The thickness of the shallow-marine sedimentary 
rocks is shown to be 468 m, as interpreted from analysis of cores from the Hunya-l well. This thickness conflicts 
with the interpretation ofSzentgy6rgyi and Teleki (this volume). 

turbidite deposition accelerated in the deep parts of the 
basin. 

Later, perhaps when the deltas reached the basin's 
margins, prodelta turbidite sands were deposited in deep 
parts of the basin. Topographic highs controlled initial 
turbidite deposition by funnelling sediments through 
troughs between highs to bathymetrically low areas. The 

distal prodelta deposits of the advancing deltas are iden­
tified as thin-lobe sequences; these sequences record the 
onset of sedimentation in prograding fan systems. Inter­
fingering prodelta fan turbidites produced a thick, sand­
rich sequence. 

Sediments were distributed on early Pannonian lacus­
trine fans by shallow meandering channels. These chan-
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nels were probably similar to the modem-day channels 
that feed the prodelta fan system in Lake Geneva 
(Houbolt and Jonker, 1968); they transport sediment to 
the outer fan region. 

Above the turbidites and channel deposits, abundant 
deformed strata, interbedded with amalgamated tur­
bidites, are present. The deformed strata indicate that 
slumping occurred on delta slopes during early Pan­
nonian time. 

Major sedimentation processes occurring on the ad­
vancing delta slopes included slumping, downslope 
channelized flow, and density current underflow. Den­
sity underflow, resulting in the deposition of alternating 
sand-silt-marl laminae, was probably the main deposi­
tional process acting on the delta slopes. Much of the 
sand bypassed the slopes and was transported, either in 
slump-carved depressions or gullies and channels, to 
turbidite fan systems in the prodelta region (Fig. 11). 

Continued deltaic progradation into the basin eventu­
ally filled the lake and fluvial and flood-plain environ­
ments replaced the lacustrine environments. 
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4 Facies and Depositional Environments of 
Miocene Sedimentary Rocks 

Karoly SzentgyorgJi and Paul G. Telekl.2 

ABSTRACT 

The area ofthe Bekes basin began to subside in early Badenian time during the late Styrian orogenic phase. The initial 
phase of subsidence and transgression of the Paratethys Sea is marked by conglomerate and/or breccia that is present 
almost everywhere where Miocene deposits occur. The Miocene sequence is 0-275 m thick, where penetrated by wells 
in the Bekes basin; however, in the deepest parts of the basin the sequence is inferred to be more than 1000 m thick 
based on interpretation of seismic data. 

During the Badenian, the region was covered by a shallow, well-oxygenated, warm sea of normal salinity. Numerous, 
small islands, that exist now as buried basement highs, were fringed by Lithothamnium algal flats. Along the shorelines 
of the Badenian sea, dominantly coarse, sandy sediments, and in littoral zones, sandstones and carbonates were 
deposited. Shelf and offshore areas are represented by complex interfingering lithofacies, ranging from bioclastic 
limestones that make up the fabric of submarine plateaus, to dark-colored, turbiditic marls and shales in the deepest 
parts of the basin. 

In early Badenian time an almost continuous transgression of marine waters took place; whereas, in the late Badenian 
almost continuous regression ofthe sea followed. The Sarmatian epoch started with a new transgression in the southern 
part of the basin, while in the northern part regression continued, indicating a tilting of the basin. From the beginning 
ofSarmatian time, the area became isolated from the Paratethys Sea, the salinity of the water gradually decreased, and 
an endemic fauna characterized by euryhaline living organisms developed in an anoxic environment. 

Sarmatian sedimentation took place in a basin whose extent was smaller than its Badenian equivalent, as indicated by 
the deposition of lower Pannonian sediments on lower Badenian rocks, especially in the northern part of the Bekes 
basin. In the deepest parts of the basin, however, sedimentation may have been continuous from middle Miocene 
through Pliocene time with the lower Pannonian section being highly condensed as a result of little or no deposition. 

I MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1039, Budapest, Hungary 
2 U.S. Geological Survey, Reston, Virginia 22092, USA 

P. G. Teleki etal. (eds.), Basin Analysis in Petroleum Exploration, 83-97. 

© 1994 Kluwer Academic Publishers. 
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INTRODUCTION 

In keeping with the terminology of the chronostrati­
graphic subdivision of the Central Paratethys (Steininger 
and others, 1985, 1988; Hamor and others, 1987), the 
term "Miocene" rocks, as used in this chapter, refers to 
pre-Pannonian, mid-to-late Miocene sedimentary rocks 
ofthe Badenian and Sarmatian stages (Fig. I). The time 
interval represented by these stages is 5 million years 
(11.5 to 16.5 Ma) (Steininger and others, 1985; Vass and 
others, 1985; Hamor and others, 1987; Berczi and others, 
1988). The boundary between early and late Badenian 
is placed at 15 Ma, and the Badenian-Sarmatian bound­
ary at 13.7 Ma as determined by KlAr dating (Vass and 
others, 1985; Hamor and others, 1987). Comparison of 
this chronostratigraphic division to Mediterranean and 
Paratethys stages can be found in Berger (1992). 

Miocene sedimentary rocks lie unconformably on 
Mesozoic and Paleozoic basement rocks and are overlain 
by late Miocene (Pannonian sensu stricto - Ponti an) 
sedimentary rocks. The Miocene sequence, as defined, 
was deposited in a subsiding basin, initially under open­
marine conditions in early Badenian time. These waters 
were part of the Paratethys Sea, which was connected by 
a narrow passageway to the Adriatic Sea in the south­
west, and in the east the Paratethys extended beyond the 
present Caspian Sea (see Halmai and others, 1988, map 
no. 3). 

The Paratethys is a relict arm ofthe east-west trending 

Tethys seaway present over Europe in the Paleogene. 
The Paratethys fonned by isolation as the Alpine oro­
genies created land barriers between itself and the future 
Mediterranean Sea. The Mediterranean was closed off 
from the Indo-Pacific ocean by mid-Miocene time. The 
region of the Central Paratethys, thus, became confined 
to the Pannonian Basin, the Alpine-Carpathian foredeep 
and intramontane basins between present Austria on the 
west, and the Ukraine and Romania on the east (Ragl and 
Steininger, 1984). 

The transgression of marine waters in the Central Pa­
ratethys region began in Karpatian (Langhian) time from 
the southwest (Ragl, 1985); however, no evidence exists 
to suggest that waters reached the Bekes basin. By 
Badenian time, the epicontinental sea covered all of the 
Pannonian Basin and areas to the west, and warm-water 
foraminifera (Amphistegina, Heterostegina), large mol­
lusks and corals invaded as Indo-pacific waters re­
flooded the Mediterranean and Paratethys Seas (Ragl and 
Steininger, 1984; Ragl, 1985). In mid-to-late Badenian 
a "salinity crisis" occurred in the Transylvanian Basin 

and in the Carpathian molasse foredeep (Steininger and 
others; 1989) as waters became cut off from the Eastern 
Paratethys, but it had no effect on sedimentation in the 
Bekes basin. Renewed flooding from the east took place 
in late Badenian-early Sarmatian time. 

The climate was subtropical in early Badenian time. 
On a global scale, a major climatic change, resulting in 
the formation of the Antarctic ice sheet, began at about 
14 Ma (Kennett, 1982, p. 734), corresponding to the 
Badenian-Sarmatian boundary. Locally, however, the 
climate remained subtropical. The waters ofthis Sarma­
tian sea (termed the Pannonian Lake by Kazmer, 1990) 
turned gradually more brackish by late Sarmatian time, 
having become isolated from the Eastern Paratethys, as 
a result of thrusting and uplift of the Carpathians. 

Well logs and core data were used to determine the 
extent and thickness of Miocene sedimentary rocks in 
most areas of the Bekes basin. These data show that the 
Miocene section penetrated by wells is no more than 275 
m thick, with an average thickness of about 100 m, and 
is absent on major basement highs (Fig. 2). Miocene 
sediments were deposited unconformably on Mesozoic 
and pre-Mesozoic rocks of variable composition. In the 
Bekes-I and Bekes-2 wells, Upper Cretaceous sandstone 
and siltstone were penetrated beneath Miocene deposits 
(Szentgyargyi, 1983). Mesozoic sedimentary rocks un­
derlie Miocene deposits in the Doboz-I, Endrad (En)-7, 
Karastarcsa (Kat)-I, Nagyszenas (Nsz)-2, Csanadapaca 
(Csa)-2, Csa-9, Medgyesbodzas (Med)-I, Med-2, and 
Magyardombegyhaza (Domb )-1 wells. In most of the 
remaining wells, Paleozoic and/or older metamorphic 
rocks constitute the basement complex. The basement 
was not penetrated in the Hunya-I and Kondoros (Kond)­
I wells. 

In the east-central part of the basin, where well data 
were not available, the Miocene section is estimated to 
reach a thickness of 1000-1500 m based on the interpre­
tation of seismic data (Janos Rumpler, MOL Rt. - Hun­
garian Oil and Gas Co., personal communication, 1992). 
Along the margins of the basin, numerous control points 
were provided by wells that reached basement. These 
were used to construct the isopach map of Figure 2. 
Basinward, the areal density of wells rapidly decreases 
and in the deep part of the basin, several wells did not 
penetrate the entire Miocene section, as in the Kond-I 
and the Hunya-I weJls, which bottomed in the Miocene 
after penetrating 9 and 112 meters of the Miocene sec­
tion, respectively. Elsewhere in the basin the Bekes-I, 
Bekes-2, En-I, En-N-I, Gyoma (Gyo)-2, Kat-I, 
Devavanya (Deva)-7, and Sarkadkeresztur (Sark)-NW-2 
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86 Szentgyorgyi and Teleki 

NORTH 

i 

o 10km 

Figure 2. Isopach map (in meters, 50 meter contour interval) of pre-Pannonian Miocene (Badenian and Sarma­
tian) sedimentary rocks and location of selected wells in the Bekis basin. W my lines enclose areas where Miocene 
rocks are absent as a result of nondeposition; these areas were islands in the Miocene sea. Csa: Csamidapaca; 
Deva: Devavanya; Domb: Magyardombegyhaza; En: Endrod; Gyo: Gyoma; Kag: Kunagota; Kev: Kevermes; 
Kond: Kondoros; Kol: Korasladany; Kat: Korostarcsa; Med: Medgyesbodzas; Mez: Mezahegyes; Nsz: Nagy­
szenas; Oros: Oroshaza; Sark: Sarkadkeresztur; Szr: Szarvas. 
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Miocene sedimentary rocks 87 

wells penetrated more than 100 m of Miocene sedimen­
tary rocks and bottomed in basement. In the Devavanya 
area (Deva wells, Fig. 2), abrupt changes in thickness 
occur in the Miocene section, from 34 m in the Deva-I 
well to 118 m in the Deva-7 well. Similar abrupt changes 
in thickness occur in the EndrOd area (En-l and En-7 
wells). In the Devavanya and Endrod areas, the abrupt 
changes in thickness probably reflect paleogeographic 
relief of the basement's surface. In other areas, changes 
in thickness are inferred to be the result of erosion or 
non-deposition (Deva-2, Deva-3, En-I, Kot-I, Kot-I, 
Nsz-2 and Nsz-3 wells). In the area of Devavanya-En­
drod-Korostarcsa, Sarmatian beds are missing and lower 
Pannonian (Miocene-Pliocene) sediments directly over­
lie lower Badenian marine deposits. 

STRATIGRAPHIC RELATIONS OF THE 
MIOCENE SEQUENCE 

Most of the marine deposits in the Bekes basin contain 
identifiable microfauna, especially the lower Badenian 
deposits. Rocks of mid-Baden ian age, that would corre­
spond to the "salinity crisis" east of the basin, could not 
be clearly differentiated. However, the upper part of the 
upper Badenian sequence can be demarcated, as it con­
tains beds of pyroclastics (tuffs) that were deposited over 
a wide region. Biostratigraphical studies of cores indi­
cate that upper Badenian beds are absent in some areas 
of the basin. Index fossils near the Sarmatian-Pannonian 
contact in central parts ofthe basin, however, are lacking 
(Hunya-I and Kond-I wells). The stratigraphic relations 
near the contact are further complicated by the fact that 
the lithology of the lower part of the Pannonian section 
is similarto the lithology ofthe upper part ofthe Miocene 
sequence. 

The absence of upper Miocene (Sarmatian) strata in 
some areas indicates that, an erosional or non-deposi­
tional interval had preceded the deposition of the Pan­
nonian sequence. It is also possible, that in certain areas, 
the depositional sequences may have become condensed 
(e.g., Hunya-l and Kond-I wells). According to Poga­
csas and others (this volume), the lowest part of the 
Pannonian section is highly condensed due to little or no 
deposition. 

Miocene rocks are unconformably overlain by Pan­
nonian rocks in many parts of the basin, although con­
tinuous deposition may have occurred in the deepest, 
east-central part of the basin (Phillips and others, this 
volume; Mattick and others, this volume). 

LITHOLOGY AND FACIES OF MIOCENE 
SEQUENCES 

Badenian Deposits 

Unfossiliferous basal conglomerate and/or breccia is 
present everywhere in the basin where Miocene deposits 
occur, and the thickness of these beds ranges from a few 
meters to 30 m (Fig. 3). The coarse clastic material 
consists of debris flow and material originating from 
syntectonic landslides (gravity flow) deposited in chan­
nels and fans. The source ofthe mostly polymictic clasts 
is the rocks of the underlying pre-Neogene basement 
(Fig. 3 and 4). The conglomerate or breccia is mostly 
unstratified or unbedded, although, in places, it is inter­
bedded with sandstone that is fluvial in origin. The 
matrix is composed commonly of sand or silt (Table I). 

Table 1. Mineral composition of basal, fluvial sand­
stone (Sark-NW-2 we/!, 3769-3779 m). 

MINERAL 

Quartz 
Feldspar 
Calcite 
Dolomite 
Illite/montmorillonite 
Chlorite 
Muscovite 
Other 

PERCENT 

17 
3 
64 
4 
5 
5 

1
3 

13 

Cyclic, coarse-fine deposition has been observed in 
places (e.g., Sark-NW-2 well). At a few locations, the 
color ofthe matrix, at the base ofthe conglomerate, is red 
(caused by limonite staining), which indicates subaerial 
exposure during initial deposition of these sediments. 
The subsurface form of these deposits is likely to be 
similar to other Neogene fan-delta deposits produced by 
rapid synsedimentary tectonics (see, e.g., Dabrio and 
Polo, 1991). The synrift conglomerates and breccias are 
common adjacent to paleogeographic islands in the ba­
sin, as in the Szarvas (Szr)-6, Sark-2, Sark-NW-2, 
Bekessamson (Bes)-I, Csanadalbert (Csal)-I, Pitvaros 
(Pit)-S-I, Csa-9, Kunagota (Kag)-2 and Mezohegyes 
(Mez)-SE-I wells (Fig. 5), but are also present in deeper 
parts of the basin, as in the Bekes-2, Gyo-I, Gyo-2 
(embedded in red sandstone) and Hunya-l wells. 

The basal conglomeratic sequence is succeeded by 
either carbonates, or siliciclastic sequences, or interbed­
ded sequences of both. 
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z 
<[ 

NARROW 
CARBONATE 

SHELF 

~ r------------+~~~~ 
~ 
D: NEW OROGENIC 
<[ CYCLE.l.SYNRIFT 
tf) OEPO::;ITS ON 

STEEP SLOPE 

z 
<[ 

PROXIMAL 
SLOPE 

z r-----------~ 
lIJ 
o 
<[ 
m 

DISTAL 
SLOPE 

POST RIFT . 
ALLUVIAL FANS . 

SYN-RIFT 

BASEMENT 

- Bioclast ic limestones 
grad ing to' si I t stones; 
marl and block sholes 
toward the deep basin 

- Canglomerates, sandstanes 
and calcretes depasited on 
eroded reef and near-shore 
deposits 

- Back reef and ree f flat 
with encrust ing 
Lithothamnium 

- Farereef calcarenites and 
calcirudites (with rhodolitesl 

- Volcanic ash 

- Intertonguing sholes, sands 
and calcarenites 

Sandstones Interfingering 
with more distal marls 
and silt stanes 

- Basal breccia and canglomerate 
in sandstone mot rix 

- Paleazoic metamorphic 
and Jurassic - Triassic 
carbonate rocks 

Figure 4. Generalized stratigraphic column of the Miocene sequence in the Bekes basin. 

Nearshore environments are characterized by sand­
stones of considerable thicknesses deposited postrift in 
alluvial-to-marine environments, constituting channel­
fan systems, mainly on the gently dipping flanks of 
basement highs. 

Benthic foraminifera, such as Cibicides dutemplei, 
Nonion soldanii, Nonion umbilicatum, Pullenia bul­
loides, Eponides majzoni, Bolivina dilatata, and Uviger­
ina tenuistriata are present in these deposits. The num­
ber, thicknesses of sandstone bodies, and grainsize de­
cline basinward (toward the central and southeastern part 
of the basin). Toward the offshore, the sandstones be­
come finer grained and dark gray in color, and are com-

pacted and fractured. Offshore, these sandstones, that 
are distal slope deposits (Fig. 4), intertongue with tur­
bidites, with interbedded marls, siltstones, sandstones 
and shales that exhibit load and flame structures, as in the 
Hunya-l, Kond-l and Gyo-l wells (Phillips and others, 
this volume). 

The siltstones occur as thin intercalations in sandstone 
units or in shales and marls. Their bounding surfaces are 
micaceous, and both sharp and gradational contacts oc­
cur. Gray in color and well-sorted in grainsize, the 
siltstones are compacted, and the degree of diagenesis as 
well as carbonate content is higher than that of sand­
stones (Table 2). 
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Figure 5. Distribution of lower Badenian lithofacies in the Bekis basin. 1: paleoislands; 2: biogenic and bioclastic 
limestones; 3: marls; 4: calcarenites, shales and siltstones; 5: conglomerates and breccia. Well notations: Szr: Szar­
vas; En: Endrod; Deva: Devavcinya; KI: Korosladany; Kt: Korostarcsa; Sark: Sarkadkeresztur; Gy: Gyoma; Kond: 
Kondoros; Oros: Oroshriza; Nsz: Nagyszenas; Med: Medgyesbodzcis; Kag: Kunagota; Mez: Mez6hegyes; Kev: 
Kevermes; Bes: Bekessamsom; Csal: Csanadalberti; Pit: Pitvaros. 
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Upward in the sequence, the sandstones are interbedded 
with layers of shale and marl or limestone, interpreted to 
have been deposited in tidal to proximal slope environ­
ments (Fig. 4). Along the bedding planes, coalified plant 
fragments occur. In neritic depositional environments, 

Table 2. Mineral composition of siltstone (Sark-NW-
2 well, 3642-3645 my. 

MINERAL PERCENT 

Quartz 17 
Feldspar 3 
Calcite 64 
Dolomite 4 
Illite/montmorillonite 5 
Chlorite 5 
Muscovite 3 
Other 3 

sandstone is overlain by bioclastic, algal limestone (Nsz-
3, Kot-I, Kot-I and Deva-2 wells). In the Deva-4 well, 
2-3-m-thick sandstone intercalations in the limestone 
may represent changes in the position of the shoreline 
and water depth. 

The sandstones customarily fringe the paleogeographic 
highs. Benthic foraminiferal species, such as Cibicides, 
Nonion, Pul/enia, Eponides, Virgulina, Lagena and 
Uvigerina indicate that the sandstones are marine in 
origin. 

On the narrow, shallow shelf, marlstones and mud­
stones became interbedded with algal limestones. These 
sequences, illustrated in the lower half of Figure 3, are 
present in the southwestern and north-northeastern parts 
of the basin. Where open-marine (offshore) conditions 
were present, thin layers of calcareous marlstones are 
interbedded with and subordinated to shale and marl. 
Thick deposits of marl and shale form continuous se­
quences in the offshore zone, such as in the central 
(Hunya-l well) and southeastern parts of the basin, sig­
nifying cyclic deposition alternating between clastic 
sediment influx and greater carbonate production. The 
marls occur as brownish-gray, indurated, unbedded to 
laminate deposits, containing 60-70% carbonate material 
as bioclasts, and occasional inclusions of small lenses of 
fine-grained sandstone. The bioclasts consist of nodules 
of Lithothamnium algae (rhodoliths), tests of benthic 
foraminifera and ostracoda, and Echinoidea and Bryozoa 
fragments in great abundance in a carbonate-mudstone 
matrix. The assemblage represents reef front deposits 
encrusted by algae. 

Characteristic foraminiferal species found in the reef 
front deposits are Amphistegina hauerina, Heterostegina 
costata, Gaudryina bradyi, Textularia abbreviata, 
Anomalina badensis, A. cryptomphala, Cibicides 
boueanus, and C. dutemplei. The quantities of plank­
tonic foraminifera in these deposits are commonly quite 
small. 

The distinctive lithology of the Badenian series is bio­
clastic-biogenic algal limestone deposited on reef flats in 
shallow, clear, well-oxygenated waters of a nearshore 
zone. The thickness ofthese carbonate deposits is 20-50 
m. Bioclastic limestone deposits, that have been encoun­
tered by drilling in the deeper parts of the basin, are 
interpreted to have formed on submarine plateaus, or 
banks, located in offshore areas where the water depths 
were relatively shallow, then became buried as the basin 
subsided. Bank carbonates were penetrated in the 
Doboz-I, Kot-I, Kot-I and Korosladany (Kol)-2 wells. 
Near the shore, these carbonate facies (so-called "Leitha" 
limestones in Hungarian terminology) may succeed the 
basal conglomerates or alluvial sandstones directly. To­
ward the offshore, the carbonate deposits interfinger with 
turbiditic, distal slope deposits, that are composed largely 
of shales and siltstones. 

In most places, two separate successions of shallow­
marine, reef-forming limestone bodies can be recog­
nized, isolated by thin shale or sand layers. The age of 
the lower unit is early Badenian, and the upper unit late 
Badenian. The two successions could be related to 
changes in the Paratethyan sea level. The sea-level 
curves of Steininger and others (1989) show a major 
transgression at the beginning of Badenian time, and a 
minor one during the late Badenian. There is no other 
evidence in the Bekes basin to substantiate a new cycle 
starting in the mid-Badenian, as indicated by these sea­
level curves. Instead, it can be argued that subareas of 
the basin were differentially subsiding throughout the 
Miocene. 

Along the northern perimeter ofthe basin, that is, in the 
Korosladany-Devavanya areas, only the upper Badenian 
unit has been deposited (Kol-2 and Deva-3 wells). This 
signifies that, during late Badenian, the sea advanced 
further northward, compared to early Badenian time, 
because subsidence of the northern part occurred later 
than that of the southern part. Elsewhere, the upper unit 
is missing, because of uplift and erosion at the end of the 
Badenian stage (see below), and only the lower unit is 
present (Deva-2, Kot-I, Kot-l and Nsz-2 wells). 
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Figure 6. Distribution ofSarmatian lithofacies in the Bekis basin: 1) paleoislands; 2) no deposition; 3) conglomer­
ates and breccia; 4) marls; 5) shales and siltstones; 6) bioclastic limestones. Well names as in Fig. 5. 
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The grainsize of limestones ranges from calcilutite to 
calcarenite and 70-80% of the rock volume consists of 
benthic foraminifera, Bryozoans, and algal (Lithotham­
nium sp.) nodules (rhodoliths). Fragments of shells with 
grain-supported texture occur in a few samples. The 
cement is composed of microcrystalline calcite. The 
mineralogical composition of the bioclastic limestone, 
based on x-ray diffraction data for core from the Fabian-

Table 3. Mineral composition of bioclastic limestone. 

MINERAL PERCENT 

Quartz 35 
Feldspar 

1 13 
Chlorite 20 
Muscovite 23 
Montmorillonite 5 
Mg-Calcite 13 
Other 4 

sebestyen-4 drillhole is shown in Table 3. 

The limestone deposits are rich in microfauna. Benthic, 
warm-water foraminifera predominate: Amphistegina 
hauerina, A. vulgaris, Asterigerina planorbis, Het­
erostegina costata, Cibicides boueanus, C. lobatulus, C. 
dutemplei, Anomalina badensis, A. ammonoides, Textu­
laria abbreviata, T. mayeriana, T. agglutinans, 
Sphaerogypsina globula, Eponides praecinctus, El­
phidium fichtelianum, E. crispum, Borelis melD and Dis­
corbis mira. The presence of Elphidium and Textularia 
indicate waters of normal salinity (Bizon, 1985). 

Significant volumes of the Badenian marine rocks con­
sist of fme-grained sediments (shale, marl and calcareous 
marl) with variable carbonate content. Nevertheless, 
marl dominates these sequences in the central and south­
eastern parts of the basin (Fig. 5). 

The shales, in the central part of the basin, are com­
monly interbedded with beds or laminae of fine-grained 
sandstone or siltstone. Coalified plant fragments and 
fme-grained mica are concentrated along bedding sur­
faces (Bekes-2 well). The marls are generally dark gray, 
massive or sometimes slabby, but commonly also con­
tain lighter colored, dense, calcareous sandstone beds or 
lenses a few centimeters thick. Quartz grains, carbonate 
bioclastic material, and muscovite flakes are scattered 
throughout the marls (Table 4). 

The deposits are rich in foraminifera, the majority of 
which is planktonic. Typical foraminiferal assemblages 
consist of planktonic species such as Orbulina suturalis, 
0. bilobata, Globigerinoides bisphaericus, G. quadrilo­
batulus, G. tarchanensis, G. glom eros us, Globigerina 
juvenilis, G. nepenthes, G. eggeri, Globoquadrina alti­
spira globosa, Globorotalia scitula, G. praemenardii 
and G. obesa. According to Iaccarino (1985), Orbulina 

Table 4. Mineral composition ofshalelclay-marl 
(Bekes-2 well, 3239-3240 my. 

MINERAL PERCENT 

Quartz 38 
Feldspar 7 
Chlorite 10 
Muscovite 18 
Illite/montmorillonite 2 
Calcite 13 
Kaolinite 5 

I 

Other 7 

suturalis is the index fossil used to demarcate the parti­
tion of early Miocene (ending with the Karpatian stage) 
from the middle Miocene (beginning with the Badenian 
stage). 

Benthic forms frequently encountered are Gyroidina, 
Elphidium, Textularia, Eponides, Cibicides, Am­
phistegina, Robulus, Epistomina, Reusella, Discorbis, 
Uvigerina, Nonion, Rotalia, Gaudryina, Anomalina and 
other genera. These microfaunal suites indicate that the 
major part of the sequences are of early Badenian age 
(Rogl, 1985; Hamor and others, 1985, 1987; Nagyma­
rosy and Milller, 1988). The entire Badenian section in 
the Nsz-2, Nsz-3, En-7, En-N-l, En-N-3 and Deva-4 
wells is of early Badenian age. This suggests that in these 
areas the upper Badenian rocks were eroded. Elsewhere 
uneroded upper Badenian strata are present. Planktonic 
foraminifera, however, are rare in upper Badenian sedi­
ments. Where present, they consist of a few forms of 
Globigerina (Hunya-l, Gyo-2 and Kond-l wells). 

Thin layers of rhyodacite tuff occur in the Badenian 
section of the Bekes basin (Fig. 4). Although the volume 
of these rocks is negligible, they are significant time 
markers. The pyroclastic rocks occur as thin interbeds in 
the Badenian section (Figs. I, also see Pogacsas, Mattick, 
Elston and others, this volume), but are absent in overly­
ing Sarmatian sediments. The tuff represents windblown 
particles deposited in marine waters; thus, the deposits 
are finely stratified, dense and sometimes contain micro­
fauna as in the En-18 well. The beds contain calcite and 
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silica nodules. Their mineral composition is dominated 
by feldspars replaced by calcite, biotite and zeolites. The 
most significant occurrences in the Bekes basin are in the 
Szarvas (Szr)-6, Deva-3, En-I, En-3, En-I8, Ktit-I, 
Kond-I and Nsz-2 wells, and near the basin atthe Fabian­
sebestyen (-1, -2, -4) wells. 

Sarmatian Deposits 

Two features differentiate the Sarmatian sequence from 
the underlying Badenian sequence. One is that paleon­
tological evidence indicates that the salinity ofSarmatian 
sea waters became reduced gradually after Badenian 
time, because the Sarmatian Paratethys became isolated 
from the Eastern Paratethys (Rtigl and Steininger, 1984; 
Halmai and others, 1988), the outcome of which was the 
development of a local endemic fauna. The other is the 
onset of a new cycle of sedimentation in the Bekes basin, 
starting with the deposition of basal conglomerates. The 
climate was still subtropical-mediterranean in early Sar­
matian time, but by late Sarmatian cooling became evi­
dent (Kennett, 1982; Bizon, 1985). 

Nearshore Sarmatian deposits, 10-40 m thick, consist 
of two rock assemblages: (I) a basal conglomerate and 
sandstone, and (2) a basal conglomerate and bioclastic 
limestone (Figs. 1,3, and 4). Basal units of the Sarmatian 
sequence are usually composed of conglomerates in a 
fine-grained, sandy matrix. The rock generally is poorly 
consolidated, unstratified, well sorted, and has a low 
carbonate content. The pebbles are well rounded and 
polymictic; the matrix is sandstone and the cement is 
calcite. In a few cases, sandstone overlies the conglom­
erate. Where the conglomerate is absent, sandstone over­
lies basement rocks. The sandstone is stratified and 
scattered coalified plant fragments and mica commonly 
occur on bedding surfaces. Some of the sandstone con­
tains interbeds of siltstone and shale. As shown on 
Figure 6, the basal conglomerate and sandstone is present 
on the north side of the Battonya high (Csa-2, -4, -9 and 
Med-I wells) and the basal conglomerate succeeded by 
limestone occurs along the flank of this high (Domb-I 
well) and the Szarvas high (En-5 well). Conglomerates 
also flank the Sarkadkeresztur high. The appearance of 
these coarse deposits signifies a new cycle of sedimenta­
tion in the Bekes basin. According to Rtigl (1985), 
discordances and transgressions mark the beginning of 
the Sarmatian epoch in the marginal areas of the Central 
Paratethys basin, and it appears that such movements 
affected the more central parts as well, where paleo­
geographic islands existed. 

In the central part of the basin, Sarmatian sediments 
were deposited on upper Badenian strata without inter­
ruption; the Sarmatian sequence commences with sand­
stone deposition followed by marl (Bekes-I well). The 
marl is generally unstratified, and occasionally is found 
to include fossiliferous beds. These deposits are 50-90 
m thick. In other locations, such as near paleogeographic 
islands (presently basement highs) Sarmatian deposits 
overlie Mesozoic and pre-Mesozoic rocks (Csa-2 and 
Domb-I wells), or Badenian basal conglomerates (Kag-2 
well) directly. 

The absence of a section, representing about 2.5 million 
years, indicates that either the Badenian sea did not reach 
these areas, or, as evidenced by the occurrence of a new 
basal conglomerate section (Fig. 4), uplift and erosion 
could have taken place at the close of Badenian time, at 
least along the perimeter of the basin (Fig. 6). These 
Sarmatian-age basal deposits, composed of conglomer­
ates, sandstones and calcretes, possibly signify the onset 
of another orogenic cycle (the Leithian orogeny), which 
was followed by the Sarmatian sea transgressing the 
flanks of basement highs. This event is also demarcated 
in those areas where Badenian-Sarmatian sedimentation 
remained continuous, in that, siliciclastic sediments 
were deposited in the form of an intercyclic sedimentary 
unit at the base of the Sarmatian sequence. 

Limestone deposition in Sarmatian time took place in 
shallow-water. The limestone is commonly stratified, 
biogenic or rich in bioclasts, and contains euryhaline 
foraminifera (species of Efphidium. Nonion. Nubecu­
faria. Quinquefoculina, Triloculina and Miliolidea), os­
tracoda, abundant shell fragments of molluscs (Jrus gre­
garinus and Mactra podolica) and fragments of Bryozoa. 
In Sarmatian deposits, stenohaline foraminifera, mol­
luscs and Lithothamnium algae are absent. The grain 
size of bioclasts ranges between calcarenitic and mi­
critic. The rock often contains large quantities of quartz 
grains or small pebbles. Oolitic limestone was observed 
only in cores from the En-5 well, otherwise it is absent 
in the Bikis basin (Szentgy6rgyi, 1978). 

In more central parts of the basin (Hunya-I, Kond-I and 
Ktit-I wells), a non-fossiliferous shale sequence depos­
ited in an offshore environment occurs between the bios­
tratigraphically identifiable lower Badenian and lower 
Pannonian sequences, as observed in well cores. The 
thickness of the shale sequence is 50-90 m, and no break 
in sedimentation can be recognized between these beds 
and the underlying and overlying strata (Hunya-I, Kond­
I, Ktit-I wells). The upward-coarsening shale sequence 
consists of dark-gray, black, unstratified, silty, mi-
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caceous marl and shale with calcareous marl laminae 
containing fish scales. Scattered coalified plant frag­
ments and grains of primary pyrite commonly occur on 
bedding surfaces. The pyrite indicates that the unit may 
have been deposited in an anoxic environment. This 
sequence may represent the full upper Miocene (late 
Badenian and Sarmatian) section (Szentgyorgyi, 1978), 
and signify deposition in a basin of little circulation, as 
both the calcareous algae and the euryhaline foraminifera 
vanished. 

A significant part of the Bekes basin appears to be 
devoid of Sarmatian deposits, as shown in Figure 6, that 
is, identifiable Badenian sequences are overlain by Pan­
nonian age rocks (Bekes-l, Doboz-I, Kot-l, Kot-I, Kol-
1, Deva-I, Deva-3 wells). This suggests that the magni­
tude of uplift and erosion at the close of the Badenian was 
higher in the northern part of the basin, and along the 
eastern rim near the northwest tip of the Battonya "is­
land" than elsewhere. These factors imply a southeast­
ward tilting of the basin. 

PALEOGEOGRAPHY OF MIOCENE 
SEDIMENTATION 

Those areas where Miocene sediments are absent (Szar­
vas, Endrtid, Battonya and Sarkadkeresztlir highs) were 
probably islands in the Paratethys Sea during much of 
Miocene time, as inferred from spatial relations of sedi­
mentary facies. For example, the dominance of near­
shore facies in the southwestern part of the basin indi­
cates that much of the Battonya high remained subaerial 
during Miocene time. Basinward from the Battonya 
high, nearshore facies grade to shelf facies dominated by 
bioclastic limestone that interfinger with deep-water 
(basinal) facies. Island coastlines were probably em­
bayed, and the current-dominated, sand and gravel and 
gravel prisms fringing them occupied narrow zones. 

The paleogeographic relation between islands and the 
sea changed little during Miocene time. For the basin as 
a whole, the position of shorelines varied only slightly 
through time; locally, however, shorelines prograded 
toward the basin, as, e.g., in the north and east in Sarma­
tian time. Local transgressions of the sea occurred, es­
pecially during Sarmatian time, as documented by the 
fact that, in the southeastern part ofthe basin (Kag-I and 
Domb-I wells, Fig. 6), Sarmatian clastic sequences are 
in contact with pre-Neogene basement rocks. 

HISTORY AND EVOLUTION 

The Bekes basin was an emergent area from Late Cre­
taceous to Badenian time. Paleogene and older Miocene 
(Eggerburgian, Ottnangian and Karpatian) deposits have 
not been found to date (Fig. 4). Post-Mesozoic subsi­
dence began in early Badenian time during the late 
Styrian orogenic phase and subsidence has continued to 
the present. In early Badenian time, basin subsidence 
was accompanied by a major transgression, and the re­
gion became engulfed by a shallow sea containing is­
lands, namely the Central Paratethys Sea. 

Paleoecological considerations of the microfaunal as­
sociations indicate well-oxygenated, warm water condi­
tions were present (Gall, 1983). Circulation may have 
generated shelf currents; the occurrence of sandstone in 
sublittoral zones may signify their past existence. Com­
plex interfingering lithofacies characterize the sequences 
in both the offshore and along the coast (Figs. 3 and 4). 
Beach sandstones are interbedded with marl, silty shale, 
and siltstone, indicating minor water-level fluctuations, 
and deposition in waters depths of 10-30 m. Algal flats, 
rich in Lithothamnium algae, fringed the islands (base­
ments highs) in the Badenian sea. 

Early-to-middle Badenian time is characterized by the 
continuous transgression of marine waters of normal 
salinity, as connection was established with Indo-pacific 
waters that also flooded the Mediterranean Basin. In the 
Bekes basin, the shoreline of the sea moved landward 
during this time. Lower Badenian rocks can be biostra­
tigraphically correlated throughout the basin, and the 
fauna is characteristically Indo-pacific in origin (Rogl 
and Steininger, 1984; Rogl, 1985). In addition, an acid 
tuffbed in the lower Badenian section at the lower-upper 
Badenian boundary is a basinwide chronostratigraphic 
marker bed (Figs. 1 and 4). The center of volcanism was 
not too distant; one such site has been shown by Halmai 
and others (1988) to have existed in the center of the 
Bekes basin. Based on well data, the lower Badenian 
marine sequence is the most widespread pre-Pannonian, 
Miocene unit. 

According to Rogl and Steininger (1984) and Steinin­
ger and others (1989, mid-to-late Badenian time is 
marked by a regression of the sea, resulting in the wide­
spread deposition of evaporites in the Carpathian fore­
deep and the Transylvanian Basin. In addition, as a result 
of the northward movement of the Dinaride Mountains, 
located southwest of the Pannonian Basin, the connec­
tion between the Central Paratethys Sea and the Mediter­
ranean Sea, in the west, was severed. In the east, uplift 
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of the Carpathians curtailed access to the Eastern Pa­
ratethys. 

The late Badenian reflooding from the east (Rogl and 
Steininger, 1984; Halmai and others, 1988) cannot be 
distinguished in the Bekes basin, although this is the time 
of reef building under subtropical conditions and the 
invasion of Indo-pacific faunal assemblages into the 
Central Paratethys. 

The first sedimentary cycle closed at the end of the 
Badenian. 

From the beginning of Sarmatian time, the Pannonian 
Basin became permanently isolated from the Eastern 
Paratethys, and its paleogeographical development be­
came independent. Locally, a new cycle of transgres­
sion-regression began (Steininger and others, 1989). In 
the Bekes basin, a new transgression-regression cycle 
can also be recognized, accentuated by the southeastward 
tilting, therefore northeastern rising of the basin. As the 
regression of the Paratethys Sea in the Pannonian Basin 
continued, however, the sea became shallower, and, with 
increasing fresh-water inflow, the waters became less 
saline. In these brackish environments, an endemic 
fauna characterized by euryhaline living organisms de­
veloped. The rate of subsidence gradually moderated, 
and at the end of Sarmatian time it was minimal except 
for the southeastern and central parts of the basin. 

Sedimentation was replaced by erosion at the beginning 
ofpannonian time near the periphery ofthe Bekes basin, 
where lower Pannonian sediments were deposited on 
lower Badenian rocks. However, in the deepest part of 
the Bekes basin, sedimentation may have been continu­
ous from middle Miocene through Pliocene time (Mat­
tick and others, this volume), although the early Pan­
nonian section was highly condensed as a result of little 
or no deposition (Pogacsas and others, this volume). 

SUMMARY AND CONCLUSIONS 

The lithostratigraphic record of the Bekes basin repre­
sents excellent examples of marine-lacustrine, confined 
sedimentation patterns and facies developments in a tec­
tonically mobile terrain. The record of the Miocene sea 
in this area is particularly fascinating, because it embod­
ies major changes in sea-level, climate, water chemistry 
and temperature, sediment sources, and faunal assem­
blages within a brief 5 million years. 

Two transgressive-regressive cycles characterize the 
Miocene sequence in the Bekes basin. The first cycle is 
marine and Badenian in age, resting on the denuded 
pre-Neogene basement. Rocks of the basement served 
as source material for the Badenian deposits once the 
Styrian orogeny uplifted the terrain. Sediments, at first 
coarse, synrift conglomerates, then finer siliciclastics 
poured into a subsiding basin created by oblique exten­
sion and strike-slip faulting (Grow and others, this vol­
ume). Paleorelief varied; basement-high supported is­
lands remained on the basin's perimeter. The paleo-is­
lands were fringed by sands derived from alluvial fans, 
and further offshore, reef-forming algae built shallow 
submarine carbonate banks. The sedimentary sequence 
fines upward in the lower Badenian section, signifYing a 
transgressive cycle. The upper part ofthe cycle is regres­
sive, carbonate-dominated (reefs), closing with deposi­
tion of a regressive sand body. 

The second cycle is separated from the first by an 
erosional unconformity near the paleo-islands, non­
deposition in the northern and eastern part of the basin, 
and at least a lithologic disconformity in the interior of 
the basin. Appearance of conglomerates and sandstones 
above this boundary demarcate the onset of renewed 
tectonic movements, which may be related to the 
Leithian orogeny. Sediments of the second cycle fme 
upward to limestones and shales, in shallow and deep 
waters, respectively. Regression of the marine waters 
may be signified by the shale sequence, which coarsens 
upward and includes increasing amounts of mica and 
organic matter. The waters, at this time, had begun to 
become brackish and anoxic upon closure of seaways to 
the world's oceans caused by the uplift ofthe Carpathian 
Mountains. Fluctuations in lake-level occurred through­
out the second cycle, probably in response to local sub­
sidence. The erosional-nondepositional record in the 
Sarmatian suggests that, the basin was tilted, along a 
northwest-southeast axis, upward toward the northwest. 

Only the Styrian orogenesis is associated with substan­
tive and frequent volcanism that deposited ash in the 
northern part of the basin. A notable marker bed is the 
rhyodacite tuff beds in the upper part of the Lower 
Badenian section (15 Ma), although other layers are also 
present. The source of pyroclastics may have been in the 
basin itself (Halmai and others, 1988). 
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5 Stratigraphic Framework and Sandstone 
Facies Distribution of the Pannonian 
Sequence in the Bekes Basin 

C. M. Moienaa/, 1. Revesi, 1. Berez;3, A. Kovaes3, Gy. K. JUhasi, I. Gajdos 4, and B. Szanyl 

ABSTRACT 

The Bekes basin is a late Tertiary structural basin containing as much as 6500 m of Neogene sandstone, siltstone, 
claystone, and marl, most of which comprise the Pannonian sequence or group. Interpretation of well data and seismic 
reflection data indicates that these rocks were deposited in a wide range of depositional environments ranging from 
deep-basinal brackish/lacustrine to basin slope to shallow lake and delta plain to alluvial plain. Seismic reflection 
profiles clearly show topset, foreset (clinoform), and bottomset (basinal) depositional architecture and that the different 
facies are highly diachronous. Correlations of seismic reflections with well logs indicate that the reflection patterns 
within each of the three main reflection groups contain characteristics that can be related to lithologies and depositional 
environments, which in turn reflect formational terminologies. In ascending order, these formations are (I) the 
T6tkoml6s and Nagykorii Formations, a basal clayey marl and marl unit; (2) the Szolnok Formation, a basinal unit 
consisting of thick amalgamated beds of very fine grained turbidite sandstone and interbedded marl; (3) the Algyo 
Formation, consisting of prodelta-slope clay and marl and lesser amounts of turbidite or slumped sandstone in the lower 
part; (4) the TOrtel Formation, consisting of delta-plain and delta-front very fine- to medium-grained sandstone and 
interbedded clay and clayey marl; and (5) the Zagyva and Nagyalfold Formations, consisting of upper delta-plain or 
alluvial-plain and inland-swamp sandstone and clay. The lower three formations are referred to as lower Pannonian, 
and the upper formations as upper Pannonian. Sandstones in the lower Pannonian are more compacted, and the reservoir 
properties are not as good as the generally friable sandstones in the upper Pannonian. 

INTRODUCTION 

The Bekes basin, a subbasin of the Pannonian Basin, is 
a late Tertiary structural basin that was filled by as much 
as 6500 m of Neogene sandstone, siltstone, claystone, 

and marl (Fig. 1). These rocks, known as the Pannonian 
sequence or group, are oil and gas productive in structural 
traps around the flanks of the basin. Recent reports by 
Jambor and others (1987), Pogacsas and Revesz (1987), 
and Pogacsas (1987) describe the general stratigraphy 

1 U.S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), Szeged, Hungary 
3 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1062, Budapest, Hungary 
4 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-5001, Szolnok, Hungary 

P. G. Teleki et al. (eds.), Basin Analysis in Petroleum Exploration, 99-110. 
© 1994 Kluwer Academic Publishers. 
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100 Molenaar and others 

Figure 1. Index map of the Bekis basin showing locations of cross sections (Figures 2-6 and 8). Isopachs are of 
Neogene rocks, most of which are of Pannonian age. Thickness is in kilometers, with a 500 m contour interval. 
lsopachs essentially represent the structural configuration of the top of the Mesozoic or older basement rocks meas­
uredfrom a datum 100 m above sea level. Well names: En: Endr6d; Deva: Devawinya, Gyo: Gyoma, Szr: Szarvas, 
Szr-DNy: Szarvas SW, Nsz: Nagyszentis, Kond: Kondoros, Oros: Oroshtiza, PI Pusztafdldvtir, Kasz: Kaszaper, 
Med: Medgyesbodztis, Ktig: Kuntigota, Domb: Dombegyhtiza, Bat: Battonya, Sark: Sarkadkeresztur, Sark-ENy: 
Sarkadkeresztur NW. 
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Stratigraphic Framework and Sandstone Facies Distribution 101 

and seismic characteristics of the Pannonian sequence in 
eastern Hungary. This report describes the stratigraphic 
framework and facies distribution of these rocks in the 
Bekes basin as interpreted from seismic reflection pro­
files and four well-log lithostratigraphic cross sections 
correlated with the seismic data. 

The Pannonian sequence was deposited in a wide range 
of depositional environments, ranging from deep-basinal 
brackish/lacustrine to basin slope to shallow lake and 
delta plain to alluvial plain. Essentially one major depo­
sitional cycle is represented; however, on the basis of 
magnetostratigraphy, Elston and others (this volume) 
and Pogacsas and others (this volume) recognized sev­
eral hiatuses or disconformities associated with lake­
level changes and a disconformity between the alluvial­
plain Zagyva Formation and overlying Nagyalf6ld For­
mation (Fig. 2). Much ofthe deposition of the Pannonian 
sequence resulted from deltas rapidly prograding into 
and across the basin from the northwest and northeast. 
Because ofthe rapid deposition of sediments and the lack 
of lacustrine or nonmarine index fossils and pollen, at­
tempts to establish biostratigraphic zones within the thick 
sequence have not been successful. The large amount of 
high-quality, multichannel, common-depth-point (CDP) 
seismic reflection data, however, provides an excellent 
method of establishing time correlations between wells 
and provides a means to decipher depositional environ­
ments. 

Four well-log-controlled lithostratigraphic cross sec­
tions were correlated with seismic data to establish the 
stratigraphic framework of the Pannonian sequence in 
the Bekes basin (Figs. 2-5). Figure 6 shows the inter­
preted chrono- or time-stratigraphic relations of the 
north-south section. 

In order to correlate seismic reflection profiles to wells, 
it is important to have good velocity data on or near the 
stratigraphic section, because velocity changes occur 
both laterally and vertically. Velocity control for corre­
lating seismic reflections to the wells along the four cross 
sections is derived from velocity measurements at 12 
wells. A few of these wells are shown on the cross 
sections. The correlated seismic reflections (time lines) 
shown on the cross sections were correlated with an 
accuracy of about 50 m (vertically). 

The four seismically correlated well-log cross sections 
and observations made on the adjacent seismic profiles 
provide the stratigraphic framework for describing the 
depositional sequences, lithologies, and the general dis-

tribution of the different lithofacies within the Bekes 
basin. 

DEPOSITIONAL RELATIONS OF THE 
PANNONIAN SEQUENCE AS INDICATED BY 
SEISMIC PROFILES AND WELL-LOG CROSS 
SECTIONS 

Seismic reflections as shown on seismic profiles almost 
always represent time-bounded surfaces (Mitchum and 
others, 1977). Exceptions, such as reflections from fault 
planes and diffraction patterns, can usually be distin­
guished from true bedding reflections in the Pannonian 
sequence. In the Bekes basin, the reflections can be 
separated vertically into three groups: (1) topset, (2) 
foreset, and (3) bottom set reflections or beds (Fig. 7). 
The top set reflections represent beds deposited on an 
almost flat surface. Foreset reflections (often referred to 
as clinoforms) represent beds deposited on the inclined 
slope ofthe basin (or the prodelta slope), and the bottom­
set reflections represent beds deposited on the bottom of 
the basin, whose original surface of deposition was 
nearly horizontal. 

Correlations of well logs and cores with seismic pro­
files indicate that the reflection patterns within each of 
these three main reflection groups contain characteristics 
that can be related to lithologies and/or depositional 
environments. In general, the seismic facies patterns 
correspond to the different depositional environments, 
which in tum reflect established formational or lithoge­
netic terminologies. 

Topset (Shallow Lake-Delta Plain-Alluvial Plain) 
Reflections 

The lower 300-450 m (200-300 milliseconds (ms) two­
way time on seismic profiles) of the 1000-2000 m (1000-
1900 ms )-thick section of topset reflections generally 
consists of fairly high-amplitude, fairly continuous re­
flections (Fig. 8). Well logs indicate this to be a section 
of sandstone and shale, or clayey marl, in which the 
sandstone units are as much as 10 to 20 m thick and 
constitute about 50 or 60% of the section. Based on 
position in the sequence, this part of the section is inter­
preted to represent lower delta-plain and shallow-lake 
deposits. The sandstone units are interpreted as distribu­
tary-channel-mouth bars and distributary-channel sand­
stones. Reflections above this part of the section are 
more discontinuous, of moderate and variable amplitude, 
and many show a hummocky pattern (Fig. 8). Well logs 
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Figure 2. North-south lithostratigraphic cross section across the Bekis basin showing depositional relations of the 
Pannonian sequence. Base of stippled pattern corresponds to the top of the Torte/ Formation as determined from 
well logs. Location of section is shown in Figure 1. Gyo: Gyoma; Kond: Kondoros; Diva: Devavcinya; Med: 
Medgyesbodzcis; Kcig: Kuncigota; Domb: Magyardombegyhciza; Bat: Battonya. Figure is continued on the next 
page. 

indicate an interbedded sandstone and clayey marl sec­
tion in which the sandstone beds are less than 5 or 10m 
thick. This section is interpreted to represent upper delta­
plain or alluvial-plain deposits. Inland swamp deposits 
are probably also present. 

The topset interval corresponds to the upper Pannonian 
(Pa2) lithogenetic unit of Szalay and Szentgyorgyi 
(1979), which includes, in ascending order, the Tortel, 
Zagyva, and Nagyalfcild Formations. Elston and others 
(this volume) recognized a disconformity between the 
Zagyva and overlying Nagyalfcild Formations on the 
basis of magnetostratigraphy. The differentiation of in­
dividual formations, using seismic data within this part 

of the section, is difficult if not impossible. The lower 
200-300 ms of more continuous reflections corresponds 
to at least part of the Tortel Formation. As shown in 
Figures 2-5, the contact between the Tortel and overlying 
formations does not necessarily follow a pattern of pro­
grading facies. 

Clinoform (Prodelta Slope) Reflections 

The c1inoform or prodelta-slope reflection package 
covers an interval ofJOO to 600 ms (500 to 900 m thick). 
The thinner intervals occur on, or adjacent to basement 
highs. These reflections range from moderate to low 
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Figure 2. Continuedfrom previous page. 

amplitude and are continuous to discontinuous to locally 
chaotic (Fig. 8). On seismic profiles oriented within 50 
or 60 degrees of the direction of depositional dip, the 
reflections appear as dipping clinoforms. However, on 
seismic profiles oriented normal to depositional dip, the 
clinoform reflections appear roughly parallel with the 
overlying topset and underlying bottomset reflections. 
The internal reflection pattern within the c1inoform se­
quence, however, is one of discontinuous, hummocky 
reflections. The c1inoform beds decrease in steepness 
from top to bottom, grading asymptotically at their base 
into bottomset reflections (Fig. 8). Well logs indicate the 
upper half of the section to be dominantly shale or clayey 
marl with a few thin sandstone interbeds. The lower half 
of the section contains increasing amounts of thicker 
units of sandstone, although it is generally mostly shale 
or marl. This part of the spontaneous potential (SP) log 
response is weak or reversed. 

Kig-3 

Pot .... olc 

Oomb DNy-l 

Mec.,., 
1000 

EXPLAIIATION 

o 2 6 8 10 
1(/_ ... 

- - - - - Time 11_ b .. ed on aollmtc ,enec:tlono 

~ Intertonguing 0< dlac:lvonouo contact 

The c1inoform reflections are interpreted to represent a 
combination of prodelta hemipelagic clayey and marl, 
and slump and proximal turbidity current deposits of 
sand and clay marl. The lesser amount or absence of sand 
in the upper part is interpreted to be due to the sand 
having been transported down the slope and into deeper 
parts of the basin by turbidity currents; the sand by­
passed the steeper, upper part of the slope. Chaotic or 
disrupted reflections represent slumped deposits. 

The clinoform part of the section approximately corre­
sponds to the Algyo Formation, the upper part of the 
lower Pannonian, or part of the Pal(2) lithogenetic unit 
of Szalay and Szentgyorgyi (1979). 

In most places the reflections show an abrupt change 
from top set bedding above to foreset bedding below. 
This type of pattern is called an oblique progradational 
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North .~-----------47 Kilometers (straight-lIne dillanc.) ----------_~ South 
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Figure 4. North-south lithostratigraphic cross section along west side of the Bikes basin showing depositional re­
lations of the Pannonian sequence. Base of stippled pattern corresponds to the top of the Tortel Formation as deter­
minedfrom well logs. Location of section is shown in Figure I. Wells: En: Endrod; Szr: Szarvas; Nsz: Nagyszimis; 
Oros: Oroshaza; PI Pusztafoldvcir. 

configuration and implies rapid outbuilding of the delta 
(Mitchum and others, 1977, p. 128). A more gradual 
change from topset to clinoform reflections, where re­
flections can be traced from a topset position to a clino­
form position is called a sigmoidal progradational con­
figuration and implies a low sediment supply (an inter­
deltaic area) and relative basin subsidence (a transgres­
sion)(Mitchum and others, 1977, p. 125). Both types of 
configurations are present in the Bekes basin (Fig. 7). 

Significance of the Shelf Break 

The inflection point that marks the change from topset 
reflections to clinoform reflections represents the shelf 
break (or shelf-slope break) at the time of deposition 
(Figs. 7 and 8). This inflection point is important because 
shelf breaks are related to a critical water depth, which is 
probably related to the storm wave base of the body of 
water in which the sediments were deposited. Because 
of a limited wind fetch and probable limited current 
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Figure 5. East-west lithostratigraphic cross section across the southern part of the Bi kis basin showing deposi­
tional relations of the Pannonian sequence. Base of stippled pattern corresponds to the top of the Tortel Formation 
as determined from well logs. Location of section is shown in Figure 1. Kasz: Kaszapir; Kag: Kunagota; Kev: 
Kevernes wells 
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Figure 6. North-south chronostratigraphic cross section across the Bikis basin. Location of section is shown in 
Figure 1. Absolute time scale is not implied Wells: Div: Devavanya; Gyo: Gyoma; Kond: Kondoros; Med: 
Medgyesbodzas; Kag: Kunagota; Domb: Magyardombegyhtiza;Bat: Battorrya. 
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(delta plain) 

" 
Oblique pallern 

--Tortel Formation 

~19·Y~Or,'O~ 

Shelf break 

f 
Stratigraphic rise 

! 

Foresel beds or clinoforms 
(prodella slope) 2-5-

~ _ Szolnok Formation 

107 

Figure 7. Schematic diagram showing depositional patterns indicated by seismic reflections, relationship offorma­
tional units to depositional patterns, and stratigraphic terminologies used in the text. 

Figure 8. Seismic profile Gyu-30 (north half) showing reflection characteristics of different facies of the Pan­
nonian sequence. Location of section is shown in Figure I. 
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108 Molenaar and others 

action in an inland lake, the depth of water at the shelf 
break in the Pannonian Lake was probably not great, say 
less than 35 m. The shelfbreak separated beds deposited 
in shallow lake and subaerial environments (Torte I For­
mation) from those deposited below storm wave base and 
more basinal environments (Algyo Formation). Because 
the sands (or sandstones) above the shelfbreak (Torte I 
Formation) are unconsolidated or friable, core recovery 
has been poor (Phillips and others, this volume). Never­
theless, these sands are presumed to have been deposited 
by traction currents in streams or rivers and as mouth bars 
or sheet sands in shallow-lake environments. Sands be­
low the shelf break were deposited by slumping and 
turbidity currents (Phillips and others, this volume). 
Therefore geometries of sand bodies above the shelf 
break are different from those below. 

Based on the correlation of seismic profiles with well 
logs, the position of the shelfbreak on seismic profiles is 
at, or a short distance below, the base of the Tortel 
Formation. At the Doboz-I well (Fig.3), however, the 
shelfbreak, as indicated by the seismic data, seems to be 
as much as 200 m below the base of the Tortel Formation. 
It may be that the contact at the base of the Tortel 
Formation was placed too high, owing to poor or attenu­
ated-response on SP and resistivity logs, or possibly a 
greater than normal thickness of shale deposits could 
have existed above the shelf break. A velocity survey 
was made in this well, thus, there cannot be a significant 
error affecting the calculated position of the shelf break 
as determined from seismic data. 

The seismic profiles show gradual to abrupt upward 
shifts in stratigraphic position of the shelf break in a 
down-depositional dip direction. This is called the stra­
tigraphic rise (Fig. 7) and indicates relative rising of the 
lake level (possibly due to local basinal subsidence). The 
more abrupt rises probably represent minor transgres­
sions. These upward shifts or stratigraphic rises also 
cause the formational boundaries to shift upward in the 
direction of progradation, thus accentuating the diachro­
nous nature of the depositional units (Figs. 2 and 6). 

Unlike sea level, lake level is controlled by a spill point 
(unless the lake is totally enclosed) which in tum is 
affected by erosion, local tectonics or igneous activity, 
or even depositional barriers. Additional factors affect­
ing the lake level may be climatic variations in the 
drainage basin, or sediment volume replacing water vol­
ume. Thus, the lake level can vary, through time, as a 
result of many either independent or interrelated factors. 

Basin Slope and Water Depth Measurements 

The upper part of the clinoform (prodelta slope) reflec­
tion is usually its steepest part (Fig. 8). Calculations 
made on a few of the steeper reflections indicate inclina­
tions of 3.0 to 4.5 degrees relative to topset beds. Be­
cause these beds have been compacted, the slope angle 
at the time of deposition was somewhat steeper than that 
measured, possibly by a degree or more. 

The relief or height of the clinoform beds is an indica­
tion of the depth of the water into which the deltas 
prograded. Calculations of the relief (or height) of some 
of the largest c1inoform beds, which are about 10 Ian 
southeast of the Doboz-I well, show relief of about 475 
m. Allowing for compaction and the water depth at the 
top of the clinoform beds (the shelf break), the water 
depth had to be greater than 500 m, and probably closer 
to 600 m in the deeper part of the basin at the time of 
deposition. The water depth during deposition of lower 
basinal beds may have been greater than 600 m, but the 
approximate depth is not possible to determine within the 
Bc5kc5s basin because these basinal beds cannot be traced 
up the clinoform beds to a shelf break. The clinoforms 
and shelf break for these basinal beds are north of and 
outside the Bc5kc5s basin. 

Bottomset (Basinal) Reflections 

The bottomset or basinal reflection intervals along the 
lines of well-log cross sections range in thickness from 
zero on basement structural highs, which are onlapped 
by basinal and c1inoform beds, to about 1200 m in the 
Hunya-I well. The interval is thicker in the structurally 
low areas that are not crossed by the cross sections. The 
reflections are parallel, range from low to high ampli­
tude, and are continuous for distances of several kilome­
ters, although their amplitudes may change (Fig. 8). The 
lowermost part of the bottomset reflection zone com­
monly contains one or two high-amplitude reflections. 
Well logs and cores indicate this part of the section 
consists of shale or clayey marl, and marl, about 50 to 
300 m thick, and is designated as such on the cross 
sections. This part of the section corresponds to the 
Nagykorii andlorT6tkoml6s Formations, or to the Pal(Ia) 
lithogenetic unit of Szalay and Szentgyorgyi (1979). 

The remaining thick overlying bottom set reflections are 
mostly of very low amplitude in the lower part and 
medium to high amplitude in the upper part of the section. 
Well logs indicate this entire interval to be interbedded 
sandstone and marl; the lower half or two thirds of the 
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Stratigraphic Framework and Sandstone Facies Distribution 109 

interval consists of 50 to 70% sandstone in units as thick 
as 10 to 30 m, and the remaining upper part contains 
slightly less sandstone in beds less than 10m thick. 
Analyses of cores indicate that the sandstone is mostly 
very fme-grained and of distal turbidite origin (Phillips 
and others, this volume). The thick sandstone units are 
composed of amalgamated thinner beds. 

Resistivities of the sandstones are fairly high, and many 
fonnation tests and core analyses indicate that they are 
oflow porosity and penneability. Recoveries are mostly 
small amounts of water and traces of gas. 

The thick basinal sandstone and marl section approxi­
mately corresponds to the Szolnok Fonnation (Figs. 2-5) 
or to part of the Pal(2) and the Pal(1b) lithogenetic units 
of Szalay and Szentgyorgyi (1979). 

The contact between the Szolnok Fonnation and over­
lying Algyo Fonnation on Figures 2-5 was detennined 
from weUlogs and placed at the point where clayey marls 
and thinner bedded sandstone (Algyo Fonnation) grade 
downward into thicker bedded sandstone and clayey marl 
(Szolnok Fonnation). In many wells, the contact is 
poorly defined on well-logs. 

The Basal Clayey Marl and Marl 

The basal clayey marl and marl comprise an important 
unit because it is a fair-to-good, oil-prone source rock in 
some parts ofthe basin (Clayton and others, this volume). 
This unit is diachronous and laps upward onto and over 
topographic highs on the lake floor. In the deeper parts 
of the basin, the clayey marl is black, owing to lack of 
circulation and a euxinic environment, whereas on the 
highs the clayey marl is yellowish gray owing to more 
oxygenated conditions (Phillips and others, this volume). 
As shown in Figure 6, the lower part of this unit is 
interpreted to be a distal pelagic deposit that confonnably 
overlies marine Miocene beds; the upper part is inter­
preted to be more diachronous because it represents 
initial turbidite deposition. The basement highs were 
exposed to subaerial erosion in early Pannonian time and 
in some areas, a basal conglomerate, called the Bekes 
Conglomerate, was deposited (Figs. 2, 4, and 6). The 
conglomerate probably accumulated as a result of wave 
action along the transgressing shoreline. The fact that the 
Bekes Conglomerate is best developed on the north sides 
of the highs suggests that the north sides were exposed 
to greater wave action. As the highs subsided below 
wave base, clayey marl was deposited before the tur­
bidites overtopped the highs. Thus, the clayey marls on 

the highs are younger than those deeper in the basin. 
However the younger and older clayey marls probably 
fonn a continuous deposit (Fig. 6). 

SUMMARY OF SANDSTONE FACIES AND 
DISTRIBUTION 

Sandstone occurs in many intervals in the sedimentary 
section, but the main concentrations occur as turbidites 
in the basinal facies, excluding the basal clayey marl, and 
in the shallow-lake, delta-plain, and alluvial-plain facies. 
The prodelta slope contains much less sandstone. The 
following discussion of sandstone facies and distribu­
tion, in ascending order, is based on the interpretation of 
well logs and on observations made during this study of 
seismic correlations of the four well-log lithostrati­
graphic cross sections. 

Basinal Turbidites (Szolnok Formation) 

The sandstone in the lower two-thirds of the basinal 
facies (Szolnok Fonnation or Pal(lb)) occurs as thick, 
amalgamated units of mostly very fme grained turbidite 
sandstone (Phillips and others, this volume). Well logs 
indicate that several ofthe sandstone units are as thick as 
30 m and that sandstone comprises 50 to 70 percent of 
the section, the remainder being shale or marl. The upper 
third of the fonnation contains slightly less sandstone 
(40-50 percent) in beds generally less than 10 m thick. 

The upper third ofthe Szolnok Fonnation and all ofthe 
fonnations on the flanks of the basement highs can be 
traced by seismic reflections updip into clinofonn beds. 
However, the lower two-thirds, which occur in more 
basinal positions, cannot be traced to clinofonn beds 
within the Bekes basin. The delta front or fronts from 
which these basinal facies were derived was located 
farther to the northwest or northeast. Thus, the lower 
beds are more distal in origin than the upper beds. The 
great percentage of sand in the lower part of the section 
suggests that the delta system at that time was either more 
rich in sand, as compared to later delta systems, or more 
likely, the turbidites were deposited by down-slope cur­
rents in troughs between basement highs. Such a process 
would relatively rapidly fill the low areas with turbidite 
sands. 

Seismic reflection data indicate that the basinal tur­
bidite sandstone beds, both individually and as a unit, are 
continuous and widespread throughout low areas of the 
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110 Molenaar and others 

Bekes basin. The sandstone beds onlap and pinchout 
against flanking highs. 

Prodelta-Slope Sandstones (Algyo Formation) 

Sandstone beds in the prodelta-slope environment (Al­
gyo Fonnation) are generally less than 10 m thick and 
constitute only 10 to 20% of the section. The percentage 
of sand is variable, but it is almost always higher in the 
lower part of the fonnation. Because of the variations of 
current intensity across the slope during deposition, to­
gether with the steep inclination of the depositional sur­
face, these sand bodies are probably discontinuous and 
many were likely deposited by slumping or gravity slid­
ing off the delta front. 

Delta-PlainiDelta-Front Sandstones (Tortel Forma­
tion) 

The delta-plain and delta-front (shallow-lake) sand­
stones constitute about 50 to 60% of the delta-plain 
deposits. The sand bodies occur as distributary-mouth 
bars and distributary-channel sands in units as thick as 
20 m, although commonly the sand bodies are only about 
10m thick. Because of their friability, few cores are 
available for examination; nonetheless, the sands are 
reported to be very fine to medium grained (Phillips and 
others, this volume). Their reservoir properties are much 
better than those of the basinal sandstones. 

Distributary-mouth bars probably thicken and thin 
along depositional strike, depending on their proximity 
to the distributary channel. Distributary-channel sand 
bodies probably had limited lateral continuity originally, 
but they probably merge laterally with younger or older 
sand bodies. Channel sands may be separated from the 
main sand bodies by another channel that was later 
abandoned and filled with clay. Unless these features are 
large, they cannot be recognized on seismic records. 

Alluvial-Plain Sandstones (Zagyva and Nagyalfold 
Formations) 

The alluvial-plain deposits contain a variable amount 
of sand or sandstone. (Because of lack of compaction 
and cementation, many of the arenaceous clastics in this 
part of the section are sands rather than sandstones). 
Examination of the well logs along the cross sections 

indicates that sand or sandstone comprises not more than 
50 percent of the section and bed thickness is generally 
less than 5 or 10m, although a few thicker beds are 
locally present. Because of their shallow burial depth, 
sands or sandstones of the alluvial-plain facies probably 
have good reservoir properties. 
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6 High Resolution Polarity Records and 
the Stratigraphic and 
Magnetostratigraphic Correlation of 
Late Miocene and Pliocene (Pannonian, 
s.l.) Deposits of Hungary 

Donald P. Elston! , Miklos Lantos 2 and Tamas Hamo/ 

ABSTRACT 

Stratigraphic records from four widely spaced holes, continuously cored from the surface of the Great Hungarian Plain 
to depths of 1.2 to 2 kIn, have been correlated and placed in relative stratigraphic positions by means of seismic profiles. 
Polarity zonations for two 2-km-thick cored sections were correlated with the polarity time scale for much of late 
Miocene time, and two cored sections, 1.2 kIn thick, were correlated with the polarity time scale for much of Pliocene 
and Pleistocene time. The high-resolution magnetostratigraphic records from the four cored sections contain many more 
polarity reversals than the accepted polarity time scale for the late Miocene and Pliocene; because of this, only the 
broader polarity intervals in the drill cores are correlated with the polarity time scale. The new seismic-stratigraphic 
and magnetostratigraphic correlations have led to revised correlations of Pannonian stratigraphic units in the subsurface, 
and to a new chronostratigraphic framework and model for the manner and timing of accumulation of late Miocene and 
Pliocene deposits in the Pannonian Basin. The high resolution polarity zonations also provide new information on the 
detailed character of the polarity time scale for parts of late Miocene, Pliocene, and Pleistocene time. 

INTRODUCTION 

Pannonian Basin 

The Pannonian Basin (Fig. 1) is a complex depression, 
partly bordered by the Carpathian Mountains, containing 
deposits of middle Miocene to Pleistocene age. The 
Carpathian Mountains, orogenically active during early 
and middle Miocene time, developed as a result of com­
pression arising partly from encroachment of the African 
plate on the Eurasian plate on the south, and partly from 

interaction of the Eurasian plate with the Anatolian plate 
on the east (see, for example, Hamor, 1984). The Pan­
nonian Basin began to subside following deformation 
during Oligocene and early Miocene time, with subsi­
dence continuing through the remainder of Miocene, 
Pliocene, and Pleistocene time. Some geoscientists have 
referred to the entire intra-Carpathian late Paleogene and 
Neogene basin as the Pannonian Basin (e.g., Balla, 
I 987a). Others workers (e.g., Jambor and others, 1987) 
have applied the general term Pannonian (sensu lato) to 

I U.S. Geological Survey, Flagstaff, Arizona 86001, USA 
2 Hungarian Geological Institute, H-1442, Budapest, Hungary 

P. G. Teleki et al. (ed,.), Basin Analysis in Petroleum Exploration, 111-142. 

© 1994 Kluwer Academic Publishers. 
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Figure 1. Map showing distribution of late middle and late Miocene to Pliocene (Pannonian) deposits (without 
pattern) and outline of Hungary (dash-dot symbol). Great Hungarian Plain: GHP; Little Hungarian Plain: LHP; 
Balaton Highlands area: BH. Open circles show location of core holes where geomagnetic polarity studies were 
performed. T: Tiszapalkonya; K: Kaskantyu-2; D: Devawinya; V: Vesztc5; Sz: Szombathely. Drill hole from which 
isotopic data are available is shown by X (N: Nagykozar-2; B: Bcicsalmcis-I; K3: Kiskunhalas-3; KI: Kecel-I; K2: 
Kecel-2). Lines connecting the Tiszapalkonya. Vesztc5. Devavanya. and Kaskantyu wells show locations of seismic 
profiles. 

deposits that accumulated in the basin during middle and 
late Miocene and Pliocene time. 

The Pannonian Basin contains a thickness of 0.2 to 7 
kilometers of Miocene-Pliocene sediments. The domi­
nantly clastic deposits accumulated initially in a shallow­
ing, semi-enclosed to closed inland sea, - an environment 
that changed gradually from brackish water to lacustrine, 
and then to subaerial, fluvial conditions of deposition 
(Berczi and Phillips, 1985). Subsurface study of the 
Pannonian sedimentary section in Hungary has been 
particularly intense because of its hydrocarbon resources 
(Dank, 1987; Molnar and others, 1987). However, in 
spite of extensive study, the age and correlation of many 
of the Pannonian stratigraphic units encountered in the 
subsurface remained uncertain because, (1) time-diag-

nostic fossils are lacking (Cicha and Senes, 1968; Stein­
inger anct Senes, 1971), and (2) only sparse volcanic 
deposits amenable for isotopic dating are present (see 
Balogh and Jambor, 1985; and a compilation by Vass and 
others, 1987). 

Assumptions Underlying Previous Correlations in 
the Pannonian Basin 

The general lack of temporal control in pre-Pleistocene 
deposits underlying the Great Hungarian Plain required 
that the discrimination and correlation of units identified 
in drill cores, and their assignment to discrete parts ofthe 
geologic time scale, be based mainly on lithofacies (rock 
units representing the same depositional environments). 
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Figure 2. Lithostratigraphic and temporal correlations of Pannonian formations underlying the Great Hungarian 
Plain: (a) accepted by the Stratigraphic Commission of Hungary, 1983 (after Jambor and others, 1987); and (b) cur­
rent stratigraphic framework developed from a correlation of formations penetrated in four deep core holes with 
geomagnetic time scale. Neogene time scale is from Berggren and others (1985). 
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By working down-section and backwards in time from 

the present across the Neogene time scale, implicit as­
sumptions as to age and contemporaneity of units were 
employed for regional correlations. These included, (1) 
that thicknesses of deposits could be generally equated 
with time, (2) that the deposits accumulated more or less 
uniformly across the basin, and (3) that no significant 
regional unconformities were present. Subsurface corre­
lations employing the above assumptions also appealed 
to facies changes to account for differing lithologic char­
acteristics lying at similar depths beneath the surface of 
the Great Hungarian Plain. The foregoing assumptions 
led to the correlations and inferred ages of deposits 
shown in Figure 2a. In support of this model, we note 
that thickness appears to generally equate with time for 
the Pleistocene and late Pliocene parts of sections pene­
trated in the Devavanya and Veszto core holes (Cooke 
and others, 1979) drilled in the east-central part of the 
Great Hungarian Plain (Fig. 1). In view of its apparent 
validity, this approach was used in an initial attempt to 
place the Kaskantyu drill core and its polarity zonation 
in the geologic time scale (Elston and others, 1985; 
Hamor and others, 1985). This approach proved unsat­
isfactory and was abandoned once seismic-stratigraphic 
profiles became available. 

Advent of Seismic-Stratigraphic Profiles 

With the acquisition of high-resolution seismic-strati­
graphic profiles across the Great Hungarian Plain 
(Pogacsas, 1987; see Pogacsas and others, this volume), 
the regional character and distribution of Pannonian (s.l.) 

stratigraphic deposits became known in considerable 
detail. However, the depositional framework deduced 
from the seismic records could not be dated in an absolute 
sense until magnetostratigraphic records correlated with 
the polarity time scale in four deep holes were applied to 
the seismic records. Even general correlations of polar­
ity zonations in the cores with the polarity time scale 
allowed geomagnetic time lines to be assigned to strati­
graphic horizons in the seismic profiles, and these time 
lines then were traced in the subsurface across the basin, 
allowing the ages of different delta-slope and delta-plain 
deposits defined in the seismic profiles to be determined. 
This approach assumed that laterally traceable and appar­
ently correlative seismic reflectors represented the same 
depositional or non-depositional events. The traces of 
seismic profiles connecting the core sections containing 
polarity information in the Great Hungarian Plain are 
shown in Figure I. 

From an integration of stratigraphic, seismic-strati­
graphic, and magnetostratigraphic data, geologic and 
paleomagnetic correlations arose that bear on the accu­
mulation history of late Miocene and Pliocene deposits 
in eastern subbasins of the Pannonian Basin, i.e., those 
underlying the Great Hungarian Plain. In addition to 
providing an improved understanding of the history and 
environments of deposition, the polarity zonations also 
provide high-resolution polarity records of the geomag­
netic field for parts oflate Miocene, Pliocene, and Pleis­
tocene time. Paleomagnetic records from four Hungar­
ian cored sections, if accepted at face value, indicate that 
the polarity time scale for this interval of time is highly 
generalized. 

GEOLOGIC SETTING 

Structure 

The Pannonian Basin began to subside in early Miocene 
time, during the Styrian phase of the Alpine orogeny. 
Paleozoic and Mesozoic units comprising the basement 
were subjected to strong extensional, compressional, and 
rotational tectonic movements that broke the Pannonian 
Basin into several subbasins, each of which subsided at 
a different rate. These basins became filled with late 
Miocene, Pliocene, and Quaternary sediments totaling as 
much as 7 km in thickness (Kilenyi and Rumpler, 1985). 
Except for a brief episode of uplift in the Bakony Moun­
tains near the end of Pliocene time, locally amounting to 
as much as 250-300 m (Jambor, 1980), the Pannonian 
Basin appears to have subsided rapidly although not 
everywhere uniformly during late Miocene and Pliocene 
time. From the analysis presented in this report, an 
unconformity may lie at or near the Miocene-Pliocene 
boundary as well as at or near the Pliocene-Pleistocene 
boundary. The former conceivably could represent a 
pre-Pleistocene episode of uplift and erosion that inter­
rupted subsidence of the basin. 

The Pannonian Basin is underlain by relatively narrow 
depressions, 4-8 km deep, separated by relatively high­
standing ridges having 0.5-2 km of structural relief( e.g., 
see Korossy, 1980; Pogacsas, 1980; Kilenyi and Rum­
pier, 1985). As interpreted from regional stratigraphic 
studies refined by seismic stratigraphy, the elongated 
depressions (or troughs) developed during early and mid­
dle Miocene time. These Miocene events set the stage 
and were responsible for the accumulation of Pannonian 
(s.l.) deposits. Detrital sediments derived from nearby 
sources accumulated in the troughs, followed by the 
accumulation of upper Miocene and Pliocene deposits 
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accompanying synsedimentary listric faulting (Hamor, 
1984; Pogacsas, 1984). It was a time marked by a 
progressive deepening of central parts of the Pannonian 
Basin. 

Stratigraphy 

Nomenclature 

The term Pannonian (s.l.) has been applied by Hung­
arian geologists to strata in the Pannonian Basin that 
accumulated during late middle Miocene, late Miocene, 
and Pliocene time. The term Pannonian (sensu stricto) 
has been applied to deposits considered to be only oflate 
Miocene age, whereas deposits considered to be Pliocene 
in age variously have been assigned to the Pontian, 
Dacian, or Romanian stages of deposition (Fig. 2). The 
diversity of classifications proposed by Hungarian and 
other workers has served to aggravate rather than resolve 
problems concerned with the age and subsurface corre­
lation of stratigraphic units. A representative nomencla­
tural framework and grouping of units as depicted by 
Jambor and others (1987) is shown in Figure 2a. The 
correlations shown in Figure 2a are based on lithostrati­
graphy, inferred facies changes, and inferred ages. They 
differ markedly from the ages and correlations shown in 
Figure 2b, arrived at from a correlation of seismic and 
magnetic stratigraphy. Although the position of the Mio­
cene-Pliocene boundary in the Pannonian section has 
been narrowed as a result of our study, its position 
remains to be identified with certainty in the subsurface. 

The chart shown in Figure 2b results from the strati­
graphic and seismic stratigraphic correlation of forma­
tions penetrated in four deep core holes, and the correla­
tion of their polarity zonations with the geomagnetic time 
scale. These results suggest that major changes are 
needed in the correlation and age assignments for several 
units with respect to correlations shown in Figure 2a. In 
particular, strata of the Nagyalfdld Formation appear to 
occupy a major part ofthe Pliocene, and have a maximum 
age of at least 4.25 Ma. The possibility exists that the 
base of the NagyalfOld Formation may be marked by an 
unconformity, and that the Miocene-Pliocene boundary 
may lie near (if not correspond with) the base of this 
formation. If so, discrepant thicknesses and correlations 
of units underlying the Nagyalfdld Formation may be 
resolved by appealing to loss of section by erosion at the 
presumed unconformity. In the classification proposed 
here, the base of the upper Pannonian NagyalfOld Forma­
tion lies near or at the Miocene-Pliocene boundary. 

The lignite-bearing upper Pannonian Btikkalja Forma­
tion, rather than middle Pliocene in age as depicted in 
Figure 2a, is interpreted from its polarity zonation and 
seismic stratigraphic position as having accumulated 
during a substantial interval of late Miocene time (from 
about 8.9 to less than 6.4 Ma). The nominal boundary 
between the lower and upper Pannonian is drawn at the 
base of the Tortel Formation, which in the northern part 
of the Great Plain has an age of about 8.9 Ma as deter­
mined from magnetostratigraphy. A similar boundary 
(and age) is recognized on magnetostratigraphic grounds 
at the base of the Zagyva Formation in the central part of 
the basin. Lastly, lower Pannonian strata penetrated in 
the Tiszapalkonya and Kaskantyu core holes, on the basis 
of their normal polarity, appear to have accumulated 
entirely during the early part of late Miocene time. Evi­
dence for the correlations and ages is reviewed later. 

Geologic characteristics o/the core sections 

The four core holes studied and evaluated for this report 
are located in three different sub-basins ofthe Pannonian 
Basin (Fig. J). These continuously cored holes were 
drilled by the Hungarian Geological Institute as part of a 
program of regional stratigraphic studies designed to 
elucidate stratigraphic relations in the Pannonian Basin. 

Each basin of the Pannonian Basin system had some­
what different depositional and subsidence histories dur­
ing late Miocene, Pliocene, and Pleistocene time. None­
theless, the lithologies of three stratigraphic intervals are 
common to all four drill-core sections. These are, (I) the 
late Miocene Zagyva and Btikkalja Formations, (2) the 
Pliocene Nagyalfold Formation, and (3) the Pleistocene 
sequence. Additionally, Lower Pannonian stratigraphic 
units encountered in the lower parts ofthe Tiszapalkonya 
and Kaskantyu drill-core sections also correlate li­
thologically and temporally. The new stratigraphic and 
temporal correlations are depicted in Figures 2b, 3, and 
4. 

Devavanya and VeszW 

The Devavanya-l and Veszto-J core holes (Fig. 3) were 
drilled in the central part of the Bekes basin, which 
contains about 3200 m of Pannonian strata in its deepest 
part. The two core holes, each about 1200 m deep, 
intersected a fairly complete Pleistocene sequence, 430-
500 m thick. The underlying Pliocene NagyalfOid For­
mation was encountered in both drill holes, but its base 
was penetrated only in the Devavanya drill hole. The 
Veszto core hole was drilled to somewhat greater depth, 
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but because it is located in a deeper part of the Bekes 
basin, the base of the Nagyalfold was not reached. The 
greater thickness of the Nagyalfold Fonnation in Veszto 
implies that the central part of the Bekes basin continued 
to subside differentially during Pliocene time. 

The NagyalfOld Fonnation contains chiefly mottled 
claystone that accumulated in a cyclic, fluviolacustrine 
environment. The deposits characteristically consist of 
unstratified yellowish-gray (rarely reddish), variegated 
clay and silt that contain root remnants, desiccation 
cracks, lime concretions, and subordinate layers of fine­
to medium-grained sand. The Nagyalfold Fonnation and 
the overlying Pleistocene sequence are similar in compo­
sition and appearance, and their alternating clays and silts 
are distinguished from one another with difficulty. In the 
Devavanya and Veszto cores, sedimentological analysis 
served to identify the lowest fluvial cycle, interpreted by 
geologists ofthe Hungarian Geological Institute to mark 
the base of the Pleistocene; it is an interpretation sup­
ported by palynological and paleontological (Ostracoda 
zonation) analyses (Cooke and others, 1979). 

Strata characteristic of the Pannonian (s.l.) were en­
countered beneath the NagyalfOld Fonnation in the 
Devavanya drill-core section (Fig. 3). In Devavanya, 
gray interstratified clayey silt and silty sand that accumu­
lated in a lacustrine environment and contain a molluscan 
fauna characteristic of the pre-N agyalfOld Pannonian, are 
stratigraphically low in the section. Pannonian strata in 
Devavanya are overlain by a relatively thick layer of sand 
at the base of the NagyalfOld Fonnation. The contact 
between the Pannonian Zagyva Fonnation and the Nagy­
alfold Fonnation may be unconfonnable. 

Tiszapalkonya and KaskantyU 

The Tiszapalkonya-l core hole (Fig. 4) was drilled in 
the northeastern part of the Great Hungarian Plain, and 
the KaskantyU-2 core hole was drilled in the west-central 
part of the Great Hungarian Plain (Fig. 1). In Tiszapal­
konya, nearly 2 km of late Miocene strata are overlain 
disconfonnably by a relatively thin Pliocene and Pleisto­
cene section. In KaskantyU, a relatively thick late Mio­
cene section also is disconfonnably overlain by a thin 
Pliocene and Pleistocene section. 

The youngest stratigraphic units in the Tiszapalkonya 
and Kaskantyu drill-holes comprise thin (128 and 151 
m-thick) sections of middle and upper Pleistocene 
periglacial deposits that consist of fluvial sand, gravel, 
and loess. These deposits disconfonnably overlie the 

(upper Pannonian) Pliocene NagyalfOld Fonnation, 
whose characteristics are similar to those observed in the 
Nagyalfold F onnation in the Devavanya and Veszto drill 
cores. In Kaskantyu, the Nagyalfold Fonnation either 
confonnably or disconfonnably overlies the Zagyva For­
mation, whereas in Tiszapalkonya an erosional surface 
(a disconfonnity) is inferred from the character of the 
contact in the core and from the presence of relatively 
coarse reworked and weathered materials in core above 
the disconfonnity. 

The late Miocene section in Kaskantyu is markedly 
thinner than the section of the same age encountered in 
the Tiszapalkonya drill hole (1 km in contrast to 2 km 
thick). The thin section at Kaskantyu overlies a struc­
tural high in the pre-Pannonian basement. This area 
subsided considerably less than nearby parts of the basin. 
Except forthe differences in thickness, the paleoenviron­
ments of upper Miocene deposition at Tiszapalkonya and 
Kaskantyu were similar, and generally typical of upper 
Miocene sediments in the area of the Great Hungarian 
Plain. 

Upper Miocene strata underlying the Pliocene Nagy­
alfOld Fonnation consist of the Biikkalja Fonnation in 
the Tiszapalkonya drill hole and the correlative Zagyva 
Fonnation in the Kaskantyu drill hole. These fme­
grained units accumulated during a time of moderate to 
abundant plant growth in the region, characteristic of 
swampy and fluviatile environments of deposition. Each 
fonnation occupies major parts of the cored sections. 
The Biikkalja Fonnation (1311 m thick) consists of a 
cyclical series of gray, in part cross-bedded sand, silt, 
clay, and lignitic layers that accumulated under swampy 
and shallow water (1-20 m deep) lacustrine conditions, 
and that contain a brackish water fauna consisting of 
molluscs and ostracods. These deposits represent depo­
sition in a delta plain environment as inferred from 
seismic stratigraphic studies (Mattick and others, this 
volume). The Zagyva Fonnation (625 m thick) consists 
of alternating layers of gray, laminated sandy silt, inter­
bedded laminated and cross-bedded well-sorted sand, 
and unstratified clayey marl. These deposits accumu­
lated in part under shallow-water, lagoonal, and near­
shore conditions, and in part under fluvial conditions. 
These sediments were also deposited in a delta plain 
environment as inferred from seismic stratigraphy. 

The basal unit of the upper Pannonian is the Tortel 
Sandstone, which underlies the Biikkalja Fonnation in 
the Tiszapalkonya drill-core section. The Tortel Sand­
stone, about 25 m thick, consists of gray, fme-grained 
cross-bedded sand, sandstone, and clayey marl. These 
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represent the initial deposits of the progradational deltaic 
sequence of the Pannonian Basin. In Kaskantyu, inter­
bedded sandstones and marls of the Zagyva Formation 
appear to represent the same stratigraphic interval. 

Lower Pannonian strata underlying the Tllrtel and 
Zagyva Formations in the Tiszapalkonya and Kaskantyu 
drill-core sections, respectively (Fig. 4), consist of units 
that accumulated in deep (600-800 m), quiet, near-anoxic 
and brackish water conditions. These deposits include 
the Nagykllrll Formation (a clayey marl), the T6tkoml6s 
Formation (a calcareous marl), and the Dorozsma For­
mation. The Dorozsma consists of dark gray, organic­
rich, well laminated clayey marl, calcareous marl, and 
silty clay, which contain authigenic pyrite, molluscs, 
ostracods, and fish scales. These formations, and sand­
stone of the interbedded Szolnok Formation, belong to 
an inferred prodelta facies (Mattick and others, this vol­
ume; Phillips and others, this volume). 

Conglomerates and turbidites that characterize lower 
Pannonian deposits in the deep parts of the basin are 
absent in the drill cores. The turbidites can be identified 
on seismic records (Mattick and others, this volume) by 
their seismic character. In the Kaskantyt'l section, an 
unconformity separates strata at the base of the Pan­
nonian from underlying strata of Sarmatian (late middle 
Miocene) age (Fig. 2b). An hiatus and loss of record at 
this horizon also is inferred from paleontological infor­
mation (discussed later). 

Biostratigraphy 

The distribution of floral and faunal elements across the 
Pannonian sequence have been summarized in Jambor 
and others (1987). The various fossil assemblages in­
clude molluscs, microplanktons, vertebrates, ostracods, 
theacamoebans, diatoms, foraminifera, nannoplanktons, 
spores and pollen, ichnofossils, and sponge spicules. 
These fossils have allowed the environments of deposi­
tion to be discriminated. However, because all of the 
fossils are characterized by low specific diversity, they 
have proven to be of minimal value for placing the beds 
within specific parts of the late Neogene time scale. 

Isotopic Ages 

Great Hungarian Plain. 

Only a few isotopic dates, determined mainly from the 
K-Ar analysis of basaltic flows in the sedimentary sec-

tion, serve to constrain the age of the Pannonian (s.l.) 
sequence. All ages were determined near the lower 
boundary, or at somewhat higher levels, in the lower 
Pannonian (Fig. 2b). Vass and others (1987) assigned an 
age of 11.5 Ma (plus or minus 0.5) for the base of the 
Pannonian, reporting K-Ar ages ranging from 10.9 to 
12.3 Ma. Additionally, K-Ar ages of 10.7 to 11.0 Ma 
have been reported from alunite crystals from veins in an 
uppermost Sarmatian tuff in northeast Hungary, consid­
ered by the authors to correspond with the Pannonian 
(s.l.) (Balogh and others, 1984). The apparently most 
reliable age for the lower Pannonian has come from 
unweathered and unaltered biotite from a dacite tuff that 
is interbedded in marl ofthe Monostorapati Formation in 
southern Hungary, penetrated in the Nagykozlir-2 drill 
hole (Fig. I). The biotite tuff, encountered at a depth of 
263 m, has an age of 11.6 Ma (plus or minus 0.5) (Vass 
and others, 1987). This, and the foregoing ages, thus 
indicate that accumulation of Pannonian (s.l.) deposits 
began in latest middle Miocene time. (The nominal 
boundary between the middle and late Miocene, drawn 
at the base of Anomaly 5, is 10.42 Ma in the time scale 
of Berggren and others, 1985). 

A few younger K-Ar ages have been reported from 
strata higher in the Pannonian section. An age of9.6 Ma 
(plus or minus 1.0) (S. Lenner, written communication, 
1985) has been determined from the analysis of biotite 
from a rhyolite tuff in the Nagykllrll Formation (upper 
part of lower Pannonian). This tuff, encountered in the 
Bacsalmas-I drill hole (Fig. I), was sampled at a depth 
of 486 m. A virtually identical age has been reported for 
basalt penetrated at a depth of 1167 m in the Kiskunha­
las-3 drill hole, also located in southern Hungary (Fig. 
I). Its age, 9.61 Ma (plus or minus 0.38)(Balogh and 
others, 1984), was determined from whole-rock K-Ar 
analysis of basalt. The horizon containing the basalt, 
mapped in seismic reflection profiles, correlates with 
strata falling within the long interval of normal polarity 
in the Kaskantyt'l-2 drill hole (Pogacsas and others, this 
volume). This interval of normal polarity is correlated 
(in a later section of this report) with marine magnetic 
Anomaly 5, which has a nominal age range of 10.42 to 
8.92 Ma. Although the possibility exists that some Ar 
loss occurred as a consequence of burial and heating, 
resulting in an age somewhat younger than the true time 
of emplacement of the flow, the reported isotopic age of 
9.6 Ma in the Kiskunhalas-3 drill hole is reasonable in 
view of the seismic correlation of the horizon with 
Anomaly 5 in Kaskantyu. 

Still younger K-Ar ages of8.47 Ma(plus or minus 0.77) 
and 8.13 Ma (plus or minus 0.71) (Balogh and others, 

@
G

E
O

L
O

G
Y

B
O

O
K

S



120 Elston and others 

1984) have been reported from basalt encountered in the 
Kecel-I and -2 drill holes, also located in southem Hun­
gary (Fig. I). As in Kiskunhalas-3, these basalt flows are 
interbedded in strata containing fauna whose age is con­
sidered to lie in the middle part of the lower Pannonian 
(s.l.) (Cserepes-Meszena, 1978). If no Ar loss has oc­
curred, the slightly younger ages would suggest that the 
basalt flows in the Kecel-I and -2 drill holes are in a 
somewhat higher part of the Pannonian sequence. How­
ever, such an age assignment is not in accord with ages 
greater than 8.9 Ma assigned to lower Pannonian (s.l.) 
strata in Tiszapalkonya and KaskantyU on the basis of the 
age of the upper boundary of Anomaly 5. The true 
stratigraphic relations with respect to the sections in the 
Kecel-I and -2 drill holes remain unclear. No other 
isotopic ages exist from Pannonian strata beneath the 
Great Hungarian Plain. 

Little Hungarian Plain. 

Strata beneath the Little Hungarian Plain, northwest of 
the Transdanubian Mountains (Balaton Highlands; Fig. 
I), have been classed as upper Pannonian (s.l.) and dated 
from intercalated basaltic layers, some of which also crop 
out in the Balaton Highlands area. The basalts, which are 
believed to have been extruded in three stages, range in 
age from 5.5 to 2.9 Ma as determined from K-Ar analysis 
(Balogh and others, 1985). These ages, extrapolated by 
some workers to upper Pannonian deposits beneath the 
Great Hungarian Plain, do not correspond with the mag­
netostratigraphically determined estimates of a late Mio­
cene age for lower parts of the upper Pannonian sections 
in the Tiszapalkonya and Kaskantyu drill-cores. 

Recent drilling, stratigraphic, seismic-stratigraphic, 
and magnetostratigraphic studies in the Little Hungarian 
Plain have shown that deposition of a very thick (1.25 
km) section of upper Pannonian deposits of early late 
Miocene age (8.8 to 8.5 Ma) occurred following deposi­
tion oflower Pannonian strata in the interval 9.2 to 8.8 
Ma (Szombathely well, Fig. I). The section in the Szom­
bathely well is correlated with the Tiszapalkonya well in 
the Great Hungarian Plain at the level of the top of 
Anomaly 5. Correlations of these stratigraphic sections 
with the polarity time scale indicate that pronounced 
sinking of both basins occurred in the early to middle 
parts of late Miocene time. 

MAGNETOSTRA TIGRAPHY 

A joint magnetostratigraphy study between the Hun­
garian Geological Institute and the U. S. Geological 

Survey was undertaken to develop geomagnetically con­
trolled time lines in Neogene sections of the Pannonian 
Basin. It was hoped that the polarity time lines could 
help refine stratigraphic correlations, and that the polar­
ity zonations would serve to place the stratigraphic units 
in the geomagnetic time scale for the Neogene. 

A parallel objective, having global implications, was 
to develop high-resolution polarity zonations for sub­
stantial parts of Neogene time, thereby obtaining new 
information on the frequency and character of polarity 
reversals for comparison with the zonation of the com­
monly accepted polarity time scale. The joint work was 
begun in 1982. Preliminary results for the Kaskantyu 
drill core were reported in 1984 (Elston and others, 
1985). Since then, second-stage samples from the 
Kaskantyu core hole, and samples from a second deep 
core hole (Tiszapalkonya), were collected and analyzed. 
Results are summarized below. 

Sampling 

Kaskantyu-2 drill hole 

The KaskantyU-2 hole was cored continuously to a 
depth of 1.2 km, employing a 5.9 m-long core barrel. 
Approximately 1200 samples, at spacings of about 112 
m, were collected at the drill site from the moderately 
indurated parts ofthe section. However, unconsolidated 

and well-indurated materials were not sampled at the 
time of drilling, which resulted in many small and several 
large gaps in magnetostratigraphic coverage. The mod­
erately indurated cores that were sampled were sliced 
longitudinally, following which plastic boxes were in­
serted into the cut surfaces. Although this is a routine 
procedure for soft marine cores contained in plastic lin­
ers, this procedure may have been responsible for the 
generation of several one-sample reversals arising from 
the inadvertent inversion of samples during handling. 

Approximately 200 additional (second-stage) samples 
were collected from the better-indurated rocks at a later 
date to provide paleomagnetic data for the major unsam­
pled intervals, and also to check on several of the one­
sample reversals observed in the initial data set. One­
sample reversals not resolved by the second stage sam­
pling were arbitrarily discarded from the data set. Al­
though little in the way of declination information was 
developed, a useful paleomagnetic data set nonetheless 
was obtained from the Kaskantyli core section. 
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Tiszapalkonya-l drill hole 

The Tiszapalkonya-l hole was cored continuously to a 
depth of2 km, also employing a 5.9 m-Iong core barrel. 
Samples were collected at 112 m intervals at the drill site 
immediately following removal of core from the core 
barrel. Slightly more than 3000 oriented samples were 
collected. Each "string" of core was scribed longitudi­
nally as the core was extracted from the core barrel, 
providing an arbitrary reference direction to which the 
individual samples from the run were oriented. The 
cores commonly were extracted as largely unbroken 
cylinders during the scribing process, and where breaks 
occurred, attempts were made to match the broken sec­
tions and extend the reference line to include as much of 
the "core run" as possible. The forgoing procedure al­
lowed a series of declinations as well as inclinations to 
be determined. The core was transversely sliced at each 
sampling horizon, a procedure less likely to produce 
accidentally inverted samples (and spurious reversals) 
than the sampling of longitudinally cut faces. The sam­
ples were taken from the central parts of the core, away 
from core that had been in contact with the core barrel. 
Following cutting with a diamond saw, the samples were 
immediately placed in cubical plastic boxes, which then 
were sealed and stored in a cool refrigerator at the drill 
site to inhibit desiccation. The samples also were refrig­
erated at the paleomagnetics laboratory following their 
shipment to the United States. Only a few intervals of 
poor core recovery were encountered in the Tiszapalk­
onya section, and core recovery for the entire section was 
essentially 100%. 

Laboratory Procedures 

Samples from the KaskantyU and Tiszapalkonya drill 
holes were processed at the U.S. Geological Survey's 
paleomagnetics laboratory at Flagstaff, Arizona. The 
natural remanent magnetization (NRM) of the samples, 
prior to and following demagnetization treatment, was 
measured in a cryogenic magnetometer (noise level 10-7 

emu or 10-10 Am2). Following this, a number of pilot 
samples representing various lithologies, and of both 
normal and reversed polarity, were selected for progres­
sive alternating-field (AF) demagnetization. Treatment 
was carried out in a tumbling AF demagnetizer of com­
mercial manufacture having a maximum peak demagnet­
izing field of 100 mT (miliiTesla; = 1000 Oersted); the 
pilot samples were routinely demagnetized to the limits 
of stability of their magnetization. Response of the pilot 
samples to AF demagnetization indicated that the domi­
nant carrier of the magnetization was magnetite. Follow-

ing analysis of the pilot samples, the remaining samples 
were partially demagnetized either at single, optimal 
steps for given lithologies and depths, or, for many 
samples, at two and more demagnetizing steps to assure 
that the samples had undergone cleaning treatment ade­
quate to remove at least the softer components of pot en­
tial secondary magnetizations. For KaskantyU, most 
samples were partially demagnetized at 5 mT (50 Oe) 
fields. The Tiszapalkonya samples were partially de­
magnetized in 2.5 to 20 mT (25 to 200 Oe) fields, mostly 
near and at the high end of this range. Demagnetization 
levels generally increased with sample depth. Samples 
that did not appear to respond to demagnetization at the 
lower AF levels were routinely subjected to higher levels 
of alternating fields, but this rarely resulted in apprecia­
ble changes in direction. Thermal demagnetization was 
not conducted on the moderately to poorly indurated 
sediments. 

Thermal demagnetization was carried out on pilot sam­
ples from different lithologic units from the lower part of 
the Pannonian section in Szombathely well (Fig. I) using 
a commercial thermal demagnetizer and a cryogenic 
magnetometer at the joint laboratory of the Eotvos 
L6nind Geophysical Institute and the Hungarian Geo­
logical Institute at Budapest. The objective was to com­
pare results with respect to AF demagnetization treat­
ment of another suite of pilot samples. No significant 
differences in directions were observed between the two 
methods for approximately 70% of the samples, but as a 
group, directions of samples subjected to thermal treat­
ment were somewhat more scattered. For the remaining 
samples, the AF treatment produced less scattering. 
There is no reason to expect that thermal treatment of the 
samples from the Tiszapalkonya and KaskantyU wells 
would have produced different or improved results with 
respect to directions obtained from AF treatment. 

Demagnetization Analysis 

The stability of magnetization, and the behavior during 
AF demagnetization, of representative pilot samples 
from the Tiszapalkonya and KaskantyU drill cores is 
depicted on orthogonal vector diagrams (Figs. 5a-5h). 
Some samples exhibited little or no secondary overprint­
ing' only a single component of magnetization being 
removed during much of the range of stepwise treatment 
(Figs. 5a - 5c); such samples were not abundant. More 
commonly, samples of the various rock types contained 
two (and in a few cases even three) distinct components 
of magnetization (Figs. 5d - 5e). A very few samples 
responded to demagnetization treatment to reveal an 
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Figure 5 a/h. Orthogonal vector diagrams showing stability of magnetization during alternating-field (AF) pro­
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Figure continued on next page. 
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inclination opposite to that observed prior to cleaning 
(Figs. 5f - 5g). Single (blanket) demagnetization steps 
were chosen after a review of the behavior of all progres­
sively demagnetized pilot samples, examined with re­
spect to a combination of lithology and depth. The 
selected demagnetization steps, ranging from 2.5 to 20 
mT, served to reduce the scatter in inclination values, but 
rarely resulted in appreciable changes in inclination or to 
changes in the polarity zonation seen prior to cleaning 
treatment. 

Multicomponent magnetizations particularly charac­
terized yellowish, fine- to coarse-grained sand, a subor­
dinate lithologic type that (not unexpectedly) contained 
the least reliable magnetization. With the exception of 
yellow sand, and gray coarse-grained sand and sand­
stone, no correlations were observed between demag­
netization behavior and rock type, or with depth of burial. 
Although the quality of the demagnetization records is 
not superb, most samples of the different lithologic types 
failed to display appreciable changes in direction with 
demagnetization. Except for the few samples that exhib­
ited reversals in inclination with cleaning, the cleaning 
revealed no hint that different polarities resided in rema­
nences near the threshold levels of stability. The direc­
tions (inclinations) obtained after treatment thus were 
considered to reflect original directions. We note that 
this accords with the history of rapid accumulation and 
burial of the sediments, the lack of evidence for altera­
tions due to the passage of solutions, or alterations result­
ing from exposure and weathering. Secondary magneti­
zations arising from geologic factors therefore were ex­
pected to be minor, an expectation supported from the 
results of the AF demagnetization. No magnetizations 
related to drilling were recognized. 

Although rare in the sections, one rock type (coarse­
grained gray sand and sandstone) proved troublesome 
because it exhibited erratic demagnetization behavior. 
Up to certain demagnetization levels, the behavior was 
similar to that seen in the other rocks. However, above 
this, at levels in the range of 10 to 30 mT, intensities 
increased and all semblance of order in direction became 
lost as secondary magnetizations were acquired in the 
demagnetizer (Fig. 5h). Such sand and sandstone sam­
ples thus were routinely demagnetized at the lowest 
demagnetization levels that served to remove minor, soft, 
potentially secondary components of magnetization, to 
provide more stable, presumably original directions. 
Minimum levels used for this rock type also were found 
to be suitable for the partial demagnetization of samples 
of other rock types. 

Intensities of Magnetization 

Intensities of magnetization commonly were reduced 
by 20-40% by the blanket demagnetization. Intensities 
of the KaskantyU samples following demagnetization 
ranged from about 10-2 to 10-3 Aim. Intensities of sam­
ples from Tiszapalkonya following cleaning ranged from 
1O-2 to 10-4 Aim above a depth of 1200 m, and from 10-3 

to 10-4 Aim below that depth. Except for a very few 
samples, the intensities of magnetization of the samples 
following demagnetization comfortably exceed the noise 
level of the cryogenic magnetometer. 

Polarity Zonations 

Polarity zonations for the Tiszapalkonya and Kaskan­
tyu drill cores are shown in Figures 6 and 7. Results for 
samples collected above a depth of266 min Tiszapalk­
onya are not shown. Inadequate section exists above the 
unconformity at 266 m to allow a correlation to be made 
with the polarity time scale. Only about one-third of the 
individual sample points are plotted for each of these drill 
holes, allowing individual points to be discriminated in 
the greatly reduced stratigraphic plots of inclination. 
Thus, only about 1000 points are shown for Tiszapalk­
onya and about 700 data points are shown for KaskantyU. 
Narrow intervals of normal and reversed polarity shown 
on the plots are based on multiple samples. Still nar­
rower reversals (commonly consisting of two-sample 
reversals) are shown by arrows along the left sides of the 
columns. Intervals of alternating normal and reversed 
polarity, occurring on a scale of I to 2 samples and 
repeated at least twice consecutively, are classed as in­
tervals of mixed polarity and designated by M on the 
plots. Where inclinations appear to progress from one 
stable polarity state into the other, and where declinations 
(for Tiszapalkonya) also show a systematic progression, 
the behavior has been classed as a transition (designated 
as T). Places where only partial or incomplete polarity 
reversals are observed are classed as excursions (desig­
nated as E). As shown on Figures 6 and 7, intervals of 
mixed polarity, transitions, and excursions are found 
across the Tiszapalkonya and KaskantyU sections. 

Polarity Reversals, Excursions, and Oscillations 

Examples of the character of intervals of mixed polarity 
(exhibiting an oscillating inclination record), transitions, 
and excursions are shown in Figures 8a-8c. An interval 
of mixed polarity, documented by 12 data points in about 
6 m of section, is found at about 830 m depth in the 
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KaskantyU core (Fig. 8a) where it directly overlies a long 
interval ofnonnal polarity. The top of the nonnal polar­
ity interval (correlated with marine magnetic Anomaly 
5), is marked by a series of narrow reversals and oscilla­
tions, rather than by a single polarity switch. In the 
Tiszapalkonya drill core, the top of the same long interval 
of nonnal polarity is similarly characterized by an inter­
val of narrow polarity reversals. The record in Tisza­
palkonya appears to document this field behavior more 
completely because of a higher-resolution stratigraphic 
record. A transition from reversed to nonnal polarity is 
recorded by 8 samples at about 775 m depth in Tiszapalk­
onya (Fig. 8b), where a progression in values of declina­
tion, as well as inclination, and a switch in polarity are 
observed within a single core-run. (Core-run boundaries 
are indicated by dashed lines; declinations across core­
run boundaries have not been adjusted.) Lastly, an ex­
ample of an excursion within a single core-run at a depth 
of about 595 m in Tiszapalkonya is shown on Figure 8c. 
Here, two samples exhibit an excursion in declination 
followed by a shallow reversed polarity inclination. 

The fme scale structure of the inclination records in 
Tiszapalkonya and KaskantyU display regUlarities and 
progressions, suggesting that they have recorded field 
behavior. Independent evidence supporting this inter­
pretation has been obtained from the polarity zonation 
and inclination record in a well drilled recently in the 
Little Hungarian Plain (Szombathely, Fig. I). The record 
in Szombathely correlates with part of the polarity zona­
tion and inclination record in the Tiszapalkonya section 
(Fig. 9). Geological analysis of the 2-km-thick Szom­
bathely core record, sampled on 112 m intervals, indicates 
that a lower and upper Pannonian sequence accumulated 
with no significant break in deposition (R.L. Phillips, 
written communication, 1989). This section, generally 
placed in the time scale on stratigraphic grounds, was 
placed in the polarity time scale from correlation with 
Anomaly 5 of the polarity time scale. Similar transitions 
from nonnal to reversed polarity at the top of Anomaly 
5 are present in both Szombathely and Tiszapalkonya. 
Additionally, approximately 30 oscillations of the incli­
nation record, in part correlatable on character of the 
oscillation intervals, are present in both Szombathely and 
Tiszapalkonya for an interval correlated with 8.8 to 8.5 
Ma of the polarity time scale. Not surprisingly, the 
record of oscillations is less completely represented in 
Tiszapalkonya than in Szombathely. In Szombathely, 
individual oscillation sequences commonly are charac­
terized by substantial intervals of very stable magnetiza­
tion of a given polarity (mostly reversed); these stable 
inclinations progress into oscillations of increasing am­
plitude, some passing into excursions or even reversals, 

which in turn are fol1owed by either abrupt or oscillating 
returns to stable inclinations. The Szombathely inclina­
tion record is interpreted to reflect a very high resolution 
record of secular variation, with control points at consid­
erably less than 1000 year intervals. The character of the 
oscillating inclination records for Szombathely and 
Tiszapalkonya, and their correlations, are to be presented 
in another report. 

Recognition that the fine scale inclination record in 
Tiszapalkonya correlates with a still higher resolution 
record that is attributable to secular variation, has an­
swered questions concerning the timing of magnetization 
in the Tiszapalkonya section, the abundance of polarity 
reversals, and the presence or absence of secondary mag­
netizations that might compromise the Tiszapalkonya 
polarity record. Discussions concerning these questions, 
written before drilling of the Szombathely well and 
analysis of its samples, have been retained in the fol1ow­
ing section because such questions still are gennane to 
any magnetostratigraphic study. 

Timing of Magnetization 

Many stratigraphically narrow intervals of reversed and 
nonnal polarity not represented in the commonly ac­
cepted geomagnetic time scale for the late Miocene and 
Pliocene are present in the cored sections of Tiszapalk­
onya, KaskantyU, Devavanya, and Veszto. The records 
display a number of apparent transitions, 10cal1y abun­
dant intervals of mixed polarity, and a number of more 
prominent, antiparallel or near-antiparal1el intervals of 
nonnal and reversed polarity inclinations, all of which lie 
within the framework of a much simpler polarity time 
scale. Some of these "extra" reversals might be arbitrar­
ily rejected as arising from complex overprinting reflect­
ing a delayed acquisition of remanence, particularly 
where the narrow reversals closely overlie a long interval 
of single polarity. However, it is difficult to explain the 
origin of the complex polarity zonations and transitions 
as arising from secondary magnetizations where these 
intervals are considered to correlate with parts of the time 
scale for which no or only few short reversals are shown, 
i.e., how can fine scale structures (oscillations, transi­
tions) and differing polarities in the core records across 
the sections reflect secondary magnetizations if the am­
bient field is broadly stable and only infrequently re­
versed itself? 

The multiple narrow reversals from about 860 to 950 m 
in Tiszapalkonya, when compared with a less complex 
interval in KaskantyU, might be pointed to as evidence 

@
G

E
O

L
O

G
Y

B
O

O
K

S



126 Elston and others 

Figure 6. Polarity zonation for the Tiszapalkonya core hole showing locations of intervals of mixed polarity (M), 
transitions (T), and excursions (E). Black: normal polarity; white: reversed polarity; black and white: mixed polar­
ity with dominant polarity on left; arrow: short reversal; slashed: no control. The inclinations of about //3 of the 
3000+ samples analyzed are shown. Depths are referenced to ground surface. 
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Figure 7. Polarity zonation for the Kaskantyit-2 core 
hole showing locations of intervals of mixed polarity 
(M), transitions (T), and excursions (E). Explanation 
for other symbols is given in Figure 6. Depths are ref 
erenced to ground surface. 

for complex overprinting. However, a similar discrep­
ancy exists between the frequency of polarity reversals 
for the Matuyama Reversed-Polarity Chron in 
Devavanya and Veszto (Fig. 3), with the higher fre­
quency record in Veszto being considered the more com­
plete and reliable (Cooke and others, 1979; Cooke, 
1985). We note that the several intervals of nonnal 
polarity in the Matuyama Chron in Veszto, correlate 
better with the polarity time scale than the less abundant 
reversals in Devav<inya. Even if all of the fine-scale 
reversals are discarded, the polarity records in the Hun­
garian drill cores still appear to be the most complete 
records ofthe geomagnetic field yet obtained for parts of 
late Miocene, Pliocene, and Pleistocene time. 

Additionally, with few exceptions, progressive AF de­
magnetization of large numbers of pilot samples, and 
progressive demagnetization of many of the remaining 
samples, did not reveal or suggest the existence of sec­
ondary magnetizations masking directions that could be 
considered to be earlier. Secondary overprinting recog­
nized in many of the samples only appears to have 
degraded the quality of the magnetostratigraphy record 
in the sections, not mask an original magnetization, and 
the quality ofthe records improved with demagnetization 
treatment. 

Geologic considerations also support the conclusion 
that original magnetizations reside in the core records. 
Most of the cored strata are very fine grained, dominantly 
fine-grained argillaceous sand, silt, and clay. With the 
exception of infrequent beds of yellowish sand, most 
beds are an even shade of gray, are extremely fresh in 
appearance, and display no hint of weathering or altera­
tion arising from the movement of fluids. The deposits 
are the product of rapid accumulation and burial of 
sediments, without exposure during or since accumula­
tion, and without apparent alteration arising from the 
movement of connate or ground waters. In view of this, 
appreciable secondary overprinting arising from weath­
ering at the surface, such as commonly complicates 
paleomagnetic records in samples collected from out­
crops and from near-surface cores, was not expected. 

Lastly, minor secondary magnetizations in the Tisza­
palkonya, Kaskantyu, and Szombathely cores, irregu­
larly distributed in the sections, do not appear to have 
been acquired as a consequence of pervasive overprint­
ing arising from relatively deep burial of the magnetite­
bearing sediments. Overprinting has not been overly 
severe because (I) long intervals of nonnal polarity 
(Anomaly 5) in the lower parts of the Tiszapalkonya, 
Kaskantyu, and Szombathely sections contain narrow 
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intervals of reversed polarity, (2) similar polarity struc­
tures are found at the top of the long interval of normal 
polarity, (3) similar frequencies in oscillations of the 
inclination record occur in strata overlying Anomaly 5 
and correlated with 8.8 to 8.5 Ma of the polarity time 
scale, and (4) multiple polarity reversals are preserved in 
strata of Tiszapalkonya and Kaskantyli for upper Pan­
nonian strata overlying Anomaly 5. These charac­
teristics attest to the general stability of magnetization, 
and validity of at least the coarser intervals of normal and 
reversed polarity in these drill cores. 

CORRELATIONS WITH POLARITY TIME 
SCALE 

Assumptions and Tie Lines 

The Pannonian (s.l.) sections penetrated in deep drill­
holes beneath the Great Hungarian Plain lack fossils that 
could have provided temporal control, and the core 
samples contain only a few volcanic deposits in the lower 
part of the section dated by isotopic methods. Prior to 
the development of seismic stratigraphic techniques, dat­
ing of the sections from magnetostratigraphy relied on 
correlation of polarity zonations in the subsurface sec­
tions with the polarity time scale employing some unveri­
fiable assumptions. Correlations ofthe drill core records 
formerly assumed that the Pannonian sections accumu­
lated without major interruption and that their polarity 
zonations thus could be correlated with the polarity time 
scale by simply working backward from the present. 
This approach included the assumption that accumula­
tion rates for the Pleistocene and late Pliocene also could 
be applied to the Miocene, and that no significant hia­
tuses in deposition existed in the basin. Assignment of 
polarity time lines to seismic reflections at drill holes, and 
the tracing of these reflections in the subsurface across 
the basin, now has shown that assumptions about uni­
form and uninterrupted deposition beneath the Great 
Hungarian Plain are invalid (Pogacsas and others, this 
volume). 

Devawinya and Veszt6 

Two core holes in the Pannonian Basin (Devavanya and 
Veszto; Figs. I and 3), each approximately 1200 m deep, 
penetrated sections extending from the Bruhnes Normal­
Polarity Chron at the top into the Gilbert Reversed-Po­
larity Chron near the base (Cooke and others, 1979). 
Their polarity zonations were matched by Cooke and 
others (1979) with the polarity time scale from the Bruh-

nes to the base of the Gauss. This correlation implied 
fairly uniform rates of accumulation across the Pleisto­
cene and the later part of Pliocene time. Because the 
Veszto hole was drilled to verify the zonation previously 
obtained from Devavanya, its core was sampled and 
processed with greater care than the Devavanya core, and 
its samples yielded a more refined polarity record. The 
zonation later led Cooke (J 985) to note that the record in 
Veszto contains a number of polarity reversals not re­
ported in the polarity time scale. From the correlations, 
the Devavanya and Veszto core holes appear to have 
penetrated essentially complete magnetostratigraphic re­
cords as far back as the beginning ofthe Gauss Normal­
Polarity Chron, although a gap may exist at the level of 
the Pliocene-Pleistocene boundary. 

In spite ofthe apparently satisfactory correlation for the 
interval Bruhnes to Gauss, a question remained about the 
validity of correlations with earlier parts of the polarity 
time scale that Cooke and others (1979) proposed. The 
polarity zonations in the lower parts of Devavanya and 
VesztO core sections were inferred to correlate with the 
polarity time scale for the early Pliocene and late Mio­
cene by assuming a uniform rate of accumulation for the 
entire section. Not taken into account was the possibility 
that a higheHesolution record may have been obtained 
in the lower parts of Devavanya and Veszto arising as a 
consequence of a higher rate of accumulation, and that 
the lower parts ofthe sections might contain considerably 
more reversals than are shown in the polarity time scale. 

Subsurface correlations based on seismic stratigraphy 
(Pogacsas and others, this volume) have led to a new 
correlation of Pliocene units in the basin (Fig. 2b). Re­
sults of the correlation indicate that pre-Gauss strata of 
Pliocene age in the lower parts ofDevavanya and Veszto 
must have accumulated at higher rate than younger strata. 
Additionally, correlation of the late Miocene polarity 
records in Tiszapalkonya and Kaskantyu, related to a 
common datum at the top of Anomaly 5, also led to a 
revised correlation of Miocene stratigraphic units in the 
subsurface (Fig. 2b), and to accumulation rates compa­
rable to those for the early Pliocene in the Devavanya and 
Veszto drill-core sections. 

Kaskantyit 

The earlier-held assumption that sedimentation was 
more or less continuous in the Pannonian Basin, and that 
deposits accumulated rather uniformly and could be cor­
related stratigraphically in a horizontal and temporal 
sense, was employed for the initial correlation of the 
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polarity zonation in the Kaskantyu-2 core hole with the 
polarity time scale. Following the first-stage sampling, 
a polarity zonation existed which, although containing 
major gaps, exhibited sufficient reversals to allow a 
possible match with the polarity time scale for the past 
10+ m.y. (Fig. 3 in Elston and others, 1985). The appar­
ent match seemed to support the assumption of a uniform 
rate of sedimentation, although a rate somewhat less than 
that calculated for the Devavfulya and Veszto sections. 
This initial correlation arose because of the existence of 
several major unsampled intervals in the lower part ofthe 
Kaskantyu drill-core section. However, second-stage 
sampling subsequently allowed a large interval of normal 
polarity to be identified in the lower part of the section 
(Fig. 7), which then led to the interpretation that this part 
of the section correlated with marine magnetic Anomaly 
5 (8.9 - 10.30 m.y.). Such an interpretation was pre­
sented at the 1985 Neogene Conference held at Budapest 
(Hamor and others, 1985), although the new results and 
interpretation are not given in the abstract for the meet­
ings volume. 

The new paleomagnetic results for the Kaskantyu core 
hole (Fig. 7) presented a dilemma. The thick interval of 
normal polarity invalidated the previously employed as­
sumptions used for correlating the section with the polar­
ity time scale. If the earlier correlation were to be valid 
above the level of Anomaly 5, then a very large decrease 
in the accumulation rate had to occur for strata above 
Anomaly 5, a feature not supported from the stratigraphy. 
Additionally, no rationale existed for correlating the 
Kaskantyu polarity zonation with a smaller interval of 
the polarity time scale, nor for choosing the size of the 
"window" for attempting such a correlation. Clearly, far 
too many polarity reversals are present in the Kaskantyu 
section to permit a correlation with the polarity time scale 
by simple pattern matching alone. 

Tiszapalkonya 

Only a cursory examination of the polarity zonation 
from the Tiszapalkonya drill hole (Fig. 6) is needed to 
see that a major problem also exists for correlation of its 
polarity zonation with the polarity time scale. As is the 
case for Kaskantyu-2, a thick interval of normal polarity 
strongly suggests the existence of Anomaly 5. Again, as 
for Kaskantyli, an independent method was needed that 
would serve to objectively place the cored section in a 
discrete part of the Pannonian sequence, thus limiting the 
size of the temporal window used for correlation with the 
polarity time scale. Subsurface correlations derived 
from seismic stratigraphic studies provided the much 

needed evidence for placing the Kaskantyli and Tisza­
palkonya sections within a discrete part ofthe Pannonian 
sequence and within a general part ofthe time scale. 

Seismic Stratigraphy 

Mattick and others (1985) and Pogacsas (1987) have 
shown that stratigraphic time lines in the Pannonian 
sequence have great lateral continuity, and that they 
follow seismic reflections. The seismic profiles pro­
vided abundant subsurface marker horizons (time lines) 
that clearly indicate that the Pannonian deposits did not 
accumulate uniformly in the basin and that many of the 
depositional units are time-transgressive. The seismic 
correlations, thus, disproved the assumption that time­
stratigraphic correlations could be made from inferring 
contemporaneity of deposition on the basis of horizontal 
deposits. The correlations also revealed that depositional 
rates in the Pannonian Basin were highly variable, and 
depended on environment of deposition. However, "ab­
solute" ages remained to be assigned to the time lines. 

The seismic correlations of Pogacsas and others (this 
volume) indicate that the Pliocene sections cored in the 
Devavanya and Veszto drill holes correspond strati­
graphically to the upper part of the upper Pannonian, a 
conclusion already deduced from magnetostratigraphy 
correlations with the Bruhnes Normal-, Matuyama Re­
versed-, and Gauss Normal-Polarity Chrons. In contrast, 
substantial parts of the sections penetrated by the Tisza­
palkonya and Kaskantyli core holes were shown by 
Pogacsas and others (this volume) to correlate with strata 
that stratigraphically belong in the lower part of the upper 
Pannonian. 

The stratigraphic position of the major part of the 
Tiszapalkonya section was determined by tracing seis­
mic horizons from Tiszapalkonya southward into the 
Bekes basin, and then, using other profiles, extending the 
correlations to Kaskantyli (Pogacsas and others, this 
volume). Specifically, a seismic horizon at the Tisza­
palkonya drill site, at 280 m depth, was traced to the 
Veszto drill site where it lies at a depth of between 2240 
and 2910 m beneath the surface, about 1000 to 1700 m 
below the deepest strata penetrated in Devavanya and 
Veszto. Moreover, seismic horizons in the upper part of 
the Kaskantyli drill section, at 250 m depth, correlate 
with horizons at a depth of 1,100 m at the Veszto drill 
site. This correlation indicates a substantially greater age 
for much ofthe Kaskantyli section with respect to strata 
of the Devavanya and Veszto sections. A relatively 
great age for the long intervals of normal polarity found 
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in the lower parts of the Tiszapalkonya and Kaskantyu 
sections thus is indicated by the correlations. Lastly, 
seismic markers near the top of the interval of normal 
polarity in Kaskantyu can be traced laterally to basaltic 
rocks dated at 9.6 Ma in the Kiskunhalas-3 drill hole (Fig. 
I). This correlation verifies that the long interval of 
normal polarity in Kaskantyu correlates with Anomaly 5 
of early late Miocene age. 

The stratigraphic framework and age assignments for 
the Tiszapalkonya and Kaskantyu sections, (Figures 2b 
and 4) were derived from seismic stratigraphic correla­
tions. The correlations allowed the polarity zonations for 
the four core holes to be placed in two different, non­
overlapping parts of the time scale (late Miocene, and 
Pliocene to Pleistocene). For Tiszapalkonya and Kas­
kantyu, the correlations established the temporal window 
that allowed their complex polarity records to be corre­
lated with the polarity time scale for the late Miocene. 

Comparison with Marine Core Records 

In view of the broadly dated seismic stratigraphic cor­
relations, the polarity records of Tiszapalkonya and 
Kaskantyu can be examined with respect to a polarity 
record obtained from upper Miocene marine sediments 
cored in the South Atlantic Ocean (Fig. 10; Site 519, 
Deep Sea Drilling Project Leg 73; Tauxe and others, 
1984, their Fig. 2). DSDP Site 519 was located to 
encounter sediments whose polarity zonation would cor­
relate with, and overlie, Anomaly 5. Tauxe and others 
(1984, p. 611) report the existence of a one-sample 
polarity reversal in the lower part of Anomaly 5, which 
they believed to be a real event. Additionally, they report 
the existence of an "extra" sub-chron in chron 8 (interval 
of normal and reversed polarity above Anomaly 5), not­
ing that an extra sub-chron also has been observed in 
rocks of the Siwalik Group of northern Pakistan. For an 
interval correlated with the reversed polarity interval 
between Anomalies 4 and 4A, plots for most samples 
from Site 519 show shallow inclinations, and a general 
shift from low inclinations to steeper, reversed polarity 
inclinations from the bottom to the top of the interval. 
Lastly, Tauxe and others (1984, their Fig. 2) show four 
one-sample reversals in and adjacent to this interval of 
reversed polarity, and they speculate that these also may 
represent briefreversals of the field. 

The distribution of polarity reversals from DSDP Site 
519 section is shown on Figure 10 for an interval that 
includes and overlies Anomaly 5. For purposes of com­
parison, polarity zonations from Tiszapalkonya and 

Kaskantyu, more detailed than shown in Figures 6 and 7 
(but that still are highly generalized), are also shown on 
Figure 10. A correlation between the terrestrial and 
marine records is proposed in this figure. 

The one-sample reversal in the lower part of Anomaly 
5 at Site 519 may correlate with the interval of reversed 
polarity at a depth of I 049 to 1066 m in Kaskantyu. From 
a general matching of the broader intervals of reversed 
and normal polarity above Anomaly 5, the interval of 
reversed polarity in the upper part of the Tiszapalkonya 
section, which contains many intervals of normal polar­
ity, is provisionally correlated with the interval of re­
versed polarity lying between Anomalies 4A and 4. 
Beneath this complex reversed-polarity interval, several 
one-sample R-polarity reversals are present in the Site 
519 section; these presumably correlate with some of the 
narrow reversals in the Tiszapalkonya and Kaskantyu 
sections. Evident in Figure 10, even with exclusion of 
the interval of highly mixed polarity in the upper part of 
the Tiszapalkonya section, is the lack of obvious corre­
spondence of fine-scale polarity structure for the three 
sections. 

From the differences in thickness of the stratigraphic 
sections, and from the time interval suggested by the 
correlations shown on Figure 10, the sedimentation rate 
in the deltaic environment at Tiszapalkonya appears to 
have been about 50 times greater than the rate of sedi­
mentation in the open-marine environment at Site 519. 
For this reason, and because numerous hiatuses almost 
certainly exist in the Hungarian terrestrial sections, at 
least above basement highs where most wells have been 
drilled, a lack of correspondence in fine detail of the 
polarity zonations of Hungarian cores and the marine 
sediments is to be expected. Additionally, even the 
marine section may have problems with non-uniform 
deposition rates and structural disturbances. The Site 
519 record does not correlate with the geomagnetic time 
scale in a way to support the idea that the thickness of 
that section can be generally equated with time. Tauxe 
and others (1984) suggest that the part of the section they 
correlate with chrons 5 (Anomaly 3A) and 6 may have 
been attenuated during the Messinian salinity crisis, and 
the section they correlate with chron 2 (Matuyama) may 
have been thickened as a consequence of slumping. 

In summary, problems exist when attempting correla­
tions of polarity records from the Pannonian Basin (and 
from the marine record), with the standard polarity time 
scale. The high-resolution records from Tiszapalkonya 
and Kaskantyu can not be correlated either with each 
other, or with the polarity time scale, by simple pattern 
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matching alone. Although the lack of correlation might 
be assumed, ad hoc, to stem rrom overprinting, a major 
part of the problem would seem to be attributable to 
rragmented high-resolution records that arise rrom still­
less-than-complete recordings of polarity history at hia­
tuses that occur irregularly across these sections. The 
lack of correlations on a fine scale is mitigated if corre­
lations are proposed mainly on the basis of the principal 
Nand R intervals of the polarity time scale. 

Correlations of Hungarian Sections with Polarity 
TimeScale 

Late Miocene 

A correlation ofthe Tiszapalkonya and Kaskantyu sec­
tions with the geomagnetic polarity time scale of 
Berggren and others (1985) for the late Miocene is pro­
posed in Figure 11 . The correlation is anchored to the 
top of marine magnetic Anomaly 5. Above the level of 

150-

8.9 m.y. , correlations with the accepted time scale are 
drawn only at boundaries separating relatively large in­
tervals of normal and reversed polarity. The many nar­
row intervals of normal and reversed polarity in the two 
core sections are unrepresented in the accepted time 
scale. In particular, an interval of mixed polarity in 
Tiszapalkonya is correlated with the interval of reversed 
polarity between normal polarity Anomalies 4A and 4 
(Fig. 11). This allows the coarse-scale polarity zonation 
in Tiszapalkonya to be correlated with the accepted po­
larity time scale for the late Miocene in a manner com­
patible with a relatively uniform average rate of deposi­
tion, including deposition during the long interval of 
normal polarity (Anomaly 5). 

The Kaskantyu section displays a somewhat different 
polarity zonation, somewhat compressed with respect to 
that observed in Tiszapalkonya, although their zonations 
appear to embrace the same general interval of time. The 
differences between the zonations presumably result 
from an attenuated Kaskantyu section, arising rrom 

Polarity t ime 
scale 

4 

4A 

5 

Figure 10. Comparison of polarity records from the Tiszapalkonya and Kaskantyu drill holes with the polarity re­
cordfrom part of Deep Sea Drilling Project Leg 73, Site 519 (after Tauxe and others, 1984. Fig. 2). Depths are ref 
erenced to ground surface. 
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deposition above a structurally elevated basement block. 
From seismic stratigraphic analysis (Pogacsas and oth­
ers, this volume), the Kaskantyu area does not appear to 
have subsided as uniformly as adjacent, deeper parts of 
the basin, explaining why deposits of the Kaskantyu 
section do not contain as uniform a polarity record as 
those at Tiszapalkonya. In spite of this, all major polarity 
zones for the interval 8.9 to 5.9 Ma appear to be recorded 
at Kaskantyu (Fig. II). 

Pliocene and Pleistocene 

Polarity zonations for the Devavanya and Veszto drill 
holes reported by Cooke and others (1979) correlate 
broadly with the principal intervals of normal and re­
versed polarity for the Bruhnes Normal-, Matuyama 
Reversed-, and Gauss Normal-Polarity Chrons of the 
geomagnetic polarity time scale (Fig. 3). However, these 
drill core records display more reversals than are present 
in the polarity time scale. Cooke and others (1979), 
employing the assumption of a uniform rate of accumu­
lation, proposed that the reversals in the lower part of the 
sections correlate with the time scale for the Gilbert on 
an essentially one-to-one basis. This correlation served 
to place the base of the drill-core sections near or below 
the Miocene-Pliocene boundary, a correlation not sup­
ported by paleontological evidence. An alternate inter­
pretation arose following analysis of seismic profiles and 
development of subsurface correlations that led to the 
stratigraphic framework depicted in Figure 2b. These 
correlations indicated that (as for the late Miocene depos­
its of Tiszapalkonya and Kaskantyu), only the major 
polarity intervals in Devavanya and Veszto should be 
correlated with the major polarity intervals ofthe polarity 
time scale (Fig. 3). In such a correlation, the base of the 
Devavanya and Veszto sections is inferred to lie at about 
4.25 Ma rather than 5+ Ma as had been proposed pre­
viously by Cooke and others (1979). The new interpre­
tation implies that, as for the Miocene, either there were 
significantly more reversals of the geomagnetic field 
than is recorded for the accepted polarity time scale or 
that the many "extra" reversals are the result ofunrecog­
nized overprinting. The differences in polarity zonation 
between Devavanya and Veszto for the well-known Ma­
tuyama Reversed-Polarity Chron suggests that the for­
mer is the case because, (1) the six or more intervals of 
normal polarity in Veszto accord better with the six 
normal polarity intervals for the Matuyama shown on a 
recent version of the polarity time scale (Seward and 
others, 1986), and (2) the Veszto cores were the more 
carefully collected and processed, and its record is con-

sidered the more reliable (Cooke and others, 1979; 
Cooke, 1985). 

DISCUSSION 

Strata penetrated in four deep core holes are placed in 
the time scale for the late Miocene and Pliocene on the 
basis of their polarity zonations (Fig. 12). In this figure, 
the thicknesses ofthe individual sections and their polar­
ity zonations have been adjusted to provide a proportion­
ally uniform fit with the time scale. This temporally-con­
trolled stratigraphic framework, tied to seismic-reflec­
tion data, has allowed the timing of accumulation of delta 
plain and delta slope deposits in the Pannonian Basin to 
be assessed (Pogacsas and others, this volume). A brief 
summary of the regional stratigraphic relations devel­
oped from this assessment, and a discussion of general­
ized accumulation rates inferred from correlations with 
the polarity time scale, follow. 

Regional correlations 

The time lines (Fig. 12) indicate that three rock units 
(or "packages" ofrock) occupy discrete parts of the time 
scale and record three discrete episodes involved with 
deposition in the Pannonian Basin. The units represent 
(I) a deep water facies or sequence (lower Pannonian); 
(2) a lacustrine and terrestrial sequence characterized by 
abundant plant life (lower part of upper Pannonian); and 
(3) terrestrial deposits characterized by mottled claystone 
containing a lesser abundance of plant life (upper part of 
upper Pannonian). Unit 1 is late-middle Miocene and 
early-late Miocene in age, accumulating mainly in the 
interval IDA - 8.9 Ma. Unit 2 is late Miocene in age, 
accumulating in the interval 8.9 to <5.9 Ma; in the deep 
parts of the basin, its upper boundary may lie near or at 
the Miocene-Pliocene boundary. Unit 3 appears to be 
entirely Pliocene in age, and its lower boundary may lie 
near or coincide with the Miocene-Pliocene boundary. 
This interpretation applies and may be restricted to the 
southeastern part of Hungary. According to Pogacsas 
(1984), Mattick and others (1985), Mattick and others 
(this volume), and Pogacsas and others (this volume), the 
boundaries between these Pannonian depositional facies 
are strongly time-transgressive when the entire Pan­
nonian Basin is considered. Characteristics and ages of 
the three units follow. 

Lower Pannonian deposits accumulated in deep water, 
an environment representing a vestige of the Paratethys 
sea that once was connected to the Tethys on the east. 
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136 Elston and others 

Although the base of the Pannonian is dated isotopically 
at about 11.5-12 Ma, none of the lower Pannonian units 
penetrated in the Tiszapalkonya and Kaskantyli cores 
display intervals of reversed polarity. This indicates that 
the switch from reverse to normal polarity at the base of 
the long interval of normal polarity (Anomaly 5,8.9-10.4 
Ma in the time scale of Berggren and others, 1985) 
probably is not represented in the cored lower Pannonian 
deposits. This also suggests that the base of the Pan­
nonian section in the drill holes is early late Miocene in 
age rather than late middle Miocene as indicated by the 
isotopic dating of lower Pannonian rocks elsewhere in 
the Pannonian basin. Therefore, the lower parts of the 
Pannonian sections in Tiszapalkonya and Kaskantyli are 
considered here to be late Miocene in age, suggesting that 
the unconformity separating Pannonian from underlying 
Sarmatian strata in Kaskantyli may represent more than 
one million years. 

The foregoing interpretation assumes (1) that the base 
of Anomaly 5 is properly placed in the time scale, and 
(2) that isotopic dates obtained for igneous rocks present 
locally in the lower Pannonian section are reliable. 
Among geologic and paleomagnetic professionals, dis­
cussions continue regarding ages that may be assigned to 
the polarity zonation for the Miocene. Berggren (1987) 
recently has proposed a revised time scale for an interval 
of late Neogene time that includes Anomaly 5. The 
revised estimates are derived from a series of K-Ar 
whole-rock isotopic dates from basalt flows related to a 
polarity zonation reported from northwest Iceland 
(McDougall and others, 1984). If the Icelandic age data 
are accepted, they provide an estimated age of 11.12 Ma 
for the base of Anomaly 5 in the revised time scale 
proposed by Berggren (l987, his Fig. 8). However, as 
Berggren points out, the Icelandic isotopic ages may not 
be reliable due to alteration (loss of potassium). A simi­
lar suggestion also had been made by Tauxe and others 
(1985), who favor a data set based on mineral ages from 
Kenya that indicate a considerably younger age for the 
base of Anomaly 5. Berggren (1987, p. 29) notes that 
reasons for the discrepancies may be more complicated, 
involving unresolved problems in isotopic dating, the 
identification of the magnetic polarity stratigraphy in the 
Icelandic data set, or a combination of both. For the 
moment, the arguments of Tauxe and others (1985) ap­
pear to be the more sound, and the polarity zonations 
from the Hungarian core sections have been referred to 
the earlier time scale of Berggren and others (1985). 

An isotopic age of 11.6 Ma (Plus or minus 0.5) deter­
mined by K-Ar analysis of fresh biotite from a tuff 
interbedded in the lower Pannonian, penetrated by the 

Nagykozar-2 drill hole in southern Hungary (Fig. 1), is 
accepted as a reliable age for the lower part of the lower 
Pannonian. Thus, we follow the assignment ofVass and 
others (1987) and recognize the base of the Pannonian as 
late middle Miocene (11.5 Ma (Plus or minus 0.5)). The 
anomaly between the polarity "ages" from Tiszapalk­
onya and Kaskantyu and the isotopic ages from near the 
base of the Pannonian at other localities may have a 
simple explanation. Initiation of Pannonian deposition 
across the Pannonian Basin may not have been synchro­
nous (Loczy, 1913; Korossy, 1968). From the paleo­
magnetic data, onset of Pannonian deposition perhaps 
occurred over a I to 1.5 m.y. span oftime. Additionally, 
from their normal polarity, accumulation of lower Pan­
nonian deposits occurred mainly within the interval of 
time marked by marine magnetic Anomaly 5 (lOA - 8.9 
Ma), and, the boundary between the lower and upper 
Pannonian lies close to the top of Anomaly 5. 

Upper Pannonian deposits oflate Miocene and Pliocene 
age mark the time of filling of the Pannonian Basin with 
delta plain and delta slope deposits, identified from a 
combination of seismic and drill-core records. Lignite­
bearing and lignitic deposits, although given different 
formation names at different places, accumulated from 
about 8.9 to at least 6.4 Ma, and probably to less than 5.9 
Ma (the highest polarity interval in the Kaskantyli core 
provisionally correlated with the polarity time scale). 
From the stratigraphic records, the abundance of plant 
life decreased during the latter part of late Miocene time, 
presumably coinciding with a time of increased aridity 
elsewhere (e.g., with the Messinian "salinity crisis" of the 
western Mediterranean; Rouchy, 1982; Moissette and 
Pouyet, 1987). The Messinian is identified by Berggren 
and others (1985) as having occurred in the interval 604 
to 5.2 Ma. In northern Greece, southeast of the Pan­
nonian Basin, red beds are present in upper Miocene, 
Pliocene, and Pleistocene strata (Psilovikos and others, 
1987), and these also may reflect regional conditions of 
increased aridity near the end of the Miocene and during 
Pliocene time. 

The upper part of the upper Pannonian is represented 
by the Pliocene Nagyalf6ld Formation, a lithologic unit 
recognized across the region. It is represented in 
DevavAnya and Veszto by a mottled claystone unit that 
may record somewhat drier conditions. 

Accumulation rates 

Average rates of accumulation for the four deep drill 
holes can be estimated from plotting thicknesses of the 
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sections against time (Fig. 13). In Tiszapalkonya, a 1 + 
lan-thick interval accumulated at an average rate of 460 
m/m.y., whereas a 500 m-thick interval in the Kaskantyu 
core accumulated at an average rate of 175 mlm.y. These 
estimates are average minimum rates of accumulation, 
and do not take into account details of the depositional 
history that may be inferred from the seismic stratigra­
phy. The appreciably lower accumulation rate for the 
Kaskantyu section is explained by its position on a struc­
turally elevated block that did not sink as rapidly as 
adjoining parts of the basin (Pogacsas and others, this 
volume). The revised correlations with the polarity time 
scale for Devavanya and Veszto (Fig. 3) lead to accumu­
lation curves that change with time (Fig. 13). These 
curves display accumulation rates for the middle Gilbert 
(600 to 620 m/m.y.) that are distinctly greater than the 
460 m/m.y. rate for Tiszapalkonya. The greater rates 
may be explained by the location of Devavanya and 
Veszto, which are in one of the deepest, most actively 
subsiding parts of the Pannonian Basin. The accumula­
tion curves flatten for the younger parts ofthe Devavanya 
and Veszto sections, averaging 200 to 220 mlm.y. from 
the Gauss to the Bruhnes Chrons. 

Character o/Geomagnetic Field 

The geomagnetic polarity time scale for the late Mio­
cene, when viewed with respect to the high resolution 
paleomagnetic records from Tiszapalkonya and Kaskan­
tyu (Fig. II), and from Szombathely (Fig. 9), appears to 
be a generalized representation of field behavior. A 
similar conclusion is reached when the polarity zonations 
of Devavanya and Veszto are compared with the polarity 
time scale for the Pliocene and Pleistocene (Fig. 3). 

For the late Miocene, Anomaly 5 exhibits stable normal 
polarity, although locally containing a few excursions 
and brief reversals. The upper boundary of Anomaly 5 
is closely overlain by a series of brief reversals rather than 
a single reversal in Tiszapalkonya, KaskantyU, and 
Szombathely, apparently recording a change to less sta­
ble geomagnetic conditions. This assumes that delays in 
acquisition of stable remanence did not suddenly take 
place at this horizon across the basins. Intervals of 
normal and reversed polarity overlying this lower inter­
val of mixed polarity contain abundant subordinate re­
versals. At places in the Tiszapalkonya and Kaskantyu 
sections, the reversals have frequencies near the limit of 
resolution of the 112 m sampling intervals (approxi­
mately 1000 yr for Tiszapalkonya and 3000 yr for 
Kaskantyu). 

Some systematic patterns in inclination and declination 
are recognized in the high-resolution records that are 
suggestive offield behavior (Figs. 8a-8c), an interpreta­
tion now supported by detailed correlations of oscilla­
tions of the inclination record in the Szombathely well in 
the Little Hungarian Plain with the inclination record in 
Tiszapalkonya in the Great Hungarian Plain (Fig. 9). On 
a broad scale, the interval between Anomalies 4 and 4A 
may not be a well-defined interval of reversed polarity, 
but rather may be an interval of mixed polarity (Fig. 11). 
A few well-defined intervals of normal and reversed 
polarity are found above and below this interval in Tisza­
palkonya and Kaskantyu, but even these better-defmed 
polarity intervals contain multiple reversals. It is diffi­
cult to explain the differing number of multiple reversals 
in the sections as arising from complex magnetizations 
from an ambient field having the stability that is por­
trayed in the accepted polarity time scale. Except for the 
Szombathely section, it is simpler to explain discrepan­
cies in fine detail between the records in the drill cores, 
and the differences with the polarity time scale, as arising 
from hiatuses in the sections and a considerably less than 
complete recording of the field. 

If the records in Tiszapalkonya and Kaskantyu are 
broadly accepted at face value, the geomagnetic field 
proceeded from a state of relative stability during the 
time of Anomaly 5 into a state of increasing instability, 
with instability peaking during a time that correlates with 
the interval of reversed (but highly mixed) polarity lying 
between Anomalies 4 and 4A. Within this interval, 
regularities seen at a fine scale may reflect complex 
transitions from one polarity state to the other. For this 
mixed polarity interval, and for underlying and overlying 
broad intervals of normal and reversed polarity as well, 
transitions from one polarity state to the other appear to 
range from simple switches to complex, multiple 
switches of polarity. Complexity in the reversal pattern 
cannot be related to details of the lithology or stratigra­
phy. 

The drill-core records from Tiszapalkonya and Kaskan­
tyu suggest that some reversals, portrayed in the accepted 
geomagnetic time scale as consisting of a single polarity 
state, contain multiple polarity reversals. Linear mag­
netic anomalies in the ocean-floor record have been 
modelled as short subchrons (Blakely, 1974) or as fluc­
tuations of intensity (Cande and LaBrecque, 1974). 
Tauxe and others (1984) note that, for DSDP Site 519 
(see Fig. 10, this report), at least some of the "tiny 
wiggles" in the magnetic anomaly pattern could be 
caused by short-term reversals of the magnetic field. 
Tauxe and others (1984) also concluded that the DSDP 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Stratigraphic and Magnetostratigraphic Correlations 139 

o 2 3 

200 

400 
VI VI 

l1J 
0: :r: 

Z 
l1J 600 :J 

4 

I-
0: 
l1J 
ID 
....J 

l:l 

5 6 7 8 

/KASKANTYU 
/' 17Sm/Ma 

9 Ma 

0: 
I- ID 

w 
/DEVAVANYA 

I 0-67Sm:200m/Ma 
L 800 

86S-108Sm:620m/Ma 

z 

:r: 
I-

el. 

w 

0 

1000 

1200 

1400 

1600 

VESZTO 
0-7S0m:220m/Ma 
970-1200m:600m/Ma 

TISZAPALKONYA ---
460m/Ma 

Figure 13. Accumulation curves for parts of the Tiszapalkonya and Kaskantyu core sections lying above marine 
magnetic Anomaly 5, andfor the Devawinya and Veszt6 core sections, Depths are referenced to ground surface. 
Brunhes: Normal polarity chron; Matuyama: reversed polarity chron; Gauss: normal polarity chron; Gilbert: re­
versed polarity chron. 

Leg 73 paleomagnetic data set constrains the length of 
undetected subchrons to less than 20000 years. This 
would represent about 10 m of record in the Tiszapalk­
onya drill-core and 4 m of record in the KaskantyU drill 
core. 

Records in the four Hungarian cores indicate that ap­
preciably more short reversals occurred during late Mio­
cene and Pliocene time than is depicted in the polarity 
time scale. The high-resolution Hungarian records result 
in the disquieting thought that correlations based on 
polarity zonations for the late Miocene to Pleistocene, 
obtained either from relatively narrow stratigraphic in­
tervals or from temporally "coarse" records, may be less 
certain than would appear from a simple matching of 

polarities using the accepted polarity time scale as refer­
ence. 

SUMMARY 

High-resolution polarity records were obtained from 
two continuously-cored holes (2 km- and 1.2 km-deep), 
drilled at TiszapaJkonya and Kaskantyu in the northern 
and central parts of the Great Hungarian Plain. Corre­
lated with the late Miocene geomagnetic field for the 
interval 10 to 6 Ma, the 112 m sampling intervals in these 
holes have provided temporal resolutions of about 1000 
and 3000 years, respectively. The stratigraphic sections 
and their polarity records were placed in the polarity time 
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scale by correlation of long intervals of normal polarity, 
present in the lower parts of both holes, with marine 
magnetic Anomaly 5 (early late Miocene). Stratigraphic 
horizons mapped (in time units) on seismic reflection 
profiles across the Pannonian basin (Pogacsas and others, 
this volume) indicate that the lower stratigraphic units of 
the upper Pannonian sequences in Tiszapalkonya and 
Kaskantyu are of late Miocene age, and that they corre­
late with strata underlying Pliocene and Pleistocene de­
posits penetrated in the Devavanya and Veszto core holes 
drilled in the east-central part of the Great Hungarian 
Plain. Above Anomaly 5 in Tiszapalkonya and Kaskan­
tyU, only the broad intervals of normal and reverse polar­
ity can be correlated with the geomagnetic polarity time 
scale for the interval 8.9 to 6.4 and 5.9 Ma. The correla­
tions lead to calculated average sedimentation rates of 
460 and 175 mlm.y., respectively, for the Tiszapalkonya 
and KaskantyU sections. 

Magnetostratigraphic records in the Devavanya and 
Veszto core holes, 1.2 km in depth and correlated by 
Cooke and others (1979) with the geomagnetic time scale 
for the Pleistocene, Pliocene, and early Miocene, were 
re-evaluated in light of seismic stratigraphic studies, and 
the new stratigraphic and geomagnetic correlations were 
developed with respect to Tiszapalkonya and KaskantyU. 
The analyses resulted in assignment of upper Pannonian 
strata near the base of Devavanya and Veszto, and their 
polarity records, to the middle part of the Gilbert Re­
versed-Polarity Chron (late early Pliocene), rather than 
to the polarity zonation for the late Miocene (5+ Ma) and 
early Pliocene as had been previously proposed. Strata 
at the base of the Devavanya and Veszto sections are now 
provisionally assigned a maximum age of about 4.25 Ma. 
The new correlations suggest an accumulation rate dur­
ing the early Pliocene of about 600 mlm.y. for the east 
central part of the Pannonian basin. Pannonian strata in 
the age range 4.25-5.9 Ma are not recognized paleomag­
netically or paleontologically in the four deep drill cores. 
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7 Correlation of Seismo- and 
Magnetostratigraphy in Southeastern 
Hungary 

Gyorgy Pogacsa/, Robert E. MattieK, Donald P. Elston3, Tamas Hamol, Aron Jambol, 
Laszlo Lakatos], Mik16s Lantol, Erno SimonI, Gabor Vakarc/, Laszlo Varkony;l and Peter 
1"'-' .1 "arnaz 

ABSTRACT 

Correlation of results from magnetostratigraphic and seismic-reflection studies indicate that the Pannonian Basin, 
during the postrift phase of its evolution (middle Miocene to present), became filled by sediments of southward and 
eastward prograding deltaic wedges. 

In the Bekes basin (a subbasin of the Pannonian Basin), the Badenian-Sarmatian age (16.5 to12 Ma) section, where 
explored by drilling, is relatively thin (generally less than 275 m) and represents principally shallow-water, nearshore, 
marine-brackish water environments. During latest Sarmatian and early Pannonian time (12-9 Ma), the Bekes basin 
was starved, as other subbasins located along its margins captured most of the sediment load carried by rivers. During 
this time interval, a combination of relatively low deposition rates and high subsidence rates produced great water depths 
(about 900 m) in the Bekes basin. By middle Pannonian time (6-7 Ma), subbasins on the margins of the basin had 
become filled with sediments as deltas gradually prograded across them. As a result of this filling process, a platform 
was constructed across which rivers transported their sediment loads into the Bekes basin. Thereafter, deltaic filling of 
the basin proceeded rapidly and rates of sediment accumulation reached 1000 m1million years. Lacustrine sediments, 
more than 6000 m thick, were deposited in the deeper parts of the basin. 

Indirect evidence suggests that lake levels in the Pannonian inland sea (a remnant ofthe Paratethys), although isolated 
from the world's oceans, were affected by eustatic sea level changes. Three hiatuses were identified on seismic profiles 
from the northern margin of the Pannonian Basin, and are inferred to represent non-deposition. These hiatuses (7.9-7.6, 
6.8-5.7, and 5.4-4.6 Ma) appear to correlate with global eustatic sea level minima. This suggests that the Pannonian 
inland sea became gradually isolated from the world oceans, and fluctuated in phase with global sea level. The hiatus 
between 6.8 and 5.7 Ma is tentatively correlated with the Messinian global stage, during which time evaporite deposition 
in the Mediterranean was widespread - the so-called "Messinian salinity crisis" (Hsii and others, 1973). 

1 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-I068, Budapest, Hungary 
2 U.S. Geological Survey, Reston, Virginia 22092, USA 
3 U.S. Geological Survey, Flagstaff, Arizona 86001, USA 
4 Hungarian Geological Survey, H-1144, Budapest, Hungary 

P. G. Teleld et aL (eds.). Basin Analysis in Petroleum Exploration. 143-160. 
© 1994 Kluwer Academic Publishers. 
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Figure 1. Stratigraphic classification used in Hungary with comparable global stages and regional stages. Ages, 
established/or volcanic rocks in Hungary by KlAr measurements, are shown in the left-hand column (after Hamor 
and others, 1980). Figure modifiedfrom Hamor and others (1987). 

INTRODUCTION 

During the post-rift phase of its evolution (from the 
middle Miocene to the present time), the Pannonian 
Basin was filled primarily by southward and eastward 
prograding sediment wedges (Pogacsas, 1984; Mattick 
and others, 1985; Jambor and others, 1987; Pogacsas and 
others, 1987). Based principally on the interpretation of 
seismic-reflection data, these authors inferred that, as a 
consequence of this progradation, the post-rift sediments 
of the Pannonian basin become progressively younger 
from the basin's margins toward the central depocenters. 

Until recently, however, this hypothesis could not be 
tested because the bulk of the volume of post-rift sedi­
ments is of Pannonian age and the chronostratigraphic 
scale of the Pannonian section in Hungary had not been 
defmed with sufficient resolution to confirm that the 
sediments become younger in a basin ward direction. In 
this paper, the results of magnetostratigraphic studies of 
the Pannonian section (Elston and others, this volume) 
are combined with seismic stratigraphic interpretations, 
with the aim of improving time-stratigraphic correlations 
among post-rift sedimentary rock units in the Pannonian 
Basin. 
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148 Pogacsas and others 

Table 1. Depths and inferred ages of magnetic polarity boundaries measured in southeastern Hungary. N: normal 

Magnetic Age (Ma) 
Polarity Berggren 

in and others 
Boreholes (1985) 

Tiszapalkonya-1 
6.37 R/N 

R/N 6.70 
N/R 7.41 
M/N 7.90 
N/R 8.21 

M above N 8.92 
Totil depth 

Kaskantyu-2 
N/R 5.89 
M/R 6.50 
R/N 6.70 
R/N 6.85 
N/R 7.41 
N/R 8.21 
R/N 8.92 

Total depth 

Veszto-1 
N/R 
R/N 
N/R 
R/N 
N/R 
R/N 
N/R(?) 

Total depth 

Oevavanya-1 
N/R 
R/N 
N/R 
R/N 
N/R 
R/N 
N/R(?) 

Total depth 

PREVIOUS STUDIES 

For Neogene rocks, the relation between the time-stra­
tigraphic classification adopted in Hungary and the time­
stratigraphic classification for other regions has been 
difficult to establish because the sedimentary and tec­
tonic history of the Pannonian Basin, unlike that of 
surrounding European areas, was not well established. 

Age (Ma) Two-way 
Lowrie and Oepth travel 
Alvarez (m) time 

(1981) (sec) 

6.34 401 435 
6.68 506 530 
7.38 863 915 
7.77 1059 1085 
8.09 1221 1195 
8.80 1571 1435 

2000 1785 

5.87 295 330 
6.47 406 430 
6.68 491 515 
6.83 510 530 
7.38 579 590 
8.09 705 690 
8.27 827 795 

1185 1040 

0.75 162 110 
2.47 480 435 
3.40 750 705 
3.87 970 960 
3.97 1050 1010 
4.10 1090 1055 
4.25 1200 1125 

1200 1125 

0.75 120 70 
2.47 420 370 
3.40 675 620 
3.87 865 825 
3.97 925 935 
4.10 985 985 
4.25 1085 1100 

1120 1125 

Presently recognized subdivisions ofthe Miocene-Holo­
cene epochs in Hungary and their relation to global and 
regional stage subdivisions are shown in Figure 1. Ac­
cording to Hamor and others (1987), the Miocene marine 
faunal assemblages from the Pannonian Basin show 
varying affinities with those outside the basin; an Atlan­
tic-boreal affinity in the lower Miocene (Eggenburgian 
-Ottnangian stages), a Mediterranean affinity in the 
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KASKANTYU-2 POLARITY TISZAPALKONY A-1 
TIME SCALE 

DEPTH DEPTH 
(m) (m) 

Ma 
100 - a.uaternary 
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Figure 5. Correlation of generalized polarity records in the Kaskantyu-2 and Tiszapalkonya -1 boreholes. Loca­
tions of boreholes are shown in Figure 3. Black: normal polarity; white: reversed polarity; black and white: mixed 
polarity. 
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150 Pogacsas and others 

lower-middle Miocene (Carpathian-lower Badenian 
stages), and Caspian affmity in the middle-upper Mio­
cene (upper Badenian-Pannonian stages). 

Attempts to subdivide the Pannonian section using 
KI Ar methods or biostratigraphy have not been very 
successful in Hungary. A few absolute age determina­
tions have been made using KI Ar dating methods for 
basalts and rhyolite tuff beds, both of which are wide­
spread throughout Hungary (Fig. 1). Biostratigraphic 
dating of strata in the Pannonian basin has resulted in the 
chart shown in Figure 2. Extending these horizons to the 
deeper parts ofthe basin has not met with success (Nagy­
marosy, 1981: Jambor and others, 1987). In the deeper 
parts of the basin, biostratigraphic subdivision, aside 
from the availability of few data points, is further hamp­
ered by the fact that the endemic, lacustrine Pannonian 
fauna are indicative mostly of depositional environments 
rather than age (Magyar and Revesz, 1976). In addition, 
the sparseness of boreholes in the deeper (4-7 km) parts 
of the basin, the incompleteness of core samples, and the 
lack of Pannonian rhyolite tuff intercalations suitable for 
KI Ar analysis compound the difficulty of age dating. 

Another factor that confuses the issue of subdivision of 
the Pannonian section is the usage, in the Hungarian 
literature, of the terms "Upper and Lower Pannonian" to 
subdivide the Pannonian section into lithostratigraphic 
units; delta plain and deep-water facies, respectively 
( Dank and K6kai (1969, p.138). Pogacsas (1984) and 
Mattick and others (1985) have shown that this bound­
ary, as mapped on the basis of well-log response, is 
strongly time-transgressive. 

Recently Pogacsas (1984, 1987) and Horvath and 
Pogacsas (1988) correlated seismic-reflection, magne­
tostratigraphic, and radiometric (KI Ar) data from the 
Pannonian Basin. These authors demonstrated that ab­
solute age determinations based on KlAr measurements 
in the Kiskunhalas-Ny-3 borehole are in general agree­
ment with ages determined from paleomagnetic-polarity 
reversal studies made at the Kaskantyli-2 borehole. These 
authors also demonstrated that, if seismic-reflection ho­
rizons are projected between the Kiskunhalas-Ny-3, 
Kaskantyu-2, Veszto-I and Devavanya-I boreholes, in­
dividual seismic horizons at the borehole sites correlate 
with rock units inferred to be of similar age based on 
KlAr and paleomagnetic-polarity reversal studies. A 
recent KlAr determination has shown that the age of the 
uppermost rhyolite tuff penetrated in the Nagykozar-2 
borehole is 11.6 Ma. Comparison with biostratigraphic 
data from this borehole and the Kaskantyu-2 borehole 
indicate that 11.6 Ma is equivalent to the pre-Pannonian 

Miocene/Pannonian hiatus. The locations of the above­
mentioned boreholes are shown in Figure 3. 

PRESENT STUDIES 

In an attempt to correlate seismic-reflection and mag­
netic polarity data further in the Pannonian Basin, the 
Hungarian Geological Institute and the U.S.Geological 
Survey undertook a cooperative magnetic polarity study 
of core samples from the Tiszapalkonya-I borehole (El­
ston and others, this volume). polarity reversals meas­
ured at the Tiszapalkonya-I site (Fig. 3) were fitted to the 
paleomagnetic time scales of Berggren and others (1985) 
and Lowrie and Alvarez (1981). The estimated ages of 
polarity epochs measured at the Tiszapalkonya-I site and 
their respective depths are shown in Table I. As an 
extension of that study, four seismic-reflection sections 
were composited from individual seismic profiles of the 
Hungarian Oil and Gas Co. (MOL Rt.). The four com­
posite profiles, labeled I-IV in Figure 3, connect the 
following boreholes: (I) Kiskunhalas-Ny-3 and Kaskan­
tyu-2; (II) Tiszapalkonya-I and V eszto-l ; (III) Kaskan­
tyu-2 and V eszto-I ; and (IV) Devavanya-l and Veszto-l. 
The investigations (Elston and others, this volume) also 
included re-evaluation of results reported earlier (R6nai 
and Szemethy, 1979; R6nai, 1981), including the corre­
lation of measured polarity reversals between the 
Devavanya-I and Veszto-l sites (Fig. 4), and the Kas­
kantyli-2 and Tiszapalkonya-l sites (Fig. 5). 

PROFILE I 

Composite seismic-reflection profile I, between the 
Kaskantyu-2 and the Kiskunhalas-Ny-3 boreholes, and 
an interpretation ofthe primary seismic events are shown 
in Figure 6. KI Ar dating indicates that basalts, penetrated 
at a depth of 1162-1167 m in the Kiskunhalas-Ny-3 
borehole, were extruded 9.61 (plus or minus 0.38) Ma 
(Balogh and others, 1983). The depth to the basalts was 
converted to two-way travel time and plotted on the 
seismic profile (Fig. 6). It appears that the basalts corre­
late with a seismic horizon that terminates by onlap 
against a middle Miocene (Baden ian) unconformity. 
The ages determined by polarity reversal techniques 
(Elston and others, this volume) are displayed at the north 
end of the section (Kaskantyu-2 site). At least three 
seismic horizons at the Kaskantyli-2 site, corresponding 
to 8.9, 7.4 and 6.7 Ma can be followed on the seismic 
section to the Kiskunhalas-Ny-3 borehole site (Fig. 6). 
Although few, if any, major conclusions can be drawn 
from this extrapolation of seismic horizons between the 
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two boreholes, the results do show that there are no major 
contradictions between the results derived from KJ Ar age 
dating methods, and those based on the correlation of 
polarity reversals with the polarity time scale. 

PROFILE II 

Elston and others (this volume) infer that the rocks 
penetrated near the bottom of the Veszto-l borehole are 
about 4.2 million years old and those below the Nagy­
alfOld Formation penetrated in the Tiszapalkonya-I 
borehole are mainly between 6.4 to 8.9 million years old. 
The results of correlating seismic horizons between these 
boreholes confirm these findings (Fig. 7). Seismic hori­
zons, corresponding to 7.9,8.2, and 8.9 Ma at the Tisza­
palkonya-I site, are seen to terminate near the center of 
the profile in a downlap configuration against an uncon­
formity that marks the contact between rocks of the 
basement complex and sedimentary rocks that lie above 
them. Seismic horizons corresponding to 6.4, 6.7 and 7.4 
Ma at the Tiszapalkonya-I site dip steeply to the south­
east, from depths corresponding to 400-1000 millisec­
onds two-way travel time on the seismic section at the 
Tiszapalkonya-I site, to depths corresponding to 2200--
2600 milliseconds at the Veszto-I site. The seismic ho­
rizon corresponding to 4.2 Ma at the Veszto-l site could 
not be traced on the seismic profile to the Tiszapalkonya­
I site; it is assumed that this horizon, in the vicinity of 
the Tiszapalkonya-l site, terminates against a shallow 
unconformity by onlap, or offlap, as do other, shallower 
seismic horizons (Fig. 7). 

PROFILE III 

Seismic profile III extends from the Kaskantyu-2 bore­
hole to the Veszto-I borehole. An interpretation display­
ing the main seismic horizons is shown in Figure 8. 
Several horizons could be correlated to polarity reversals 
noted by Elston and others (this volume). Six seismic 
horizons, corresponding to ages of 5.9,6.5,6.7,7.4,8.2 
and 8.9 Ma, could be mapped starting at the Kaskantyu-2 
borehole site. From the Veszto-I site, three seismic 
horizons, corresponding to ages of 4.2,6.4 and 7.4 Ma, 
also could be mapped. The seismic horizon labeled 4.2 
is inferred to correspond to an age of 4.2 Ma based on 
magnetostratigraphic analysis of rock cores from the 
Veszto-l borehole; whereas, the seismic horizons la­
beled 6.4 and 7.4 Ma are inferred to correspond to ages 
of 6.4 and 7.4 Ma based on extrapolation of seismic 
horizons from the Tiszapalkonya-I borehole. 

Based on results shown in Figures 6-8, the authors 
conclude that seismic-stratigraphic techniques can be 
used to correlate paleomagnetic polarity reversal data 
obtained from widely-spaced boreholes in the Pannonian 
Basin. The results of such correlations are, at least, inter­
nally consistent. Magnetostratigraphic results obtained 
from the Kaskantyu-2 and the Tiszapalkonya-I sites 
were extrapolated for distances of approximately 250 and 
140 km, respectively, along seismic profiles to the 
Veszto-l site where earlier studies (Cooke and others, 
1979) had established magnetostratigraphic subdivi­
sions of the Pannonian sequence. As seen in Figure 8, 
the inferred ages of sedimentary beds (or actually, the 
equivalent seismic horizons) are consistent with the strat­
igraphic model of the Pannonian Basin proposed by 
Mattick and others (this volume) and Molenaar and 
others (this volume); that is, the Pannonian Basin in 
northeastern Hungary was filled, for the most part, by 
massive sediment wedges that prograded southward. 

It should be noted that the apparently "good" correla­
tion between the results of seismic-stratigraphic and 
magnetostratigraphic interpretations shown in Figure 7 
resulted partly from "circular reasoning", because the 
two analytical approaches were not performed inde­
pendently of one another. Prior to performing the mag­
netostratigraphic interpretations, seismic studies had al­
ready indicated that the upper part of the sedimentary 
section at the Tiszapalkonya-l site is much older than the 
upper part of the sedimentary section at the Veszto-l site 
(Fig. 7). Elston and others (this volume) used this knowl­
edge to fit their polarity reversal data measured at the 
Tiszapalkonya-I site to the time scale of Berggren and 
others (1985), thus leading to the correlations they show 
between the Tiszapalkonya-I and Veszto-l sites. 

PROFILE IV 

Seismic profile IV connects the Devavanya-I and 
Veszto-I borehole sites. An interpretation depicting the 
principal seismic horizons is shown in Figure 9. At the 
two boreholes, depths corresponding to polarity epochs 
dated by Elston and others (this volume) were converted 
to two-way seismic travel times, and these are plotted on 
the section. Although the reflections in this area, espe­
cially in the upper 500 milliseconds of record section, are 
discontinuous, it appears that the principal seismic hori­
zons correspond well with sedimentary horizons that 
have been dated. These results indicate that seismic re­
flections parallel geologic time lines, or depositional 
surfaces, at least in this area of the Pannonian Basin. 
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Figure 9. Interpretation of seismic profile IV between the Devawlnya-I and Vesztii-I boreholes. Numbers at bore­
hole sites indicate inferred ages (in millions of years) of polarity epochs represented by rocks penetrated in the bore­
holes. Horizons are dashed where the quality of seismic data is poor. Location of profile is shown in Figure 3. 

DISCUSSION OF RESULTS 

Filling of Bikis Basin 

According to Szentgyorgyi and Teleki (this volume), 
the oldest Neogene sedimentary rocks penetrated in wells 
in the Bekes basin (Fig. 5.) are middle Miocene in age, 
and correspond to the Badenian and Sarmatian stages. 
The combined Badenian and Sarmatian stages represent 
deposition from 16.5 to 11.5 million years ago (Hamor 

and others, 1985; Steininger and others, 1985). The 
thickness of the combined Badenian and Sarmatian sec­
tion in the Bekes basin ranges from 0-275 m (Szentgyor­
gyi and Teleki, this volume). These sedimentary strata 
represent shallow-water, near-shore, marine to brackish 
water deposition and unconformably overlie Mesozoic 
and older rocks of the basement complex. 

Sarmatian strata in the Bekes basin are overlain by 
lacustrine sedimentary strata of Pannonian age. At the 
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NORTH SOUTH 

VI 

Figure 10. Seismic profile V Location of this profile is shown in Figure 3 and its interpretation is shown below in 
Figure 11. 

NORTH SOUTH 
0r-----------------------______________ ~ 

VI 

C 

Z 

o 
u 

VI 2 

3 

-------

o 5 10km 

Figure 11. Interpretation of seismic profile V shown in Figure 10. The intervals, representing rock strata between 
the principal seismic events, are labeled sequentially from oldest to youngest. Interval 1 represents rocks of the base­
ment complex. 
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NORTH SOUTH 

4.2 
4.6 

5.4 

5.7 
6.4 

6.8 _10- 6.7 

7.6 
7.4 

7.9 7.9 
8.2 

Figure 12. Chronostratigraphic chart constructed from data of Figure 11. Geologic time is the ordinate and the 
time intervals of individuals strata are assumed to be equal. Numbers on the right side of the figure indicate ages of 
each stratum (in millions of years) as inferredfrom magnetostratigraphic studies and extrapolated along seismic 
profiles. Numbers on the left side show inferred ages of periods of non-deposition. 

basin's margins, the contact between Sarmatian and Pan­
nonian strata is unconfOJrnable, whereas in deeper parts 
of the basin deposition was probably uninterrupted (Mat­
tick and others, this volume). The Sarmatian (sensu 
stricto)-Pannonian boundary is placed at 11.5 million 
years ago by Hamor and others (1985). 

A controversy exists concerning water depths in the 
Bc!kc!s basin during latest Sarmatian-earliest Pannonian 
time. This controversy affects interpretations ofthe time 
that the major phase of subsidence of the basin took 
place. According to Szentgyorgyi and Teleki (this vol­
ume), the Bc!kes basin opened during the Styrian oro­
genic cycle (lower Badenian), and Badenian and Sarma­
tian sediments were deposited in near-shore, shallow­
water environments. However, Lukacs-Miksa and oth­
ers (1983) and Mattick and others (this volume) argue 
that early Pannonian turbidites in the Bekes basin repre­
sent deep-water conditions (depths of about 900 m). All 
of these authors concede that sedimentation was prob­
ably uninterrupted from Badenian through Pannonian 
time, at least in central parts ofthe Bekes basin. The data 
of Szentgyorgyi and Teleki(this volume) indicate that 
the rate of sediment deposition during Badenian-Sarma­
tian time ranged from 0 to 55 m/million years. During 
Pannonian time, however, rates of sediment deposition 
had increased to as much as 1000 mlmillion years (Mat­
tick and others, this volume). 

The change in water depths and sedimentation rates in 
the Bekes basin from Sarmatian to Pannonian time per­
haps can be explained as follows. During latest Sarma-

tian-early Pannonian time, the Bekes basin was largely 
starved of sediments because detritus transported by 
rivers was being captured by subbasins located along the 
margins of the basin. Concurrently, however, subsi­
dence accelerated and water depths increased to about 
900 m. The consequence of this hypothesis, put forth by 
Mattick and others (this volume), is that sedimentary 
filling of the Bekes basin during Pannonian time was one 
of the last episodes in the evolution of the larger Pan­
nonian Basin. 

The foregoing hypothesis is corroborated by evidence 
from the seismic profiles described in this paper. The 
best examples supporting this sequence of events is ex­
hibited on seismic profiles II and III (Figs.7 and 8.). The 
Veszto-l borehole, located on the northern boundary of 
the Bekes basin, is shown on both profiles. The Tisza­
palkonya-l borehole, located about 115 km to the north 
of the basin, is shown on Figure 7. On this figure, the 
oldest horizons corresponding to polarity reversals at 8.9, 
8.2 and 7.9 Ma (Table 1, column 1) are seen to tenninate 
against basement highs near the center of the profile. 
Horizons representing polarity reversals at 6.4 and 7.4 
Ma dip steeply southeastward and, at the southeastern 
end of the profile, they approach the basement surface. 
On the seismic section, it can be seen that the sedimentary 
section younger than 4.2 Ma (value at the bottom of the 
Veszto-l borehole) thickens considerably in a northwest 
to southeast direction. Correlation of seismic horizons 
and polarity measurements shown in Figure 8 indicate 
that sedimentation processes were similar west of the 
Bekes basin. 
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0 
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Fugure 13. Tertiary and Quaternary eustatic fluctuations of sea level. Meters above or below present-day sea 
level are approximate. Figure modifiedfrom Haq and others (1987). Hachured areas (7.9-7.6, 6.8-5.7, and 5.4-4.6 
Ma) show non-depositional periods on the flanks of the Pannonian basin. These periods of non-deposition appear to 
correlate with the eustatic sea level minima of 7. 8, 6.3, and 5.2 Ma. PLE: Pleistocene. 

On the strength of these interpretations, it can be con­
cluded that between 12 and 9 Ma the Bekes basin was 
starved as a result of sediments being captured by sub­
basins located along the basin's margins. Subsidence, 
however, continued and water depths increased rapidly. 
By about 6-7 Ma, subbasins near the Bekes basin became 
filled by southward and eastward prograding sediment 
wedges and rivers ~ere able to reach the Bekes basin. 
Thereafter, deltas began to build along the edges of the 
basin and sediments began to accumulate. During the 
course of deposition, sedimentation rates reached 1000 
m/million years. 

Lake Level Changes 

Mattick and others (this volume) attribute the origin of 
unconformities in the Pannonian section to delta lobe 
switching, based on interpretation of seismic records 
from the Bekes basin. However, there is evidence that 
some of the unconformities may be related to lake-level 
changes, caused by fluctuations in eustatic sea level. 

Seismic-reflection profile V, located about 40 km 
southeast of the Tiszapalkonya-I borehole near the 

northern margin of the Pannonian Basin, is shown in 
Figure 10. An interpretation of this profile is given in 
Figure II. The intervals between prominent seismic 
reflectors are sequentially numbered from oldest to 
youngest. At least four major unconformities can be 
identified: (I) between units I (the basement complex) 
and 2, (2) between units 4 and 5, (3) between units 12 
and 13, and (4) between units 17 and 18. 

The stratigraphic interpretation of Figure 11 is trans­
posed to a chronostratigraphic section with geologic time 
shown as the ordinate in Figure 12. The methods used to 
construct this chronostratigraphic section have been out­
lined by Mitchum and others (1977). The geologic time 
interval of each unit (or stratum) is assumed to be the 
same. The seismic sequences are bounded by hiatuses 
(or periods of non-deposition). The time intervals of 
these hiatuses decrease toward the south in a basinward 
direction. To place the stratigraphic intervals in a stand­
ard chronostratigraphic framework, the results of mag­
netostratigraphic studies at the nearby TiszapaJkonya-l 
borehole site (Elston and others, this volume) were ex­
trapolated along a connecting seismic profile (dashed 
line in Figure 3) and are displayed along the right margin 
of Figure 12. With the exception of the lowermost un-
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conformity that marks the top of the basement surface, 
inferred maximum and minimum ages of the prominent 
unconformities are shown on the left side of Figure 12. 

In the Mediterranean, the end ofthe Miocene is charac­
terized by widespread evaporites (Hsli and others, 1973) 
- the so-called "Messinian salinity crisis". According to 
Moisette and Pouyet (1987), the increase in salinity was 
related to either evaporation-desiccation ofthe Mediter­
ranean Sea in the late Messinian or, more likely, a partial 
interruption of the connection between the Mediterra­
nean Sea and the Atlantic ocean. The eustatic sea-level 
curve of Haq and others (1987) shows significant sea­
level decreases in the late Miocene at approximately 7.8, 
6.3 and 5.2 million years ago (Fig. 13). By comparison, 
lake level decreases in the Pannonian inland sea, al­
though isolated from the world's oceans, occurred be­
tween 7.9-7.6, 6.8-5.7 and 5.4-4.6 Ma (Fig. 13). This 
suggests that lake levels in the Pannonian inland sea rose 
and fell in phase with global sea level changes. 
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8 Organic Geochemistry of Crude Oils and 
Source Rocks, Bekes Basin 

J. L. Clay ton 1 , I. Koncl, J. D. Kin/ and E. Tata,J 

ABSTRACT 

Crude oil and rock samples in the Bekes basin were analyzed to determine the genetic relationships of crude oils, 
estimate thermal conditions under which the oils were generated, establish crude oil-source rock correlations and infer 
secondary migration routes in the basin. The aim of the study was to provide a geochemical underpinning which could 
be used to predict the occurrence of undiscovered oil accumulations. 

Organic geochemical characterization of the crude oils revealed that three major genetic oil-types or "oil-families" are 
present in the basin. This fmding implies the existence of three effective source rocks, possibly different facies within 
the same age rock unit. The first oil type is typified by very high saturated hydrocarbon content (mostly 90%), commonly 
a predominance of odd-carbon-numbered n-alkanes in the C2S+ fraction, and generally high pristane/phytane ratios. In 
contrast, the second oil type is characterized by relatively higher contents of aromatic hydrocarbons, predominances of 
even-carbon-numbered n-alkanes, and lower pristane/phytane ratios. A third oil-group includes oils which contain 
relatively more nonhydrocarbons (resins + asphaltenes). Biological marker distributions are also useful in determining 
genetic relationships among the oils. Oleanane/hopane, moretane/hopane, Tm/Ts, and norhopane/hopane ratios are all 
useful in distinguishing genetic oil groups. Some of the oils contain marker distributions of more than one type; this 
may indicate that oils derived from more than one source were mixed. 

Thermal maturities of the oils are variable. API gravities (26° to 55°) and maturation-sensitive geochemical parameters 
(biological marker distributions and n-alkane odd-even-carbon preferences) indicate that oils were expelled over a range 
of thermal maturities. The least-thermally altered oils have been derived from source rocks with thermal maturities 
corresponding to present-day burial depths of approximately 2000-3000 m [vitrinite reflectance (Ra) <0.4-0.6%]. More 
mature oils and condensates have maturities corresponding to present-day depths for the source rock burial of about 
3000-4000 m (Ra > 0.6-0.9+%). 

Middle Miocene rocks, containing as much as 5 weight (wt. ) % organic carbon, are the major source rocks in the 
basin. Rocks in the lower part of the Pannonian (late Miocene-Pliocene) section also contain sufficient organic matter 
(as much as about 2 wt. % organic carbon) to be possible source rocks. Substantial secondary migration has occurred, 
resulting in oils from more than one source (and different thermal histories) occurring in a single field or producing 
structure. 

I U.S. Geological Survey, Denver Federal Center, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-2443, Szazhalombatta, Hungary 
3 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-5001, Szolnok, Hungary 

P. G. Teleki et al. (eds.), Basin Analysis in Petroleum Exploration, 161-185. 
© 1994 Kluwer Academic Publishers. 
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INTRODUCTION 

Organic geochemical studies have an important role in 
basin analysis aimed at petroleum exploration. An un­
derstanding of the timing and depths of oil and/or gas 
generation and expulsion are critical elements in the 
evaluation of the overall potential of a basin, and particu­
larly for predicting secondary migration routes and pos­
sibilities for trapped hydrocarbons in specific explora­
tion plays or prospects. Thermal models or indirect 
indicators of oil generation (e.g. vitrinite reflectance) can 
be used as general guides to the oil generation history of 
a basin (Horvath and others, 1988; Szalay, 1988), but 
determination of the actual amounts and molecular dis­
tribution of organic compounds in oils and source rocks 
is required to demonstrate specific oil-source bed rela­
tionships in a basin. The reason for this is that the 
processes of oil generation/migration and thermal evolu­
tion of vitrinite are not directly linked and may vary 
independently depending on specific conditions (e.g. 
type of organic matter, mineral matrix effects, heating 
rate, etc.) within a basin or at different locations in the 
same basin. Accordingly, in this chapter, oil-source rock 
correlations, based on a multiparameter approach are 
emphasized, and migration histories ofthe oils are deter­
mined in a general sense based on the current strati­
graphic and structural relationships between the effective 
source rocks and oils in reservoirs. The question of 
secondary migration of oil and gas is treated in more 
detail by Spencer and others (this volume). 

Oil (including condensate) in the Bekes basin occurs 
mostly at depths between about 1000 and 3300 m, in 
rocks ranging in age from Precambrian through late 
Pannonian. This study addresses only the question of the 
origin and migration of crude oil in the basin. The 
geochemistry of natural gas is discussed in our compan­
ion papers (Clayton and others, 1990; Clayton and 
Koncz, this volume). 

Nearly all ofthe oil fields found to date in the basin are 
associated with structural and combination structural­
stratigraphic traps located on structural highs around the 
margins of the basin (Fig. I). Oils with a wide range of 
API gravities are .commonly produced from the same 
broad structural feature, or even from the same depth 
within a field. No systematic relationship exists between 
depth and API gravity of oil in the basin. Often, a wide 
range of gravities (and chemical composition, discussed 
later) occurs among oils produced from about the same 
depth but at different locations within a single field 
(Table I). Chemical and isotopic analyses of gases in the 
basin indicate that significant vertical and lateral migra-

tion of gas has occurred (Clayton and Koncz, this vol­
ume). In this study, assessment of the thermal maturation 
of oils and rocks, oil-oil correlations, and oil-source 
correlations are used to infer secondary migration routes 
of oils and to predict possibilities for occurrence of 
additional undiscovered accumulations of oil. 

ANALYTICAL PROCEDURES 

Whole-rock samples were pulverized to about 100 
mesh and analyzed by pyrolysis using a Delsi Model II 
Rock-Eval equipped with a total organic carbon module. 
Rock samples with the best source rock potential deter­
mined from pyrolysis were extracted with chloroform for 
24 hours using a Soxhlet apparatus. Activated copper 
was used to remove elemental sulfur from the extracts 
obtained. An aliquot of the extract thus obtained and 
crude oils were separated by elution chromatography 
using 0.5 x 8 cm columns packed with silica gel and 
alumina. Saturated hydrocarbons, aromatic hydrocar­
bons, and resins were obtained by successive elution with 
iso-octane, benzene, and benzene:methanol {l: I vol­
ume/volume (v/v)). An aliquot of each of the three 
eluates and the total extract ("bitumen") was evaporated 
under nitrogen and concentrations of the fractions were 
determined gravimetrically. 

Gas chromatography-mass spectrometry (GC-MS) 
analyses were performed on whole bitumens and crude 
oils (diluted 10% v/v with chloroform). GC-MS analy­
ses were performed with an HP 5880A GC equipped with 
a 50 m x 0.32 mm SE-54 fused silica capillary column, 
coupled with a Kratos MS 30 mass spectrometer at a mass 
resolution of 3000 (5% valley). The GC was pro­
grammed from 50 to 340°C at 4°C/minute using hydro­
gen as the carrier gas at a flow rate of 25 cm/sec. The 
MS source was operated in electron impact mode at 70 
eV at a pressure of 10-6 torr at 250°C. Multiple ion 
detection was accomplished by switching the accelerat­
ing voltage with a constant magnetic field. Relative 
abundances of biological marker compounds were deter­
mined from peak areas of diagnostic ions. No attempt 
was made to determine response factors or absolute 
abundances. GC analysis of saturated hydrocarbon frac­
tions was performed on the HP 5880A using a flame­
ionization detector. Peak integrations were performed 
by digitizing the detector signal. 

Aliquots of the saturated and aromatic hydrocarbon 
fractions were combusted and the carbon dioxide formed 
was purified and analyzed for 13C/12C using a Finnigan 
251 isotope ratio mass spectrometer. Replicate analyses, 
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-

EXPLANATION 
(f.D Approximate location of 

gas or oil field 

(') rock sample location, 
see table 6 

__ Fault or interpreted fault 

:z<fiI'- Contours showing depth 
./ below sealevel of base of Neogene 

(top of basement) 
Contour interval 1000 m 

/63 

Figure /, Index map of the BekEs basin and surrounding areas showing locations of studied oil and rock samples, 
Oil and gas fields discussed in text are labeled with names, Fab: Fabiansebestyen; Hod: Hodmezovasarhely. 
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including sample preparation, have a standard deviation 
of 0.2-0.4 %0 . 

RESULTS 

Crude Oil Geochemistry 

Oil sample locations and geochemical results are sum­
marized in Tables 1 and 2. The triangular plot of Figure 
2 shows that the oils are highly aliphatic, although the 
samples can be subdivided into three groups based on 
relative amounts of saturated hydrocarbons, aromatic 
hydrocarbons, and non-hydrocarbons. This compound 
class basis for grouping oils is convenient for refinery 
applications, but does not coincide precisely with the 
genetic classification of the oils and has, therefore, lim­
ited use for exploration purposes. Geochemical parame­
ters more sensitive to the nature of the parent organic 
source material for the oils are discussed in subsequent 
sections. 

Representative gas chromatograms of the saturated hy­
drocarbon fractions of the oils are shown in Figures 3 and 
4. Group 1 oils (Fig. 3) all have pristane/phytane ratios 

Figure 2. Normalized amounts (percent) of saturated 
hydrocarbons (SAT HC), aromatic hydrocarbons 
(AROM HC), and non-hydrocarbon (NON-HC) compo­
nents in Bekes basin oils determined by gravimetric 
analysis. Solid dots: "aliphatic" oils; open circles: 
"aromatic" oils; triangles: "asphaltic" oils; OEP: odd­
even preference for n-alkanes. 

(peaks labeled A and B) greater than one. The overall 
boiling point distribution among this group varies widely 
from fairly high wax oils to condensates consisting of 
predominantly low molecular weight alkanes «CIS). 

All oils which have pristane/phytane ratios less than 
one are in groups 2 and 3. However, pristane/phytane 
ratios much greater than one also occur in these two oil 
groups (Fig. 4; Table 2). As in the case of the group 1 
oils, the overall molecular distribution of alkanes is vari­
able, ranging from high wax oils (Pusztafoldvar-114 and 
Totkomlos-I wells) to low wax oils (Szeghalom-28 and 
Pusztasztillos-29 wells) (Figs. 3 and 4). 

The group 1 oils generally have CPI (n-C2s-C31) values 
greater than or equal to one. Oils with CPI values less 
than one have higher aromatic hydrocarbon or non-hy­
drocarbon contents. Odd-even preference (OEP) values 
(CIS-C33) for oils are compared in Figure 5. The data 
are presented as OEP values rather than as carbon pref­
erence index (CPI) values because the odd/even prefer­
ences vary considerably over the C25 to C35 c""bon 
number range, and in some cases, reversals occur in the 
odd or even preference. Two oil-groups with markedly 
different OEP values are evident in the PusztafOldvar 
field and in the Komadi field, but a more limited distri­
bution of OEP values occurs in the other oil fields. 

The biological marker composition of the oils is sum­
marized in Table 2. No biological marker data are 
presented for very low density oils and condensates 
because the biological marker concentrations in these 
samples were too low for analysis. Two of the oils 
(sample nos. 42 and 66, Table 2) were included in Sajgo's 
(1984) study of oils from southeastern Hungary. In that 
study, no oleanane was reported for these two oils; how­
ever, we have tentatively identified oleanane in both of 
these oils using medium resolution (3000) GC-MS. This 
identification is based on retention time. Only one oil 
analyzed (sample no. 61, Szeghalom-28 well) contained 
no detectable oleanane. The 17 (H) a C27 trisnorho­
panel18 a (H) C27 trisnorneohopane (Tm/Ts) and 
oleananeihopane ratios are quite variable for the entire 
sample set (0.27 to 3.38 and 0 to 1.63 respectively; Table 
2). With the exception of a high gammacerane content 
in three oils (samples 14, Endrod-4 well; 16, Gyoma-2 
well; 28, Komadi-19 well), gammacerane and the C29 
and C30 moretanes are present in only minor quantities 
in all of the B6k6s basin oils. 

Among the steroids, the 20S/20S+ 20R ratio (in percent) 
for 24-ethylcholestane (C29) varies from about 33-55+ % 
and the triaromatic/triaromatic + monoaromatic ratio 
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Figure 3. Representative gas chromatograms of saturated hydrocarb ons from "aliphatic" type oils (group J). 

Numbers proceeding well names refer to sample number shown in Table 2. All samples have pristanelphytane ratios 
greater than one (peaks are labeled A and B). 

ranges from 0.55 to 0.95 (Table 2). These ratios were 
determined for a limited number of oil samples because 
many of the oils, especially the condensates, contained 
insufficient concentrations of steroids for analysis. 

Source Rock Geochemistry 

Distribution of organic carbon content (mg/g) for rocks 
in the Bekes basin is shown in Tables 3 and 4. The upper 
Pannonian delta-plain sequence (Torte I Formation) con­
tains the highest amounts of organic carbon, although 
analyzed samples of rock cuttings came from only two 
wells (Fabiansebestyen-4 and Bekes-2). Most of the 

upper Pannonian (Tortel Formation) samples from the 
Fabiansebestyen-4 well contain greater than 5 mg/g or­
ganic carbon. More than 50 percent of these rocks con­
tain in excess of20 mg/g carbon and a few contain more 
than 80 mg/g. 

Miocene (M4,5 ofBadenian and Sarmatian age) through 
lower Pannonian rocks from the basal clay and marl 
deposits in the Totkomlos Formation (Molenaar and 
others, this volume) contain lower organic carbon con­
tents than rocks of the upper Pannonian Tortel Forma­
tion. Organic carbon values are generally low for car­
bonate rocks and shales in the Neogene section as a whole 
(most contain less than 10 mg/g), but the basal clay and 
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Figure 4. Representative gas chromatograms of saturated hydrocarbons from "aromatic" and "asphaltic" oils (ge­
netic groups 2 and 3, respectively, in Table 7). See Table 2 and text for discussion. Numbers preceeding well names 
refer to sample numbers shown in Table 2. Pristanelphytane ratios are labeled A and B. 

marl of the T6tkoml6s Formation contain significant 
numbers of samples with 5-40 mg/g. 

Most of the rocks from the uppermost part of Szolnok 
Formation and the Algyo Formation (delta-slope depos­
its) are organically lean. Seventy-nine percent of the 
samples analyzed contain less than 10 mg/g, and over 
90% contain less than 20 mg/g. Sixty-five and 63% of 
the rocks of the Szolnok and Algyo Formations, respec­
tively, contain less than 5 mg/g organic carbon. Rocks 
of pre-Pannonian Miocene age (M4,S) contain between 
about 1.5-20 mg/g carbon, although core samples se­
lected for detailed analysis contain as much as 50 mg/g. 

Sixty-seven percent of the M4,S rocks contain greater 
than 10 mg/g. 

Extractable organic matter (bitumen) content ranges 
from 0.25 to 1.0 mg/g for most of the Neogene samples, 
although no rock samples representing upper Pannonian 
delta-plain deposition (Torte I Formation) were analyzed 
(Table 5). Samples selected from the lower Pannonian 
and pre-Pannonian Miocene (M4,S) sections for detailed 
analyses (liquid chromatography, gas chromatography, 
mass spectrometry, etc.) contain above-average amounts 
of bitumen in absolute amounts (1-8 mg/g). Bitumen 
content normalized to organic carbon varies from about 
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3 to 30%. Values greater than 20% are common in rocks 
containing non-indigenous hydrocarbons (oil staining). 
All of the core samples extracted in the present study 
consist of fme-grained lithologies (non-reservoir litholo­
gies) with no obvious evidence of hydrocarbon staining. 
Therefore, no definite conclusions can be made regard­
ing the possibility of non-indigenous hydrocarbons, but 
we assume that all of the core samples except those from 
the Gyoma-2 well and possibly the MezotUr-3 well (sam­
ples 8 and 10; Table 6) contain indigenous bitumen. 

Like the oils, the hydrocarbons extracted from the cores 
consist predominantly of saturated compounds. The 
saturated/aromatic hydrocarbon ratios range from about 
3 to more than 16. The total hydrocarbon fraction gen­
erally constitutes between about 40-70% of the total 
bitumen obtained, although higher relative hydrocarbon 
yields were obtained for four of the samples discussed 
above (samples 6, 7, 8 and 10; Table 6). 

Rock-Eval pyrolysis data for samples of cuttings of 
Triassic through late Pannonian (Torte I Formation) age 
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rocks from the Fabiansebestyen-4 well are shown in 
Figure 6. The volatile hydrocarbon yield (S I peak) is 
correlative to bitumen content obtained by solvent ex­
tractions, although the S I yield is often lower than bitu­
men content because high molecular-weight bitumen 
constituents are not volatilized during the initial, low 
temperature (250°C) pyrolysis step. S I yields range 
from values of less than 10 mg/g in upper Pannonian 
rocks to typical values of 50-100 mg/g in lowermost 
Pannonian and Miocene (M4,S) rocks. High SI yields are 
also common in the Mesozoic rocks, although most of 
the Mesozoic rock samples from the Fabiansebestyen-4 
well contain very low overall amounts of organic matter 
(organic carbon mg/g) and high S) yields occur only in 
the samples containing migrated hydrocarbons. 

Figure 7 shows Hydrogen Index (HI) values for sam­
ples of rock cuttings collected from the Fabiansebestyen-
4 well and for core samples collected from 31 wells in 
the Bekes basin. HI values are generally less than 300 
for Neogene samples at thermal maturities corresponding 
to vitrinite reflectance values of about 0.4-1.5% or 

POT I Co'll mgtg PI S IlCorg mgtg 

to _ Contamination Ro - Vltrin~e Reflectance 
• _ Type I organic matter 

+ • Type II 0Igal1ic matter 

Figure 6. Rock-eva! pyrolysis results from Fabiansebestyen-4 well cuttings. M: Miocene; K3: Upper Cretaceous; 
h· Middle Triassic, Tt : Lower Triassic. 
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Figure 7. (a) Hydrogen Index (HI) in mg hydrocarbonslg organic carbon for samples of rock cuttings collected 
from the Fitbiitnsebestyen-4 well and (b) for core samples from 31 wells in the Bekes basin. 

greater. Rocks with notably higher HI values occur in 
delta-plain deposits of the upper Pannonian Tortel For­
mation (1200-1700 m depth in the Fabiansebestyen-4 
well; <2500 m depth throughout the Bekes basin). With 
the exception of some of these shallow Tortel Formation 
rocks, the organic matter contained in Neogene rocks 
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Figure 8. Distribution of vitrinite reflectance with 
depth for Neogene rocks in the Bekes basin based on 
core samples from 10 wells. Data scatter largely re­
flects the effects of varying heat flow at different loca­
tions in the basin. 

would be classified as type II and III according to the 
scheme of Tissot and others (1974) and Espitalie and 
others (1977). 

Vitrinite reflectance data for core samples of Neogene 
rocks from the Bekes basin are shown in Figure 8. 
Vitrinite reflectance, T max, and production index data for 
rocks from the Fabiansebestyen-4 well are compared in 
Figure 9. Young rocks that represent delta-plain deposi­
tion (Torte I Formation) have vitrinite reflectance values 
less than about 0.5%, corresponding to T max values be­
tween 420 and 430°C. Rocks that represent delta slope 
deposition (Algyo Formation) have vitrinite reflectance 
values between about 0.5-0.8% with occasionally higher 
values. Rocks from the lower part of the Pannonian 
section (including the Szolnok Formation and basal 
clays) and pre-Pannonian Miocene (M4,5) rocks have 
variable maturities depending upon their location in the 
basin (i.e., depending on burial depth and heat flow) . 
Vitrinite reflectance values for the pre-Pannonian Mio­
cene rocks range from abut 0.7-2.0% or more in the 
deeper parts of the basin. 

DISCUSSION 

Oil Correlations 

At least three genetic oil-types are present in the basin. 
The oils are listed according to interpreted genetic groups 
in Tables 2 and 7. We classified the oils according to 
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Figure 9. (left) T max and (right) production index (PI) versus vitrinite reflectance for samples of rock cuttings from 
the Fabiansebestyen-4 well. Dots show measured data points (averaged over 100 m intervals) and x 's give trend or 
moving average. Q: Quaternary; M: Miocene; Pa2: Upper Pannonian; K3: Upper Cretaceous; h' Middle Trias­
sic; Tt: Lower Triassic. 

n-alkane distributions, pristane/phytane ratios, biologi­
cal marker compositions, and carbon isotope ratios. 
These genetic classifications are based on consideration 
of all ofthe geochemical data, but differences in molecu­
lar distributions and carbon isotope ratios are given more 
weight than compound class distributions in the correla­
tions. The data suggest that additional, volumetrically 
minor oil-types may be present within these major 
groups. Similarly, Sajg6 (1984) correlated oils from the 
Battonya structure on the western flank of the Bekes 
basin, including oils from the adjacent H6dmezovasar­
hely-Mak6 (Mak6) depression (Fig. I), and concluded 
that three genetic types are present. Sajg6's correlations 
were based mainly on relative amounts of oleanane and 
the amount of hopanes and moretanes relative to steranes. 
The oleanane, Tm/Ts, carbon isotope ratios, and OEP 
values (Fig. 10) indicate two oil-types at Pusztaf6ldvar 
field, and the virtual absence of oleanane in some of the 
other fields on the Battonya structure (Sajg6, 1984) is 
consistent with the interpretation of at least three genetic 
oil-types. In the case of these Pusztaf6ldvar field oils, a 

clear genetic distinction between the oil-groups is also 
indicated by the carbon isotope ratios. The group I oils 
are somewhat depleted in l3C compared to the oils from 
groups 2 and 3. In general, the saturated and aromatic 
hidrocarbons in the group I oils (Table 7) have lower 
I C/12C ratios than the other oil groups. 

The two principal differences in alkane composition 
between the group I and groups 2 and 3 oils are: (1) the 
former generally have OEP or CPI values greater than 
one (odd carbon preference) while the group 2 and 3 oils 
commonly have values less than one (even carbon pref­
erence); and (2) the pristane/phytane ratios are greater 
than one for all of the group I oils but are less than one 
in some ofthe group 2 and 3 oils. Pristane/phytane ratios 
are believed to depend mainly on the origin of the organic 
matter (Powell and McKirdy, 1973), although the rela­
tionship between specific environments of deposition or 
contributing organisms and pristane/phytane ratio is im­
perfectly understood (ten Haven and others, 1987). 
Likewise, odd- or even-carbon preferences are thought 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Organic Geochemistry of Crude Oils and Source Rocks 171 

to be a primary feature of the original organic matter. In 
contrast, secondary processes, most notably maturation 
of bitumen in a source rock prior to expulsion of the oils 
or in-reservoir maturation of oil, can significantly affect 
the relative amounts of compound classes (saturated 
hydrocarbons, aromatic hydrocarbons, resins, asphalte­
nes). Therefore, biological marker composition, alkane 
molecular distributions, and carbon isotope ratios are 
more sensitive than compound class composition to the 
organic matter source. Accordingly, the genetic classi­
fications of Table 7 are based primarily on these source­
dependent parameters and only secondarily on com­
pound class composition. 

Thermal maturity 

Superimposed on the source-related differences among 
the oils are effects of thermal maturity. For example, 
condensate samples 21 and 41 (Fig. 3) contain most 
features ofthe genetic group I oils (high saturated hydro­
carbon content, high pristane/phytane ratio etc.), but 
contain predominantly low molecular weight alkanes 
« c 15) owing to effects of thermal processes. Among 
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Figure II . Normalized C27-C29 sterane content (20R 
configuration) for Bekis basin oils. Numbers refer to 
oil sample numbers listed in Table I. 

oil-types 2 and 3 (Table 7), the overall boiling-point 
distribution of alkanes also varies significantly. The 
Szeghalom-28 oil (sample 61 , Szeghalom-28 well, Fig. 
4) has a much lower wax content than the other related 
oils. However, in contrast to the group I oils, the lower 
wax content and lower isoprenoidln-alkane ratio for the 
Szeghalom-28 oil is probably related more to source 
differences than to differences in thermal maturity. Un­
like the other group 2 and 3 oils, the Szeghalom-28 oil 
contains no oleanane and has an anomalously high C29 
sterane (24-ethylcholestane) content (Fig. II). These 
features indicate that this oil represents a sub-type within 
group 2 and that the differences in alkane distribution 
(especially boiling point distribution and OEP) are re­
lated mainly to source rather than thermal maturity. 

The ratios of20S/20S+20R diastereomers of 24-ethyl­
cholestane and triaromatic to monoaromatic steroids are 
shown in Figure 12. Some oil samples are omitted from 
this plot because some samples, particularly the high 
gravity oils and condensates, contained insufficient bio­
logical marker concentrations for analysis. The triaro­
matic/triaromatic + monoaromatic ratio, calculated ac­
cording to the method of Mackenzie (1984), varies be­
tween 0.55-0.95. The 20S120S + 20R ratio of 24-ethyl­
cholestane range from 39-59%. Equilibrium for this 
latter reaction (20R-20S) is about 55%, and the mono- to 
triaromatic conversion is complete at a value of 1.00 
(Mackenzie, 1984). It is noteworthy that these reactions 
have not reached completion (or equilibrium) in some of 
the oils. This finding, like the observation of odd-even 
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Figure 12. Comparison of steroid aromatization 
(monoaromaticlmono- + triaromatic; Mackenzie, 
1984) and 24-ethylcholestane isomerization at C-20 
(20s/20S + 20R) for Be/ces basin oils. Analyses are of 
whole oil samples (see analytical procedures section 
for description of method). 

carbon preference in some of the oils, indicates that in 
some cases, oil expulsion from source rocks occurred at 
quite low temperatures before these biological marker 
reactions reached completion. 

Oleanane Content 

Oleanane is present in unusually high relative amounts 
(normalized to hopane) in some of the oils (Table 2). 
Although high amounts of oleanane relative to hopane 
have been reported in oils from China and Indonesia 
(Grantham and others, 1984), most oils worldwide con­
tain much lower amounts (Ekweozor and others, 1979a, 
1979b; Benshan and others, 1984; Palmer, 1984; Schoell 
and others, 1984; Riva and others, 1986). In these pre­
vious studies, oleanane generally has been used as an 
indicator of organic matter derived from terrigenous 
sources, although Palmer (1984) noted that in Eocene 
rocks of the Elko Formation (Nevada, U.S.A.) oleanane 
occurred both in lignitic organic matter and oil shale even 
though the latter contained organic matter derived pre­
dominantly from aquatic organisms rather than land­
plants. 

In the Bekes basin oils, oleanane occurs in some oils 
containing features otherwise interpreted to indicate pre­
dominantly marine organic precursors (low pris­
tane/phytane ratios, even-carbon preference among n-al­
kanes) (samples 38, 44 and 49, Table 2). Because no 
obvious relationship exists between oleanane content 
and other indicators of the organic matter source of the 
oils, oleanane content in Bekes basin oils cannot be used 
as an indicator of terrestrial versus marine organic matter. 
A possible explanation for this observation is that 
oleanane may have more than one source. While land 
plants may be a major source of oleanane, it is possible 
that a heretofore unknown source may exist, including 
possibly a bacterial and/or diagenetic source. Ten Haven 
and Rullkotter (1988) presented a diagenetic scheme 
wherein taraxer-14-ene is converted ultimately to 
oleanane. They point out that Howard (cited in Venkate­
san and Kaplan, 1982, p. 2143) found an unknown ter­
pene in a bacterium with a mass spectrum similar to 
taraxer-14-ene. However, no direct evidence is available 
in the current study to support the hypothesis of a bacte­
rial source of oleanane precursors. 

Although oleanane content may not provide clear evi­
dence of the specific biological source of the organic 
matter contained in the Bekes basin oils, it does seem to 
be a useful empirical correlation parameter. The chemi­
cal structure of oleanane is not sufficiently different from 
the chemical structure ofhopane to explain the observed 
range of oleanane/hopane ratios by thermal maturity 
differences among the oils. The absence of oleanane and 
the high norhopane content in the Szeghalom-28 oil 
(Tables 1 and 7) are the main criteria for listing the 
sample as a subgroup of genetic group 2. 

Oil migration 

Ambiguities regarding correlation parameters (i.e., 
some inconsistencies among source-dependent correla­
tion indicators) may be caused not only by maturation 
processes as discussed before, but also by mixing of oils 
from different sources during secondary migration. As 
noted by Clayton and others (1990), hydrocarbon gas and 
carbon dioxide have undergone substantial vertical and 
lateral migration. Similarly, the finding of oils with wide 
ranges of densities, boiling point distributions (conden­
sates and medium-to-heavy oils), and chemical compo­
sitions in shallow fields (\000-2000 m depth) on the 
same structural highs (Battonya and Komadi fields, Fig. 
1) is also evidence for substantial vertical and lateral 
secondary migration of oil. 
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Organic Geochemistry of Crude Oils and Source Rocks 173 

The depth to a given maturation level (vitrinite reflec­
tance value) (Fig. 8) varies throughout the Bekes basin 
depending on local heat flow. The average geothennal 
gradient in the basin is high (50C1I00 m) (DOvenyi and 
Horvath, 1988), but is somewhat lower (4°C/lOO m or 
less) in the deep part ofthe basin compared to structurally 
high positions on the margins of the basin. 

This variation in thennal-maturity-depth trend in the 
basin is small enough to allow some generalizations 
about depth and conditions of oil generation in the basin. 
Rocks of the upper Pannonian TOrtel Fonnation and 
younger (Quaternary) are thennally quite immature with 
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respect to liquid hydrocarbon generation (Ro values 
much less than 0.6%). As noted above, parts of this rock 
sequence (delta-plain deposits penetrated in the Fabian­
sebestyen-4 well) contain good potential source rocks. 
Equally organic-rich rocks representing delta-plain 
deposition have been reported at one location within the 
Bekes basin proper (Bekes-2 well) (I. Koncz, personal 
commun., 1989). These rocks are speculated to be 
sources of oil and gas in the basin, but no oil or gas 
occurrences have yet been directly correlated with upper 
Pannonian rocks. 
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Figure 13. Isomerization of24-ethylcholestane (20s/20S + 20R) and steroid aromatization (monoaromatic + 
mono- + triaromatic) in core sample extracts from H6dmezowisarhely (HOO)-1 well, located in Mak6 depression 
(Fig. 1), compared with Bekis basin oils and core extracts. Circles represent Bekis basin oil data; X's represent 
H6dmezowisarhely (H6d)-1 core extract datafrom Sajg6 and others (1988); squares represent core extractsJrom 
several locations in Bekis basin. Trend lines for various geothermal gradients were generated by computer for the 
two reactions using Mackenzie's (1984) kinetic parameters and the kinetic program of J.D. King (US.G.s., unpub­
lished data). 
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174 Clayton and others 

Table 1. List of oil samples, locations, producing zones, and reservoir data. Location of fields and wells listed in 
column 2 are shown in Figure 1. Bsmt: basement; Pm: lower Pannonian; PC: Precambrian; Pz: Paleozoic; Mz: 
Mesozoic; Tr: Triassic; Mio: Miocene; em: clayey marl; ss: sandstone; cgl: conglemerate; 1m: limestone; sh: shale; 
dol: dolomite; m: marl; nd: not determined; Szoln: Szolnok Formation. 

SAM- FIELD or WELL PRODUCING API RESERVOIR FM. RESERVOIR RES. 
PLE WELL NAME No. DEPTH(m) GRAV. AGE NAME LITHOLOGY TEMP. 
No. (oC) 

1 Battonya 1 1027-1029 42 Pal nd em ss egl 76 
2 BattonYll 70 1028-1030 43 Pal nd em ss egl 74 
3 Battonya-East 63 1036-1041 43 Pal nd em 65 
4 Bekes (well) 1 2995-3002 42 Pal Szoln ss 155 
5 Biharkeresztes 1 1584-1588 32 Bsmt nd m nd 
6 Biharkeresztes 1 1865-1895 44 nd nd nd nd 
7 Biharugra 3 2295-2303 44 Mz nd 1m nd 
8 Csamidapaea 3 1911-1930 35 Pal nd em III 
9 Devavanya 1 2440-2450 44 Mio+PC nd nd 144 
10 Devavanya 11 2573-2586 35 Pal Szoln ss nd 
11 Endrod 2 2394-2400 34 pz nd m 141 
12 Endrod 4 2450-2456 57 nd nd nd nd 
13 Endrod 5 2595-2603 29 nd nd nd nd 
14 Endrod-N orth 5 2795-2825 29 Pal nd em l33 
15 Endrod-North 5 2901-2909 30 PC nd m 171 
16 Gyoma (well) 2 2918-2924 35 Pal nd m nd 
17 Hunya (well) 1 3169-3174 46 Pal Szoln ss egl nd 
18 Kaszaper-South 2 1570-1605 33 Pal nd em nd 
19 Kaszaper-South 8 1628-1631 30 Pal nd em nd 
20 Fiizesgyarmat 11 1826-1836 46 Mio nd nd nd 
21 Komadi 1 1867-1873 nd Pal+Mio nd sh nd 
22 Komadi 3 2527-2535 38 Mio nd ss nd 
23 Komadi 4 1920-1926 47 Pal AIgyo ss 105 
24 Komadi 6 2204-2212 39 Mio+Bsmt nd ss m 117 
25 Komadi 10 2l34-2140 44 Pal AIgyo ss nd 
26 Komadi 12 2553-2564 26 Pal nd em 139 
27 Komadi 15 2520-2537 28 Pal+Mio nd em sh nd 
28 Komadi 19 3115-3126 30 Mio nd ss egl nd 
29 Komadi-East 2 2275-2280 36 Pal Szoln ss nd 
30 Korosladany 1 2879-2887 48 Bsmt nd m 158 
31 Korostaresa 1 3248-3260 42 Mio nd 1m nd 
32 Korostaresa 1 3295-3302 nd Mio nd 1m 180 
33 Medgyesbodzas 1 2530-2545 39 Mio nd ss, egl nd 

J(well) 
34 Mezogyan-well 1 2240-2276 32 Mio nd egl ss l33 
35 MezOhegyes 14 1188-1190 35 Pal nd em nd 
36 MezOpeterd I 2917-2921 41 Mio nd egl ss 152 
37 MezOsas 3 2568-2575 40 PC nd m 147 
38 MezOtUr 1 2840-2890 32 Pal+Mio nd sh egl nd 
39 IOrmenykUt-well 1 2983-2988 46 Mio Szoln ss nd 
40 Pusztallildvar 46 1709-1716 nd Pal Foldvar ss nd 

Zone 
41 Pusztallildvar 86 1607-1615 nd Pal Foldvar ss 109 

Zone 
42 Pusztallildvar 114 1776-1777 27 Pal Bekes egl nd 

Zone 
43 Pusztallildvar 134 1766-1769 nd Pal nd em nd 
44 Pusztafoldvar 154 1698-1717 30 Pal Ftlldvar ss nd 

Zone 
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Table 1. Continuedfrom the previous page. 

SAM- FIELD or WELL PRODUCING API RESERVOIR FM. RESERVOIR RES. 
PLE WELL NAME No. DEPTH (m) GRAV. AGE NAME LITHOLOGY TEMP. 
No. 

45 PusztafOldvar 177 1703-1706 30 

46 Pusztaf61dvar 185 1761-1763 28 

47 Pusztasztillos I 1808-1810 nd 
48 Pusztasztillos 35/2 1230-1235 nd 

49 Pusztaszollos 29 1748-1750 30 
50 Sarkadkereszmr I 2723-2729 50 
51 SarkadkereszWr 4 2948-2954 42 
52 Sarkadkereszmr 9 2551-2556 49 
53 SarkadkereszWr 16 2861-2865 51 
54 SarkadkereszWr 32 2916-2921 42 
55 Szarvas 5 2204-2206 55 
56 Szarvas 7 2256-2264 46 
57 Szarvas II 2309-2314 34 
58 Szeghalom 3 2101-2105 43 
59 Szeghalom II 2071-2076 44 
60 Szel!;halom 12 2039-2075 46 
61 Szeghalom 28 1097-1914 31 
62 Szeghalom 38 2081-2086 39 
63 Szel!;halom-N 1 1908-1914 44 
64 Szel!;halom-N 5 2312-2323 45 
65 T6tloml6s I 1755-1765 31 
66 T6tkoml6s 26 1898-1900 36 
67 T6tkoml6s-East 1 1520-1525 44 
68 H6d (well) I 4152-4156 52 
69 H6d(well) 2 4807-4815 38 

Figure 13 shows isomerization of 24-ethylcholestane 
(20S/20S + 20R) and aromatization (tri-/mono- + triaro­
matics) of steroids from Bekes basin oils and rock ex­
tracts compared with data obtained for extracts from 
cores collected from the H6dmezovasarhely (Hoo)-1 
well (Fig. I) (Sajg6 and others, 1988). These reactions 
are complete at about 3000 and 2300 m, respectively, in 
the H6d-l well (geothermal gradient approximately 
4°C/100 m). The H6d-1 well is located in the Mak6 
depressionjust to the west of the PusztafOldvar-Battonya 
structure which forms the southwestern boundary of the 
Bekes basin (Fig. 1). Although the H6d-1 well is located 
outside the Bekes basin proper, the basin fill of the Mak6 
depression was deposited in the same transgressive epi­
sode as the Bekes basin fill (Mattick and others, this 
volume). Moreover, the heat flow in the Mak6 depres­
sion is similar to that of the Bekes basin (Sajg6 and 
others, 1988). Therefore, the geochemistry (and particu­
larly the thermal history) of the Neogene section in the 

(oC) 

Pal Foldvar ss nd 
Zone 

Pal Bekes cm nd 
Zone 

Mz nd dol 121 
Pal Koml6s nd 84 

Zone 
Mz nd dol 1m nd 
pz nd m 142 
PC nd m 124 
Pal Szoln ss 124 
Pal Szoln ss 141 
PC nd m 152 
Pal AIl!;Yo ss 131 
Pal Szoln. ss nd 
Pal Szoln. ss 145 
Mio nd cl!;1 nd 
Bsmt nd m 119 
PC nd m 119 
nd nd nd nd 
nd nd nd 122 
Bsmt nd m 116 
Mz 'nd m 141 
Pal nd Icm 123 
Tr nd dol nd 
Pal nd cm 118 
Pal nd m nd 
Mio nd nd nd 

H6d-1 well is assumed to be representative of the average 
Neogene section in the deep parts of the Bekes basin. 

I 

Isomerization data of Bekes basin core extracts 
(squares in Fig. 13) from the H6d-l well support this 
assumption. The reaction trend lines of Figure 13 were 
calculated for three geothermal gradients (5.0oCIl00 m, 
4.0oCIl 00 m, 3.2°CIl00 m) using the kinetic parameters 
of Mackenzie (1984). The gradient of 4.0DCIl 00 m is the 
current-day gradient in the area of the H6d-l well, and 
the 5.0oC1l00 m and 3.2°CIl00 m curves represent the 
extent of each reaction (isomerization or aromatization) 
for the range of present-day geothermal gradients in the 
Bekes basin. The curves show the extent of each of the 
two reactions as a function of depth of burial for the 
geothermal gradients shown. The reaction curves are 
calculated using the method of J. D. King (U.S. Geol. 
Survey, unpublished data). Completion of the reactions 
(equilibrium in the case of isomerization) is indicated by 
vertical dotted lines. Circles show the reservoir depths 
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176 Clayton and others 

and reaction extent for the least-mature Bekes basin oils. 
These data are bracketed by horizontal, alternating dash­
dot lines which show the depths corresponding to the 
maturity of these oils for the high and low geothermal 
gradients. 

Comparison of the extent of steroid isomerization and 
aromatization ofBekes basin oils with core extracts from 
the H6d-J well and Bekes basin wells (Fig. 13) provides 
an estimate of the approximate depths (maturities) at 
which oils were generated. Of course, this approach can 
be used only for oils which have incomplete reactions. 
Based on comparison ofthe degree of sterane isomeriza­
tion and aromatization in the immature oils with the 
extent of these same reactions in the rock extracts versus 
depth, we conclude that some of the oils were expelled 
from source rocks at depths less than about 3300 m (Ro 
« 0.60%), perhaps as shallow as about 2000 m (Ro of 
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about 0.35%). The odd-even carbon preferences noted 
above in some of the oils are, in some cases, coincident 
with fairly strong even- (or odd-) carbon preferences in 
the rocks. This coincidence of incomplete isomerization 
and carbon preferences supports the interpretation that 
some of the oils were expelled at fairly shallow depths, 
corresponding to low levels of thermal maturity, as indi­
cated by vitrinite reflectance values (Ro of about 0.60% 
or less). 

Not all ofthe oils with incomplete sterane isomerization 
contain n-alkanes with carbon preferences. This is not 
surprising because not all young sedimentary organic 
matter has a pronounced carbon preference. The inten­
sity of an odd-even carbon preference depends on the 
relative contribution of lipid precursors from various 
sources. For example, variable proportions of higher­
land-plant waxes would be reflected in the degree of 
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Figure 14. Gas chromatograms OfC15+ saturated hydrocarbons from rock extracts. Numbers preceeding well 
names refer to sample numbers in Tables 1 and 2. 
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/ of Bakes Basin 
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Figure 15. Generalized structure contour map on base of Neogene rocks. Datum is sea level. Vertically hatched 
area shows interpreted generation zone of least mature oils from Miocene source rocks (Ro of about 0.35-0.60%). 
Horizontal hachures indicate generation depths of more mature oils. Unhachured area represents a transition be­
tween these two maturity zones. Solid arrows indicate directions of migration for oil. Open arrows indicate migra­
tion of condensate and gas. 
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Table 2. Summary of interpreted gechemical data for oils. Location of fields and wells listed in column 2 are 
shown in Figure 1. nd: not determined 

Genetic Group 1 

Sample No. Field Name or A B C D E F G H I J K L M 
Well name 

1 Battonya 10 89 6 0.99 0.12 0.15 0.44 44 0.71 1.20 1.02 -26.9 -25.0 
2 Battonya-East 70 4 1.21 0.19 0.21 0.52 43 0.85 1.19 1.00 -26.0 -24.5 
3 Battonya 63 5 1.50 0.17 0.17 0.43 44 0.90 1.30 1.03 -26.3 -24.9 
4 Bekes (well) 1 94 4 nd nd nd nd nd nd 2.16 1.02 -26.6 -26.2 
5 Biharkeresztes 1 89 1 2.42 0.34 0.19 0.43 43 nd 1.07 -25.7 -25.0 
6 Biharkeresztes 1 95 3 nd nd nd nd nd nd 3.35 1.00 -25.9 -26.2 
7 Biharugra 3 93 2 2.84 0.25 0.16 0.57 35 0.55 2.28 1.00 -28.6 -25.1 
8 Csamidapaca 3 78 10 0.26 0.29 0.26 0.56 47 nd 2.17 1.03 -28.1 -26.5 
9 Devavcinya 1 93 3 nd nd nd nd nd nd 2.22 1.03 -27.5 -27.3 
10 Devavcinya 11 88 7 0.90 0.35 0.21 0.46 47 nd 1.25 1.00 -25.9 -24.8 
11 Endrod 2 90 5 1.24 0.22 0.21 0.49 55 nd 1.12 1.01 -26.8 -24.7 
12 EndrOd 4 92 5 nd nd nd nd nd nd 1.92 1.05 -27.6 -25.9 
13 EndrOd 2 68 16 0.71 0.13 0.12 0.45 55 0.82 1.47 1.02 -26.4 -24.9 
14 Endrod-North 5 92 4 0.66 0.51 0.74 0.60 nd nd 1.87 1.02 -28.6 -26.9 
15 Endrod-North 5 82 9 0.45 0.12 0.14 0.38 55 0.74 0.35 1.03 -26.8 -25.3 
16 Gyoma (well) 2 88 6 0.27 0.20 0.33 0.39 55 nd 1.02 0.93 -28.2 -26.1 
17 Hunya{welll 1 88 9 nd nd nd nd 48 nd 1.73 1.02 -26.6 -25.8 
18 Kaszaper-South 2 80 9 1.64 0.19 0.18 0.41 40 0.77 1.11 1.00 -26.9 -24.8 
19 Kaszaper-D 8 74 8 1.24 0.09 0.13 0.36 56 0.85 1.77 1.01 -26.5 -24.7 
20 Fiizesgyarmat 11 94 4 nd nd nd nd nd nd 1.55 1.04 -28.4 -26.6 
21 Komadi 1 94 1 nd nd nd nd nd nd 2.24 >1.0 -26.4 -26.3 
22 Komadi 3 84 5 1.61 0.23 0.20 0.45 nd 0.83 2.07 nd nd 
23 Komadi 4 91 6 1.13 0.25 0.24 0.49 53 nd 1.28 1.02 -25.3 -25.6 
24 Komadi 6 63 27 0.68 0.04 0.16 0.35 50 0.94 1.53 nd nd 
25 Komadi 10 93 3 nd nd nd nd nd nd 1.75 >1.0 -25.6 -25.3 
26 Komadi 12 62 17 1.33 0.05 0.15 0.49 53 0.79 1.40 0.99 -28.0 -26.2 
27 Komadi 15 72 12 1.88 0.10 0.15 0.51 51 0.82 1.10 0.99 -27.1 -25.4 
28 Komadi 19 88 6 0.30 0.45 0.34 0.22 nd nd 1.41 1.05 -27.3 -26.2 
29 Komadi-East 2 83 9 1.65 0.25 0.22 0.41 57 0.92 1.19 0.99 -26.3 -24.8 
30 Korosladciny 1 95 4 nd nd nd nd nd nd 1.49 1.00 -23.7 -23.1 
31 Korostarcsa 1 88 8 1.90 1.63 0.15 0.83 nd nd 1.15 0.98 -25.3 -23.6 
32 Korostarcsa 1 92 5 nd nd nd nd nd nd 1.36 1.00 -26.6 -24.7 
33 Medgyesbodzas 1 87 8 0.41 0.22 0.32 0.46 55 nd 1.81 1.05 -26.8 -24.5 , 

(well) 
34 Mezogyan (well) 1 82 7 1.26 0.24 0.18 0.37 50 0.94 1.20 1.01 -26.8 -24.5 
35 Mezohegyes 14 87 5 nd nd nd nd nd nd 1.12 1.02 -26.9 -24.7 
36 Mezopeterd 1 92 6 nd nd nd nd nd nd 1.11 1.01 -26.8 -24.7 
37 Mezosas 3 77 10 0.33 0.24 0.13 0.46 53 nd 1.68 1.04 -27.6 -27.2 
38 Mezorur 1 76 13 0.80 1.26 0.24 0.34 45 0.76 1.26 0.93 -24.5 -23.2 
39 Ormenykut -well 1 88 9 nd nd nd nd nd nd 1.34 1.01 -25.7 -25.6 
41 Pusztaf61dvcir 86 93 1 1.79 0.37 0.18 0.36 37 0.86 9 nd -27.8 -26.8 
43 PusztafOldvcir 134 87 7 0.87 0.07 0.11 0.39 57 0.95 1.40 1.00 -26.4 -24.8 
46 PusztafOldvcir 185 91 4 0.32 0.16 0.31 0.31 nd nd 2.04 1.04 -28.2 -25.8 
48 PusztaszOllos 3512 87 3 nd nd nd nd nd nd nd nd -27.9 -26.9 
50 Sarkadkereszrur 1 93 4 nd nd nd nd 32? nd 2.00 1.03 -27.6 -25.5 
51 Sarkadkereszrur 4 91 6 nd nd nd nd 55 nd 1.76 1.02 -27.8 -25.6 
52 Sarkadkereszrur 9 91 8 0.69 0.71 0.26 0.57 nd nd 1.57 1.03 -26.4 -25.3 
53 Sarkadkereszrur 16 88 5 nd nd nd nd nd nd 1.72 1.03 -25.4 -24.8 
54 Sarkadkereszrur 32 92 5 nd nd nd nd nd nd 1.71 1.03 -27.8 -25.6 
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Table 2. Continuedfrom previous page. 

Sample No.1 Field Name or A 
I Well name 

55 Szarvas 5 
56 Szarvas 7 
57 Szarvas II 
59 Szeghalom 11 
60 Szeghalom 12 
61 Szeghalom 28 
62 Szegha!om 138 
63 Szeghalom-North ! 1 
64 Szeghalom-North 5 
66 
67 

1140 
144 
1147 
1161 

42 
45 
49 
58 
65 

T6tkoml6s 
T6tkoml6s-East 

Field name or 
Well name 

Pusztafoldvar 
PusztafOldvar 
Pusztaszollos 
Szeghalom 

Field name or 
Well name 

PusztafOldvar --
PusztafOldviir 
Pusztaszollos 
Szeghalom 
T6tkoml6s 

Caliimns drifisfallows.; 
A: well number; 

i26 
I 

46 
154 
1 
28 

114 
'Tn 
29 
3 
I 

B: saturated hydrocarbons (ppm); 
C: aromatic hydrocarbons; 

B 

96 
91 
85 
89 
91 
58 
92 
92 
88 
82 
86 

78 
78 
76 
58 

64 
78 
76 
66 
78 

CT·D E F G 

2 nd nd nd nd -S- nd nd nd nd 
10 1.52 0.61 0.16 0.53 
5 1.35 0.18 0.18 0.41 
5 1.30 0.24 0.21 0.66 
25 3.26 0.00 0.08 1.19 
5 1.49 0.25 0.22 0.54 
5 1.16 0.27 0.23 0.49 
7 2.90 0.32 0.21 0.45 
3 0.81 0.09 0.11 0.35 
9 1.54 0.33 0.16 0.59 

Genetic.Group 2 

12 nd nd Ind nd 
12 1.63 0.35 10.15 0.41 
13 nd nd 'nd nd 
25 0.00 0.00 10.9~ ... 1.19 

Genetic Group 3 

.. 

10 2.11 0.34 0.15 0.32 
6 1.20 0.19 0.14 0.34 
6 1.77 0.27 0.18 0.39 
II 3.38 0.40 0.19 0.61 
8 2,16 0.24 0.18 0.46 

D.· 22,29,30-17a (H) trisnorhopanel22, 29, 30-18a O(H) trisnorneohopane; 
E: oleanane/hopane; 
F: moretane/hopane; 
G: C29/C30 (norhopanelhopane); 
H: 24-ethylcholestane (20S/20S + 20R); 
1: triaromaticltriaromatic + monoaromatic steroid (Mackenzie, 1984); 
J: pristanelphytane; 
K: carbon preference index (n-C25-C31) 
L: iP C sats (%0 vs PDB); 
M: IP C Aromatics (%0 vs PDB) 

H I I 

nd nd 
nd nd 
48 0.93 
41 0.89 
33 nd 
40 0.70 
40 nd 
37 nd 
45 0.87 
53 nd 
44 0.81 

nd nd 
39 0.77 
nd nd 
40 0.70 

39 0.81 
37 0.79 
nd 0.77 
43 0.85 
43 0.79 

179 

J K L M 

6.45 nd -27.6 -27.3 
1.55 nd -26.2 -28.2 
1.42 1.03 -26.1 -26.4 
1.27 1.03 -24.9 -24.7 
1.25 1.04 .-24.8 -24.7 
0.69 0.99 -27.2 -27.2 
1.25 1.04 -25.2 -24.6 
1.20 1.01 -25.4 -24.7 
1.29 1.04 -25.0 -23.9 
1.40 0.98 -26.4 -24.7 
1.89 1.02 -26.1 -24.9 

0.76 10.91 -24.6 -24.4 
0.76 10.94 -25.6 f~ 
0.950.98 -26.7 -24.9 
0.69 10.99 -27.2 -27.2 

0.74 0.89 -25.6 -24.2 
0.72 ·0.90 -25.8 -24.9 
0.94 0.96 -26.6 -24.7 
1.08 1.00 -25.0 -24.4 
0.89 0.96 -26.4 -24.8 
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180 Clayton and others 

Table 3. Distribution of total organic carbon (TOC) for samples of rock cuttings from the Fabiimsebestyen-4 well. 
Determination by Rock-Eva!. M4,s: Miocene (Badenian and Sarmatian): K3: Upper Cretaceous: h' Middle Trias­
sic: TJ: Lower Triassic. 

CLASSIFICA TIONd 1 2 3 4 5 6 
TOC CarbonatesU <1.5 1.5-2.5 2.5-5 5-10 10-20 >20 
TOC Shales <1 5-10 10-20 20-40 40-80 >80 
Tortel Formation (delta 0% 0% 3% 20% 23% 54% 
plain) 
Algyo Formation (delta 25% 43% 15% 15% 2% 0% 
slope) 
M4.5 100% 0% 0% 0% 0% 0% 
K3 92% 8% 0% 0% 0% 0% 
T2 6% 19% 44% 25% 6% 0% 
TI 60% 30% 10% 10% 0% 0% 

I 
I a) Classification according to total organic carbon content 

I b) Carbonate lithologies include limestone, dolomite and marl 
! 

-~dd-carl5on preterence. The cause ot even-carbon pre­
dominance is unknown, but the occurrence and intensity 
of even-carbon preference undoubtedly depends upon 
the proportional contribution of lipid precursors from 
various sources or diagenetic processes leading to forma­
tion of even-carbon numbered molecules. While the 
presence of carbon preferences indicates thermal imma­
turity, absence of a carbon preference does not, in itself, 
prove that the oil has had a higher temperature history. 

The extent of aromatization of steroids in the oils was 
calculated according to the method of Mackenzie (1984). 
In the oils which have incomplete sterane isomerization, 

.. 
the aromatlzatlOn IS also Incomplete (1 able 2). Accord­
ing to the kinetic models of Mackenzie (1984), the aro­
matization reaction has a higher activation energy (more 
temperature dependent) than the isomerization reaction. 
Therefore, in young, hot basins like the Bekes basin, the 
aromatization reaction would be expected to proceed 
more rapidly than the isomerization reaction. An alter­
native explanation for the occurrence of "immature" 
biological marker configurations among the steroids is 
that the oils could have acquired biological markers from 
the host rocks during secondary migration (Mackenzie, 
1984). This interpretation requires that the host rocks 
(carrier bed) contain sufficient amounts of biological 

Table 4. Distribution of total organic carbon (TOC) for core samples from the Fabiansebestyen-I,-3,-4, Kondoros­
I, Gyoma-l, Hunya-l, and Doboz-I wells. M4,5, Miocene (Badenian and Sarmatian). 

CLASSIFICATIOW 1 2 3 3&4 4 FREQUENCY FOR 
CARBONATES 

TOC CarbonatesU <1.5 1.5-2.5 2.5-5.0 5-10 
TOC Shales <5 5-10 10-20 20-40 
Algyo Formation (delta 63% 15% 22% 0% 19% 
slope) 
Szolnok Formation (bas- 65% 14% 14% 7% 14% 
inal facies) 
T6tkoml6s Formation 26% 8% 33% 33% 75% 
(basal marl) 
M45 0% 33% 67% 33% 
TOTALS FOR NEO- 52% 14% 25% 9% 
GENE 
FREQUENCY FOR 0% 13% 79% 100% 
CARBONATES 

a) Classification according to organic carbon content 
b} Carbonate lithologies include limestone, dolomite and marl 
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Organic Geochemistry of Crude Oils and Source Rocks 181 

Table 5. Summary of extractable organic matter yields (bitumen) for core samples from the F abiimsebestyen-1, -3,-
4, Kondoros-1, Gyoma-1, Hunya-1, and Doboz-l wells in the Bekes basin. 

CLASSIFICATION 1 2 2&3 'I 3 
Bitumen (mg/g rock) <0.25 0.i5-0.50 10.5-1 + 

---~-

Algyo Formation (delta slope) 11% 67% 22% 
Szolnok Formation (delta slope)a 7% 72% 21% 
Totkomlos Formation (basal marl) 0% 73% 

1
27% M4 S (Badenian, Sarmatian) 0% 100% 

I I a) basinal facies of delta slope sequences 
I j 
LI~r-__ ~~~~~~~~~~~~~~~~---'~~~~Tn~~~~' marker compounds that are avatlable for solutIon by an Most ot the Bekes basm 'i5i1'SdOnot eXhIbIt features 
oil and/or gas phase moving through the rock. A major suggestive of low-temperature (low "maturity") origin. 
problem with this explanation is that the secondary mi- Instead, all of the biological marker reactions commonly 
gration carrier beds are not organic-rich rocks, or even used as maturation indicators have reached completion. 
marginally rich "source-quality" rocks, but are sand- cpr or OEP values are near 1.00, and in many cases, the 
stones, or in many cases, are fractured igneous and meta- alkane distributions are skewed toward low molecular 
morphic basement rocks (Clayton and others, 1990; weight components «CIS). According to the matura-
Spencer and others, this volume). Further, the "imma- tion-depth relationships for rocks discussed above (bio-
ture" features occur only in the more dense oils which logical marker reactions, vitrinite reflectance, etc.) these 
contain other features suggestive of fairly low-tempera- "mature" oils were probably generated and expelled from 
ture origin. None of the low density oils or condensates rocks at present-day depths greater than about 3000 m. 
exhibit any of the low-temperature features. While This conclusion is supported by the gas chromatographic 
"stripping" of biological markers during secondary mi- results from rock extracts (Fig. 14). The more deeply 
gration may occur in some basins, no evidence is avail- buried Miocene and lower Pannonian samples have little 
able to support such an interpretation as a significant or no carbon preference in the C25+ range (samples at 
process in the Bekes basin. 3082 and 3599 m depth in the Fabiansebestyen-2 and 

Table 6. Organic carbon, extraction, and liquid chromatography results for core samples of early Pannonian and 
Miocene age core samples. nd, not determined. 

SAMPLE WELL NAME & AGE DEPTH TOe EOMU 

I 
HS~ ARu 

NUMBER (m) i 
1 Komadi-2 M4,S 2418.5- 5.2 1706 1499 169 

18.9 I 
I I ! 

2 Komadi-2 M4,S 2418.5-9 5.2 3523 1941 1424 
3 Komadi-2 M4,S 2419.7- l.l 2715 1056 200 

20.2 I 

4 Komadi-2 M4,S 2420.7-0.9 3.3 5798 2401 748 
5 Komadi-4/8 M4,S 2053.5-72 3.5 5194 2325 646 
6 Fabiansebestyen-2 M4,S 3100-18 3.1 2935 1784 374 
7 Fabiansebestyen-2 M4,S 3028-3100 1.2 3258 2438 282 
8 Mezotur-3 M4,5 2774-83 2.6 8852 6015 823 
9 Gyoma-2 M4,5 2923-30 nd 15000e 12600 1500 
10 Kondoros-1 M4,5 3580-99 0.7 980 nd nd 
11 Gyoma Pal 3350-59 0.9 1213 945 58 
12 Devavanya Pal 2666-75 1.8 4254 2801 529 
13 Derecske Pal 2646-57 0.7 666 386 62 

a) Total organic carbon; weight percent 
b) Extrable organic matter; ppm 
c) Saturated hydrocarbons (ppm) 
d) Aromatic hydrocarbons (ppm) 
e) Possible oil-stained sample 
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182 Clayton and others 

Kondoros-I wells, respectively, Fig. 14). The Miocene 
and lower Pannonian rocks from the Kondoros-I well 
still contain about 1000 ppm extractable organic matter 
(Table 6) even though the Ro value is 1.2%. If the rock 
has lost a substantial proportion of its initial hydrocarbon 
mass, either through migration or thermal cracking, then 
the 1000 ppm extractable organic matter and residual 
organic carbon content (0.7%) could represent a small 
fraction of the original mass of organic material present 
(Cooles and others, 1986; Daly and Edman, 1987). 

in quantity and quality (generation capacity) of organic 
matter on a regional scale is needed for improved inter­
pretation of specific oil migration pathways in specific 
structural or stratigraphic trends and to further assess the 
potential of these trends. 

Migration distances of the "low-maturity" oils are in­
ferred to be relatively short. Production depths in most 
fields are generally in the range of 1000-2000 m. This 
suggests that future exploration for relatively dense, low­
maturity oil in stratigraphic traps downdip from currently 

Table 7. Summary of geochemical data showing ranges for genetic oil-types 

Genetic I Sampled A 
Group 1 nos. 

I 
1 1-39,41, 75-96% 

1 43,46, (2<75%) 
:48, SO-

I i57.59, 
i 60,62- I 
64,66, 
67 

2 40,44, 76-78% 
47 I 

2 61 58% 
3 42,45, 64-78% 

49,58, 
65 I 

a) see laDies J & 1 

Columns are asfollows: 

B 
I 

C 
, 

>1 i>1 

<I <1 

<I 1< 

1<1 
<1 

(except 
Ino.58) 

D E F G H ! I 
I 

0.22 to 0.11 to 0.30 0.05 to mostly - -24.5 to 
0.83 0.74 to 2.84 1.63 25.0 to- 28.2 

128.6 (3)-
[25.0) 

! I 

i i 

1.24.6 to .1.24.2<0. 0.39 to 0.15 to 1.63 to 0.27 to 
0.41 0.18 1.77 0.35 26.7 24.9 
1.19 0.08 

1

3
.
26 

0 -27.2 -27.2 
0.32 to 0.11 to 0.81 to 0.19 to -25.0 to- -24.2 to-
0.39 0.19 3.38 0.40 26.4 24.7 

I I i 

A: normalized prcent of saturated hydrocarbons + aromatic hydrocarbons + nonhydrocarbons 
B: pristanel phytane 
C: carbon preference index (C25--C31) 
D: norhopanelhopane 
E: moretanelhopane 
F: 22, 29, 30-17a(H) trisnorhopanel 22,29, 30-18a(H) trisnorneohopane 
G:oleananelhopane 

13 13 H: CSat (%0 vs PDB); and I: CArom (%0 vs PDB). 

tlgure I) snows a mOOlIleo structure contour map at 
the base of the Neogene with the shallow generation zone 
(Ro = 0.35-0.60%) vertically hachured to indicate the 
source rock interval from which the oils oflowest matur­
ity were derived. As mentioned previously, the pre-Pan­
nonian Miocene rocks (at the base of the Neogene sec­
tion) are the most organic-rich source rocks in the basin. 
Because of the small number of wells at off-structure 
locations in the basin, the distribution of organic-rich 
facies within this shallow oil-generation zone (less than 
3000 m; Ro = 0.35-0.60%) is not well-known on a 
basinwide scale. A better understanding ofthe variation 

producmg structures may be successtul. In additIOn, 01 

migrating from more deeply buried source rocks (Fig. 15, 
horizontal hachures) could have charged shallow strati­
graphic traps with light oil or condensate (or gas). The 
vertical migration distance for the light oil would be 
longer than the vertical migration distance for the heavy 
oil. The oil in these types of traps would be analogous 
to the oil being produced from fields located on basin­
margin highs. Traps associated with these highs contain 
a wide variety of oils of varying maturity from at least 
two, and probably three, types of source rock as dis­
cussed previously. 
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In contrast, stratigraphic traps at depths of about 3000 
m or greater are likely to contain low density oil (includ­
ing condensate) and/or gas. These traps would be 
charged with oil and/or gas generated from more mature 
source rocks, assuming that downward migration of oil 
is not a significant process in the Bekes basin. In fact, 
the stratigraphic interval containing the effective source 
rocks (pre-Pannonian Miocene and lower Pannonian) for 
these deeper traps is the same as for the shallow traps but 
occurs in deeper parts of the basin and, therefore, is more 
deeply buried. As noted by Molenaar and others (this 
volume) and Mattick and others (this volume), the Neo­
gene rocks were deposited on top of the existing pre-Ter­
tiary topographic surface essentially filling basement 
lows and onlapping basement highs. Therefore, source 
rock intervals may not be time-equivalent across the 
basin, but may be physically continuous with consider­
able structural relief and attendant variation in thermal 
maturity. At the time of this writing, very few wells have 
been drilled in deep (central) parts of the basin and little 
is known regarding the distribution of organic matter and 
maturation levels in the deep zones. 

Reservoir Temperatures 

Available reservoir temperature data are given in Table 
I. Many of the reservoirs have unusually high present­
day temperatures, mostly over 100°C, with a few be­
tween 150 and 180°C. In some cases, relatively high­
density oils (API gravities 30°_35°) occur at tempera­
tures in excess of 100-150°C. This observation suggests 
that in-reservoir maturation is not a major process in the 
basin, notwithstanding the high reservoir temperatures. 
One explanation for the inferred lack of significant in­
reservoir maturation is that the duration of heating has 
been very short owing to fairly recent emplacement of 
the oil (oil generation and migration is probably occur­
ring today). Hence, kinetic limitations could have im­
peded the maturation process despite the high tempera­
tures. A second explanation is that petroleum hydrocar­
bons are more thermally stable than generally recog­
nized. The data of the present study are insufficient to 
fully explain these observations, although generation of 
oil under conditions of rapid heating may lead to the 
liberation of a high proportion of asphaltic components 
from kerogen as is typically observed in retort processes 
or rapid laboratory heating experiments. This process 
could result in initially fairly heavy oils which may have 
had insufficient time to undergo advanced in-reservoir 
maturation even at these high temperatures. This may be 
a tenable explanation for the more asphaltic oils which 
have low gravity values and occur at high reservoir 

temperatures (Komadi-12 well, sample 26, Tables I and 
2) but is inadequate to explain the occurrence of low 
gravity, high aliphatic oils in high-temperature reservoirs 
(Szarvas-II well, sample 57, Tables I and 2). 

SUMMARY AND CONCLUSIONS 

Oil generation has occurred over a range of thermal 
maturation levels, corresponding to a range of present­
day source rock burial depths. Based solely on frequency 
of occurrence, without consideration of volumes of oil, 
the bulk of the oil seems to have been generated from 
source rocks buried to present-day depths of about 3000 
m (Ro» 0.6%) or greater. Oil has also been expelled from 
source rocks at shallow depths (2000-3000 m; Ro = 

0.4-0.6%) under conditions offairly low thermal matur­
ity, but is less common than the more mature type. 

Based on consideration of a number of geochemical 
correlation parameters, three genetic oil-types are clearly 
indicated. At least one additional genetic oil-type may 
exist as indicated by complete absence of oleanane in 
samples analyzed in this study and the previous study of 
Sajg6 (1984). Additional oil-types may be present; this 
question cannot be fully resolved with the data of the 
current study, particularly since mixing of oils from 
different sources may have occurred. 

Source-rock evaluation and correlation of source rock 
extracts with oils indicate that the pre-Pannonian and 
lower Pannonian Miocene rocks are the probable source 
rocks of the oil produced in the Bekes basin. Excellent 
source rock potential is present in younger, delta-plain 
deposits of the upper Pannonian Tortel Formation, but 
these rocks may not have reached sufficient maturation 
levels to generate commercial quantities of oil. Further, 
the geographic distribution of rocks of the Tortel Forma­
tion may be limited. To date, the organic-rich upper 
Pannonian rocks have been observed in the Mak6 depres­
sion to the west and in the area ofthe Fabiansebestyen-4 
well north of the Bekes basin and at one location within 
the Bekes basin (Bekes-2 well). 

Because of limited drilling in deep parts of the basin, 
the basinwide distribution of effective source rocks is not 
well-known. The occurrence of genetically-related oils 
at several fields scattered along the margin of the basin 
leads to the inference that the effective source rock 
interval is fairly continuous. The geology of the basin, 
especially the depositional setting of the Tertiary rocks, 
is consistent with the hypothesis that the source rocks are 
laterally continuous although diachronous. 
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Geological and geochemical evidence in support of 
vertical and lateral migration of oil in the basin is sub­
stantial. From an organic geochemical perspective, fu­
ture exploration for stratigraphically-trapped hydrocar­
bons located downdip from current producing structures 
is most likely to be successful at shallow depths (about 
3000 m or less). At depths of3000 m or less, hydrocar­
bons in the form oflight oil, condensate, and gas, as well 
as denser oils (250_300 API), may exist. The light hydro­
carbons would be derived from deeply buried source 
rocks, whereas, the dense oils would have been generated 
at low maturation levels. 
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9 Geochemistry of Natural Gas and 
Carbon Dioxide in the Bekes Basin 
Implications for Exploration 

1 2 J. L. Clayton and J. Koncz 

ABSTRACT 

Natural gases are produced from reservoirs (Precambrian to Tertiary in age) located on structural highs around the 
margins of the Bekes basin. Gas composition and stable carbon isotope data indicate that most of the flammable gases 
were derived from humic kerogen contained in source rocks located in deep parts ofthe basin. Depths of gas generation 
and vertical migration distances were estimated by comparing rock maturity and carbon isotopic composition of methane 
with Neogene source rock maturity-depth relationships. These calculations indicate that as much as 3500 m of vertical 
migration has occurred. Isotopically heavy (> -7 %0) C02 is the predominant species present in some shallow reservoirs 
located on basin-margin structural highs and has probably been derived via long-distance vertical and lateral migration 
from thermal decomposition of carbonate minerals in Mesozoic and older rocks in the deepest parts of the basin. A few 
shallow reservoirs «2000 m) contain isotopically light (-50 to -60 %0) methane with only minor amounts of C2+ 
homologs «3% v/v). This methane is probably mostly microbial in origin. 

Porous horizons in Neogene rocks and fractured basement rocks have provided long-distance secondary migration 
routes for thermal gas and C02. 

Little migration has occurred across formational boundaries. An understanding of the migration distances at certain 
oil and gas fields provides a guide which, when integrated with the geology of specific plays, can help predict occurrences 
of undiscovered gas accumulations. 

INTRODUCTION 

The stable carbon isotope composition of methane in 
natural gases varies according to the level of thermal 
maturation and the chemical composition of the parent 
organic matter (Galimov, 1973; Stahl, 1977; Rice, 1983; 
Schoell, 1983a). Stahl (1977) investigated the relation-

ship between the IPC of methane and maturity of the 
source for sapropelic and coaly or humic kerogen 
sources. Schoell (l983a? published equations relating 
vitrinite reflectance to I) 3C of methane, although the 
equations may not be applicable in all cases worldwide 
(Rigby and Smith, 1981; Rice, 1983). 

1 U.S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt (Hungarian Oil and Gas Co., Ltd.), H-2443, Szwmlombatta, Hungary 

P. G. Teleki et al. (eds,), Basin Analysis in Petroleum Exploration, 187-199. 
© 1994 Kluwer Academic Publishers. 
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o 10 , 

Clayton and Koncz 

20 30KM 

Approximate location of 
gas or oil and gas field 

Location of field or well data 

- - - Fault or interpreted fault 

__ .'ldJI- Contours showing depth 
below sea level of base of 
Lower Mocene (top of 
basement rock) 
contour interval 1 000 m 

A-A' Geologic section 
discu ssed in text 

Figure 1. Map of Bekis basin and Vicinity showing approximate location of gas and oil fields. Numbers refer to lo­
cation of gas samples. Structure contours are on top of pre-Tertiary (basement) rocks. Selected field names are 
shown. 
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In this paper, we present stable carbon isotope ratios for 
methane and C02, and compositional data for gases 
produced in the Bekes basin. The location of oil and gas 
fields are shown in Figure I. Geochemical data for the 
gases are given in our earlier paper (Clayton and others, 
1990). The purpose of the present study is to apply 
quantitative maturity-isotopic ratio relationships of 
methane, gas composition, and carbon isotope ratio of 
carbon dioxide to questions of generation, migration, and 
accumulation of gas in the Bekes basin, with the specific 
objective of predicting the occurrence of possible undis­
covered accumulations. 

Geologic setting 

The Bekes basin oil and gas reservoirs range in age from 
Precambrian through late Pannonian (sensu lato; i.e., 
Pliocene). Most of the gas production is from basement 

Figure 2. Generalized stratigraphic section for mid­
dle Miocene and younger rocks. Adaptedfrom Berczi 
and Phillips (/985) and Molenaar and others (this vol­
ume). Oil and gas is producedfrom the Pannonian­
Badenian section as well as from underlying basement 
rocks (Precambrian through Mesozoic). Bekis sand­
stone or conglomerate occurs only on the Battorrya­
Pusztafdldvar structure. 

rocks or rocks of Miocene through lower Pannonian age 
in normal to slightly over-pressured basin-margin struc­
tural and combination structural-stratigraphic traps. A 
few reservoirs contain predominantly or exclusively 
C02. Chemical composition and carbon isotope ratios 
of the methane and/or C02 were determined for 203 gas 
samples, representing all ofthe major producing fields in 
the basin. 

The geology of the Bekes basin is discussed throughout 
this volume and, therefore, is not treated in the present 
paper. For reference, a generalized stratigraphic section 
showing epochs, stages and formations discussed is 
given in Figure 2. 

Previous studies 

Ho1czhacker (1981) reported the occurrence in Hun­
gary of shallow accumulations (950 m or less) of l3C-de­
pleted methane of probable microbial origin and sug­
gested that the beginning of the thermogenic generation 
of methane begins at about 800 m in the Pannonian Basin. 
Koncz (1983) examined the relationship of carbon iso­
topic ratio of methane to depth (or thermal maturity) for 
79 natural gas samples from Hungary, and concluded that 
most of the hydrocarbon gas was derived from Neogene 
source rocks containing mainly humic kerofen. How­
ever, he also reported the occurrence of 1 C-depleted 
gases (o\3C < -40 %) at relatively great depths (~3 km), 
which he attributed to derivation from kerogen of a more 
sapropelic source. 

Kertai (1972) suggested that C02 found in Hungarian 
natural gas is derived predominantly from thermal meta­
morphism of carbonates in the basement rocks below the 
Tertiary fill. In the Bekes basin, with few exceptions, 
C02 occurs in significant amounts only in fractured 
basement rocks. This fact is consistent with Kertai's 
hypothesis. 

ANALYTICAL PROCEDURES 

C02 was extracted from gas samples with a Ba(OH)2 
solution. The BaC03 precipitate was filtered, washed, 
dried and converted to C02 by reaction with orthophos­
phoric acid. methane was separated from the gas sam­
ples by gas chromatography. Isotope ratio measure­
ments were performed on a Varian MAT 86 mass spec­
trometer. The standard deviation for replicate isotope 
ratio measurements was 0.01-0.02 %0. For replicate gas 
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geochemical, including sample preparation, a standard 
deviation of 0.2-0.4 %0 was obtained. 

RESULTS AND DISCUSSION 

Source rock data 

The geochemistry of possible source rocks in the basin 
is discussed in detail in our companion paper (Clayton 
and others, this volume). According to the pyrolysis 
assay, the Neogene sequence contains predominantly 
type III kerogen with lesser amounts of type II. Hydro­
gen indexes are generally less than 300. 
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Figure 3. Carbon isotope ratio of methane (l3c, 
PDB) versus C2+ hydrocarbons. Regionsfor genetic 
classification from Schoell (1983a). 

This fmding of low hydrogen indexes is not surprising 
considering that the rocks were deposited in a deltaic 
setting where preservation oflarge amounts of hydrogen­
rich kerogen is not favored. It is noteworthy that the 
Bekes basin produces mostly gas and only secondary 
amounts of oil as would be expected in view of the 
predominance of type III kerogen. 

Habitat and source of the gases 

Carbon isotope composition of methane is plotted 
against percent of C2+ homologues in Figure 3. Accord-

ing to the isotope-maturity curves of Stahl (1974) and the 
genetic classification scheme of Schoell (\983a), the 
Bekes basin gases are derived from a "mixed" source, i.e., 
in part from terrestrial ("humic") kerogen and partly from 
marine ("sapropelic") kerogen. The maximum gas wet­
ness (C2+) lies in the region defined by Stahl (1974) for 
gases derived from humic sources, and near the boundary 
for mixed and humic sources according to Schoell 
(l983a). As noted above, most of the Neogene rocks in 
the basin contain a humic type of kerogen. The prodelta 
Miocene rocks containing sapropelic kerogen could have 
contributed some of the gas. However, the limited oc­
currence of these Miocene rocks containing hydrogen­
rich kerogen and the predominance of rocks containing 
humic kerogen suggest that most of the gas has been 

o 
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. . ... ,\.,. .. . . . . . .... .: • -J ..... .... : . ,'" ~ .... . 
'iii' 
II:: 2000 

... ~~.r." .* 
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~ 
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~ 
0.. 3000 
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.:t .... .... 
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• • 
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- 70 - 50 - 30 -10 
CARBON ISOTOPE RATIO Of METHANE (PPT) 

Figure 4. Carbon isotope ratio of methane (13c, 

P DB) versus present-day reservoir depth. Lack of cor­
relation is the result of extensive vertical gas migra­
tion. 

derived from humic kerogen with secondary amounts 
derived from sapropelic kerogen. 

The occurrence of isotopically heavy methane (about 
-30 to -33 %0) associated with high amounts of C2+ 
hydrocarbons is unusual and unexplained, although it 
may represent mixing of methane generated at high tem­
peratures with C2+ hydrocarbons during migration to 
cooler reservoirs (SchoelJ, 1983a,b). Schoell (1983b) 
reported l3C-enriched gases (more positive than -40 %0) 
containing about 10-20% C2+ in southern Germany, 
which he attributed to a gain of C2+ compounds during 
migration. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Geochemistry of Natural Gas and Carbon Dioxide 191 

In general, there is little or no relationship between 
reservoir depth and the carbon isotope ratio of the meth­
ane (Fig. 4). Some shallow, isotopically light methane 
(1)13C <- 50%0) is present at reservoir depths between 
about 500 and 1000 m. These gases are composed pre­
dominantly of methane (Fi~. 3), and most likely are 
microbial in origin. Some 3C-depleted methane also 
occurs at depths between 2000 and 3000 m. This gas 
could also be microbial gas generated earlier in the burial 
history of the basin and preserved during subsequent 
basin subsidence. A few of the BC-depleted methane 
samples occurring between 2000-3000 m contain 10 
percent or more C2+ hydrocarbons. These gases prob­
ably represent mixing of microbial and thermally-gener­
ated gases. 

It is noteworthy that some fields contain methane with 
a wide range of carbon isotope ratios. For example, at 
Battonya field the methane produced from deeper hori­
zons (about 1000-\200 m) is emiched in BC (-35 to -38 
%0); whereas, shallow reservoirs (750 m) in the same 
field are depleted in l3C (-5\ %0; Fig. 5). This suggests 
that very little migration has occurred vertically within 
the field. The shallow gas is probably microbial and the 
deeper, thermal gas has likely migrated from deeper parts 
of the basin through fractured basement rocks and/or 
Miocene clastic rocks. 

The situation is similar at PusztafOldv<ir field (Fig. 6). 
Here, a range of 18 %0 for methane is observed between 
shallow (microbial) and deep (thermal) gas reservoirs. 
Further, the amount of C02 (v/v %) is substantially 
different for the separate reservoir zones. For example, 
in the PusztafOldv<ir field, the gas produced from the 
basal conglomerate contains about 62% C02. In con­
trast, the lower Pannonian sandstones above (upper Fold­
v<ir zone) contain only 2-3% C02. The same trend is 
present at several other fields in the Bekes basin area 
(e.g., EndrOd, EndrOd-E (North), T6tkoml6s, and Haj­
duszoboszI6). In all of these cases, no communication 
exists between the shallow and deep reservoirs to allow 
vertical migration of gas or oil across formation bounda­
ries. 

Gas migration within the basin appears to have been 
controlled mainly by the distribution oflaterally continu­
ous porous horizons. The most important of these sec­
ondary migration routes are the fractured basement (pre­
Tertiary) rocks and lower Neogene sequence (pre-Pan­
nonian Miocene and lower Pannonian). The Neogene 
rocks were deposited on top of the existing pre-Tertiary 
topographic surface (which is composed of Precambrian 
through Mesozoic rocks) during a cycle of deltaic pro-

gradation that filled basement lows and onlapped base­
ment highs (Mattick and others, 1985). Therefore, po­
rous units within the deltaic sequence are not time­
equivalent across the entire basin, but are likely physi­
cally continuous and exhibit considerable structural re­
lief (from about 1000 m to 6000 m below sea level). 
Certainly, the porous fractured basement rocks represent 
a laterally continuous migration conduit exhibiting the 
maximum structural relief present in the basin. Few 
major fault systems of Miocene or younger age are 
present (Grow and others, this volume) to allow signifi­
cant vertical migration across stratigraphic boundaries. 
The Sarkadkeresztlir and Szarvas fields (Figs. \ and 1\) 
are examples of the few fields that contain faulting suf­
ficient to allow significant vertical migration across for­
mation boundaries. Isotopic and pressure data (dis­
cussed later) suggest that all of the producing zones in 
these fields are in hydrodynamic communication. 

These geologic considerations (i.e., general lack of 
migration along faults) are consistent with the interpre­
tation that the lowermost Miocene; hydrogen-rich (sap­
ropelic) source rocks are probably not the major source 
of gas in the basin. Instead, source rocks containing more 
humic kerogen that occur within the Neogene sequence 
(predominantly lower Pannonian and pre-Pannonian 
Miocene) stratigraphically adjacent to the secondary mi­
gration carrier beds are probable sources for much ofthe 
gas. 

Carbon Dioxide 

As described by Koncz (\983), carbon dioxide can have 
several different sources. Primary sources are the atmos­
phere and the mantle (juvenile carbon dioxide). Atmos­
pheric carbon dioxide may be incorporated into carbon­
ate rocks or may be assimilated via photosynthesis into 
living tissue (0-25 %). At high temperatures, carbonate 
minerals may undergo hydrolysis or metamorphism to 
generate carbon dioxide with a generally heavier isotope 
composition than that derived by reaction of organic 
carbon. The carbon fixed by photosynthesis (organic 
carbon) may undergo various diagenetic or higher tem­
perature reactions to form carbon dioxide with variable 
carbon isotope ratios. C02 of metamorphic origin result­
ing from decarbonation reactions is typically depleted in 
BC by about 5 %0. However, metamorphic reactions 
may include processes other than simple decarbonation 
and may preclude assignment of a specific narrow range 
of I)BC with metamorphic C02. Most C02 in geother­
mal areas has Ol3C values between about -3 %0 and -4 %0 
(Hoefs, \980). Even though more l3C-depleted C02 is 
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Figure 6. Generalized geologic west to east section B-B across the PusztaJdldwir field See Figure 1 Jor location. 

sometimes present in metamorphic terranes, the Ol3C 
values are readily distinguishable from C02 derived 
from organic materials. The carbon isotope ratios for 
carbon dioxide derived from organic carbon is generally 
depleted in l3C relative to carbon dioxide of inorganic 
origin. 

However, determination of the origin of carbon dioxide 
in a gas reservoir is difficult because of possible mixing 
of carbon dioxide from several sources. Although carb-

on dioxide derived from carbonate minerals is enriched 
in l3C relative to that derived from the oxidation of 
organic matter, mixing or simultaneous generation of gas 
from different sources may obscure the isotopic signature 
of the accumulated gas. Additional problems can be 
introduced during vertical migration of carbon dioxide 
because dissolution of carbonate minerals may occur. 
Therefore, interpretation of the origin of carbon dioxide 
gas is possible only by careful consideration of the geo­
chemistry within the geologic framework. 
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Figure 7. Carbon isotopic composition of carbon di­
oxide versus percent carbon dioxide (v/v) in the reser­
voir. 

In the Bekes basin, occurrences of high concentrations 

(1983) found isotopically heavy methane (-14 to -17 %0) 
in western Hungary which he attributed to derivation 
from the mantle. No helium isotope data are available 
from the Bekes basin. However, the common occurrence 
of metamorphosed carbonate rocks in the basement and 
the absence of 13C-enriched methane suggest that man­
tle-derived gases are probably not major components of 
the Bekes basin gases. 

Evidence for hydrocarbon gas migration 

No relationship exists between the carbon isotope com­
position of the methane and present-day reservoir depths 
or temperatures (Fig. 4). Methane with carbon isotope 
ratios of about -25 %0 to -42 %0 occurs at depths from 
5000 m to as shallow as 1000 to 1500 m, although most 
of the gas samples are from reservoirs at 3200 to 1200 m 
present-day burial depth. In other words, methane in 
reservoirs at a given depth has a wide range of isotope 
ratios excert, at depths greater than 4000 m where meth­
ane with 8 3C = -30 to -40 %0 is present. 

The Bekes basin has been continuously subsiding since 
sedimentary filling began in early Miocene time. A vail-

of C02 are restricted almost entirely to reservoirs in 0 

basement (pre-Tertiary) rocks. Within the basement res-
ervoirs, C02 occurs in a wide range of concentrations 
(Koncz, 1983). The carbon isotope ratio of the C02 
ranges from -I 0/00 to -21 %0, with most samples between 
-3 %0 and -II %0 (Fig. 7). C02 is isotopically heavier 
than about -\0 %0 in reservoirs containing more than 
about 25 percent (v/v) C02. One interpretation ofthese 
data is that the bulk of the carbon dioxide is derived from 
regional metamorphism of carbonate basement rocks in 
deep zones. As stated previously, the pre-Tertiary base­
ment rocks include various metamorphic lithologies 
(Dank and K6kai, 1969). This interpretation of meta­
morphic C02 is consistent with the geology of the basin, 
because the basement rocks are highly fractured and 
probably serve as migration conduits for oil and gas from 
source rocks deeper in the basin. Both the carbon isotope 
ratio of the C02 and its occurrence virtually exclusively 
in basement rocks are consistent with this interpretation. 
Abnormally high reservoir pressures observed in the 
deeper parts of the basin would cause migration into 
shallower (lower-pressure) reservoirs (Spencer and oth­
ers, this volume). Another possibility is that juvenile 
(mantle) C02 is r,resent in some of the Bekes basin 
reservoirs. High Hei"He ratios have been reported in 
Hungary from reservoirs that contain predominantly 
C02 (Cornides and others, 1986). Moreover, Koncz 
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Figure 8. Gas reservoir depth compared to calcu­
lated gas maturity (percent Ro). Ro values, or "Ro 
equivalent" correspond to maturities at which the gas 
was generated according to the equations ojSchoe/l 
(/983a). The two lines and cross-hatched area show 
range of depth-reflectance relationship for Neogene 
source rocks in the Bikes basin. 
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Figure 9. Comparison of calculated depth of gas 
generation (from gas maturity and Ro-source rock 
depth of burial curves) to present-day depth of gas ac­
cumulation. Horizontal axis represents inferred dis­
tance of vertical migration of the gases. 

able geological and geochemical evidence indicate that 
the Pannonian Basin's Tertiary rocks are at or near their 
maximum paleotemperature (Sajg6 and Lefler, 1986). 
Therefore, the absence of any relationship between res­
ervoir depth (temperature) and isotope composition sug­
gests substantial redistribution (i.e. vertical and lateral 
migration) of the gas subsequent to generation and ex­
pulsion from the source rock. The most probable source 
rocks are the lowest part of the Pannonian and pre-Pan­
nonian Miocene shales and marls. The lower part of the 
section (Miocene) is missing on structurally high posi­
tions where gas production occurs. Mesozoic and older 
basement rocks are unlikely sources for significant quan­
tities of hydrocarbon gas. Studies of these rocks in the 
Bekes basin (Clayton, unpublished data) and in outcrops 
in Romania (D. Hajdu, personal communication, 1987) 
have not revealed the existence of any rocks with suffi­
cient amounts of organic carbon to be potential source 
rocks. Therefore, gas accumulations in structurally-high 
positions along the margins of the basin indicate that 
significant secondary migration of gas occurred. 

Based on the quantitative relationship between the 
carbon isotope ratio of methane and thermal maturity of 
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Figure 10. Histogram of vertical component ofmi­
gration of methane. Gas maturities (and, hence, verti­
cal migration distances) were calculated using the 
equations ofSchoell (1984) for both humic and sapro­
pelic sources to yield minimum and maximum possible 
migration distances. 

the source recognized by Stahl (1974) and the equations 
published by Schoell (1983a), we estimated the maturity 
(the vitrinite reflectance (Ro) value, or "Ra equivalent") 
of the methane in the Bekes basin (Fig. 8). maturation 
levels (Ro) were estimated for all methane samples using 
both humic and sapropelic kerogen equations (Schoell, 
1983a). This calculation is based on the assumptions that 
(I) the equations ofSchoell (I983a) are applicable to the 
Pannonian Basin or, more particularly, the Bekes basin, 
and that (2) secondary migration of the gas occurs as bulk 
phase transfer. Based on the relationships between Ro 
values and range of depths obtained from analyzing core 
samples of source rocks, migration distances were calcu-
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lated for each methane sample using both the humic and 
sapropelic kerogen model. Most, but not all, of the gases 
are best described by the humic kerogen equation be­
cause the sapropelic equation requires mainly downward 
migration (discussed further below) and in some cases 
unrealistically high Ro values for generation of the gas. 

Figure 8 shows the relationship between actual reser­
voir depth and the Ro equivalent, or Ro values, at which 
the methane was generated according to the equations of 
Schoell (l983a). The cross-hatched area between the 
two subparallel lines on Figure 8 shows the relationship 
between depth and maturity (Ro) for the presumed Neo­
gene source rocks. These data include the observed 
maximum and minimum slopes for Ro versus depth for 
Neogene rocks resulting from variation in burial history 
of the Neogene sediment at different geologic settings 
within the basin. Most of the data of Figure 8 lie above 
the Neogene source-rock maturity lines or within the 
boundaries of the two source-rock lines. The gases that 
lie between these lines are interpreted to have undergone 
very little secondary migration. Data that plot above the 
source-rock maturity lines correspond to gases that have 
undergone variable degrees of vertical migration. Data 
below the lines probably represent gases derived from 
more sapropelic sources (hydrogen-rich) because signifi-

cant downward migration seems unlikely. As noted 
above, the gas composition data also indicate that some 
mixing of gases from different sources may have oc­
curred. Calculated Ro values that are low probably in­
clude some gases of microbial or mixed thermogenic-mi­
crobial origin rather than strictly thermogenic gas. Iso­
topically light, dry gases of obvious microbial origin 
were not included in the calculation. 

IMPLICATIONS FOR EXPLORATION 

From a practical standpoint, petroleum geochemists 
and exploration geologists need to evaluate the possibil­
ity that gas accumulations are trapped downdip along the 
migration route between the deep gas-source rock and 
shallower producing reservoirs. Figure 9 illustrates the 
relationship between the distance of the vertical compo­
nent of migration (calculated minus actual reservoir 
depth) and depth of actual gas accumulation determined 
from the quantitative carbon isotope-maturity relation­
ship. According to this comparison, most of the gas 
occurring in reservoirs at present-day depths shallower 
than about 3500 m has undergone significant vertical 
secondary migration. Although as much as 3000 m or 
more of vertical migration is indicated in some cases, 

low C02 «10-20%) 

13c-depleted CH. (~t3C<-4O%.) 

hig~ COz (>80%) 

1 3c -enriched CH. (~1 3c:>-38%. ) 

migration 01 deep (thermal) 
methane and CO2 

Figure 11. Schematic section through the Szarvasjield showing growthfaulting in the lower part ofthejield. Lo­
cation of the fault from Pogacsas (written communication, 1988). Un/aulted reservoirs contain predominantly in­
digenous gas, whereas faulted reservoirs contain migrated gas from deep sources. 
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most of the gases appear to have undergone vertical 
migration distances of less than 2000-2500 m. Where 
traps are present (especially in lower Pannonian and 
older rocks), gas should be trapped on the downdip flanks 
of current producing structures (see Fig. 1) at depths less 
than about 4000 m. 

Vitrinite reflectance equivalent values calculated for 
each of the methane samples using the equations publish­
ed by Schoell (1983a) yields two vertical migration 
distances of the gases depending on which equation 
(sapropelic or humic) is used. Figure 10 shows the 
frequency distribution of non-migrated (indigenous) and 
migrated gas for the two end-member cases. The shaded 
area in Figure 10 represents the frequency distribution of 
gas accumulations at various depths derived from verti­
cal migration (i.e., non-indigenous gas), and the un­
shaded areas below the zero line represent the frequency 
distribution of gases generated at various depths (maturi­
ties). The unshaded areas above the zero line represent 
gases in reservoirs which are indigenous and are inter­
preted to have not undergone any significant component 
of vertical migration. Both the maximum and minimum 
migration models indicate that the migration of gas has 
occurred from source rocks between the depth interval 
3000-4000 m, except the maximum migration model 
suggests more migrated gas is present in the shallow 
zones «3000 m). The overall distribution of migration 
distances is not significantly different in the two cases; 
only the proportion of gas contained in shallow reservoirs 
derived from various generation zones varies. In both 
cases, gases occurring in deep reservoirs (approximately 
4000 m and greater) are interpreted to be mostly indige­
nous. 

Oil and gas are produced from reservoirs ranging in age 
from Precambrian through upper Pannonian. To better 
evaluate secondary migration patterns in the basin, we 
examined the carbon isotopic ratio of methane and gas 
composition for the five main producing zones in the 
Bekes basin for each producing structure or field. For 
every field in the basin, we evaluated the migration 
distances for gas within each of the five producing zones 
based on the quantitative relationship between maturity 
and the isotopic composition of the methane and the gas 
chemical composition. This procedure was carried out 
for each individual well in all ofthe fields for which data 
were available. All of the data were published in another 
paper (Clayton and others, 1990). Geographically proxi­
mal fields are grouped together for the purposes of dis­
cussing migration of gas and evaluation of possibilities 
for undiscovered accumulations. 

A critical consideration in this assessment of migration 
is whether vertical migration occurs solely along basin­
ward dipping, laterally continuous porous horizons, or 
whether some vertical migration occurs across fonnation 
boundaries, along fractures or fault zones. The two 
alternative migration routes could result in significantly 
different distributions of gas, depending upon the strati­
graphic relationships between the various secondary mi­
gration carrier beds and effective source rocks in the 
basin. Basinwide, migration appears to have occurred 
predominantly along laterally continuous porous rock 
intervals which exhibit substantial structural relief from 
the deep basin onto the structurally high positions around 
the basin margins. As noted earlier, little post-Creta­
ceous faulting has been recognized in the basin (Grow 
and others, this volume). The data of Spencer and others 
(this volume) demonstrate substantial vertical pressure 
differential between most of the producing zones in the 
basin, indicating limited or no communication of fluids 
across formation boundaries in most fields. The geo­
chemical data support this interpretation. Several fields 
discussed previously contain gas of vastly different iso­
topic and chemical composition in producing zones of 
different ages even though the vertical distance between 
reservoirs is short (as little as about 500 m). These 
observations suggest that migration is largely confined 
to formational, or more specifically, lithological bounda­
ries and has not occurred to any large degree vertically 
across lithologies. An exception to this is the Sarkadke­
resztur field, where faulting has lead to a common pres­
sure regime among the various producing zones and 
vertical migration of gas along the fault zones. 

Szarvas--Endrod 

Gas is present in both upper and lower Pannonian strata 
at the Endrod field, but only in lower Pannonian rocks 
(lowermost Szolnok Fm.) at the Szarvas field. The gas 
at the Endrod field is mostly indigenous (early diage­
netic) with some mixed early diagenetic and catagenetic 
gas. These gases have undergone only short migration 
distances. In contrast, some ofthe gas at the Szarvas field 
has apparently migrated from generation depths of about 
3000-3800. This gas contains substantial quantities of 
C02 derived from the deep parts of the basin. Figure 11 
shows a schematic cross section ofthe Szarvas field. The 
lowermost Neogene rocks contain gas with high amounts 
of C02 (>40%) and isotopically heavy methane. 

As Figure 11 shows, the deeper Szarvas field reservoirs 
are offset by growth faults which provide migration 
routes for gas generated at depth (high maturities). In 
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contrast, gas with low amounts of C02 and isotopically 
lighter methane (<about -40 %0) occurs in shallower 
Neogene reservoirs which are not faulted. This isotopi­
cally light gas was generated at shallow depths according 
to the maturity-isotope ratio relationship and has under­
gone only limited vertical migration. No significant 
mixing of gas from the faulted lower Neogene reservoirs 
with gas from shallower reservoirs is indicated. Traps in 
shallow reservoir rocks located on the basinward side of 
the Szarvas field are prospective exploration targets for 
low maturity gas and gas-condensate according to this 
model of generation. Identification of additional faults 
is a critical element for predicting the occurrence of 
further accumulation ofthe C02-rich, high maturity gas. 

Sarkadkeresztur 

Gas occurs in Pannonian rocks in the Sarkadkeresztur 
field, and some low density (i.e. thermally very mature) 
oil occurs in lower Pannonian sandstones. Gas and gas­
condensates are produced from Miocene and basement 
rocks that form a common reservoir. The gas composi­
tion and carbon isotope ratio ofthe methane indicates that 
the gas was generated from source rocks adjacent to the 
reservoirs or, in some cases, down dip from the reservoirs 
at present-day depths of about 3300 to 3800 m. There­
fore, the area to the southwest of the field, towards the 
deep part of the Bekes basin, is prospective for additional 
accumulations of condensate and gas if suitable trapping 
mechanisms are present. 

Pusztafoldwir-Battonya 

Gas is produced from upper and lower Pannonian 
rocks, as well as basement rocks. The upper Pannonian 
gas is most likely indigenous, of diagenetic and biogenic 
origin, although only one sample was analyzed from this 
horizon. Supporting evidence for this interpretation is 
the occurrence of indigenous, diagenetic and possibly 
microbial gas in lower Pannonian sandstones (depths of 
about 900 to 1500 m). The more deeply buried lower 
Pannonian sandstones contain some catagenetic, mi­
grated gas which has undergone moderate migration 
distances (about 500- I 000 m). The basement and lower 
Pannonian rocks contain only gas which has migrated 
from estimated depths of about 2000-3600 m. These 
gases contain high concentrations of C02, and presum­
ably were derived from source rocks in the deep basin. 
The C02 may facilitate migration of the gas and/or oil, 
at least in basement rocks or near the basement-Tertiary 
contact. 

Mart/ii, Mezotur, Ocsod 

Gas production occurs in nearly all of the pre-upper 
Pannonian rocks in this group of fields. In general, 
interpreted gas migration distances are short. Production 
occurs from depths of about 2000-2800 m. The chemical 
isotopic composition indicates that the gas was generated 
under thermal conditions (maturation levels) close to 
those associated with these production depths, and sig­
nificant vertical migration is not indicated. More deeply 
buried traps in or adjacent to those fields could be ex­
pected to contain gas of similar composition. 

SUMMARY AND CONCLUSIONS 

This study represents a case history where studies of 
gas composition and carbon isotope ratios have been 
correlated with stratigraphy, structure, and reservoir 
pressures to understand the origin, migration, and accu­
mulation of gas in the Bekes basin. Although the quan­
titative relationship between source rock thermal matur­
ity (Ro) and methane isotope ratio is imperfectly known 
because of variation in the maturity-depth gradient of 
Neogene source rocks and variation in the type of parent 
organic matter, some limitations can be recognized re­
garding the generation and migration history of the gas. 
The isotope ratios of the methane and gas composition 
data indicate that the parent source organic matter is of 
mixed composition, but mainly humic. Further, consid­
eration of the isotope ratios of methane and Ro data for 
Neogene source rocks indicate that gases have undergone 
vertical migration of 2000-2500 m and, in some cases, 
possibly as much as, but not more than 3500 m. The 
occurrence ofl3C enriched methane (about -30 %0) asso­
ciated with significant amounts ofC2-C4 components (20 
to 40+ %) is unusual and cannot be explained by com­
monly known processes of thermal generation of gas. 
Therefore, mixing of gases from two or more sources 
seems likely. 

C02 is common in basement rocks in structurally high 
positions on the basin's margin. The carbon isotopic 
composition of the C02 and the occurrence of carbonate 
basement rocks in the basin is consistent with an inter­
pretation of metamorphic origin, although some contri­
bution from mantle sources cannot be discounted. Updip 
migration of C02 has occurred by pressure differential 
and buoyancy through fractured basement rocks. Some 
isotopically light (as negative as -21 %0) C02 is present 
and probably represents contributions from thermal de­
composition of organic matter. The occurrence of C02 
of metamorphic origin in shallow reservoirs is convinc-
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ing evidence for long distance lateral and vertical migra­
tion of gas in the basin. Some of the C02 could have 
been derived from the mantle, but this question cannot 
be resolved with the data of the present study. 
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10 Abnormal Pressure and Hydrocarbon 
Migration in the Bekes Basin 

1 ' 2' 2 Charles W. Spencer ,Arpad Szalay and Eva Tatar, 

ABSTRACT 

The Bekes basin is a relatively young, hot basin. Oil, gas, and condensate are produced from many relatively shallow 
(<3000 m) structures around the margins of the basin. The producing rocks range in age from Precambrian to Pliocene. 
Exploration for stratigraphic traps should result in the discovery of many new oil and gas fields. A study of reservoir 
pressures and migration has been made to help evaluate the hydrocarbon potential of various stratigraphic-trap play 
areas. 

Overpressuring commonly occurs in reservoirs at depths greater than 1800 m. Several mechanisms could cause this 
abnormally high pressure. Undercompaction (incomplete dewatering) and active hydrocarbon generation are the most 
likely mechanisms in sedimentary rocks. High pressure in basement rocks may be caused by thermally generated C02 
(metamorphism of carbonate rocks), downward and lateral expUlsion of hydrocarbons from actively generating source 
beds, and aquathermal heating (expansion of water) in fractures in very low-permeability basement rocks. 

High pressures, deep in the basin, are an important factor in the migration of oil and gas laterally and vertically to 
shallower stratigraphic traps. Migration occurs in carrier beds (sandstones) and fractured basement rocks. Many 
low-temperature producing fields yield hydrocarbons that were originally generated much deeper in the basin. 
Stratigraphic traps and structural-stratigraphic traps flanking the basement highs should have trapped large amounts of 
oil and gas along the paths of migration updip to shallower, structurally controlled producing areas. 

INTRODUCTION 

Structural prospects at depths <3000 m in the Bekes 
basin in the southeast part of the Pannonian Basin have 
been relatively well explored by drilling. A few deep 
(>3000 m) on-structure wildcat wells have also been 
drilled in the basin; however, very few off-structure, 

stratigraphic tests have been drilled to date. Shallow 
drilling on basement topographic and structural highs has 
been relatively successful in fmding and developing oil 
and gas fields (Fig. I). This study attempts to evaluate 
these shallow hydrocarbon occurrences in order to pre­
dict the potential of stratigraphic and deep structural 
prospects. In the Bekes basin, hydrocarbons are pro-

I U.S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-5001, Szolnok, Hungary 

P. G. Teleki et al. (eds.), Basin Analysis in Petroleum Exploration, 201-219. 
© 1994 Kluwer Academic Publishers. 
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Figure 1. Index map of Bekis basin area showing depth to the top of the pre-Neogene basement, oil and gas fields, 
and locations of cross sections (Figs. 3, 4, and 20). Modifiedfrom Clayton and others (1990). 

duced from Neogene sedimentary rocks and from frac­
tured basement rocks of Mesozoic, Paleozoic, and Pre­
cambrian age. Where present, early to middle Miocene­
age rocks often form a common reservoir with the base­
ment rocks. Following the Hungarian usage, Miocene 
refers to rocks of Badenian and Sarmatian age in the 
Bekes basin. 

Available data (Clayton and others, this volume) indi­
cate that the most likely primary source rocks are Mio­
cene marls and shales. The lower part of the Pannonian 
section contains sufficient organic matter to be a poten-

tial source rock where it is thermally mature . . Clayton 
and others (this volume) have determined that at least 
some of the oils in Bekes basin fields migrated from 
Miocene and Pannonian source beds that have been 
heated only to the very early stages of hydrocarbon 
generation (i.e. "immature" or low temperature oils). 
They also noted that oils in some fields migrated from 
different depths (maturity) and originated from different 
source beds. 

The pressure and migration studies initially involved 
analysis of data on reservoir pressure, source-bed rich-
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Abnormal Pressure and Hydrocarbon Migration 203 

ness, subsurface temperature, thermal maturation, and 
selected producing field and core information. The later 
phases of the evaluation included a determination of the 
timing of oil and gas generation and interpretation of 
subsequent secondary migration routes in carrier beds 
and fracture systems. It was known that the deep, hotter 
parts of the basin are overpressured. Consequently, the 
distribution, magnitude, and origin of the overpressuring 
was studied in order to better predict possible oil and gas 
paleomigration routes and entrapment areas (accumula­
tions). In order to further analyze secondary migration, 
an attempt was made to correlate oils back to their source 
beds. Sixty-nine oils and more than 200 source-bed 
samples were studied by Clayton and others (this vol­
ume) to determine where the oils originated. Also, Clay­
ton and Koncz (this volume) and Clayton and others 
(1990) analyzed 203 methane and C02 samples for their 
composition and isotope ratios. These data were used to 
estimate approximate depths of gas formation versus 
present-day depths of occurrence and other attributes. 
The results of these studies show that there are three 
major genetic oil types. Low maturity oils were expelled 
from Pannonian source rocks at depths of 2000-3000 m. 
More mature oils and condensates were expelled from 
lower Pannonian and Miocene rocks at depths of3000 to 
4000 m. Oils of mixed origin and maturities are found 
in shallower structures around the margins of the basin. 

The studies by Clayton and Koncz (this volume) and 
Clayton and others (1990) show that the gases in the 
basin originated over a wide range of depths and were 
mostly sourced by humic organic matter. Most of the 
gases occurring at present-day depths of 3500 m have 
undergone some secondary vertical (upward) migration 
from deeper source beds. Most of the gases in shallower 
«3500 m deep) reservoirs have experienced less than 
2000 to 2500 m of vertical migration. 

OVERPRESSURING 

Normal (hydrostatic) pressures are present in most of 
the Bekes basin to a depth of about 2500 m. However, 
abnormally high-reservoir pressure can also occur at 
depths as shallow as 1800 m in various sub-basins of the 
Pannonian Basin, including the Bekes basin. Szalay 
(1983 and 1988) used well logs and drill-stem test (DST) 
data to determine the depths and magnitude of overpres­
suring in the southeast part ofthe Great Hungarian Plain 
region (which includes the Bekes and adjacent basins). 
His investigations were based on the concept that rocks 
compact as they are buried, but compact less when part 
of the overburden pressure is partially supported by 

high-pore pressure. In most such studies, porosity logs 
(acoustic, density) are used, but in the Bekes basin few 
porosity logs are available. Therefore, the lateral log 
curves were mostly used to estimate porosity (Szalay, 
1983). This method has been widely used to study 
pressure variations in marine deposits in other basins 
(MacGregor, 1965). 

Szalay and Szentgyorgyi (1979) and Szalay (1983) 
describe a method, using well logs, to subdivide the 
Pannonian strata into generalized lithogenetic units, 
comprising non-reservoir rocks (shales and marls) and 
reservoir rocks (sandstones). Parts of the sequences con­
taining shales generate hydrocarbons and the sandstone 
intervals often serve as carrier beds for fluids migrating 
updip and for fluids migrating away from areas of abnor­
mally high pressure. For purposes of later discussion, 
Figure 2 shows the approximate correlation ofthe time­
transgressive, Pannonian formations as used by Mole­
naar and others (this volume) and lithogenetic units used 
by Szalay. For example, the sandy delta-plain deposits 
of the Tortel Formation are approximately equivalent to 
the Pa2 unit of Szalay (1988). 

Figure 3 shows interpreted hydrocarbon migration di­
rections along cross section A-A' based on pressure data 
and geochemistry of oils and gases. Also shown are 
estimated and measured vitrinite reflectance (Ro) levels 
at the top of the main oil generation (Ro = 0.6%) zone 
and the top of the main gas-condensate generation zone 
(Ro = 1.3%). A few samples of low-temperature oils 
have also been recovered, and these are believed to have 
been expelled from source rocks at maturation levels of 
less than Ro = 0.6% (lL. Clayton, oral communication, 
1986). 

Figure 4 shows mud-weight pressure profiles and ex­
trapolated DSTpressure values along section A-A'. Sev­
eral such cross-basin pressure profiles were constructed 
in order to better interpret the secondary migration of oil 
and gas. 

Analysis of DST and mud-weight data indicate that 
normal pressures occur at shallow depths and low tem­
peratures, but almost all deep (2500 m) formations are 
overpressured (Fig. 5). High quality DST pressure data 
are sparse in the lower part of the Szolnok Formation but, 
where the Szolnok Formation contains permeable carrier 
beds, these beds should serve as a pressure sink toward 
which hydrocarbons under high pressure should have 
migrated. This pressure-driven migration should cause 
lateral oil and gas movement through the lower Szolnok 
Formation and other carrier beds into the updip edges of 
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Figure 2. Schematic diagram showing depositional patterns of Pannonian sediments as indicated by seismic-strati­
graphic interpretations made by Molenaar and others (this volume). At left are lithogenetic units of Szalay (1988) 
as determinatedfrom resistivity and other logs. The lithogenetic units are identified by letters and numbers. For 
ages offormations see Phillips and others (this volume). 

stratigraphic traps along the flanks of the basement highs 
(Mattick and others, this volume). 

Minor amounts of downward migration may have oc­
curred from the overpressured lower part of the Algy/:l 
Formation into the sandy turbidites in the Szolnok For­
mation. Migration from the basal clayey marl and Mio­
cene source beds should also occur downward into frac­
tured basement rocks and upward into the Szolnok carrier 
(reservoir) beds under the proper pressure gradients. 

In some cases the highest measured pressure gradients 
occur in basement rocks or near the top of basement. In 
these cases, fluids will tend to be expelled upward and 
laterally to shallower lower pressure environments (Fig. 
3). It is recognized that the pressures in the basal clayey 
marl may be higher than those measured in basement 
rocks; but, because the clayey rocks have very low per­
meability, the true pressures cannot be extrapolated. 

CAUSES OF OVERPRESSURING 

To predict migration paths of oil and gas it was impor­
tant to evaluate the causes of abnormal pressure in the 
Bekes basin. A variety of mechanisms are known to 
cause overpressuring (Fertl, 1976). Notwithstanding the 
origin of overpressuring, there is a general agreement that 
low-permeability "seals" must be present if abnormally 
high pressures are to be retained through time. In the 
Bekes basin, core analyses, DST, and other subsurface 
data indicate thick sequences of seals are present in 
Pannonian sedimentary rocks deep in the basin. 

Potential causes of overpressuring in sedimentary rocks 
in the Bekes basin are: (1) dewatering of shales and 
siltstones, (2) hydrocarbon generation (3) aquathermal 
heating, and (4) generation of carbon dioxide (C02) as 
a result of thermal decomposition of carbonate rocks in 
the presence of silica. Clay mineral transformations, that 
release water, may also contribute to abnormally high 
pressures but data available to evaluate this mechanism 
were insufficient. 
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Figure 4. Mud-weight pressure projiles for wells shown in Figure 3_ True reservoir pressures from available ex­
trapolated drill stem tests are also shown. Pressures in the Sarkadkeresztur-4 well are lower than original pressures 
because of production from thejield See Figure 19 for additional pressure data in thisjield 

Overpressuring also occurs in the basement rocks, most 
of which are fractured. Overpressuring in fractured base­
ment rocks may be caused by; (1) aquathermal heating 
(Barker, 1972) and (2) thermally generated C02 in the 
basement rocks concurrent with downward migration of 
fluids (hydrocarbons and water) from overpressured 
Miocene and lower Pannonian basal clayey marl and 
marl. 

Carbon isotope studies by Koncz (1983) of Hungarian 
gases with high concentrations of C02 indicate that most 
of the C02 may have resulted from thermal metamor­
phism of carbonate rocks at high temperature deep in the 
lithosphere. Carbon dioxide appears to occur in higher 
concentrations in those areas where deep basement faults 
are present. Pressures in the C02-bearing reservoirs 
range from normal to overpressured. An analysis of the 
distribution of C02 in gases in the Bekes basin and 
vicinity (Clayton and Koncz, this volume) shows that 
high concentrations (20%) of C02 are also clearly asso­
ciated with fractured basement rocks. Most Pannonian 
sandstones have low concentrations «5%) of C02 or 
none at alL Much ofthe normally pressured oil and gas 
produced from shallow (2000-1000 m), relatively cool, 
structurally high basement rocks in the area of the Bat-

tonya-PusztafOldvar fields (Fig. I) contain gases that are 
composed of more than 40 percent C02. This C02 also 
is believed to have originated deep in the basement and, 
as will be discussed later, is mixed with high-temperature 
gas and condensate and low-temperature oil. These oc­
currences illustrate the complexity of fluid migration in 
this basin. The Sarkadkeresztlir field (Figs. I and 3) 
produces high-temperature gas and condensate with low 
C02 content from slightly overpressured basement rocks 
and Pannonian sandstones. The low C02 content in 
basement rocks here may be caused by dilution by large 
volumes of hydrocarbon gases charging the fractured 
basement. 

Relatively few measurements of reservoir pressure are 
available for the Bekes basin area. Therefore, it was 
necessary to examine data from all basins in the south­
eastern part of the Great Hungarian Plain. Figure 5 
shows measured reservoir pressure versus depth for tests 
in the southeast part of the Great Hungarian Plain. The 
plot shows that pressures are mostly normal (hydrostatic) 
to below normal to a depth of about 1500 m. From depths 
of about 1700 m to 2500 m pressures are normal to well 
above normal. Probably these above-normal pressures 
at shallower depths are caused mostly by sediment dewa-
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EXTRAPOLATED DRILL- STEM PRESSURE (MPa) 
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tering with some pressure increase from temperature-re­
lated hydrocarbon generation (Meissner, 1978; Hedberg, 
1979, 1980; Spencer, 1987). 

1.0 

3.0 

C.O 

Below depths of about 2500 m all pressures exceed 
hydrostatic values. Some low values of apparent over­
pressure can be attributed to the higher density of more 
saline waters in the deep Miocene rocks, but many pres­
sures are clearly abnormally high . High pressures at 
these depths are interpreted to be caused mostly by active 
hydrocarbon generation related to high temperature with 
some contribution from undercompacted shales and 
marls, deep aquathermal heating, and C02 generation. 
Note that there is a fair degree of variation in the pres­
sures at any given depth (Fig. 5). 

Figure 5. Reservoir pressure versus depth for the 
southeastern part of the Great Hungarian Plain (from 
Szalay, /988). 

The distribution of measured pressure versus tempera­
ture for the southeastern part of the Great Hungarian 
Plain shows a break in the visually-fitted trend (Fig. 6). 
The upper segment ofthe trend line, from the surface to 
about 120-1250C, conforms to expected trends. The 
lower segment of the trend line, starting at about 125°C, 
shows an anomalous increase in pressure with increasing 
temperature. This increase is interpreted to be caused by 
active hydrocarbon generation (Meissner, 1978; Hed­
berg, 1980, Law and others, 1980; Spencer, 1987), to­
gether with pressure contributed from C02 generation 
and some water yielded by undercompacted shales. 

0.0 

20 

I- 40 
en 
0 
::E 

60 

0 
a: 80 
IL 

(; 
100 

~ 

W a: 120 
::::I 
l-
.e 140 IE: 
W 
A. 
::E 160 
W 
I-

180 

200 

EXTRAPOLATED DRILL-STEM TEST PRESSURE 

10 20 30 40 50 

AVERAGE SURFACE TEMPERATURE 

.. 

• PANNONIAN 

• MIOCENE 

o MESOZOIC TO PRECAMBRIAN 
BASEMENT 

. . 
• '1.; ~~ 

' .••...• 1.) ......... .. I.... . . t. 
"."1. OJ 
• 

.. 

60 MPa 

Figure 6. Reservoir pressure versus temperature for the southeastern part of the Great Hungarian Plain. 
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Figure 7. Lower Pannonian reservoir pressure ver­
sus depth for the Bekes basin area and vicinity. 

Pressures in lower Pannonian rocks (Fig. 7) in the 
Bekes basin and surrounding areas are nonnal to above 
nonnal from about 1800 m to about 2400 m. With a few 
exceptions, the pressures in Miocene rocks (Fig. 8) are 
abnonnally high below a depth of about 1800 m. Paleo­
zoic and Mesozoic reservoir pressures (Fig. 9) are mostly 
nonnal to a depth of 1800 m, and from 1800 m to 2800 
m are nonnal to above nonnal. 

Temperatures in the Bekes basin (Fig. 10) have been 
compiled from well logs. These data exhibit some vari­
ability and are not corrected for the minor effects of 
cooling by drilling mud, but they show that temperatures 
deeper than 2500 m are mostly 120°C or higher and are 
at levels sufficient to cause overpressuring by active 
hydrocarbon generation (Spencer, 1987). The effect of 
undercompaction (shale dewatering) has probably also 
contributed to overpressuring to a small degree. This 
interpretation is based on the recovery of water from 
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Figure B. Miocene reservoir pressure versus depth 
for the Bekes basin and vicinity. 

overpressured sandstones during DSTs and undercom­
paction as suggested by interpretation of porosity logs (L. 
Konnos, oral communication, 1987). 

The distribution of mean maximum and minimum core 
porosity versus depth for shale (clayey marl and marl) is 
shown in Figure 11. The decrease in porosity is mostly 
caused by loss of water resulting from compaction and 
clay mineral transfonnations such as a conversion of 
smectite to illite/smectite and illite. The trend of maxi­
mum porosity values suggests undercompaction in the 
depth intervals 2400-3000 m and 3400-3800 m. There 
is also an anomalous increase in maximum shale porosity 
from 4200 to 5000 m. The cause of this increase is 
probably undercompaction caused by incomplete shale 
dewatering (Szalay, 1983; L. Konnos, oral communica­
tion, 1987) and very high pore pressure caused by hydro­
carbon generation. 
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Figure 9. Mesozoic and Paleozoic reservoir pres­
sure plotted against depth for the Bekis basin and vi­
cinity. 

High pressure caused by the slight increase of water 
volume, as a result of increased rate of heating (aquather­
mal heating) of sediments, requires almost perfect seals 
(Barker, 1972). Such aquathermally-produced pressure 
increases are difficult to generate in most rocks, except 
in evaporite deposits or in very rapidly heated rocks of 
very low permeability. Generally, high pressures caused 
by aquathermal heating would not be expected to occur 
over a wide range of depths and temperatures, but would 
be restricted to a few of the most perfectly sealed inter­
vals. However, active oil and gas generation does occur 
over a wide range of temperatures (and depths). 

Pressure maintenance by active hydrocarbon genera­
tion requires: (1) low permeability rocks, (2) kerogen still 
capable of generating oil or gas, and (3) temperature and 
time sufficient for generation at a rate that exceeds loss 
of pressure by fluid migration (Law and others, 1980). If 
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Figure 10. Subsurface temperatures plotted against 
depth, derivedfrom uncorrected, well-log tempera­
tures in the Bikis basin. 

any of these requirements are not met, then pressures may 
be normal even at high temperature. All these conditions 
are present in most of the overpressured parts of the 
Bekes basin. 

POROSITY AND PERMEABILITY 

Secondary migration of oil and gas generally occurs in 
strata with the most permeable carrier beds, and along 
fractures in low-permeability rocks. Porous and perme­
able reservoirs are obviously critical to economic hydro­
carbon production. It is important to be able to predict 
good reservoir quality with increasing depth of burial and 
diagenesis. Figure 12 shows average porosity versus 
depth for cored Pannonian sandstones from the south­
eastern part of the Great Hungarian Plain. Although the 
average sandstone porosity in Pannonian rocks shows a 
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Figure 11. Average shale (clayey marl and marl) 
maximum and minimum core porosity values versus 
depth for the southeastern part of the Great Hungar­
ian Plain. 

substantial decrease with depth, there is a broad range of 
values at depths of 3000 m and deeper; therefore, some 
sandstones with fairly good porosity(lO%) may be ex­
pected to occur at depths greater than 3000 m. 

Horizontal and vertical permeability data for sandstone 
and shale (including pelitic marl and marl) for the south­
eastern part ofthe Great Hungarian Plain (Fig. 13) show 
that the average sandstone permeability decreases quite 
rapidly from depths of about 1500 to about 3000 m, and 
then more slowly down to depths of 4700 m and greater. 
A value of 0.1 mD is the lowest permeability that could 
be measured by the available laboratory methods. Be­
cause low-permeability cores are stress-sensitive 
(Thomas and Ward, 1972; Jones and Owens, 1980), the 
permeability measurements of about 1.0 mD or less are 
much higher than true in-situ permeabilities. It should 
be noted that, in the United States, many low-permeabil­
ity ("tight") reservoirs produce gas from sandstones with 
permeabilities even less than 0.001 mD (Spencer, 1989). 
In fact, O.l mD in-situ permeability to gas is the upper 
limit generally used to define tight-gas reservoirs. The 

United States produces more than 28 x 109 m3 of gas per 
year from tight gas reservoirs (Spencer, 1989). 

As expected, the lateral permeabilities of shale are 
much higher than their vertical values (Fig. 13). The 
vertical permeability of shale is very low at a depth of 
about 1900 m and the horizontal permeability is very low 
at 2800 m. On the basis of core analysis, the vertical seals 
formed by shales appear to be fairly well developed at 
shallow depths (2000 m). This development of seals is 
generally consistent with the shallowest occurrences of 
overpressuring (Fig. 5). Seals are necessary to retard 
pressure loss from rocks with pressures higher than hy­
drostatic. Horizontal permeability at about 2800 m is 
very low, but laboratory-measured permeabilities are 
short-term measurements. Through geologic time, even 
shales have the ability to allow water to migrate (and gas 
to diffuse). 

Usually oil can only migrate through shales at high-dif­
ferential pressures because the shale pores are mostly 
water-wet, or nearly water-wet, and have very high cap­
illary pressures (5-15 MPa). Therefore, seals for oil 
reservoirs can be effective over longer periods of time 
than seals for water and gas. High pressure in water and 
gas reservoirs may be substantially decreased over rela­
tively short periods of time (500,000 years to I million 
years). Some kind of mechanism, that maintains pres­
sures, must be active to keep pore pressures at high levels. 
As mentioned earlier, continuous dewatering of shales 
and active hydrocarbon generation must be at least two 
of the factors causing pressure maintenance, and some of 
the occurrences of deep overpressures in hot basement 
rocks may be caused by aquathermal heating and active 
thermal generation of C02. 

TIMING OF HYDROCARBON GENERATION 

Oil, gas condensate, and most natural gas are generated 
as a result of the heating of kerogen. It is generally 
accepted that this generation is time- and temperature­
dependent. The approximate time of generation of oil 
and gas condensate can be estimated after reconstructing 
the subsidence, compaction, and thermal history of the 
sediments. Figure 14 shows the subsidence and matura­
tion history of the Neogene and Quaternary (Q) strata in 
the Hunya-l well (Fig. 1). The timing of hydrocarbon 
generation in the Bekes basin can be estimated by com­
piling the subsidence and thermal history of potential 
source rocks. This onset of generation varies from place­
to-place in the basin because of the combined effect of 
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Figure 12. Average core porosity values versus depthfor Pannonian sandstones of the Bekis basin. Data com­
piled by B. Kiss. 

slightly different subsidence histories and paleogeother­
mal conditions. 

The base ofthe basal clayey marl and marl (Pal(la» unit 
in the Hunya-l well reached a maturation level of 0.6% 
(Ra) at about 6.2 million years ago. The top ofthe Pal(la) 
source rock entered the "oil window" about 5 million 
years ago. Source rocks in the base ofthe Pa2 unit are at 
a thermal maturation level of about Ra = 0.5% today, a 
value that appears to be near the minimum level in the 
Bekes basin for the onset of generation of thermally-low­
maturity, low-temperature oil (Clayton and others, this 
volume). Generally speaking, the Miocene source rocks 
in the deeper parts ofthe Bekes basin are within the zone 
of wet or dry gas generation (Ra of 1.3%), source rocks 
in the basal clayey marl and marl (Pal(la» are within the 
oil to gas and condensate zone, the Algyo Formation 
(Pal2) has reached the oil generation zone, and oil-prone 
source beds (Clayton and others, this volume) in the base 
of the Tortel Formation (Pa2) may have just reached the 

onset of low-temperature oil generation. Rocks of the 
Algyo Formation occur mostly within the main phase of 
oil generation, but a limited number of analyses of these 
source beds indicates that they are relatively lean and 
contain more gas-prone than oil-prone kerogen (Clayton 
and others, this volume). Where oil-prone kerogen is 
present, the rocks should have good oil potential. 

MIGRATION MECHANISMS 

There are several ways that oil and gas migrate. The 
two most common mechanisms are: (1) buoyancy, and 
(2) pressure differential. Migration due to buoyancy is 
mostly restricted to conventional reservoirs (i.e., rocks 
with good permeability and porosity and low capillary 
pressure) or well-fractured tight reservoirs. For oil and 
gas to migrate by buoyancy, the continuous hydrocarbon 
phase (column) must be high (long) enough to exceed the 
capillary entry pressures ofthe carrier bed, but not exceed 
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Figure 13. Average shale (including clayey marl and 
marl) and sandstone permeability values versus depth 
for the southeastern part of the Great Hungarian Plain. 

the capillary pressure of the seals, Capillary pressure is 
an important controlling mechanism regulating the 
amount (column) of oil and gas trapped in stratigraphic 
traps (Schowalter, 1979), 

In strata that have relatively high capillary pressures 
and low permeability, oil and gas usually do not migrate 
by buoyancy. Economic quantities of oil and gas in these 
rocks migrate mostly by high-pressure differential (or 
diffusion in the case of gas), However, once the oil and 
gas enters a well-fractured rock (e.g. basement rocks), 
migration updip to a lower pressure environment can take 
place in open fractures by buoyancy, perhaps aided by 
pressure differential. 

Deep reservoirs will have higher pressures than shallow 
reservoirs even under hydrostatic conditions. Therefore, 
reservoir pressure alone is not useful to help understand 
fluid migration. One technique used to map fluid migra­
tion in rocks is to convert reservoir pressure to the height 
of a column of water that a given reservoir pressure will 
support (potentiometric surface). For example, 20 MPa 
will support a 2000 m column of fresh water. A map 
showing these values can be contoured to make a poten­
tiometric-surface map of a particular hydrologic system. 

E 
~ 
I 
l­
ll. 
lJ..I 
o 

2 

3 

4 

TIME (Ma) 
17 15 14 1211 10 B 5 

MIDDLE AND LOWER 
MIOCENE 

2.4 o 

Rol.3% 

Figure 14. Burial curve for rocks penetrated by the 
Hunya-1 well modifiedfrom Horvath (1986). Ro = 

0.6% marks the beginning of main oil generation and 
1. 3% marks the beginning of condensate and gas gen­
eration. See Figure 2 for a correlation of Pannonian 
lithogenetiC units with geologic formations. Location 
of well shown is in Figure 1. 

The data for such maps are always calculated in units of 
meters, relative to sea level, in order to convert pressures 
(migration energy) to a common datum. Usually, fluids 
will tend to migrate from a higher potentiometric value 
to a lower one. This can be vertical or lateral migration. 

Calculated potentiometric surface data for various hy­
drologic units in the basin area are shown in Figures 15, 
16, 17, and 18. In some areas there is considerable local 
variation in potentiometric values. Some ofthe anomal­
ously low values were found to be caused by (\) poor 
pressure buildup resulting in an erroneous extrapolation, 
(2) pressure depletion of a limited (small) reservoir, or 
(3) pressure depletion caused by oil and gas production 
in the case of producing fields (example, Sarkadker­
esztur-4 well in Fig. 4). It was not possible to contour 
these maps, because it was difficult to determine which 
potentiometric values were affected by the three pre-
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Figure 15. Map showing potentiometric values o/basement rocks (Precambrian, Paleozoic, and Mesozoic rocks). 
Values are in meters relative to sea level. Minus values are in meters below sea level. 

viously noted factors. Even without contours, these 
maps are useful to portray the overall conditions. The 
basic concept is that fluids will tend to move up and down 
and laterally from points of high calculated potentiomet­
ric-elevation surfaces to lower ones. 

Very few potentiometric values from deep basement 
rocks are available. The Fabiansebestyen-4 well (Fig. 
15) had a basement potentiometric surface of 3538 m 
above sea level. This well encountered hot water (steam 
at the well head) in basement rocks. Possibly the sealing 
effect of the Miocene and basal clayey marls was suffi­
cient to retain some of the pressure created by rapid 
aquathermal heating. 

Because of low permeability, almost no usable DSTs 
were obtained from the basal clayey marl (Pal(la» inter­
val. The potentiometric map of the Szoinok Formation 

(Pal(lb» (Fig. 17) has very few data points. The Algyo 
(Pal (2» map (Fig. 18) indicates there are many areas, and 
fields, with slightly above normal potentiometric sur­
faces. The shallow formations have normal (hydrostatic) 
to slightly below normal pressures. The Tortel (Pa2) Fm. 
has source beds rich in oil-prone kerogen, where pene­
trated in wells outside the Bekes basin, but cores from 
the lower part of the Tortel Fm. in the Bekes basin have 
not been studied (Clayton and others, this volume). 
However, where the lower part of the Tortel Fm. is within 
the oil window (Ro= 0.6%), it could be a good source of 
oil and gas for stratigraphic traps flanking the basement 
highs. It may also be one ofthe sources of the interpreted 
low-temperature oils analyzed by Clayton and others 
(this volume). 

The lower part of the Algyo Formation (Pal(2» is 
thermally mature (Figs. 3, 4, 14) and appears to be 
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Figure 16. Map showing potentiometric values of middle and lower Miocene rocks. 

ovel]Jressured where temperatures are greater than 
120DC (Fig. 6). 

SELECTED EXAMPLES OF HYDROCARBON 
MIGRATION AND ENTRAPMENT 

The deep, hot parts of the basin are overpressured. The 
pressuring fluids are oil with gas, gas with condensate, 
gas, C02 and water. High pressure conditions are most 
prevalent in lower Pannonian, Miocene, and basement 
rocks. Core analyses (Fig. 13) show that the horizontal 
permeabilities of sandstone, shales (including clayey 
marl and marl) are higher than the vertical permeabilities. 
Therefore, in the absence of extensive vertical faults and 
fractures, fluids should tend to migrate parallel to bed­
ding. The seismic stratigraphic interpretations (Mattick 
and others, this volume) and lithostratigraphic studies 
(Molenaar and others, this volume) also show shale and 
clayey marl seals interbedded with sandstone reservoir 
(carrier) beds. On a large scale, such a reservoir-seal 
geometry would tend to focus migration along bedding 

planes in an updip direction to stratigraphic traps in areas 
where reservoir rocks onlap basement rocks. 

Source beds overlying basement are interpreted to also 
have expelled oil and gas downward (Fig. 3) into frac­
tured basement rocks. These expelled hydrocarbons 
could then migrate updip by pressure differential and 
buoyancy through fractured basement rocks to shallower 
basement structural (paleomorphologic) highs such as at 
the Sarkadkeresztiir field (Fig. 3). 

Studies by Clayton and Koncz (this volume) show gas 
may have migrated vertically for distances of as much as 
3500 m. Much of this vertical migration is interpreted to 
have taken place in fractured basement and Miocene 
rocks from deep source beds over a lateral distance as 
much as 5 to 10 km (Fig. 3). 

Some examples of local vertical migration of gas and 
condensate can be observed using data from the 
Sarkadkeresztiir field (Figs. 1,3,4). This field, located 
on the northeastern edge of the Bekes basin, is overpres-
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Figure 17. Map showing potentiometric values for turbidite sandstones in the Szolnok Formation (PG1(lb)). 

sured in many reservoirs. A plot of reservoir pressures 
(Fig. 19) shows that the pressures in some pools align 
along a gas-condensate pressure gradient of a common 
reservoir. The interpretation is that the pressure commu­
nication is caused by the presence offaults and fractures. 
Slightly overpressured water occurs at the bottom of the 
gas-condensate column indicating pressure communica­
tion to deeper, overpressured aquifers, otherwise the 
pressure in the water beneath the gas-condensate would 
be closer to the hydrostatic gradient (shown to the left in 
Fig. 19). 

Projection of the Ro = 0.6% line eastward into the 
SarkadkeresztUr-4 well (Fig. 3), shows that the rocks in 
the producing interval should be barely thermally mature 
and not in the high-temperature, gas-condensate win­
dow. However, geochemical studies of the condensate 
and gas produced from this field indicate the hydrocar­
bons are very thermally mature and are approximately in 
the top of the gas condensate zone (I. Koncz, oral com-

munication, 1986); therefore, the most likely source of 
this production is oil and gas that has migrated updip 
from thermally very mature, deep, overpressured Mio­
cene rocks (and possibly, from the basal clayey marl) on 
the flanks of the structure. The flanks of this structure, 
and similar basin-margin structures, should, thus, be 
prospective for structural and stratigraphic entrapment of 
migrated oil and gas in fractured basement, in Miocene 
strata, and in the Szolnok and Algyo Formations. 

The Endrod field (Fig. 1) is a good example of the lack 
of vertical hydrocarbon migration in the Pannonian sedi­
ments. This field does not produce oil and gas from 
basement rocks even though the basement rocks form a 
structurally high feature. Instead it produces gas, inter­
preted to be indigenous to the structure (Clayton and 
Koncz, this volume). The potentiometric surface of the 
lower Pannonian reservoirs at Endrod is about normal to 
slightly above normal. 
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Figure 18. Map showing potentiometric values for delta-slope sandstones in the Algyo Formation (PaI(2)). 

In contrast, the Szarvas field (Fig. 1), southwest of 
Endrod, produces gas and condensate from basement 
rocks at a depth of about 3000 m and shallower, as well 
as from overlying lower Pannonian sandstones. The high 
potentiometric surface of fluids in the basement rocks at 
Szarvas shows t}lat the basement is overpressured, as is 
part of the lower Pannonian section. Clayton and Koncz 
(this volume) noted that the gas at Szarvas has migrated 
from depths of about 3000 to 3800 m and some of this 
gas has a high C02 content. In addition, vertical migra­
tion may have occurred along growth faults. 

The Szeghalom field (Fig. I) is overpressured and 
produces gas and condensate that appear to have mi­
grated laterally and updip from a structural low (trough) 
to the southeast. Stratigraphic traps flanking this struc­
tural trough should have high potential for production of 
gas and oil. 

Pressure and geochemical data, and studies of fields and 
geological structure indicate that, substantial migration 

should have taken place in an updip direction out of the 
basin into stratigraphic traps on the updip edges of Algyo 
and Szolnok reservoirs flanking the highs. Migration 
should also have occurred into shallower structural traps 
through the Szolnok carrier beds and through the frac­
tured Miocene and basement rocks. 

SUMMARY AND CONCLUSIONS 

The Bekes basin is a relatively young, hot basin with 
shallow oil and gas production from structurally high 
basement and Neogene rocks. The deep, hot, overpres­
sured parts of the basin have been tested by only a few 
wells. Geochemical studies of Clayton and others (this 
volume) indicate that some ofthe oils in the structurally 
high areas were generated at lower temperatures than the 
generally accepted top of the oil window. These same 
geochemical studies report very mature (high tempera­
ture) gas and condensate from other structurally high 
closures. The present authors concur with Clayton and 
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Figure 19. Pressure versus depthfor water. dry gas, 
and gas and condensate reservoirs in the Sarkadke­
resztur field The plot shows general overpressuring 
in the field and a common gas-condensate pressure 
gradient for many fault- and fracture-connected base­
ment, Miocene, and Pannonian reservoirs. 

others (this volume) that the immature oils migrated short 
distances through Neogene carrier beds and fractured 
basement rocks and that the high temperature hydrocar­
bons migrated upward and laterally from the deep hot 
parts of the basin. 

These geochemical results should influence explora­
tion approaches to be used in the search for stratigraphic 
traps and basin-flank structural traps. It was previously 
assumed that the oil and gas on the highs migrated from 
source beds deep in the basin. It now appears that some 
short-range migration of low-temperature oils has oc­
curred by buoyancy in conventional reservoirs. It is also 
evident that thermally mature or post-mature gas has 
migrated (by diffusion and pressure differential) from 
deep in the basin into structural highs, where it has mixed 
with the low-temperature oils (Clayton and others, this 
volume). As noted earlier, gas is generally more mobile 
than oil. The fields with low thermal maturity oils and 
(or) mixed low and high temperature oils occur in struc­
turally high areas such as the Pusztallildvar, Kaszaper, 

Mewhegyes, and Battonya fields on the southwest side 
of the Bekes basin, and at the Komadi and Biharugra 
fields (Fig. I), to the north of the Bekes basin (Clayton 
and others, this volume). The Sarkadkeresztur field pro­
duces mostly highly mature gas and condensate (I. 
Koncz, oral communication, 1986). On the basis of 
thermal maturity and burial history work by Szalay 
(1983), as well as data of Figures 3 and 4, these hydro­
carbons are interpreted to have migrated updip from a 
depth of about 4000 m and laterally for a distance as 
much as 2 to \0 km. 

The absence of large volumes of thermally mature oil 
on the Battonya-Pusztaf6ldvar high indicates that such 
oils, if generated, have been blocked from migrating 
updip by stratigraphic traps flanking the structures. The 
optimum exploration depths for stratigraphic traps ap-
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Figure 20. Generalized cross section B-B ' in the 
Pusztafoldwir area. (See Fig. I for location). The ba­
sal Bekis Conglomerate produces low-temperature oil 
and gas with a high CO2 content, that is mixed with 
high-temperature gas and condensate (Clayton and 
others, this volume). The Foldwir Lower sandstones 
produce low-temperature oil and high-temperature 
gas, together with small a quantity of CO2. The Fold­
var Upper sandstones produce high-temperature gas 
and gas condensate; the C02 content ranges from low 
to none. The upper Pannonian Puszta zone sandstones 
contain dry gas of probable biogenic origin. 
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pear to be between 3500 m (updip from Ro = 1.3% at 
4000 m) and 2400 m (updip from Ro = 0.6%). Oil and 
gas should also be trapped in local structures on the flanks 
ofthe major basement highs. 

The complexity of migration and accumulation of oil 
and gas in shallow structures in the Bekes basin is illus­
trated using the Pusztaf6ldvlir area as the example (Fig. 
20). The drape of the Pannonian rocks over this base­
ment structure results from differential compaction of 
Neogene sediments. The basement rocks here contain 
large amounts of C02 gas and low-temperature oil. The 
low-temperature oil has probably migrated a short dis­
tance (Clayton and others, this volume). The highest 
concentrations of C02 occur in the basement rocks and 
in the basal Bekes conglomerate. The amount of C02 in 
the lower and upper Pannonian sandstones ranges from 
low to none. The C02 had originated in basement rocks 
(Koncz, 1983) and has probably migrated into the lowest 
reservoirs of the structure through basement fractures. 
The gas and condensate, that have high-temperature ori­
gins (Clayton and Koncz, this volume; Clayton and oth­
ers, this volume), have migrated through basement frac­
tures and lower Pannonian sandstones from depths of 
3500 m or deeper. The dry gases in the upper Pannonian 
beds are probably biogenic (Clayton and Koncz, this 
volume). Gas of biogenic (bacterial, low-temperature) 
origin is a major potential resource in the United States 
and the Russia (Rice and Claypool, 1981). 

In the course of our migration studies we found that a 
potentially large amounts of biogenic gas appear to be 
present in the Bekes basin in shallow water-bearing 
reservoirs. A specially designed exploration effort will 
be needed in order to evaluate this potential gas resource. 
We also noted that potentially large tight-gas (Spencer, 
1989) resources are probably present in the deep part of 
the Bekes basin. 
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11 Structural Control on Hydrocarbon 
Accumulation in the Pannonian Basin, 
Hungary 

Gyorgy Pogacsa/ ,Robert E. MatticK, Gabor Ta"J ,and Peter Varna;1 

ABSTRACT 

The Pannonian Basin is a back-arc basin superimposed on the Alpine compressional megasuture that resulted from 
continental collision between Europe and smaller continental fragments following southward subduction of Tethyan 
ocean floor. A set of discrete basins, whose development was dominated by extensional listric and wrench faults, fonned 
inside the Carpathian loop in middle Miocene time. The basin-fonning tectonic activity culminated in middle to late 
Miocene time. The Pliocene to recent development of the region was characterized by widespread thermal subsidence 
and limited local tectonic deformation. 

This geodynamic setting governs the characteristic styles of hydrocarbon accumulations in the Pannonian Basin. As 
revealed by the analysis of multichannel seismic-reflection and drill-hole data, the oil and natural gas fields are typically 
associated with basement highs. The most prospective of these basement highs are associated with: (I) wrench faulting, 
(2) extensional faulting, (3) intra-basement arches, (4) thrust faulting, and (5) structural inversion (uplifting offormerly 
depressed areas by a combination of compression and wrenching). In addition, oil and natural gas traps are associated 
with listric normal faults that resulted from differential compaction of sediments. 

INTRODUCTION 

The aim of this chapter is to provide a general overview 
of specific structural features that are associated with 
prominent oil and natural gas traps in the Pannonian 
Basin. The search for oil and natural gas in the area is 
shown to be dependent on the interrelations between the 

tectonic setting and the accumulation mode ofhydrocar­
bons. By outlining these structural features, we hope to 
offer an insight into possible field extensions and new 
prospects in the Pannonian region. 

Following the scheme of Harding and Lowell (1979), 
we distinguish structural styles based on the involvement 
or non-involvement of the basement complex in the 

I MOL Rt. (Hungarian Oil and Gas Co., Ltd.) H-1068, Budapest, Hungary 
2 U.S. Geological Survey, Reston, Virginia 22092, USA 
3 Rice University, Houston, Texas 77251, USA 

P. G. Teleki et al. (eds';. Basin Analysis in Petroleum Exploration, 221-235. 
© 1994 Kluwer Academic Publishers. 
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222 Pogacsas and others 

structural development. This is relevant to the Pan­
nonian Basin because its major hydrocarbon accumula­
tions appear to be dominantly associated with structures 
that involve the basement complex (pre-Tertiary rocks). 
Five types of structures that involve the basement com­
plex are discussed with examples shown on seismic 
sections: (I) wrench faulting with an example of a flower 
structure in the Derecske basin; (2) extensional block 
faulting coeval with the deposition of synrift sediments 
with an example from the Nagylengyel area; (3) positive 
basement warps with an example from the Algyo area; 
(4) compressive thrusts with an example from the Foldes 
area; and (5) structural inversion with an example from 
the Budafa anticline. In addition, an example from the 
Devavanya area of oil and natural gas traps associated 

EUROPEAN PLATFORM 

o 200m "" ___ ~' 

EXPLANATION 

Thrust fault with 
sawteeth on upper plate 

.", Direction of thrusting 

with a growth-fault structure that does not involve the 
basement complex is also presented. 

The intra-Carpathian region, which consists of a num­
ber of subbasins separated by basement highs, is sur­
rounded by the Carpathian arc (Fig. I). The largest 
subbasin is the Pannonian basin (also called the Great 
Hungarian Plain). The pre-Tertiary basement complex 
of the region is composed of several plate fragments 
juxtaposed by Cretaceous to Eocene tectonic events 
(Channell and Horvath, 1976; Balla, (987). The Creta­
ceous-Paleogene evolution of the area was marked by the 
convergence and collision of two major continental units: 
Europe and the rigid Moesian plate and a smaller, non­
rigid and highly deformed unit consisting of a complex 
assemblage of small continental fragments (Horvath and 

Figure 1. Map showing the intra-Carpathian region. Outline of Hungary is shown by a dashed line. Major basins 
within this region are the Pannonian, Vienna (V), Southwest Transdanubian (I'D), Transcarpathian (I'e), and Tran­
sylvanian (I'S) Basins. Danube-Raba Lowland (DRL); Transdanubian Central Range (TDCR); Biikk Mountains 
(Bii); Apuseni Mountains (A). Figure modifiedfrom Burchfiel and Royden (1982). 
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Structural Control on Hydrocarbon Accumulation 223 

Royden, 1981; Royden and others, 1982; Balla, 1985, 
1987; Royden, 1988). Convergence was probably the 
result of southward and westward directed subduction of 
a Jurassic-Lower Cretaceous oceanic terrane. 

According to Horvath and Royden (1981), Horvath 
(1986), and Royden (1988), the intra-Carpathian basins 
are typical back-arc extensional basins that formed dur­
ing and after the main stages of thrusting in the outer 
Carpathians. The basins can be classified as either pe­
ripheral basins that lie adjacent to and superimposed on 
thrust belts (Vienna basin and Transcarpathian depres­
sion), or as central basins that lie in a more internal 
position (Pannonian and Danube-Raba basins). In the 
first case, the basins formed mainly in middle Miocene 
time (Karpatian and Badenian stages); whereas in the 
second case, the basins formed in a later phase of thermal 
subsidence during late Miocene-early Pliocene time 
(Sarmatian and Pannonian sensu lato stages). 

The Miocene opening of the intra-Carpathian basins 
resulted from strike-slip motion along a set of roughly 
NE-SW-trending, left-lateral shears accompanied by a 
conjugate set of NW-trending, right-lateral shears 
(Horvath and Royden, 1981; Horvath and others, 1987), 
in which setting the right-lateral faults are dominant. The 
resulting extension and normal faulting produced discon­
tinuous pull-apart basins and push-up swells along diver­
gent strike-slip faults. Deep sedimentary troughs are 
usually bounded by a set of normal faults. Large 
amounts of displacement along listric normal faults re­
sulted in tilting of the originally horizontal strata and a 
regional unconformity developed between the middle 
Miocene (synrift) and Pannonian (postrift) sedimentary 
rocks (Horvath and others, 1987). Seismic iilustrations 
of these structural features have been published by 
Pogacsas (1984, 1985, 1986), Horvath and Rumpler 
(1984), Molnar and others (1987), and Rumpler and 
Horvath (1988). 

The style of sedimentation within individual basins was 
influenced by the proximity of the basin to a thrust front 
(Royden, 1988). Basins located close to a thrust front 
contain a thick, syn-extensional, faulted sedimentary 
rock section overlain by a thin, post-tectonic, sedimen­
tary rock section. Basins located in a more internal 
position within the basin system, such as the Pannonian 
Basin, can be characterized by the dominance of a post­
extensional, unfaulted, flat-lying sedimentary sequence. 
The thickness of the Neogene-Quaternary sedimentary 
fill may reach 7000 m in some basins. 

WRENCH FAULTING, DERECSKE BASIN 

On the northern side of the Derecske basin near the 
eastern border of Hungary (Fig. 2, profile I), irregular 
seismic reflection patterns occur in the Pannonian sec­
tion, which were attributed by Albu and others (1976) to 
the presence of a "mobile zone" in the crust. According 
to Pozsgay and others (1981), this mobile zone is related 
to a deeper fault zone and lamellation near the Mohorovi­
cic discontinuity. Such lamellar structures may be char­
acteristic of wrench faults (Fuchs and Schultz, 1976). 
Numerous other authors, based on interpretation of seis­
mic profiles in this region (Varga and Pogacsas, 1981; 
Hajdu and others, 1982; Gajdos and others, 1983; Balla, 
1985; Pogacsas, 1985, 1986; Samu, 1985; Rumpler and 
Horvath, 1988), have concluded that the mobile zone 
represents significant strike-slip movement. Seismic 
stratigraphic investigations in the Derecske basin 
(Pogacsas and Volgyi, 1982; Berkes and others, 1983; 
Pogacsas, 1984, 1985) suggested that different seismic 
facies are in contact with one another in the upper Mio­
cene-Quaternary section along the inferred strike-slip 
fault zone. 

A seismic profile (Fig. 2, profile I) that crosses the 
suspected strike-slip fault in the Derecske basin is shown 
in Figure 3. The interpretation of this profile shows a 
flower structure. High-amplitude reflections in the up­
per Pannonian (Pa2), lacustrine-fluviatile, marshy facies 
are offset by about 50 m in an extensional collapse 
structure believed to be the result of strike-slip move­
ment. The discontinuous reflections from lower Pan­
nonian (Pal) delta plain facies also appear to be disturbed 
by faulting, and the Precambrian basement surface has 
been offset by about 400 m. 

At the Foldes-2 well (Fig. 3), natural gas reservoirs 
occur in the Pannonian section at depths of2032-2041 m 
and 2669-2675 m with production, respectively, of 5000 
m3/dayand 11,000 m3/day. The upper natural gas pool 
occurs in southeastward dipping delta slope facies and 
the lower one in prodelta turbidities. The updip seal on 
these reservoirs appears to be a Riedel shear fault related 
to lateral displacement. Lower in the section, natural gas 
production comes from Miocene tuffaceous sandstone 
(246,600 m3/day) and fractured Precambrian metamor­
phic rocks (129,000 m3/day) at depths of 3247-3255 m 
and 3315-3540 m, respectively. These combination 
structural-stratigraphic traps are inferred to be related to 
vertical displacement of the basement that resulted from 
lateral movement. 
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Structural Control on Hydrocarbon Accumulation 225 

About 13 Ian northeast of the Foldes-2 well, along the 
same strike-slip fault, hydrocarbon pools have been dis­
covered in delta front as well as delta plain facies. There 
is a good likelihood, therefore, that along such relatively 

unexplored, lateral displacement zones more hydrocar­
bon accumulations will be discovered. 
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Figure 3. Derecske basin: (top), seismic profile 1 (uninterpreted. migrated 2410ld section); (bottom) , interpreta­
tion of profile 1. A well-developed flower structure can be observed on the right-hand side of the profile above 2.5 
sec. Location of profile is shown in Figure 2. Wavy line represents unconformity between Neogene sedimentary 
rocks and the Mesozoic-Precambrian basement complex. Pal: lower Pannonian; Pm.: upper Pannonian; M: Mio­
cene; PC: Precambrian. 
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Figure 4. Nagylengyelfield: (top), seismic profile II (un interpreted, migrated 24-fold section); (bottom) interpre­
tation of profile II. The most significant reservoirs are in Cretaceous rudistid limestone and Upper Triassic dolo­
mite. Reservoirs in Cretaceous rudistid limestone are sealed above by marl beds. Location of profile is shown in 
Figure 2. (1): limestone; (2): dolomite; (3): marl; (4): volcanic rocks; Pa: Pannonian; M: Miocene; E: Eocene; K2: 
Upper Cretaceous; T3: Upper Triassic. 
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Structural Control on Hydrocarbon Accumulation 227 

EXTENSIONAL BLOCK FAULTING IN THE 
NAGYLENGYEL AREA 

During the 1950' s and early 1960' s (prior to production 
from the Algyo field), the Nagylengyel field, in terms of 
oil production, was one of the largest in Hungary. The 
original, in-place reserves are estimated to have been 45 
million metric tons of oil, including a small percentage 
of natural gas expressed in BTU equivalents of oil; but, 
for the most part, these reserves have been nearly ex­
hausted since the field was discovered by gravity and 
seismic-refraction methods in 1951. The main hydrocar­
bon reservoirs are in Upper Cretaceous rudistid lime­
stones and Triassic dolomites. traps are associated pri­
marily with uplifted fault blocks, and hydrocarbon reser­
voirs are sealed above by arenites and calcarenites of Late 
Cretaceous age. Geochemical analyses (Clayton and 
others, this volume) indicate that the oil in the 
Nagylengyel field was generated from Triassic source 
rocks that reached maturation in Neogene time. 

Seismic profile II (Figs. 2 and 4) crosses the 
Nagylengyel field in a SW-NE direction. Based on the 
interpretation of seismic reflection patterns, cores and 
well logs, the postrift Pannonian sedimentary section 
represents a deltaic sequence that prograded from the 
northeast. Beneath, middle Miocene sedimentary rocks 
overlie a strongly eroded synrift Eocene section com­
posed of sandstone, marl, limestone, and volcanic rock 
unconformably. The base of the synrift Eocene section 
is marked by another strong unconformity. The postrift 
(Miocene-Quaternary) section is relatively undeformed 
in contrast to the synrift Eocene and the prerift Mesozoic 
sections which are highly faulted and deformed. Fault­
ing appears to be limited to the pre-Miocene section 
where Triassic-Eocene strata are offset by as much as 
400-500 m (Fig. 4). 

Dip directions of Upper Cretaceous-Eocene strata in the 
Nagylengyel area are concordant to the surface forms of 
the Triassic (Korossy, 1971; Bodzay, 1971). As pre­
viously stated, the Triassic-Eocene section is cut by 
numerous normal faults that strike in a NW -SE direction 
with as much as 400-500 m of throw. Because there 
appears to be no evidence of lateral displacement or 
reverse faulting, the structure in the Nagylengyel area is 
inferred to be a result of extensional block faulting of a 
large ancient dome. The strike directions of individual 
blocks point off the axis of the ancient dome (Bodzay, 
1971). 

In the Nagylengyel field, 15 oil pools are known. The 
pools are under normal hydrostatic pressure and the 

reservoirs are mostly hydrodynamically isolated. The 
thicknesses of Cretaceous reservoirs vary from 7-90 m, 
and Triassic reservoirs from 20-160 m (Dank, 1988). 
The permeability of Cretaceous reservoir rocks is rela­
tively low, a result of the presence of vertically and 
horizontally oriented zones of compact marl. The oil, 
generated in Triassic dolomites, probably migrated along 
faults into Cretaceous and Triassic reservoirs. Accord­
ing to Bodzay (1971), oil migration probably took place 
during the Miocene because the highest parts of the 
basement structures do not contain oil, and these base­
ment highs were breached by erosion during Miocene 
time. 

POSITIVE BASEMENT WARPS, ALGYO AREA 

The Algyo field was discovered using seismic methods 
in the early 1960's and the first production well was 
completed in 1965. Today the field covers an area of 
about 80 km2. The original, in-place reserves of Algyo 
are estimated to be 75 million metric tons of oil and 100 
billion m3 of natural gas. Presently, this is Hungary's 
largest oil and gas field and it yields 52% of the total 
hydrocarbons produced in Hungary (Dank, 1988). 

Seismic profile III (Figs. 2 and 5) crosses the southern 
part of the Algyo field. The large elevated basement 
block is inferred to have formed by differential subsi­
dence, commencing in middle Miocene time, whereby 
the flanks of the high subsided faster than the central core 
area. Prior to subsidence, the basement complex, com­
posed of highly metamorphosed Precambrian rocks, was 
deeply eroded. Middle Miocene-age synrift sediments, 
which comprise the basal part of the Neogene sedimen­
tary section, are thin on the top of the structure and 
thicken on the flanks where they were deposited in an 
onlap pattern (Fig. 5). Postrift Pannonian sediments 
were later draped over the structure. 

The thickness of individual reservoirs in the Algyo field 
vary from 5-70 m (Dank, 1988). The deepest hydrocar­
bon reservoirs occur in the upper few meters of the 
basement complex where porosity and permeability have 
been enhanced by fractures and fissures. Reservoirs in 
the basement complex contain relatively small amounts 
of hydrocarbons. Major production is from upper Pan­
nonian sandstones associated with delta plain and delta 
front facies. Volgyi and others (1970) list 7 horizons of 
late Pannonian age that contain oil and natural gas reser­
voirs. The lower Pannonian section contains natural gas 
reservoirs in turbidite sandstone bodies and oil reservoirs 
in transgressive, basal formations. 
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Figure 5. Algyo field: (top), seismic profile III (uninterpreted, migrated 24-fold section); (bottom), interpretation 
of profile III. Hydrocarbon pools are associated with turbidite and basal transgressive sands in the lower part of 
the Pannonian section and with weathered and fractured zones in the upper part of the metamorphic basement com­
plex. The Algyo field, in relation to hydrocarbon reserves, is the largest in Hungary. Location of profile is shown in 
Figure 2. 

The primary source rocks in the Algyo area are believed 
to be in the lower part of the Neogene section (I. Koncz, 
written communication, 1988; Clayton and others, this 
volume). 

BASEMENT HIGHS ASSOCIATED WITH 
THRUSTS, FOLDES AREA 

In the Foldes area (Fig. 2, profile IV), recent discoveries 
of oil and natural gas appear to be associated with a 
basement high that developed along a major thrust fault. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



U 

III 

VI 

-.; 
• 

3 

.! 1 

... 
:t 

o 1 
) 

Structural Control on Hydrocarbon Accumulation 

NW ~ FilLCES-11 

-===:::::::~ - - -------=-

BASEMENT 

SE 

-- - ~---== ---

o 
I 

2km 
I 

229 

Figure 6. Foldes area: (top), seismic profile IV (uninterpreted, migrated 24jold section); (bottom) , interpretation 
o/profile IV Thrust/aulting in the basement occurred in Cretaceous or Miocene time. See text/or explanation. 
The in/erred strike-slip relatedj/ower structure is younger than the thrust/ault. In the Foldes-ii well, a natural gas 
pool was discovered in sandstone near the top 0/ the Miocene section, as well as an oil pool in basal Miocene trans­
gressive conglomerate. Location o/profile is shown in Figure 2. M: Miocene; Pa: Pannonian; J: Jurassic. 
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Seismic profile IV crosses the Foldes-II well which 
bottomed in Jurassic rocks (Fig. 6). The position of the 
thrust fault was inferred based on a change in attitude of 
basement reflections. Additional evidence of thrusting 
in the area comes from the Sanmd-I well which pene­
trated Cretaceous carbonate rocks beneath a thick section 
of Precambrian metamorphic rocks several kilometers to 
the north (Berczi-Makk, 1985; Haas, 1987; Pap, 1987). 

As interpreted in Figure 6, Miocene strata as well as 
older strata are cut by the thrust fault. The fault, there­
fore, is inferred to have been active in Miocene time. 
However, on other seismic profiles from the same area, 
thrust faulting appears to cut only pre-Miocene strata. 
Therefore, what appears to be a fault in Miocene strata, 
in reality, may be a result of improper migration of the 
seismic data - that is to say, the fault may be a result of a 
"bow tie" effect related to the narrow syncline located 2 
km northwest of the Foldes-II well at 2.3 sec. 

The flower structure, which is interpreted to cut base­
ment strata as well as some of the youngest sedimentary 
sequences (Fig. 6), is inferred to represent a zone of 
strike-slip movement. This zone appears to be a south­
ward continuation of a strike-slip zone that was mapped 
about 5 km north in the Derecske basin (Fig. 3). 

The Foldes-II well, drilled in 1987, produces 113,500 
m3/day of natural gas from a Pannonian sandstone reser­
voir immediately above the pre-Pannonian Miocene sec­
tion and from a Miocene basal transgressive conglomer­
ate and sand unit (Fig. 6). Exploration ofthe Foldes area 
continues; preliminary estimates suggest that the struc­
ture could contain large recoverable reserves of oil and 
natural gas. 

STRUCTURAL INVERSION, BUDAFA 
ANTICLINE 

Positive structural inversion is a reversal of deforma­
tional processes; a depressed region is uplifted, usually 
by a combination of compression and wrenching (Low­
ell, 1985; Harding, 1985). This type of structure is 
represented by the Budafa anticline located in the west­
ern part of the Pannonian Basin (Fig. 2, profile V). The 
Budafa anticline is part of a larger EW -trending fold belt 
that may extend into Yugoslavia where surface expres­
sion offolds is referred to as the Sava folds (Dimitrijevic, 
1982; Molnar and others, 1987; Rumpler and Horvath, 
1988). Oil and natural gas is presently being produced 
from the Sava fold-belt in Yugoslavia. 

The Budafa anticline was discovered in the early part 
of the 20th century (about 1919) using dip needle, torsion 
balance, seismic, and surface geologic mapping tech­
niques (Dank, 1988). The first discovery well on the 
structure was drilled in 1937. Seismic profile V (Figs. 2 
and 7) crosses the structure perpendicular to the fold axis. 

We\l& drilled on the crest and on the flanks of the 
Budafa anticline have penetrated Karpatian (middle 
Miocene) to Quaternary sedimentary rocks (Fig. 7). 
Core data from these wells indicate that the Karpatian 
section (M34) consists of conglomerate and breccia (de­
rived from Triassic carbonate rocks) that grade upward 
to limy marls and limestone and clayey marls and sand­
stone. The Badenian section (M4, middle to upper Mio­
cene) consists of marls and siltstones, sandy marls and 
clayey marls containing thin beds of andesite tuff. The 
Sarmatian section (Ms, upper Miocene) chiefly consists 
of marls and sandstone. The lower Pannonian (Pal) and 
upper Pannonian (Pa2) sections are composed of marls, 
fine-grained turbidites and sandstones. The sandstones 
in the Pannonian section represent delta front and river­
mouth-bar depositional environments. 

Structurally, the Budafa feature is an asymmetrical 
anticline. Below the crest, subsurface horizons have 
more than 500 m (400 milliseconds) of relief (Fig. 7). 
Karpatian (M34) and older strata are cut by a major thrust 
fault and a subsidiary reverse fault. The Badenian (M4) 
through Pannonian CPa) sequences are asymmetrically 
folded with the northwestern limb ofthe fold steeper than 
the southeastern limb. 

Analysis of well and seismic data (Fig. 7) indicate that 
the Budafa anticline represents an inverted structure. On 
the southwestern flank of the structure, at the Letenye-I 
(Le-I) well, the Badenian (M4) section is about 400 m 
(320 milliseconds) thick; whereas, below the crest ofthe 
structure, at the Budafa-V (B-V) well, the same age 
section is about 760 m (610 milliseconds) thick. In 
addition, the seismic data indicate that the Karpatian 
section thickens in the same direction. This lateral thick­
ening of Badenian and pre-Badenian beds towards the 
axis of the anticline is interpreted as evidence that the 
area beneath the crest of the structure was a depression 
during Badenian and Karpatian time. The major phase 
of inversion caused by thrust faulting probably occurred 
subsequent to Badenian time and prior to Sarmatian time. 
This timing is evidenced by the on lap and thinning of 
Sarmatian (Ms) beds from the southwest flank towards 
the axis of the Budafa structure. By Sarmatian time, the 
structure had been transformed from a depression (per­
haps a half graben) to an anticline. The marked doming 
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Figure 7. Budafa anticline: (top), seismic profile V (uninterpreted, migrated 24-fold section); (bottom), interpreta­
tion of profile V Location of profile is shown in Figure 2. Positive structural inversion resulted in an anticline pro­
lific in oil and natural gas. Eighty-one oil pools have been discovered in Pannonian prodelta turbidites and 
river-mouth-bar deposits. Low-permeability, Miocene carbonate breccias and conglomerates contain natural gas 
below a depth of 4000 m. (I): volcanic rocks; (2): sandstone; (3): marl and sandstone; (4): breccia; (5): limestone; 
(6) : conglomerate; (7): marl; (8): unconformity; Pa2: upper Pannonian; Pm: lower Pannonian; Ms: Sarmatian; 
M4: Badenian; M34,: Karpatian. 
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Figure 8. Devavanya high: (top), seismic profile VI (uninterpreted, migrated 24-fold section); (bottom), interpre­
tation of profile VI. Location of profile is shown in Figure 2. Differential compaction promoted the development of 
a southeast-dipping growthfault with associated hydrocarbon traps. 

of Pannonian strata, that continues upward to the ground 
surface at the axis of the structure, suggests that uplift 
(compression) continued throughout much of Pannonian 
time. According to Horvath and Rumpler (1984), the 
Budafa anticline is a very young compressional structure 
that is probably related to convergent and/or discontinu­
ous transcurrent faults. 

Hydrocarbon accumulations in the Budafa anticline 
occur in a number of zones, chiefly in the lower Pan­
nonian, Badenian and Karpatian sections (Fig. 7). The 
lower Pannonian section contains 81 known hydrocar-

bon reservoirs; 33 contain natural gas, 19 oil and natural 
gas, and 29 chiefly oil with small amounts of dissolved 
methane gas. The Pannonian reservoirs are associated 
mainly with turbidite bodies in the lower part ofthe lower 
Pannonian section and with river-mouth-bar sandstone 
bodies in the upper part of the lower Pannonian section. 
The oil from the lower Pannonian section is intermedi­
ary-paraffin with a density of 0.79-0.86 glcm3 at 20° C. 
Fifteen million metric tons of oil, 5 billion m3 of natural 
gas, and 10 billion m3 of C02 gas have been produced 
from the Pannonian section. In addition, significant 
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amounts of natural gas have been produced from Bade­
nian as well as Karpatian reservoirs. 

Probable source rocks in the Budafa area are thick 
(80-120 m) beds of lower Pannonian bituminous marl. 

GROWTHFAULTS,DEVAVANYAAREA 

In the Devavfulya area (Fig. 2, profile VI), growth faults 
and associated rollover structures playa role in the trap­
ping of oil and natural gas. Seismic profile VI, which 
crosses the Devav{mya basement high, is shown in Figure 
8. In this area, the basement complex is composed of 
Paleozoic metamorphic rocks. The sedimentary rocks 
that overlie the basement complex with marked uncon­
formity are chiefly of Pannonian age and represent depo­
sition in prodelta, delta slope and delta plain environ­
ments. Above the basement high, a prominent listric 
normal fault, that dips southeastward, cuts much of the 
sedimentary section. At the base of the sedimentary 
section, the dip of the fault appears to parallel the base­
ment surface. 

The fault above the Devavanya high is thought to be 
associated with a paleo-slope. According to Mattick and 
others (1988), deltas began to prograde from the north to 
the south in early Pannonian time in this area. The 
basement high, which was oriented approximately per­
pendicular to the direction of progradation, initially acted 
as a dam to southward sedimentation. That is to say, 
coarse-grained sediments (delta plain and delta front) 
were deposited on the northeastern flank of the basement 
high while finer-grained sediments (delta slope and 
prodelta) were deposited on the southwestern flank. 
Later, as a result of differential compaction during sedi­
ment dewatering, the sedimentary section on the south­
western flank ofthe high compacted more than the sedi­
mentary section on the northeastern flank. This mecha­
nism promoted the development of major, southwest­
ward-dipping, growth faults and antithetic faults above 
the basement high (Fig. 8). Similar growth faults that 
parallel basement highs have been described from other 
areas of the Pannonian Basin where the trends of base­
ment highs are oriented normal to the direction of delta 
progradation, as in the SarkadkeresztUr and Szarvas areas 
(Pogacsas, 1987; Mattick and others, 1988). 

Some of the hydrocarbon traps discovered on the 
Devavanya high appear to be related to rollover struc­
tures that developed in association with growth faulting 
(Fi~ 8). Production of24,000 m3/day of natural gas and 
1 m /day of condensate appears to be reiated to a rollover 

structure on the downthrown side of the fault, and pro­
duction of \9,700 m3/day of natural gas and 4.8 m3/day 
of condensate appears to be related to a trap on the 
upthrown side of the fault. In addition to fault related 
traps in the Devavanya area, hydrocarbons are produced 
from fracture zones in the basement complex, from tur­
bidite and delta front sandstone bodies, and from the 
lower part ofthe basal transgressive Miocene sandstones. 
Recoverable hydrocarbon reserves discovered to date in 
the Devavanya area are about one million metric tons of 
oil, including natural gas expressed in BTU equivalents 
of oil. 

CONCLUSIONS 

As a result of extensive oil and gas exploration in 
Hungary during the past 60 years, the largest hydrocar­
bon traps most likely have been discovered, especially 
those related to Neogene tectonics. An exception to this 
statement is that potential traps associated with Neogene 
strike-slip zones have not been explored adequately; 
however, little is known about the fractured and fissured 
traces of these zones in the pre-Tertiary basement com­
plex. 

The Paleogene basin (Fig. 2) and the Upper Cretaceous­
Paleogene flysch zone (Fig. 2) of northeast Hungary are 
relatively unexplored in comparison to most other parts 
of the country. The Paleogene basin locally contains 
thick sedimentary rock sections and a better under­
standing of how tectonics was involved in the develop­
ment of this basin could result in new discoveries of oil 
and gas. Similarly, the internal structure of the Upper 
Cretaceous-Paleogene flysch zone is poorly known. 

Finally, the Mesozoic section throughout Hungary re­
mains relatively untested and unexplored. Recent stud­
ies in northwest Hungary (unpublished) indicate that the 
basement complex contains many nappe structures, 
which were emplaced during pre-Neogene Eoalpine and 
Mesoalpine deformational episodes. Preliminary exami­
nation of seismic records indicates that nappe structures 
involving Mesozoic rocks may be more extensive in 
Hungary than previously thought. Intrabasement nappe 
structures of similar age in the Vienna Basin in Austria 
are associated with promising oil and gas prospects 
(Wessely,1988). 

@
G

E
O

L
O

G
Y

B
O

O
K

S



234 Pogacsas and others 

REFERENCES 

Albu, I., Bodoky, '1'., Janvary. L Pinter, A., Szeidovitz, Gy., and 
Varga, G., 1976, Geofizikai kutatas as Alf<ildtin (Geophysical explo­
ration on the Great Hungarian Plain); Eiltvos L6rand Geophys. Inst. 
1976 Yearbook, 53-55. 

Balla, Z., 1985, The Carpathian loop and the Pannonian Ba,in: A 
kinematic analysis; Eotvtis L6nlnd Geophys. [nst., Budapest, Geophys. 
Transactions, 30, (4), 313-354. 

Balla, Z., 1987, Tertiary paleomagnetic data for the Carpatho-Pan­
nonian region in the light of Miocene rotation kinematics; Tectono­
physics, 139,67-98. 

Berczi-Makk, A., 1985, Typical Mesozoic formations of the Great 
Hungarian Plain (in Hungarian); Altahlnos Foldtani Szemle, 21, 3-47. 

Berkes, Z., Pogacsas, Gy" and Szanyi. B .. 1983, Seismic stratigraphic 
interpretation of the Neogene sediments in the Derecske depression of 
Eastern Hungary; Proc. of the 28th [nt. Geophys. Symposium, Bala­
tonszemes, Hungary, [58-172 

Bodzay. '1'., 1971, Fluid geology of the Nagylengyel oil field (in 
Hungarian); Candidate thesis, Hungarian Academy of Sciences, Buda­
pest, Hungary, [-I [0. 

Channell. J.E.T. and Horvath. F.. 1976, The African/Adriatic prom­
ontory a, a paleogeographical premise for alpine orogeny and plate 
movements in the Carpatho-Balkan region; Tectonophysics 35, 71-
!O1. 

Clayton. J.L.. Koncz, I., King, J.D., and Tatar, E., Organic geochem­
istry of crude oils and source rocks, Bekes ba'in; this volume, 161-185. 

Dank, V, 1988, Petroleum geology of the Pannonian Basin, Hungary. 
an overview; in Royden, L.H. and Horvath. F. (eds.), The Pannonian 
Ba,in a study in basin evolution; Amer. Assoc. Petrol. Geo!. Memoir 
45,319-332. 

Dimitrijevic, M.D., 1982, Dinarides: an outline ofthe tectonics; Earth 
Evo!. Sci .. 2, 4-23. 

Fuchs. K. and Schultz, K., 1976, Tunneling oflow-frequency waves 
through the substructural lithosphere; Jour. Geophys., 42. 175-190. 

Gajdos, I., Pap, S., Somfai, A .. and Volgyi, L., 1983. Lithostrati­
graphic unit, of the Pannonian (s.l.) of the Great Hungarian Plain (in 
Hungarian); Hung. Geol. Survey Special Publ., Budapest, 1-70. 

Haas, .I., 1987, The main structural geological features of Hungary 
(in Hungarian); in Szederkenyi, 1'. (ed.), Az AlfOld medencealjzatanak 
szerkezetfejltidese (Structural evolution ofthe ba,ementofthe Alf01d); 
Hung. Acad. Sci., Szeged, Special Publ., 9-18. 

Hajdu, D., Pap S., and Volgyi, 1.., 1982, New tectonic results of 
exploration for basement on the Great Hungarian Plain (in Hungarian); 
Filldtani Kutatas, 25, 39-49. 

Harding, '1'.1'. and Lowell, J.D., 1979, Structural styles, their plate­
tectonic habitats and hydrocarbon traps in petroleum provinces; Amer. 
Assoc. Petrol. Geol. Bull. 63.10\6-1058. 

Harding, '1'.1'., 1985, Seismic characteristics and identification of 
negative flower structures, positive flower structures and positive 
structural inversion; Amer. Assoc. Petrol. Geol. Bull. 69, 582-600. 

Horvath, F., 1986, A Pannon medence kialakulasanak geofizikai 
modellje (Evolution of the Pannonian Basin ba,ed on geophysical 
modeling); Candidate thesis, Hungarian Academy of Sciences. 1-148. 

Horvath, F. and Royden, L.. 1981, Mechanism focthe formation of 
the intra-Carpathian basins - a review; Earth Evol. Sci. 1,307-316. 

Horvath, F. and Rumpler,.I., 1984, The Pannonian ba~ement - exten­
sion and subsidence of an alpine orogene; Acta Geol. Hung., 27, 
229-235. 

Horvath, F., Dovenyi 1'., Pap, S., Szalay, A .. and Hargitay, M., 1987. 
Tectonic control on migration and trapping of hydrocarbons in the 
Pannonian Basin; in, Doligez. B. (ed.). Migration of hydrocarbons in 
sedimentary basins; Editions Technip, Paris. 667-681. 

Korossy, L.. 1971. Geological and evolutionary studies of the Pan­
nonian rocks of Hungary (in Hungarian), ill Bartha, F. and others (cds.), 
A magyarorszagi pannonkori kepzildmenyek kutatasai (Research on 
the Pannonian age deposit, of HungaIY), Akademiai Kiadci, Budapest, 
199-221. 

Lowell, J D., 1985, Structural styles in petroleum exploration: OC.rC1 
Publ., Tulsa, 1-458. 

Mattick, R.E., Phillips, R.L., and Rumpler, J., 1988. Seismic strati­
graphy and depositional framework of sedimentarY rocks in the Pan­
nonian Basin in southeastern Hungary; in Royden,~ L.H. and Horvath, 
F. (eds.), The Pannonian Basin - a study in basin evolution; Amer. 
Assoc. Petrol. Gcol. Memoir 45, 153-170. 

Molnar, K., Pogacsas, Gy., and Rumpler,J., 1987, Seismic reflection 
investigations in the Hungarian part of the Pannonian Basin: Applica­
tion to hydrocarbon exploration; Ann. Inst. Geo!. Pub. Hung .. 70. 
593-600. 

Pap, S .. 1987, Geological results from boreholes drilled deeper than 
4.5 km in East Hungary (in Hungarian); Alf<ildi Tanulmanyok. II, 
7-43. 

Pogacsas, Gy .. 1984, Results of seismic stratigraphy in Hungary: 
Acta Geo!. Hung., 27, (1-2), 91-108. 

Pogacsas, Gy., 1985, Seismic stratigraphic features of Neogene sedi­
ments in the Pannonian Ba,in; Etltvos L6rand Geophys. [nst., Geophys. 
Trans., 30, 373-410. 

Pogacsas, Gy., 1986, Hydrocarbon geology of neotectonic deforma­
tion based on seismic, paleomagnetic and radiometric data; Proc., 31 st 
Int. Geophys. Symp., Gdansk, 1, 221-231. 

Pogacsas. Gy., 1987, Limits of the application of seismic data for 
stratigraphic studies within the Pannonian Ba,in with special emphasis 
011 Neogene rocks (in Hungarian); Qslenytani Vit:lk (Paleontological 
\)iscussions), 34, 31-47. 

Pogacsas, Gy. and VllIgyi, L, 1982, Correlation of the East Hungarian 
Pannonian sedimentary facies on the basis of hydrocarbon prospecting 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Structural Control on Hydrocarbon Accumulation 235 

and seismic and well-log sections; Proc., 27th Int. Geophys. Symp .. 
Bratislava, A-I, 322-336. 

Pozsgay, K., Albu., I., Petrovics,l. and RlIner, G., 1981, Character of 
the Earth's crust and upper mantle on the basis of seismic reflection 
measurements in Hungary; Earth Evol. Sci.. I, (3-4). 272-279. 

Royden, L.H., 1988. Late Cenozoic tectonics of the Pannonian Basin 
system; in Royden, L.H. and Horvath, F. (eds.), The Pannonian Basin 
- a study in basin evolution: Amer. Assoc. Petrol. Geol. Memoir 45. 
27-48. 

Royden, L.H., Horvath, F. and Burchfiel, B.C .. 1982, Transform 
faulting, extension and subduction in the Carpathian Pannonian region; 
Geol. Soc. Amer. Bull. 93. 717-725. 

Rumpler, J. and Horvath, F., 1988, Some representative seismic 
reflection I ines and structural interpretations from the Pannonian basin; 

in Royden. L.H. and Horvath, F. (eds.). The Pannonian Basin - a study 
in basin evolution; Amer Assoc. Petrol. Geol. Memoir 45, 153-170. 

Sarnu, L., 1985, Tectonics of the Derecske basin based on the 
interpretation of seismic profiles (in Hungarian); Magyar Geofizika, 
26, (5-6),182-199. 

Varga, I. and Pogacsas, Gy., 1981, Reflection seismic investigations 
in the Hungarian part of the Pannonian Basin; Earth Evol. Sci., 1. (3-4). 
232-239. 

VOIgyi, L., Suba, S .. Balla, K., and Csalagovics, I. 1970, Hydrocar­
bon fields of Hungary; Mliszaki Kiad6, Budapest, 1-423. 

Wessely, G., 1988, Structure and development of the Vienna Basin: 
in Royden. L.H. and Horvath, F. (eds.). The Pannonian Basin - a study 
in basin evolution; Amer. Assoc. Petrol. Geol. Memoir 45.333-346. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



12 History of Oil and Natural Gas 
Production in the Bekes Basin 

Andras Kovacs} and Paul G. Telekf 

ABSTRACT 

Exploration for oil and natural gas in Hungary began in 1915 when the EOtvOs torsion balance was used to measure 
the earth's gravitational field. Since that time, as a result of extensive exploration, 17 fields associated with basement 
highs on the periphery of the Bekes basin have been discovered. In this trend, oil and gas is produced from compaction 
anticlines associated with basement highs. Weathered and fractured basement rocks and basal sedimentary rocks usually 
fonn a common reservoir, which is 38 m thick in the Battonya field, and more than 400 m thick in the SarkadkeresztUr 
field. Higher in the section, natural gas is produced from lower Pannonian sandstone reservoirs that reach thicknesses 
of 56 m in the Pusztafiildvar field. 

Source rocks are thought to be Miocene shales and Pannonian marls and clay marls deposited in the adjacent troughs. 

Many of the fields are nearly depleted. Discovered recoverable hydrocarbons for the Bekes basin as of 1985 were 
3.215x106 metric tons of oil and 25.397x109 m3 of natural gas. By the end of 1985,63.40% of the gas and 83.01% of 
the discovered oil had been produced. Limited exploration in deep (central) parts of the basin was not encouraging. 
The best prospects for future exploration are probably stratigraphic traps on the flanks of the known fields at depths of 
3000-4000 m. 

INTRODUCTION 

This chapter reviews the strategy of past oil and gas 
exploration in the Bekes basin area and its production 
history, in order to provide some insight into future oil 
and gas prospects. To this end, the petroleum geology of 
three characteristic fields (Battonya, PusztatOldvar and 
SarkadkeresztUr) are discussed in detail. 

The Hungarian part of the Bekes basin (3930 km2) is 
bounded on the east by the border between Hungary and 
Romania (Fig. 1). This political boundary cuts across the 
deepest part of the basin. In Hungary, the basin is 
bounded by the Battonya, Pusztafdldvar, Szarvas, End­
rOd, Szeghalom and SarkadkeresztUr basement highs 
(see Phillips and others, this volume, Fig. 2). All known 
oil and natural gas fields are associated with these periph­
eral basement highs (Figs. 2 and 3). The thickness of the 

1 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-5000, Szolnok, Hungary 
2 U. S. Geological Survey, Reston, Virginia, 22092, USA 

P. G. Teleki et al. (eds.), Basin Analysis in Petroleum Exploration, 237-256. 
© 1994 Kluwer Academic Publishers. 
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Figure 1. Map showing location of Bekis basin in Hungary and some historic exploration localities. The year of 
discovery is shown in parenthesis. 

Neogene and younger sedimentary deposits in the basin 
varies from 1000-2600 m along its periphery to as thick 
as 6500 m in its center (Fig. 2). Neogene and younger 
sediments thin to 1000 m over the Battonya-PusztatOld­
var basement high, to 2200 m over the Devavanya high, 
2500 m over the Szarvas high, and 2600 m over the 
EndrOd and SarkadkeresztUr highs. The average surface 
elevation of the basin is 85-90 m above sea level and the 
ground surface has only minor topographic relief. 

Reservoir rocks range in age from Precambrian to late 
Pliocene in the basin. From several structures, oil and 
natural gas are produced from fractured basement com­
posed of igneous and metamorphic rocks that range in 
age from Precambrian to Triassic. On some structural 
highs, hydrocarbons are produced from reservoirs in 
basal Miocene rocks commonly composed of breccia 
and/or conglomerates. These pre-Pannonian Miocene 
rocks, usually fractured and brecciated, rest unconfor­
mably on basement rocks and are thin to absent on the 
shallowest paleomorphologic highs such as the Bat-

tonya-PusztafOldvar high (Szentgyorgyi and Teleki, this 
volume). The pre-Pannonian Miocene and basement 
rocks usually form a common oil and gas reservoir 
(Spencer and others, this volume). In many fields, oil 
and natural gas are produced from reservoirs composed 
of lower Pannonian conglomerate, calcareous marl, and 
sandstone. Small amounts of natural gas are produced 
from upper Pannonian lens-shaped sandstone bodies. 
Some of this gas is biogenic in origin (Clayton and 
Koncz, this volume). 

Geochemical analyses indicate that pre-Pannonian 
(Badenian and Sarmatian) and lower Pannonian shales 
and marls in the deeper parts of the basin are the probable 
source of much of the natural gas and oil produced in the 
Bekes 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 from the basin, with only secondary amounts 
of oil (Clayton and Koncz, this volume). The bulk ofthe 
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Figure 2. Isopach map of the Neogene sedimentary fill in the Bekis basin. Contours in kilometers. The outline of 
the basin is shown by a heavy line. Letters show locations of hydrocarbon fields: A: Battonya; B: Pusztaf6ldwir; C: 
Battonya-East; D: Endr6d-I; E: Fiizesgyarmat; F: Komadi; G: Endr6d-III; H: Sarkadkeresztur; I: Kaszaper-South; 
J: Szeghalom; K: Szarvas; L: Devavanya; M: K6r6sladany; N: Csanadapaca; 0: Mez6hegyes; P: Pusztasz6116s; Q.' 
Devavanya-North. 

oil was generated at present-day burial depths of about 
3000 m or less; whereas, much of the natural gas was 
generated at somewhat deeper depths (3000-4000 m) 
(Clayton and Koncz, this volume; Clayton and others, 
this volume). The source rocks passed into the oil gen­
eration window at about 8 Ma, and in the deep troughs, 
fluid migration was downward and/or lateral due to 

overpressuring in middle Miocene and lower Pannonian 
shales (Szalay, 1988; Spencer and others, this volume). 
Upward migration appears to have occurred in areas of 
substantial structural relief, predominantly in areas of 
maximum basement relief around the margins of the 
basin. These observations have led to speculations that 
future exploration, especially for natural gas, should be 
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targeted at stratigraphic traps on the downdip flanks of 
current producing structures, at depths ofless than about 
4000 m (Dank, 1988; Clayton and Koncz, this volume; 
Spencer and others, this volume). 

EXPLORATION HISTORY 

The exploration history of the Bekes basin and the 
immediate surrounding areas is summarized from Kertai 
(1960), Papp (1963), Alliquander (1968), Csiky (1980), 
Dank (1985), Csontos and others (1987), and unpub­
lished reports ofthe former Hungarian Central Office of 
Geology. 

The first geophysical exploration work was undertaken 
by the Royal Hungarian Geological Institute in 1915, 
when an Eotvos torsion balance was used to measure the 
earth's gravitational field in western Hungary. The com­
puted gravity anomalies suggested that large structures 
existed buried beneath Cenozoic sediments. This explo­
ration technique was subsequently used in the Bekes 
basin area in the 1920's. 

The first partly successful wildcat well (Hajdu­
szoboszlo-I, Fig. 1) was drilled in 1924-25, near the town 
ofHajduszoboszlo, about 60 km north ofthe Bekes basin 
(Fig. 1). The well produced hot (73 0 C), iodine-enriched 
water at a rate of 1600 liters/minute and methane gas at 
a rate of 3700 m3/day from a depth of 1090 m. The 
iodine-rich waters eventually turned Hajduszoboszlo 
into a health spa and the methane gas was used locally to 
generate electricity. Exploration for oil and natural gas 
in western Hungary, using gravity methods during the 
1920's and 1930's, continued, but without success, ex­
cept for occasional discoveries of small amounts (\000-
2000 m3/day) of methane gas and "medicinal" waters. 

These unsuccessful exploration efforts gave way to 
joint ventures. The MANA T (Hungarian-German Oil 
Co.) was formed in the late 1930's and received explo­
ration rights in the Bekes basin and surrounding areas. 
In 1940, this company reentered and deepened the Tot­
komlos-I well located on the site of a gravity high (Fig. 
I). While deepening the well, drilling mud was lost and 
a blowout occurred at a depth of 1619 m. Methane and 
C02 gases, oil, and water flowed to the surface. The 
volume of gas measured during this blowout was 88,000 
m3/day, of which 51.4% was C02. The well could not 
be controlled because of casing problems, and the 
buildup of excess pressure caused the formation to frac­
ture. The well-head equipment sank. The blowout even­
tually extinguished itself, leaving a water-filled hole 

which is now a lake. A second well (Totkomlos-2) was 
drilled nearby; this well was also dry. 

In 1943, the site ofagravity high at Korosszegapati was 
drilled by MANA T. The first well (Korosszegapati-l, 
Fig. 1) was not completed, because of high pressure in a 
fractured zone, casing problems, and the presence of 
large volumes of C02 gas. 

MASZOVOL (a Hungarian-Soviet enterprise) discov­
ered the first oil field in the vicinity of the Bekes basin, 
at Biharnagybajom, in 1947 (Fig. I) on the site of a 
gravity high. This field produced 40,000 metric tons of 
oil and 55 million m3 of natural gas before the field was 
depleted and abandoned in 1967. 

In the early 1950's, after the Hungarian-Soviet 
MASZOLAJ Company was founded, seismic reflection 
and refraction methods began to replace gravity methods 
as the principal exploration tool. This proved to be a 
turning point in the exploration history of the Bekes basin 
area, because gravity methods are not particularly ame­
nable to oil and gas exploration in the basin. As dis­
cussed by Grow and others (this volume), the central part 
ofthe Bekes basin, contrary to prevailing wisdom during 
early exploration, is marked by a large gravity high and 
some of the surrounding basement highs are marked by 
gravity lows. Drilling activity, however, was minimal 
until 1957. 

In 1957, the Hungarian Oil and Gas Trust (OKGT) was 
established. This company completed the Totkomlos-9 
as a producing well in that year. 

By 1958, the earlier investment in detailed seismic 
exploration began to payoff. The Bekes basin's most 
important oil and natural gas field was discovered early 
that year. This discovery, at Pusztaf61dvcir (Fig. 1), was 
followed by other discoveries in the same year; one 
being the largest natural gas field in Hungary at Hajdu­
szoboszlo (Fig. I), the other the oil and natural gas pools 
of the Battonya field (Fig. 2). In the following year 
(1959), the Pusztaszollos and Mezohegyes fields were 
discovered, then, in 1961, the Szarvas field (Fig. 2). In 
the late 1960's, and during the following decades, dis­
coveries were made in relatively rapid succession: 
Csanadapaca in 1967, Battonya-East in 1970, Endrod-I 
in 1971, and Fiizesgyarmat and Komadi in 1974 (Fig. 2). 
Between 1976 and 1980, discoveries were made at En­
drod-III, Sarkadkeresztur and Kaszaper-South (Fig. 2). 
Since 1981, the Szeghalom, Devavanya, Devavanya­
North and Korosladany fields have been discovered (Fig. 
2). 
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Prior to the mid-1980's, exploration in the Bekes basin 
area was concentrated on basement highs that fringe the 
basin. Starting in 1972, and continuing through the 
mid-1980's, 12 wells (Bekes-l,2,3,4,5, Doboz-I, Or­
menykut (Orm)-I, Hunya-I, Korostarcsa (Kot)-I, Kot-I, 
Kondoros (Kond)-I, and Gyoma-I) were drilled to ex­
plore for deep hydrocarbons reservoirs in the central 
(deep) part of the basin (Fig. 3). In general the deep 
drilling was unsuccessful. In the Doboz-I and Orm-I 
wells, C02 gas flowed from Mesozoic carbonate rocks. 
The deepest well, Bekes-2, was drilled to a total depth of 
5500 m. This well penetrated 2161 m of Mesozoic rocks 
but no hydrocarbons shows were reported. For the most 
part, only methane gas shows mixed with C02 and com­
monly accompanied by salt water were encountered at 
depths greater than 3000 m. Overpressuring is reported 
throughout most of the basin in reservoirs deeper than 
about 2500 m (Spencer and others, this volume). 

OIL AND GAS FIELDS 

Oil and natural gas is presently being produced from 17 
fields in the Bekes basin and the immediate surrounding 
area (Figs. 2 and 3). All of these fields are associated 
with basement highs located along the periphery of the 
basin. With the exception of the Sarkadkeresztilr field, 
the geological characteristics of these fields are some­
what similar. The Battonya and PusztafOldvar fields, the 
oldest in the area (discovered in 1958), are considered to 
be characteristic of the fields in the basin. These two 
fields are described in detail in later sections of this 
chapter, as is the Sarkadkeresztilr field, presently the 
largest natural gas producing field in the basin. 

The characteristics of fields outside of the Battonya­
Pusztaf61dvar trend differ somewhat from those within 
the trend. The most significant difference between fields 
in this trend and other fields in the Bekes basin is reser­
voir pressure. reservoir in the Battonya-PusztafOldvar 
trend are not significantly overpressured; whereas, in 
fields outside the trend, basal turbidites, pre-Pannonian 
Miocene rocks, and basement rocks are significantly 
overpressured. The Szarvas field differs from fields in 
the Battonya-Pusztaf6ldvar trend in that some of its 
turbidite reservoir contain mostly C02 gas, and pro-delta 
sandstones that overlie the turbidites are slightly over­
pressured and contain hydrocarbon gas mixed with C02. 
In fields such as Szarvas and Devavanya, listric faults 
associated with differential sediment compaction were 
probably important in providing the migration path for 
natural gas into the traps. Whereas oil and natural gas 
occur throughout much of the geologic section in the 

Battonya-Pusztafoldvar trend, oil and natural gas pools 
in the Devavanya field are limited mostly to the lowest 
part ofthe sedimentary section (pre-Pannonian Miocene 
section and basal Pannonian turbidite pinchouts). In 
comparison to the Battonya-Pusztaf6ldvar trend, large 
accumulations of hydrocarbons occur in fractured base­
ment rocks in the Szeghalom, Sarkadkeresztur, and 
Devavanya fields. 

Battonya 

Drilling on the Battonya basement high was preceded 
by gravity surveys in the 1940's and by seismic surveys 
in 1951. In 1959, the Battonya (Bat)-I well (Fig. 3) 
discovered the multi-pool Battonya field. The ultimate 
recoverable reserves were estimated to be 144xl03 met­
ric tons of oil and 3.lx109 m3 of natural gas. 

In the Battonya field, hydrocarbon production is chiefly 
from two intervals referred to as the Battonya Lower and 
Battonya Upper Zones (Fig. 4). Minor amounts ofnatu­
ral gas are also produced from the Upper Pliocene Zone 
(Fig. 4). The most significant production of hydrocar­
bons is from the Battonya Lower Zone at depths between 
880 and 930 m (Figs. 5 and 6). This interval contains a 
large natural gas accumulation above a thin oil column. 
The reservoir rocks in the Battonya Lower Zone, in 
ascending order, are: (I) weathered and fractured Paleo­
zoic granites and quartz-porphyries, (2) the transgressive 
Bekes Conglomerate, and (3) calcareous marl beds of 
early Pannonian age (Fig. 4). The three rock units com­
prise a common, fractured reservoir system about 38 m 
thick. The main producing mechanism is artificial water 
drive. The Bekes Conglomerate and calcareous marl 
beds pinch out updip toward the west (Figs. 5 and 6). 
Basement rocks contain about 6% of the hydrocarbons 
and their porosity is also 6%. Conglomerates contain 
about 73% of the hydrocarbons and have an average 
porosity of 19%. Calcareous marl, with an average po­
rosity of 27%, contains about 21 % of the hydrocarbons. 
The top seal is a consolidated clayey marl about 250 m 
thick. 

Above the Lower Zone, hydrocarbon gas is found in 5 
relatively thin reservoir beds (2-11 m thick, Table I) in 
the Battonya Upper Zone between depths of 403-504 m 
below sea level (Fig. 5). These reservoir beds, in the 
upper Pannonian section, are composed of alternating 
sandstones and marls, associated with delta plain facies 
of the basin's sedimentary fill (Molenaar and others, this 
volume). The 5 reservoirs, in descending order, are 
referred to as the Upper-I through Upper-5 reservoirs 
(Fig. 5). The reservoir beds mostly consist of lens-
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Figure 4. Typical stratigraphic column at the Bat­
tanya field area supplemented by lithologic and weI/­
log information and names of producing intervals. 
Pa(: lower Pannonian; Pm: upper Pannonian. Da­
tum is ground surface. 

shaped bodies of clayey sandstones oflacustrine-alluvial 
origin (Table I). The average porosity of the sandstones 
is 20% (Table I). The lithology of the reservoir beds is 
not uniform, some contain more clay than others. These 
reservoirs are stacked above the eastern part of the Bat­
tonya high (Fig. 7). Except for the Battonya Upper-2 and 
Upper-5 shut-in pools, these reservoirs have been ex­
hausted and abandoned. 

The largest hydrocarbon gas reservoir is the Battonya 
Upper-6, located on the north-northwestern part of the 
Battonya high (Fig. 7). The reservoir beds, at the lower­
upper Pannonian boundary, consist of delta-plain clayey 
sandstone deposits that pinch out southward (Fig. 7). 
The highly porous (30%) sandstones are covered by a 

thin marl unit that seals the top of the 25-m-thick reser­
voir. 

The physical attributes, as well as the cumulative hy­
drocarbon gas and oil production, for all of the reservoirs 
in the Battonya field are summarized in Table I. As seen 
in this table, 100% of the oil and about 50% of the 
hydrocarbon gas produced from the Battonya field has 
been recovered from the Battonya Lower Zone. The 
cumulative production of hydrocarbon gas and oil forth is 
zone are shown graphically in Figures 8 and 9, respec­
tively. These graphs show that the yearly production of 
oil and gas declined steadily since the early 1970's. In 
the early 1970's, gas production averaged about 52x I 06 

m3/year; however, in the period 1980-1985, gas produc­
tion decreased to about 40x I 06 m3/year. The decline in 
oil production was much more dramatic. From yearly 
production rates of about 9x 103 metric tons in the early 
1970's, the average production rate for oil declined to 
less than 0.5x I 03 metric tons/yearforthe period 1982-85. 

PusztajOldvar 

In the 1950's, following exploration of the nearby 
T6tkoml6s area, detailed seismic surveys were con­
ducted in the Pusztaf61dvar area (Figs. 2 and 3). In 1958, 
the Pusztaf61dvar (Pf)-I well was drilled on a buried 
anticline (Fig. 10). This well penetrated medium-size, 
stacked oil and natural gas pools. Exploration of the 
central part of the Pusztaf61dvar area was completed by 
1963. By 1970, step-out wells toward the southwest 
were drilled (Fig. 10) and the ultimate recoverable re­
serves were estimated to be about 2.0x I 06 metric tons of 
oil and 12.3x109 m3 of natural gas. The total area of 
production is 28 km2 at depths between 1600-1680 m 
below sea level (Fig. 10). According to Dank (1988), the 
Pusztaf61dvar field contributed about 2.5% of the total 
hydrocarbon production of Hungary in the early to mid 
1980's. 

The basement rocks in the PusztafOldvar area consist 
largely of Paleozoic metamorphic rocks (mica schist), 
but Mesozoic dolomites and metamorphosed limestones 
and marls are also present (Fig. II) in the southwestern 
part of the area explored by step-out wells. Above the 
basement, thin Badenian beds, spottily distributed on this 
high, are composed of conglomerates and breccias of 
continental origin in a red-clay matrix. Lower Pannonian 
marine beds unconformably overlie the basement com­
plex. The lowest unit is an 80-m-thick, coarse-grained, 
transgressive conglomerate, known as the Bekes Con­
glomerate (Phillips and others, this volume), that is over-
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Figure 6. Map showing structure on top of the Battonya Lower Zone in part of the Battonya field and location of 
geologic section shown in Figure 5. Contour interval is 5 m. Datum is sea level. 

lain by marl (Fig. II). The calcareous content of the marl 
is variable. The marl is interbedded with sandstone beds 
of varying thicknesses. The interbedded marls and sand­
stones are interpreted to represent delta-slope and 
prodelta depositional environments (Phillips and others, 
this volume). The sandstone units comprise 15-20% of 
the total lower Pannonian sequence. Alternating clays, 
clayey sands, and sandstones comprise the upper Pan­
nonian delta-plain alluvial and lacustrine facies (Fig. 11). 
These facies are predominantly sandy in the 650-700 m 
depth interval. 

In the Pusztallildvar field, hydrocarbons occur in 4 
zones referred to, in ascending order, as the Bekes, Lower 
Foldvar, Upper Foldvar, and Puszta Zones (Figs. II and 
12). These are described below. 

Bikes Zone 

This interval contains the field's largest and deepest 
(1600-1680 m below sea level) pool (Fig. II). It consists 
of a gas cap of hydrocarbon gas and C02 above an oil 
column. The reservoir rocks, which directly overlie 
basement, are lower Pannonian basal, marginal-marine, 
transgressive deposits (Bekes Conglomerate). The 
Bekes Conglomerate is widespread along the Battonya­
Pusztaf61dvar trend and forms productive reservoirs in 
the Pusztaszollos, T6tkoml6s, Csanadapaca, 
Mezohegyes, and Battonya fields. The reservoir in the 
Puszta-llildvar field is sealed above by calcareous marl 
and clayey marl. 

Approximately 83% of the oil and 38% of the gas 
produced from the Pusztaf61dvar field has come from the 
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Table 1. Summary of reservoirs (in descending order) of the Battonya field and their physical attributes. T: thick­
ness of reservoir; Pal: lower Pannonian; Pa2: upper Pannonian; Pz: Paleozoic; ss: sandstone; cgl: conglomerate; 
clss: clayey sandstone; Por: porosity; H20 Sat: water saturation; Perm: permeability; u: unknown; P: pressure; 
mPa: megaPascals; Temp: temperature; CPO: cumulative production of oil through 1985; MT: metric tons; CPG: 
cumulative production of natural gas through 1985 (associated and nonassociated); PS: present status; PR: produc­
ing; S1: shut in; A: abandoned Depths shown in column 3 are referenced to sea level. 

Reservoir !Area Depth T(m) Age Rock Por H20 l~erm 
Name i(km2) (m) (%) Sat (mD) 

(%) i 
Upper-I 1.4 403 11.0 Pa2 ss&Cg\ 20 30 u 
Upper-2 0.3 408 8.5 Pa2 c/ss 20 30 u 
Upper-3 0.2 475 2.0 Pa2 c/ss 20 30 u 
Upper-4 1.5 488 6.0 Pa2 c/ss 20 30 u 
Upper-5 0.6 504 4.5 Pa2 c/ss 20 30 u 
Upper-6 8.7 645 25 Pa2 c/ss 30 30 u 
Lower 16.7 927 38 Pal&Pz ss&cong 20 50 u 
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Bekes Zone (Table 2). The cumulative production of 
natural gas and oil from this zone are shown graphically 
in Figures 13 and 14, respectively. These graphs illus­
trate that oil and gas production has been steadily declin­
ing since the early 1970's. In the early 1970's, oil 
production averaged about 71x103 metric tons/yearj 
however, the average production rate was about 26xlO 
metric tons/year in the 1982-85 period. During the same 
time period, the average gas production declined from 
about 185x106 m3/year to about 77x106 m3/year. 

Lower F oldvar Zone 

This zone contains 3 undersaturated oil pools and one 
natural gas pool located on the western flank of the 
Battonya high north of section BB' in the vicinity of the 
PusztafOldvar (Pf)-153 well (Fig. 10). The reservoir 
beds range in thickness from 23.5-90.0 m (average thick­
ness 58 m) and consist of lower Pannonian sandstones 
(Table 2). The reservoir units are usually sealed above 
and at their updip termination by clayey marl. Along 
section BB', lower Pannonian sandstones (labeled L in 
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DEPTH GEOLOGICAL 
WELL LOG 
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'I 
I~ 

1 [ill clayey marl ~.,. 

~~"T ......... 

.' ...... ~ ~ .. 
~ c: calcareous marl 

-500 ~ 
~ - "" 0 

if ... ', .. 
~ 

~ GAS LENSES m conglomerate .. . . . . . . . . ..:-:.:. 0-
0-

:::l ....... ~ 

....... ~ }-- Wj micaschist 

~ 
, ........ 

~ marl 

~ -1000 c: 
to ---'2 ... 
0 

~ dolomite c: 
c: 
to PUSZTA Q. 

~ ... .. 
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0-

~ 0-
:::l 
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-r-r...-

c: -r~--r"""T""~ 
-< 

IV 

FOLDVAR '2 

~ 
UPPER 0 

-1500 c: c: 
to 

~~~ 
Q. ............ 

.( ~ FOLDVAR ... LOWER .. 
:. "'T" -.---r-
0 .......... 
-l ""' L B£K~S L. 

~ 
'{.#EEl' 

... +=" f=;gJ .., .. c: 
.- "0 (II 
0_ e 
~ 0 ClI 
III "0 III 
.. c: to 
]:",!9 

Figure 11. Typical stratigraphic column at the Pusztafoldwir field supplemented by lithologic and well-log irifor­
mation and names of producing intervals. "Gas lens" refers to upper Pannonian sands that have been charged with 
natural gas that escapedfrom deeper reservoirs during completion of the Pusztafoldwir (Pf)-50 well. Locally, thin 
Miocene(?) continental conglomerate and breccia deposits (not shown) directly overlie the basement complex. Da­
tum is sea level. 
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Table 2. Summary of producing reservoirs (in ascending order) in the Pusztaf6ldvar field and their physical attrib­
utes. T: thickness of reservoir; Pal: lower Pannonian; Pa2: upper Pannonian; ss: sandstone; cong: conglomerate; 
Por: porosity; H20 Sat: water saturation; Perm: permeability; P: pressure; mPa: megapascals; Temp: tempera­
ture; CPO: cumulative production of oil through 1985; MT: metric tons; CPG: cumulative production of natural gas 
through 1985 (associated and nonassociated); PS: present status; PR: producing; SI: shut in; A: abandoned 
Depths shown in column 3 are referenced to sea level. 

Reservoir Area Depth T(m) Age Rock [Por H2O Perm P ITemp CPO ICPG Ips 
Name (km2) (m) (%) Sat (mD) (mPa) (0C) (103 [(106 I 

I 1(%) I MT) m3) I 

Bekes 25.0 1688 99 Pal I~S&cJI9.7 30 360 17.72
1
125 1782 3296 PR 

Lower F61d- 3.2 1627 58 Pal ss 19.5 27 115 17.35 120 371 677 A&PR 
. I 

• 

I var 
U~~er F61d- 7.8 1507 39 Pal [ ss [26.1 20 181 16.00 113 0 3575 PR&SI 
var 
Puszta" 1.0 925 6 Pa2 ss 127.5 20 987 6.50 75 0 1144 A&ST 

I I Values in row are an average for 4 reservoirs, except CPO and CPG which represent sums. 
I 2 Values in row are an average for 6 reservoirs, except CPO and CPG which represent sums. 
I 3 Values in row are an average for 36 reservoirs, except CPO and CPG which represent sums. , 

figure 12) are not productIVe, butthelr up dip termmatlOn 
can be observed between depths of 1600-1700 m be­
tween the Pf-5 and Pf-I wells. 

Upper FOldvar Zone 

This zone is the second largest producing interval in the 
field. It contains 3 large and 3 small natural gas pools, 
some of which produce high-BTU gas. The reservoirs 
are lens-shaped, marly sandstone bodies between depths 
of 1375-1525 m below sea level (Fig. II). The reservoir 
beds range in thickness from 5.0-56.5 m (average thick­
ness 39 m) and consist of sandstone (Table 2). One of 
the Upper F61dvar reservoirs (labeled UF) is shown in 
Figure 12. 

Puszta Zone 

Thirty-six, small-to-Iarge, unconnected natural gas 
pools occur in upper Pannonian sandstones between 
depths of 900-1350 m below sea level (Fig. II). The 
composition of the gas in these reservoirs is mostly 
methane. The reservoir beds range in thickness from 
1-17.5 m (average thickness 6 m) and consist of sand­
stone (Table 2). One ofthe Puszta reservoirs (labeled P) 
is shown in Figure 12. 

Above the Puszta Zone, betweei1dep1hs(jf11(f-54~ 
upper Pannonian sands and sandstones have been 
charged with natural gas that escaped from deeper reser­
voirs during completion of the Pf-50 well. These sands 
and sandstones are labeled "Gas Lenses" in Figures I!. 
One of the lenses is shown in Figure 12. 

Pressure in the Pusztaf6ldvar field is hydrostatic. Natu­
ral fractures in lower Pannonian marls often induce loss 
of drilling mud; thus, it is often difficult to maintain 
circulation while drilling. 

Sarkadkeresztur 

The Sarkadkeresztur field was discovered in 1976 and 
in the mid 1980's it contributed about 5% of Hungary's 
total production of natural gas (Dank, 1988). The field 
is related to a narrow basement high (possibly a horst) 
consisting of Precambrian (?) metamorphic rocks (Fig. 
15). Middle Miocene (Sarmatian) conglomerates 
pinchout on the flanks of the basement high and the 
structure is overlain by Pannonian-Holocene sedimen­
tary rocks. 

All ofthe present hydrocarbon production (chiefly gas) 
is from the Sarkad reservoir locally in excess of 400 m 
thick (Fig. 16). The reservoir rocks consist of fractured 
and fissured mica schist and overlying Miocene con­
glomerates. The average porosity of Sarkad reservoir 
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Figure 17. Cumulative production and known recoverable reserves of oil in the BeJces basin starting from 1958 
when production began. 
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Figure 18. Cumulative production and known recoverable reserves of natural gas in the BeJces basin startingfrom 
1958 when production began. Depths relative to sea level. 
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256 Kovacs and Teleki 

rocks is about 5% and the average permeability about 94 
millidarcies. Small amounts of hydrocarbon gas were also 
produced from lower Pannonian turbidite sandstones called 
the Szalonta reservoirs. Peak froduction of natural gas was 
reached in 1981 when603xlO m3 were produced. B~ 1985, 
the production rate had declined to about 353xlO6 m /year. 

According to Dank (1988), discovery of the Sarkadke­
resztUr field is important because it shows that the metamor­
phic basement rocks are locally permeable and can contain 
good hydrocarbon reservoirs. This enhances the exploration 
prospects on the flanks of known structures. 

PRODUCTION AND RESERVES, BEKES BASIN 

In the mid-1980's approximately 3% of the oil and 11.5% 
of the natural gas produced in Hungary came from the Bekes 
basin. The cumulative production and recoverable reserves 
of oil and natural gas of the basin for the period 1958-85 are 
summarized in Figures 17 and 18, respectively. The ulti­
mately recoverable hydrocarbons consist of3.215x106 met­
ric tons of oil and 25.397x109 m3 of natural gas. By the end 
of 1985, 63.40% of the natural gas (16.l0x109 m3) and 
83.01% of the oil reserves (2.669xI06 metric tons) had been 
produced. 

CONCLUSIONS 

The Bekes basin and the immediate surrounding area have 
been extensively explored since exploration began in the 
early part of the 20th century. All the known oil and gas fields 
are associated with basement highs located along the periph­
ery of the basin. Production of oil and gas from these fields 
is declining rapidly and, by the end of 1985,63.40010 of the 
known recoverable oil reserves had been produced. Limited 
exploration in deep (central) parts of the basin during the 
mid-1980's was not encouraging. The best prospects for 
future exploration are stratigraphic traps on the flanks of 
known fields at depths between 3000-4000 m. 
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13 Vertical Seismic Profile Experiments at 
the Bekes-2 Well, Bekes Basin 

M. W. Lee1 and Gabor Gonci 

ABSTRACT 

Vertical seismic profile (VSP) experiments were conducted during 1986-1987 at the Bekes-2 well site, where the well 
penetrated 2161 m of Mesozoic carbonate rocks beneath basin fill (TD = 5500 m). For these experiments a 
vertical-component, wall-locking geophone was used. Energy was generated by an explosive source for one near-offset 
and two far-offset VSP experiments, and by a Vibroseis source for a walk-away VSP experiment. These sets ofVSP 
data were analyzed in conjunction with a seismic reflection profile recorded on the ground surface. 

The aim of this work was to improve understanding of the structure of complexly deformed, buried Mesozoic 
sedimentary rocks at the well site. The geometry of deformed Mesozoic strata was modeled by means of ray-tracing 
techniques. The near-offset VSP data were used to identify prominent reflections below 3500 m in the Mesozoic section. 
These were interpreted as reflections from low-impedance layers within decollement folds. Although the far-offset and 
walk-away VSP data did not define the geometry of the deformed strata definitively, these data were useful in identifying 
truncations of strata. In contrast to the surface-recorded reflection data, the VSP data contained a lower signal-to-noise 
ratio for the deep part of the stratigraphic section. Because of complex deformation, individual Mesozoic stratum cannot 
be mapped as coherent seismic units over distances of more than a few kilometers in the vicinity of the Bekes-2 well. 

INTRODUCTION 

Recently, vertical seismic profiling (VSP) techniques 
have proven to be important in hydrocarbon exploration. 
Oristaglio (1985) summarized many of the important 
applications ofVSP, such as stratigraphic investigation, 
mapping of structurally complex strata, and theoretical 
investigation of wave fields. Caldwell (1984) success-

fully applied offset -VSP techniques in the structurally 
complex Western Overthrust Belt of the United States. 
In the North Sea area, Kennet and Ireson (1981) applied 
VSP techniques to identify truncated beds in fault zones. 

This study was initiated primarily to understand the 
source of low-frequency reflections that appear on seis­
mic reflection profile Gyula (Gyu)-30 below 2.5 sec. 

1 U.S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-I068, Budapest, Hungary 

P. G. Teleki el al. (eds.i. Basin Analysis in Pelroleum Exploration. 257-275. 
© 1994 Kluwer Academic Publishers. 
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258 Lee and Goncz 

(Fig. 1, left). The first VSP data (near-offset) were 
acquired in March of 1986 at the Bekes-2 well. This well 
was drilled to a depth of 5500 m and penetrated 2161 m 
of Mesozoic carbonate rocks beneath basin fill. As cor­
relation of the 1986 VSP data with the seismic events of 
seismic profile Gyu-30 (Fig. 1, left) was not satisfactory, 
the VSP data were reprocessed and additional VSP data 
were acquired. 

The field acquisition phase for recording the new data 
was based on a preliminary interpretation of profile Gyu-
30 (Fig. 1, right). This interpretation involved thrusting 
of Mesozoic rocks during Late Cretaceous time. These 
thrust sheets, or nappes, were thought to have been later 
offset during a phase of Miocene extensional faulting 
(Fig. 1, right). The stippled zone shown in Figure I was 
the main target of subsequent investigations. 

New VSP data (4 sets) were acquired in March of 1987. 
Two far-offset sets ofVSP data were recorded, one with 
the energy source (dynamite) located 2 km south of the 
Bekes-2 well and the other with the source 2 km north of 
the well. Dynamite was also used as an energy source to 
record one set of near-offset data (offset distance from 
the well was less than 5 m). The far-offset and near-off­
set data sets were recorded between well depths of 1000-
3500 m at intervals of 20 m. In addition, a set of walk­
away VSP data were recorded using a wall-locking geo­
phone located at a depth of 2000 m in the well. The 
energy sources (Vibroseis) for the walk-away VSP ex­
periment were located along a line extending from 4 km 
south of the well to 4 km north of the well at 100 m 
intervals. Because a three-component geophone was not 
available, the quality of the acquired offset and walk­
away VSP data was judged to be less than optimal. 
During the walk-away VSP experiment, an additional 
surface-recorded, seismic reflection profile, referred to 
as "New CDP (common depth point) profile", was simul­
taneously acquired. The New CDP profile crossed the 
Bekes-2 well site. All 4 sets ofVSP data were analyzed 
in conjunction with the New CDP profile and the geo­
logical interpretations of Grow and others (this volume). 

DATA PROCESSING AND ANALYSIS 

The data were processed as outlined in Figure 2. A 
detailed discussion of the processing procedures can be 
found in Balch and Lee (1984), Lee (1984), and Hardage 
(1983). A brief discussion of the processing follows 
under 3 headings: (1) near-offset VSP data, (2) far-offset 
VSP data, and (3) walk-away VSP data. 

Near-offset VSP Data 

Wavelet-shaping filters were derived based on the re­
sults from the first 150 milliseconds (ms) ofthe monitor­
geophone recording. Although the wavelet-shaping fil­
ters stabilized the initial signals received in the well, 
long-period multiple mismatches between recordings 
continued to persist. To remove the variations of the 
long-period multiples, wavelet deconvolution was ap­
plied to the data set using the variable-norm deconvolu­
tion technique of Gray (1978). The deconvolution op­
erator was designed using a 2.5-sec. window after onset 
time. Based on the variation of the long-period multi­
ples, six different deconvolution operators were derived 
and applied to the corresponding data sets. 

One example of wavelet deconvolution is shown in 
Figure 3. Comparison of Figures 3a and 3b indicates that 
after deconvolution and flattening of the frequency con­
tent (up to 60 Hz), the waves traveling upward are more 
clearly defined, especially near 2.5 sec. (shown by arrow 
in Fig. 3b). 

Based on seismic character, the reflections in the vicin­
ity of the Bekes-2 well can be divided into four zones 
(Fig. 4). The upper zone (Sl), between depths of 920-
2000 m, contains numerous, continuous high-frequency 
reflections. The average interval velocity of Sl is 2.82 
km/sec. S2, between depths of 2000-2800 m, has an 
average velocity of3 .56 km/sec. and exhibits very strong 
continuous reflections, as well as reflections that appear 
to terminate abruptly. S3, between depths of2800-3550 
m, has an interval velocity of 4.14 km/sec., and discon­
tinuous, irregular reflections dominate the zone. In S3, 
strong reflections appear near the well, but their ampli­
tudes rapidly diminish at short distances from the well. 
S4, below a depth of3550 m, has an average velocity of 
5.81 km/sec. and is characterized by two strong reflec­
tions (one at about 1.3 sec. and the other at about 1.6 sec.) 
and numerous discontinuous reflections. In S4 some 
calculated interval velocities were abnormally high - an 
indication that strata in this zone dip steeply. 

In order to define an "average reflection character" near 
the well and investigate relative changes in reflection 
character, cumulative summation and lateral stacking of 
data (Lee, 1984) with a spatial sampling rate of I m were 
performed. These results are shown in Figure 5. Key 
reflections are labeled with subscripts that indicate the 
calculated depth of origination. In S) most of the cumu­
latively-summed reflections are similar to corresponding 
reflections that appear in the laterally-stacked data. This 
implies that the strata in S) near the borehole are rela-
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Field Tape 

r - -- - - - - - - -- - -., 
- - - - - - .. Spiking Deconvolullon I 

~-----------]-------------~ 
Source Offset I 

I Correction I 

L-_-,--=--_ Up GOing ~ ~ ~ ~~O~~i!:n;i~;a~ = ~ 
~ _____ S~o~t~~g ____ ~ 

Figure 2. Flow diagram showing processing proce­
dures applied to VSP data. Boxes outlined with heavy 
lines denote processing steps common to both near­
and far-offset VSP data; boxes outlined with light lines 
denote steps used in processing of near-offset data 
only. Dotted boxes represent steps used in processing 
of far-offset data. 

tively horizontal and continuous. In 82 some reflections 
are seen to terminate abruptly at short distances from the 
well. For example, at about 2.0 sec. (Fig. 5b), the reflec­
tion labeled with an arrow terminates at a distance of 
about 20 m from the well. The loss of amplitude apparent 
on the corresponding cumulative-summed trace is be­
lieved to be caused by the termination of strata, perhaps 
by faulting, near the well. In zone S3, the character of 
seismic reflections near the borehole is different from the 
reflection character appearing on the cumulatively­
summed trace. Therefore, this zone is interpreted to 
consist of discontinuous beds. In zone S4, two pre­
viously-mentioned strong reflections dominate the zone, 
and these are the only clearly identifiable reflections in 
the lower part ofthe section. 

Far-Offset VSP Data 

Two sets of far-offset VSP data, one recorded with an 
energy source located north of the well and the other with 
the source south of the well, are shown in Figures 6a and 

6b after two-dimensional smoothing (McDonnell, 1981). 
Comparison of the two data sets indicates that they are 
quite different, despite the fact that the source offset 
distances were the same and the deep strata dip gently. 
For example, on the data set recorded with the source 
south of the well (Fig. 6b), four well-defined reflections 
(R3650, Ra, R4500, and Rb) are apparent below 2.2 sec. 
However, on the data set recorded with the source north 
of the well (Fig. 6a), only one strong reflection, R4500, 
can be identified in the same depth interval. Above 2.2 
sec., R3400 can be observed clearly on the data set re­
corded with the source on the north side of the well, but 
is difficult to identify on the data set with the source on 
the south side of the well. These observations indicate 
that near-surface geologic conditions are different at the 
north and south shotpoints, which are 4 kIn apart, and that 
the subsurface rocks near the well are not laterally homo­
geneous. This conclusion is further documented by the 
fact that the reflections recorded with the source on the 
north side of the well are associated with a complex 
reverberation pattern that is not seen on the correspond­
ing data set. Although the complex reverberations could 
affect the ability to identify primary reflections, the ob­
served differences in reflection character between the 
two sets of offset VSP data also could be caused chiefly 
by lateral heterogeneity of subsurface rocks near the well. 

The far-offset VSP data sets are believed to contain 
complex multiples, as well as converted waves. For 
example, conversions from P-waves to S-waves are ap­
parent at boundaries near depths of 2000 m and 2700 m 
(Fig. 6) as characterized by waves traveling downward 
at low velocities. The high-amplitude seismic event 
labeled "?" at a depth of 3.4 sec. in Figure 6 may be 
associated with a critically refracted wave that was con­
verted from a wide-angle reflected wave. This explana­
tion, however, could not be verified. 

In Figure 6c, first arrival times for data recorded with 
the source located north of the well and with the source 
located south of the well are plotted with different sym­
bols so that differences in first arrival times from the two 
directions can be observed. The arrival times associated 
with the source located south of the well are always 
greater than those associated with the source located 
north of the well. A maximum time difference of38 ms 
occurs at a depth of 2040 m; at a depth of 3500 m, the 
difference is 26 ms. These time differences are attributed 
partly to the dip of the strata and partly to a difference in 
near-surface geologic conditions on the north versus the 
south side of the well. 
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Figure 4. Processed near-offset VSP data (920-3760 m depth) with magnification of upward-traveling waves by a 
factor of 4. Division into 4 zones (SI-S4) is based on differences in seismic character as discussed in the text. 
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Figure 5. Cumulatively-summed and laterally-stacked near-offset VSP data with several identified reflections, (aJ 

reverse polarity; (b) normal polarity. SI through S4 are seismic zones discussed in text. R with a subscript indi­
cates an identified reflection. The subscript refers to depth (in mJ at which the reflection is inferred to have been 
generated. An arrow at about 2 sec. on Figure 6b points to a reflection that terminates abruptly. 
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Figure 7. Processed offset VSP data: (aJ far-offset VSP data recorded with energy source located south of well 
(after application of source-offset corrections); (b) cummulatively-summed and laterally-stacked near-offset VSP 
data. 

265 

@
G

E
O

L
O

G
Y

B
O

O
K

S



266 Lee and Gdncz 

DISTANCE (KM) 
N Bekes-2 S 
4 3 2 0 0 2 3 4 

lJf1JIii11 lUI 
cd~ 

Figure 8. Walk-away VSP data after application of normal moveout and static shift correlations. Cumulatively­
summed near-offset data are inserted in the middle of the section. Several reflections, discussed in the text, are la­
beled 
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Vertical Seismic Profile Experiments 267 

Owing to the presence of complex multiplies, con­
verted waves, and other types of noise, the wavelet 
deconvolution technique that improved the near-offset 
data failed to improve the far-offset VSP data. Thus, 
robust spiking deconvolution was applied to the far-off­
set data set in order to enhance temporal resolution. After 
source-offset correction (Lee, 1984) and two-dimen­
sional smoothing, the resulting far-offset VSP data with 
the source located south of the well are shown together 
with the cumulatively-summed and laterally-stacked 
near-offset VSP data in Figure 7. Comparison ofthe two 
data sets indicates that arrival times and seismic signa­
tures are in good agreement, although the near-offset 
VSP data contain much higher temporal frequencies 
(Fig. 7). 

Walk-away VSP Data 

The walk-away VSP data corrected for nonnal move­
out (NMO) are shown in Figure 8 together with the 
cumulatively-summed, near-offset VSP data. After ap­
plication of the NMO correction, the walk-away data 
were converted to corresponding two-way travel times 
from the ground surface and shifted in phase by 90° in 
order to improve correlation with the near-offset VSP 
data. Comparison of the two data sets indicates several 
differences that suggest that the subsurface geology on 
the north side of the Bekes-2 well is somewhat different 
from that on the south side of the well. For example, 
R3400 on the left side of Figure 8 is strong; whereas, on 
the right side of the figure it is much weaker. 

[n summary, the data set consisting of the near-offset, 
the far-offset, and the walk-away VSP data is internally 
consistent, even though some ambiguities among the 
multiple sets ofVSP data remain owing primarily to the 
fact that only single-component measurements were 
made. The observed high variability in reflection char­
acter among the VSP data sets below seismic zone S3 
suggests that the Mesozoic rocks below 2800 m depth 
near the Bekes-2 well site are complexly defonned as 
will be discussed below. 

INTERPRETATION AND MODELING 

The near-offset VSP data are summarized in Figure 9 
(a-e). Figure 9a shows a corridor stacked trace (Hardage, 
1983) which emphasizes reflected events near the well 
with minimal interference from multiples. A computed 
impedance log is shown in Figure 9b and a synthetic 
seismogram in Figure 9c. In general, the synthetic seis-

mogram correlates better with the corridor-stacked trace 
than with the cumulatively-summed data (Fig. 9d). This 
might be expected because the cumulatively-summed 
data, in contrast to the sonic or corridor-stacked data, 
show the seismic character averaged over a distance of 
40 m near the well site. 

The tops of major geologic units identified in the 
Bekes-2 well are shown in Figure 9. A major unconfor­
mity between postrift (late Miocene to Recent) and syn­
rift (middle Miocene) sedimentary rocks (Grow and oth­
ers, this volume) occurs at a two-way travel time of2376 
ms (3176 m depth). This unconfonnity is characterized 
seismically by a quiet zone. Another unconfonnity be­
tween synrift and prerift (Mesozoic) sedimentary rocks 
occurs at a two-way travel time of about 2450 ms (3339 
m depth). Thrust faulting is inferred from the repetition 
of strata in the Mesozoic section. Grow and others (this 
volume) infer the existence of a major thrust fault just 
below 2700 ms where Middle Triassic rocks overlie 
Upper Cretaceous rocks. The only strong reflections in 
the lower part of the section, however, are at 2610 and 
2900 ms. These reflections correspond to R3650 and 
R4500 respectively (Figs. 7 and 8), and do not appear to 
correlate with major geologic boundaries or faults. 

A comparison between surface-recorded seismic data 
(new CDP line) and the cumulatively-summed, near-off­
set VSP data is shown in Figure 10. Within seismic 
zones S I and S2, the seismic signatures of the two data 
sets are similar, and many reflection horizons can be 
correlated. However, within zone S3, the high-ampli­
tude, low-frequency seismic events which are observable 
on the surface-recorded profile do not appear (or are 
reduced in amplitude) on the near-offset VSP data set. 
The high-amplitude, low-frequency seismic events can 
also be observed on seismic profile Gyu-30 (Fig. la). In 
S3, the strongest seismic event that appears on the near­
offset data set is labeled R2900 (Fig. 10); its amplitude is 
low compared to the amplitude ofthe same event on the 
CDP line. The differences in seismic character between 
the near-offset VSP data and the surface-recorded reflec­
tion profile in S3 support our previous analysis of zone 
S3, namely that in this zone, discontinuous strata are 
present in the vicinity of the well. 

In seismic zone S4, R3650 and R4500 on the VSP data 
set match the corresponding reflections on the surface­
recorded seismic profile quite well in tenns of amplitude 
and character (Fig. 10). With the exception ofthese two 
events, however, there is little correlation between the 
VSP and surface-recorded data. 
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DISTANCE AWAY FROM THE WELL (M) 

o 20 40 

a b c d e 

Figure 9. Summary o/near-offset VSP data: (a) corridor-stacked data; (b) impedance log in time calculatedfrom 
sonic and density logs between depths 0/2347-3550 m in the Bekis-2 well; (c) synthetic seismogram; (d) cumula­
tively-summed data; (e) laterally-stacked data. The tops 0/ geologic units penetrated in the well are indicated by: M, 
Miocene; K2. Upper Cretaceous; KI. Lower Cretaceous; JI-2. Upper and Middle Jurassic; h Middle Triassic; and 
T3. Upper Triassic. 
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Figure 11. Calculated interval velocities. Dashed line represents interval velocities computedJrom near-offset 
VSP data; light line represents those calculatedJrom offset VSP data with the energy source located north of the 
well; heavy line represents those calculated from offset VSP data with the energy source located south of the well. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



N
 

B
ek

es
-2

 
s 

N
 

2
~
 

2 
-

!:I
I 

1'
1 

3 
~
k
·
"
"
~
T
d
W
\
.
=
=
 
&
~
V
~
 
L
~
 

5 6 

4 

O
F

F
S

E
T

 (
K

M
) 

B
9k

9S
-2

 

.
~

'-~
A
W"
''
'
'
 • 

-,
.
.
.
,
.~
 

• 
• • 

~
 

~
"
 

5 3 1 

F
ig

ur
e 

12
. 

(L
ef

t)
 I

nt
er

pr
et

at
io

n 
o

f s
ur

fa
ce

-r
ec

or
de

d 
se

is
m

ic
 p

ro
fi

le
 s

ho
w

n 
in

 F
ig

ur
e 

10
. 

In
te

rv
al

 v
el

oc
it

ie
s 

w
er

e 
ca

lc
ul

at
ed

 b
et

w
ee

n 
pr

om
in

en
t r

ef
le

ct
io

ns
. 

(R
ig

ht
) 

R
es

ul
ts

 o
f a

pp
ly

in
g 

of
fs

et
 V

SP
 r

ay
-t

ra
ci

ng
 te

ch
ni

qu
es

 t
o 

m
od

el
 s

ho
w

n 
o

n
 le

ft.
 

A
ss

um
ed

 g
eo

ph
on

e 
sp

ac
in

g 
in

 t
he

 
w

ell
 w

as
 1

00
 m

 b
et

w
ee

n 
de

pt
hs

 o
f 1

00
0-

35
00

 m
. 

~
 ... ~.
 
~
 

~
 

c;.
 

;:; ",
. 

'1
J ... %
 

ii
) ~
 "" ... fi
 "" ::: t;

; "" ~ 

@
G

E
O

L
O

G
Y

B
O

O
K

S



N
 

O
F

F
S

E
T

 (
K

M
) 

B
ek

es
·2

 
s 

o 
l
u

:
t
l
n

l
l
d

:
t
t
l
l
l
l
l
l
 

Il
lI

II
J

1
1

1
)1

1
1

1
1

1
1

1
1

::
:J

 

2 

~
 

J 
I 

\ \
 

\ 
" 

\ \
 

¥.
~
~
 

~
 

(
~
{
C

."
i
 

J:
 Ii:: w
 

o 
4 

~ 
-

5 6 

R
b

a
se

m
en

l 

7 
I 

§:
 

w
 

::0
 

i=
 

N
 • 

O
F

F
S

E
T

 (K
M

) 

se
l«

is
·2

 
S 

o 
r
l
-
-
-
-
-
-
-
-
,
-
-
-
-
-
-
-
-
-
,
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
_
,
 

...
...

...
 ".

 

2 
~
~
 

..
 ~
~
 

~
~
1
~
 

R
ba

se
m

et
t 

3 

F
ig

ur
e 

13
. 

(L
ej

i)
 R

es
ul

ts
 o

f w
al

k-
aw

ay
, r

ay
-t

ra
ce

 m
od

el
 w

it
h 

a 
so

ur
ce

 i
nt

er
va

l o
f 2

0
0

 m
 a

n
d

 th
e 

ge
op

ho
ne

 l
oc

at
ed

 a
t a

 d
ep

th
 o

f2
0

0
0

 m
 i

n 
th

e 
w

el
l. 

N
ot

e 
th

at
 

th
e 

il
lu

m
in

at
ed

 su
bs

ur
fa

ce
 a

re
a 

is
 l

ar
ge

r 
in

 c
om

pa
ri

so
n 

w
it

h 
th

e 
il

lu
m

in
at

ed
 a

re
a 

o
f F

ig
ur

e 
12

b.
 (

R
ig

ht
) 

C
al

cu
la

te
d 

ar
ri

va
l t

im
es

 fo
r 

m
od

el
 s

ho
w

n 
on

 l
ej

i. 
C

ro
ss

es
 i

nd
ic

at
e 

ar
ri

va
l t

im
es

 fo
r 

di
re

ct
 w

av
es

 a
n

d
 d

ot
s 

in
di

ca
te

 a
rr

iv
al

 ti
m

es
 fo

r 
re

fl
ec

te
d 

w
av

es
. 

R
ef

le
ct

io
ns

 w
hi

ch
 o

ri
gi

na
te

df
ro

m
 t

he
 M

es
oz

oi
c 

se
ct

io
n 

a
re

 
sh

ow
n 

by
 d

ot
s 

en
cl

os
ed

 b
y 

a 
lin

e.
 

'" ;:j t-
- ~
 ~ Q
 

0
, n 

@
G

E
O

L
O

G
Y

B
O

O
K

S



I 

Vertical Seismic Profile Experiments 273 

Table 1. Comparison between observed and computedfirst arrival times (in milliseconds (ms}) for offset VSP data. 
Observed (obs.) and calculated (cal.) arrival times are shown for an energy source located north of the well (col­
umns 2 and 3) andfor an energy source located south of the well (columns 4 and 5). 

Depth 1 SI Arrivals 
(m) (ms) 

From North 
Obs. 

1000 1080 1057 
1100 1082 1080 
1200 1084 1103 
1300 1090 1128 
1400 1096 1108 
1500 1105 1113 
1600 1113 1122 
1700 1122 1132 
1800 1134 1147 
1900 1141 1162 
2000 1147 1178 
2100 1156 1197 
2200 1171 1216 
2300 1186 1235 
2400 1203 1252 
2500 1220 1264 
2600 1239 1278 
2700 1258 1293 
2800 1276 1309 
2900 1294 1327 
3000 1313 1344 
3100 1332 1359 
3200 1351 1374 
3300 1366 1391 
3400 1384 1408 
3500 1396 1424 

Besides the R3650 and R4500 reflections, which are the 
two most persistent reflection events in the Mesozoic 
section, two other strong reflections, Ra and Rb, appear 
in the lower part of the Mesozoic section (Fig. 10). In 
order to further defme reflections R3650 and R4500 and to 
confirm whether Ra and Rb are real (related to geology), 
ray-tracing techniques were used to construct a model. 
The first step in computing a model was to calculate 
interval velocities. 

Interval velocities were first estimated from three VSP 
data sets assuming that all strata are horizontal (Fig. 11). 
In general, above a depth of2200 m, the interval veloci­
ties computed from the VSP data with the energy source 
located north of the well are consistently higher than the 
velocities values computed from the other two sets of 
data (Fig. 11). Below 2200 m, the velocity values com­
puted from the 3 data sets are similar. The average 
interval velocities calculated from the near-offset VSP 
survey were used in the model study. 

Cal. 

1 S1 Arrivals l (ms) 
From South I Obs. Cal. 

1078 1057 
1083 1080 
1094 1103 
1103 1128 
1113 1124 
1125 1129 
1138 1137 
1150 1141 
1165 1162 
1175 1174 
1184 1194 
1194 1213 I 1209 1232 
1224 1258 
1240 1270 
1256 1283 
1276 1299 
1294 1315 
1311 1332 
1325 1350 
1343 11367 

I 1362 11382 
1378 1397 

i 

1391 1394 
1411 1412 
1422 1448 

Next, a simple model (in time) with discrete velocity 
layers was constructed from an interpretation of the 
surface-recorded seismic profile (Fig. 12, left). In this 
model, Rbasement is assumed to represent a decollement 
surface or the top of a deeply buried thrust sheet. This 
surface is assumed to be subparallel to the low-frequency 
reflectors that dip northward from 3.2 sec. beneath the 
Bekes-2 well (Fig. I, left). South of the well, the exist­
ence and location of this surface are speculative. 

Ray-tracing techniques were applied to the model; re­
sults for a far-offset VSP configuration, assuming a 
100-m geophone spacing in the well, are shown in Figure 
12 (right). Two sets of observed and computed travel 
times for downward-traveling waves are given in Table 
1 (one for an energy source located 2 km south of the 
well, and the other for an energy source located 2 km 
north of the well). The difference in computed first 
arrival times for downward-traveling waves from south 
and north source locations, at a depth of 3500 m, is 24 
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274 Lee and Gancz 

ms (1448 ms versus 1424 ms, respectively). The corre­
sponding observed arrival times are 1422 and 1396 ms, 
a difference of26 ms. The similarity between computed 
time differences (24 ms) and observed time differences 
(26 ms) indicates that the observed time difference is 
caused by dipping strata, rather than lateral velocity 
variation. To better fit the calculated arrival times to 
observed arrival times, an iterative least-squares method 
(Lines and others, 1984) could have been applied to the 
data. However, the amount of error involved is consid­
ered tolerable; therefore, such a method was not applied. 

The results of modeling predict that reflections will be 
generated by R3650, Ra, R4500, Rb and Rbasement when the 
energy source is located south ofthe well; however, when 
the energy source is located north ofthe well, reflections 
are generated only by horizons R4500 and Rbasement (Fig. 
12, right). With the exception ofRbasement, the observed 
reflection pattern seen in Figure 6 correlates well with 
the reflections generated from ray-tracing techniques. 
On the observed VSP data set (Fig. 6), R4soo from the 
northern source is about 100 ms earlier than the corre­
sponding reflection from the southern source for a geo­
phone depth of 1000 m. On the model (Fig. 12, right), 
the arrival time ofR4500 from the southern energy source 
is about 120 ms later than that calculated from the north­
ern energy source. This is interpreted to mean that the 
model is consistent with the observed data. 

The results of modeling (Fig. 12, right) demonstrate 
that reflections from Mesozoic strata for a given source 
location are generated only from a very small subsurface 
area. Thus, in order to map details over a large area, 
multi-offset VSP measurements should be made. 

In contrast to the offset VSP method, the walk-away 
VSP method illuminates a larger subsurface area as illus­
trated in Figure 13, left. The general pattern of the 
computed arrival times of R3650, Ra, R4500, and Rb for 
the walk-away VSP model (Fig. 13, right) correlates well 
with the observed arrival times; but, the arrival time from 
the basement is very difficult to identify on the observed 
data. 

In general, results of ray-trace modeling for the Meso­
zoic section correlate well with the measured VSP data 
except for Rbasement. It is possible that three-component 
measurements would have provided better data in this 
area of complexly deformed rocks. R3650, Ra, R4500, and 
Rb, all with similar seismic expression, are interpreted to 
be reflections from relatively low-impedance lenses em­
bedded in a relatively high impedance media. Because 
these data were recorded with a wall-locking geophone, 

the polarity of reflections generated by a change from 
high to low impedance is the same as that of the down­
ward-traveling wave. R4500 (labeled with an arrow in 
Fig. 3) is characterized by a peak-trough combination 
separated by about 28 ms, and its peak amplitude is about 
20% of the input of a downward-traveling wavelet. The 
polarity of the reflected event together with the sharpness 
of the downward-traveling wave indicates that the peak­
trough reflection comes from a high-low-high imped­
ance contrast - that is, a low-impedance layer embedded 
in a high-impedance media. The same is true for R3650. 

CONCLUSIONS 

Based on the analysis of 3 sets of VSP data recorded at 
the Bekes-2 well together with surface-recorded data 
from the same area, we conclude that high amplitude 
reflections are not generated from thrust-fault surfaces in 
the Mesozoic section. However, high-amplitude, low­
frequency reflections from the Mesozoic section appear 
to be associated with low-impedance layers that do not 
extend very far from the well site. The trend of these 
low-impedance layers appears to parallel the trend of 
thrust faults and probably represent fracture zones asso­
ciated with complex Mesozoic decollement folds. Re­
flections from the Mesozoic section cannot be mapped 
as coherent seismic events over distances of more than a 
few kilometers from the well site. 

REFERENCES 

Balch. A. H., and Lee, M. W., 1984, Vertical seismic profiling -
Techniques, applications and case histories; International Human Re­
sources Development Corp., Boston. 488 p. 

Caldwell, J. G., 1984, Vertical seismic profiling in the Western U.S. 
Overthrust Belt; in Balch, A.H., and Lee, M. W .. (eds.), Vertical 
seismic profiling - techniques, applications, and case histories; Inter­
national Human Resources Development Corp., Boston, 425-457. 

Grow, J. A., Mattick, R.E., Berczi-Makk, A., Pern, c., Hajdu, D., 
Pogacsas, Gy .. Vamai, P., and Varga, E., Structure of the Btkes basin 
inferred from seismic reflection. well and gravity data, this volume, 
1-38. 

Gray, N.C., 1978, Variable norm deconvolution: Ph. D. thesis, Stan­
ford University, Palo Alto, California, 88 p. 

Hardage, B.A., 1983, Vertical seismic profiling, Part A: Principles, 
in Handbook of Geophysical Exploration Series; Geophysical Press, 
14A,450. 

Kennet, P., and Ireson, R.L., 1981. The VSP a' an interpretation tool 
for structural and stratigraphic analysis (abs.); Proc., 43rd Annual 
EAEG Meeting, Venice, Italy. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Vertical Seismic Profile Experiments 275 

Lee, M.W., 1984, Processing of vertical seismic profile data, in 
Simaan, M., (ed.), Advances in geophysical data processing; JAI Press 
Inc., Greenwich, Connecticut. I, 129·160. 

Lines, L.R .. Bourgeois. A., and Covey, J.D., 1984, Travel·time 
inversion of offset vertical seismic profiles· a feasibility study; Geo· 
physics, 49, 250·264. 

McDonnell. M.J., 1981, Box filtering technique; Computer Graphics 
and Image Processing, 23. 258·272. 

Oristaglio, M. L., 1985. A guide to current uses of vertical seismic 
profiles: Geophysics, 50.2473·2479. 

@
G

E
O

L
O

G
Y

B
O

O
K

S



14 Modeling Seismic Reflection Data in the 
Vicinity of the Bekes-2 Well 

John J. Mille/ and Istvan Vegei 

ABSTRACT 

In the vicinity of the Bekes-2 well, located near the center of the basin, seismic reflection data show a complex geologic 
structure in the Mesozoic-age basement rocks below a depth of 3400 m. To assist in the interpretation ofthe geometry 
of the structure, three nearby seismic profiles were reprocessed, vertical seismic profiles (VSPs) were recorded in the 
well, and a new surface seismic line was recorded concurrently with one of the VSPs. Interpretations of the surface 
seismic data were integrated with those of the VSP data and a structural model of the Mesozoic-age rocks was developed. 
Two-dimensional seismic modeling aided in modifying the interpretation and the synthetic seismic response of the [mal 
interpretation gave a reasonable match to the observed data. This final interpretation is a good approximation of the 
geometric relationships between seismic reflection boundaries in the Mesozoic-age rocks in the area of the Bekes-2 well 
site. 

INTRODUCTION 

As part of a comprehensive investigation of the geo­
logic evolution and the oil and gas potential ofthe Bekes 
basin, seismic reflection and well data were correlated 
and interpreted by Mattick and others (this volume), 
Molenaar and others (this volume) and Grow and others 
(this volume). Investigations of Grow and others (this 
volume) were aimed at deciphering the tectonic history 
of the basin. Although the reflection data were easy to 
interpret in the undeformed Miocene-Holocene sedimen­
tary section (to a depth of about 3400 m; Grow and 
others, this volume), the complex geologic structure of 
the basement rocks beneath the sedimentary section 
could not be interpreted uniquely. Thus, as a corollary 

study, a structure involving Mesozoic rock sequences 
was chosen for evaluation in the center of the basin near 
the Bekes-I and Bekes-2 well sites (Fig. I). The test 
involved reprocessing and interpreting three seismic 
lines (Gyula(Gyu)-29, Gyu-30, and Bekes(Be)-43; Fig. 
1). These three lines were chosen because they appeared 
to be in a critical location for developing a tectonic model 
of the basin. 

The results of a study by Lee and Goncz (this volume), 
who recorded 4 vertical seismic profiles (VSPs) at the 
Bekes-2 well site: a near-offset VSP, two far-offset VSPs 
(offset = 2 km), and a walk-away VSP, were used to aid 
in the interpretation. The VSPs were supplemented by a 
surface seismic line (line Be-2; Fig. 1) recorded concUf-

1 U.S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1062, Budapest, Hungary 

P. G. Teleki et ai. (eds.), Basin Analysis in Petroleum Exploration, 277-294. 
© 1994 Kluwer Academic Publishers. 
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rently with the walk-away VSP. To test the validity of 
the interpretation, two-dimensional seismic modeling 
techniques were applied, similar to those commonly used 
in petroleum exploration to test geologic interpretations 
(Ryder and others, 1981; Davis and Jackson, 1988; An­
derson and others, 1989) and to aid in the selection of 
processing parameters (May and Covey, 1983). This 
chapter describes the reprocessing of the surface data and 
the two-dimensional modeling of line Gyu-30. 

DAT A ACQUISITION 

Figure J. Map showing relative locations 0/ Bekes-J 
and Bekes-2 wells and seismic lines Gyu-29, Gyu-30, 
Be-43, and Bekes-2 (see also: Grow and others (this 
volume),/or a generalized map a/the Bekes basin). 

Seismic reflection lines Gyu-29, Gyu-30 and 8e-43 
were conventionally recorded using an impulsive energy 
source, 48 receiver channels per shot and a nominal 
24-fold subsurface coverage. Table 1 shows details of 
the recording parameters used for these lines. Note that 
the recording system for line 8e-43 was an old system 
and employed only 24 channels. In order to record 48 
channels per shot (and hence achieve 24-fold subsurface 
coverage) on 8e-43, each source point was energized 
twice, first with the 24 receiver channels placed at sta­
tions behind the source point, second with them placed 
ahead of the source point (e.g., with the source point at 
station 25, channels 1-24 were located at stations 1-24 
for the first shot and at stations 26-49 for the second shot). 

Line 8e-2 and the walk-away VSP were recorded con­
currently. The surface line extended 4 km on either side 
of the 8ekes-2 well. Vibroseis techniques were used to 

Table 1. Recording parameters/or lines Gyu-29,-30, Be-2 and Be-43. NA: not applicable. 

PARAMETERS Gyu-29, Be-43, Gyu-30 Be-2 
Number of Channels: 48,48,24 120 
Sample interval: 2 ms 4ms 

-----
Record length: 5 sec 14 sec 
Energy source: dynamite Vibroseis 

--

Sweep frequencies: NA 8-64 Hz 
Sweep length: NA 9 sec 

Source depth: 18 m surface 

Charge size: 4 kg NA 
Group interval: 80 m, 80 m, 70 m 50m II 

Fold coverage: 2400% 3000% 
-~ ~---

Receiver pattern: split-spread variable 
-~ 
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Modeling seismic reflection data 281 

Table 2. Processing parameters for lines Gyu-29, 
Gyu-30, Be-43 and Be-2. 

PROCESSING PARAMETER(S) 
STEP 

Demultiplex: Reformat field tapes 
Gain Recovery: l' function 
Scale: One window balance 
Deconvolution: Spiking, 3 windows, 
(Gyu-29, -30 & Be- 300 ms filter 
43) 
Spectral whitening: 10-45 Hz 
(Be-2) 
Datum Statics: Datum=50m 
Velocity analysis: 
(NM02, brute stack) 
Residual statics: I window 
(Surface consistent) max. shift = 24 ms 
Velocity Anal., final 
NMO 
Mute, Stack, Scale: 750 ms AGC~ 
Wave equation migra- V = stacking-IO% 
tion: 

J) J: J wo-way cravel lime In seconas 
2) NMO: Normal moveout 
3) AGe: Automatic gain control 

enerate ener ana l.lU cnannelS were recoraea er g ~ p 
source location. One channel was reserved for recording 
signals from the downhole geophone of the VSP experi­
ment. The recording parameters and geometric configu­
ration of sources and receivers (Table 1) were designed 
to achieve maximum fold and a nominal value of30-fold 
was obtained. 

PROCESSING OF THE SURFACE DATA 

Reprocessing 

Lines Gyu-29, Gyu-30 and Be-43 were reprocessed 
using a conventional processing sequence that included 
the following: (1) scaling to recover amplitude losses due 
to geometrical spreading, transmission and absorption, 
(2) deconvolution, (3) detailed velocity analyses, (4) 
residual statics determination, (5) stacking, and (6) mi­
gration. The processing sequence and parameters used 
are shown in Table 2. 

Line Gyu-30, as originally processed (through migra­
tion), is shown in Figure 2. The reprocessed version of 
line Gyu-30 is shown in Figure 3 (unmigrated) and 
Figure 4 (migrated). The reprocessed versions (through 
migration) of line Gyu-29 and Be-43 are shown in Fig­
ures 5 and 6, respectively. 

Processing of line Be-2 

A data processing sequence, identical to that used in 
reprocessing lines Gyu-30, Gyu-29 and Be-43, was used 
in processing line Be-2. However, a spectral whitening 
algorithm (Lee, 1986) was used in place of spiking 
deconvolution because its application provided an in­
creased signal bandwidth. 

The results of the VSP experiment were used in devel­
oping a velocity model for migrating line Be-2. Seismic 
velocities determined from the VSP experiment are as­
sumed to be more accurate than those determined from 
the surface data, because in the VSP technique velocities 
are measured directly from receivers positioned at known 
depths and the resulting travel times can be converted 
directly to velocity. Lee and Gtincz (this volume) discuss 
the VSP data and its geologic interpretation. The mi­
grated version of line Be-2 is shown in Figure 7. 

MODELING 

A unique geologic interpretation of seismic reflection 
data is sometimes difficult to obtain. Forward, or direct, 
modeling (Le., calculation of the seismic response of an 
assumed geologic structure and lithology) can be helpful 
in resolving some of the non-uniqueness inherent in 
interpretations of seismic reflection data (Sheriff, 1980). 
The normal procedure is as follows: 

I) A geologic interpretation is made from the seismic 
record section and all other available geologic informa­
tion. This interpretation includes, at a minimum, the 
geometrical configuration of the rock sequences and 
faults (usually interpreted directly from the seismic re­
cord-section) and the physical properties of the rocks 
obtained from well logs or calculated from the seismic 
data. 

2) The two-dimensional seismic response (synthetic 
response) of the interpreted structure is calculated. 

3) The synthetic response is compared to the actual, 
observed seismic data. If there is little similarity between 
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Bekes-2 

o 5 KM 

Figure 7. Line Be-2 processed to the stage of migrated stack. 
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286 Miller and Veges 

Bekes-2 (PROJECTED) 

NW 
o l SE 

3 KM 

I I I I I I 
_ ..J ________ .J ___ _ ____ ~ ____ ~ ____ J ____ J ____ J ____ J ____ J ____ J ___ _ 

MIOCENE TO HOLOCENE 

I I 

I I I t I I 
I 

-,---- ----,---- ; ----,---- ;----,---
I 

I 

I t I I 
_~ ________ ~ ____ J ____ ~ ____ J __ 

I I 

MESOZOIC 
FOlDED AND THRUSTED 
SEDIMENTARY ROCKS I I I I I I I I 

-~ ----~ - ---.!(:"'~c~~~~~~~~i:~~~) -~ ----~ -~J~;~~-;';u~Ti -1 - -- ~ -- --
I + I I 

o 

2 

3 

4 

Figure 8. Initial structural model (in time) calculatedfrom interpretation of seismic reflection line Gyu-30 (Fig. 
2). This is a computer-generated display and the numbers on this and subsequent displays of modeled data are anno­
tatedfor computer calculation purposes only. 
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Figure 9. Model of Figure 8 after conversion to depth. 
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o 5 KM Bekes-2 
NW l SE 

o 

(/) 
Cl 
Z 
0 
0 
UJ 

2 (/) 

~ 

ui 
::! 
~ 

3 

4 

Figure 10. Calculated synthetic response from model shown in Figure 9. Normal-incidence ray tracing techniques 
were used in the calculation. 

o 5 KM 
NW 

Bekes-2 

" , 
I, 

: ,I I I I I I I 

, 
, I I -'----1----'----,----,----,----,---

I I I I 

, , 
I I I I I I ____ J ____ ____ J ____ ____ J __ _ 

, , 

, 

I 1 I I I I 

-~----~----~----~----~----~-- --~-- --~-- - -~----~----~---
, I I I I I I I I 
I I I I t I 

SE 
o 

(/) 
Cl z 
8 

2 ~ 
:?; 

3 

4 

UJ 
::! 
~ 

Figure II. Second model (in time) which was constructedfrom a revised interpretation of seismic profile Gyu-30. 
lnformationfrom the Bekes-2 surface line and Vertical Seismic Profiles (VSPs) were used to construct this model. 
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288 Miller and Veges 

the synthetic and observed data, then the geologic interpre­
tation is assumed to be incorrect. A high degree of similarity 
indicates that the calculated model probably represents the 
subsurface structure. Hence, modeling cannot prove that an 
interpretation is correct, but it can prove that an interpretation 
is incorrect. If the modeled results indicate an incorrect 
interpretation, then a new interpretation is made and the 
modeling procedure repeated. This iterative technique is 
continued until a reasonable match between modeled and 
observed data is obtained. 

An attempt was made to calculate one possible geometric 
interpretation of the complex structure of the buried Meso­
zoic rocks at the Bekes-2 well site. In the resulting interpre­
tation, modeling the amplitude anomalies present in the 
seismic data was not successful, because density logs re­
corded in the Bekes-2 well did not extend to the required 
depths. From VSP experiments, Lee and Goncz (this vol­
ume) interpreted these high amplitude reflections as low 
impedance strata surrounded by high impedance media. 

In the modeling calculations, available commercial soft­
ware (AIMS: Advanced Interpretive Modeling System, Geo­
quest International) was used. This software utilizes two-di­
mensional ray-tracing and wave-equation methods and is 
described by Miller and others (1985). 

Line Gyu-30, as originally processed (Fig. 2), was inter­
preted and the result is shown in Figure 8. The discontinuous 
reflection segments below 2.5 sec. (Fig. 2) were interpreted 
to represent strata offset by Miocene normal faults (Fig. 8), 
and the continuous, high-amplitude reflection that dips north­
west from a travel time of 3 sec. is interpreted to represent a 
late Cretaceous decollement (Fig. 8), as reported by Grow 
and others (this volume). The high-amplitude reflection 
which begins at 4 sec. and dips to the left (right side of Figs. 
3 and 4) was not modeled. This seismic event does not occur 
on any ofthe other lines recorded in the area, and it is possible 
that it arises from wave focussing from a point outside ofthe 
plane of the seismic section, an effect that cannot be compen­
sated for by the modeling software used. 

The initial interpretation, in time (Fig. 8), was converted to 
depth using interval velocities (from a depth of 0 - 3400 m) 
derived from the near-offset VSP recorded at the Bekes-2 
well site and velocity estimates from nearby wells for depths 
below 3500 m (Fig. 9). The synthetic, ray-trace response of 
the data in Figure 9 is shown in Figure 10. This synthetic 
response can be compared directly to the unmigrated seismic 

data (Fig. 3). Below 2.5 sec., in the vicinity of the well, the 
similarity between the synthetic and observed data disap­
pears. Noticeably absent are the curved reflection, with its 
apex at 2.55 sec., and the high-amplitude reflection at 2.75 
sec. These features correspond, respectively, to dipping and 
horizontal reflections observable on the migrated section 
(Figs. 2 and 4). Because of the poor coherence between the 
modeled and observed data, this initial interpretation is as­
sumed to be incorrect. 

A new interpretation was made, therefore, from the reproc­
essed version ofline Gyu-30 (Fig. 4), line Be-2 (Fig. 7), and 
information from the VSP experiments. Lee and Goncz (this 
volume) had interpreted the reflecting boundaries deeper 
than 2.5 sec. as low-velocity, lenticular strata (referred to as 
lenses) surrounded by high velocity media. The revised 
interpretation (shown with a time scale in Figure II) repre­
sents the geometric configuration of these lenses as inter­
preted from Figure 4. This interpretation was converted from 
time to depth using all available velocity information, includ­
ing that derived from the VSP data, and is shown in Figure 
12. 

The ray-trace response (primaries only) of Figure 12 was 
calculated and the result is shown in Figure 13. The similar­
ity between the synthetic response and the unmigrated re­
corded section (Fig. 3) is good, except for two features. First, 
the so-called bow-tie patterns, which occur between 3 and 4 
seconds and are associated with the lowest two reflections 
at the left side of the synthetic data (A on Fig. 13), are not 
present on the unmigrated recorded section (Fig. 3). Second, 
the downward curving reflections at the right side of the 
synthetic section, between 3 and 4 sec. (B on Fig. 13), extend 
much further southeastward than in the unmigrated recorded 
section (Fig. 3). Had diffractions been included in the mod­
eled response, these events would have extended even further 
southeastward and the bow-tie effects would be more evi­
dent. Selected rays, traced upward from the modeled lenses, 
show the crossing pattern which causes the bow-tie effects 
(A on Fig. 14). Also shown are those rays which originate at 
the right edges ofthe lenses and emerge at the ground surface 
far to the right of the lenses (B on Fig. 14). The model of 
Figure 12 was modified to smooth that part of the lenses 
which caused the rays to cross and to truncate the right edges 
of the lenses. These modifications produced the fmal inter­
pretation (Fig. 15). 

The ray-trace response (primary reflections only) of the 
final interpretation is shown in Figure 16. The bow-ties 
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Figure 12. Model shown in Figure 11 after conversion to depth 
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Figure J 3. Synthetic response calculatedfrom model shown in Figure 12. Normal-incidence ray tracing methods 
were used in the calculations. "Bow-tie" patterns (indicated by A) and reflections extending southeastward (indi­
cated by B) cannot be seen on unmigrated stack of line Gyu-30 (Fig 3). 
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Figure 14. Figure shows normal-incidence rays that were traced from selected interfaces on Figure 12. Crossing 
rays are indicated by A, and rays emerging far to the right of their origin are indicated by B. 
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Figure 15. Final model modifiedfrom Figure 12. Crossing rays were eliminated, and the right edges of lenses 
were truncated. 
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patterns have, for the most part, disappeared and the down­
ward curving reflections at the right of the figure closely 
resemble those of the unmigrated recorded section. The 
calculated synthetic response of Figure 15, using a scalar 
wave-equation which accounts for diffractions as well as 
primary reflections, is shown in Figure 17. In the constructed 
model (Fig. 17), a small amount of random noise has been 
added to the synthetic data. This figure shows a reasonable 
match to the unmigrated recorded section shown in Figure 3. 

As a last check on the validity of our interpretation, the data 
displayed in Figure 17 were migrated and the result is shown 
in Figure 18. The same velocity model used in migrating line 
Gyu-30 was used for this migration. The match between the 
synthetic data (Fig. 18) and the migrated version of line 
Gyu-30 (Fig. 4) is quite good. Below the Bekes-2 well, the 
curved, southeast dipping reflection with its apex at 2.55 sec., 
the horizontal reflection at 2.75 sec., the reflections between 
2.8 and 2.9 sec., and the reflection that curves downward in 
two directions from a travel time of 3 sec. are all present on 
modeled data. 

CONCLUSIONS 

Seismic line Be-2 and reprocessed versions oflines Gyu-29 
and Be-43 proved to be useful in interpreting the associated 
VSP data and in revising the interpretation of line Gyu-30. 
A geologic interpretation of the complex structure of the 
Mesozoic rocks in the area of the Bekes-2 well site was 
developed by an iterative, forward-modeling procedure. The 
good match between the observed seismic events on line 
Gyu-30 and those generated by the synthetic model indicates 
that low-velocity lenses within the deformed Mesozoic sedi­
mentary rocks are probably the sources of deep, seismic 
reflection events. 
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15 Geologic Model, Probabilistic 
Methodology and Computer Programs 
for Petroleum Resource Assessment 

Robert A. Crovell;1 and Richard H. Bala/ 

ABSTRACT 

The objective of this study was to develop a geostochastic system for estimation of undiscovered petroleum resources 
by play analysis of the Bekes basin. A resource appraisal system was designed for play analysis using a reservoir-en­
gineering geologic model and an analytic probabilistic methodology. The system resulted in a package of computer 
programs, called F ASPUM, for play analysis and play aggregation. Resource estimates of crude oil, nonassociated gas, 
associated-dissolved gas, and total gas were calculated in terms of probability distributions. The F ASPUM computer 
package is a complex system that is very flexible and efficient, and runs on IBM PC/XTIAT and compatible 
microcomputers. 

INTRODUCTION 

The geostochastic system for estimation of undiscov­
ered petroleum resources by play analysis of the B6k6s 
basin is called F ASPUM. F ASPUM means Fast Ap­
praisal System for Petroleum - Universal Metric version. 
The F ASPUM system developed in this study is an 
extensive modification of the F ASP system which was 
used by the U.S. Geological Survey (USGS) for a petro­
leum resource assessment of undiscovered oil and gas 
resources in the Arctic National Wildlife Refuge 
(ANWR) in Alaska (U.S. Department of the Interior, 
1987). A description of the geologic model and prob­
abilistic methodology applied in the 1987 ANWR assess­
ment can be found in Crovelli (1988). An early version 
of the F ASP computer programcomputer program for 

petroleum play analysis is given in Crovelli and Balay 
(1986). 

The FASP play-analysis system possessed the follow­
ing properties: (I) site-specific geologic model, (2) Eng­
lish units, (3) mainframe computer program, and (4) 
Fortran language. The geologic model in the F ASP 
system was site-specific, that is, only applicable for a 
petroleum resource assessment in the North Slope of 
Alaska. It was necessary to modify the existing reser­
voir-engineering equations to make the geologic model 
universal in order to be applicable most anywhere in the 
world. Therefore, the geologic model used in this study 
is a generalization of the site-specific geologic model 
used in the 1987 ANWR assessment. Several other 
modifications of the F ASP system were required. 

1 U.S. Geological Survey, Denver, Colorado 80225, USA 
2 Metropolitan State College of Denver, Denver, Colorado 80217, USA 

P. G. Teleki et al. (etis.). Basin Analysis in Petroleum Exploration, 295-304. 
©'1994 Kluwer Academic Publishers. 
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296 Crovelli and Balay 

Hence, the F ASPUM play-analysis system was designed 
with the following properties: (1) universal-site geologic 
model, (2) metric units, (3) microcomputer program, and 
(4) Turbo Pascal language. 

The basic geologic model used in the F ASP system was 
developed by the U.S. Department of the Interior and 
applied by the USGS in petroleum assessments of the 
National Petroleum Reserve in Alaska (U.S. Department 
of the Interior, 1979; White, 1981) and the Arctic Na­
tional Wildlife Refuge (Mast and others, 1980). The 
probabilistic methodology used in those two assessments 
was a Monte Carlo simulation method. Play analysis is 
a general term used for various geologic models and 
quantitative methods of analyzing a geologic play in 
petroleum assessments. The play-analysis approach in 
this study is described as a geostochastic system. The 
geostochastic system consists of (1) geologic model, (2) 
probabilistic methodology, and (3) computer program­
computer programs. The geologic model is a particular 
type of probability model using reservoir-engineering 
equations. The probabilistic methodology is an analytic 
method derived from probability theory, in contrast to 
Monte Carlo simulation. The computer programs based 
upon the probabilistic methodology perform the arithme­
tic operations in Turbo Pascal language on IBM 
PCIXTI AT and compatible microcomputers. 

GEOLOGIC MODEL 

In play analysis, an area with petroleum potential is 
partitioned into geologic plays, and the individual plays 
are analyzed. A play consists of a collection of prospects 
having relatively homogeneous geologic characteristics. 
A prospect is a potential hydrocarbon accumulation. A 
hydrocarbon accumulation is a discrete oil or gas deposit, 
which may consist of one or more pools depending upon 
the specific play concept. A prospect is modeled by 
considering separately the uncertainty of the presence of 
a hydrocarbon accumulation, and its size, if it is present. 
A hydrocarbon accumulation is modeled as being either 
crude oil with associated-dissolved gas or solely as 
nonassociated gas. The amount of associated-dissolved 
gas present in an oil accumulation is calculated from a 
gas-oil ratio. Because gas refers to either nonassociated 
gas or associated-dissolved gas, the amount of gas in a 
play is the sum of the two types of gas from the prospects. 
There are three sets of geologic attributes or random 
variables involved in this play-analysis approach; these 
are for the play, the prospect, and the hydrocarbon vol­
ume. The play and prospect attributes are concerned 
with the presence or absence of certain geologic charac-

teristics at the play and prospect levels, respectively. The 
hydrocarbon-volume attributes are concerned with the 
size of the hydrocarbon accumulation. 

The play attributes are (1) existence of a hydrocarbon 
source, (2) favorable timing for migration of hydrocar­
bons from source to trap, (3) existence of potential mi­
gration paths, and (4) existence of potential reservoir 
facies. The presence of all four play attributes (in which 
case the play is said to be "favorable") is a necessary, but 
not sufficient, condition for the existence of oil and/or 
gas accumulations in the play. Thus, if one or more of 
these attributes is not present, all the prospects within the 
play are dry. Geologic experts make subjective estimates 
of the probability of the presence of each play attribute. 
The product of these four probabilities is the probability 
that the play is favorable for the existence of hydrocarbon 
accumulations and is called the marginal play prob­
ability. 

The prospect attributes are the existence of (1) trapping 
mechanism, (2) effective porosity, and (3) hydrocarbon 
accumulation. Given a favorable play, the presence of 
all three prospect attributes is a necessary and sufficient 
condition for the existence of a hydrocarbon accumula­
tion in the prospect. Geologic experts make subjective 
estimates of the probability of the presence of each 
prospect attribute. The product of these three prob­
abilities is the probability that a prospect has a hydrocar­
bon accumulation, given the play is favorable, and is 
called the conditional deposit probability. 

The hydrocarbon-volume attributes are (1) area of clo­
sure, (2) thickness of reservoir rock, (3) effective poros­
ity, (4) trap fill, (5) depth to reservoir reservoir, and (6) 
hydrocarbon saturation. The hydrocarbon-volume at­
tributes jointly determine the volume of the hydrocarbon 
accumulation within the prospect. The following reser­
voir engineering equations are used to calculate the in­
place volumes of oil in metric tons and nonassociated gas 
in cubic meters, respectively: 

Nonassociated gas in place 
= 288.l5.106.A.F.H*P.Sh*(Pe/T)*(lIZ) 

where A = area of closure (square kilometers) 
F = trap fill (decimal fraction) 
H = reservoir thickness (meters) 
P = effective porosity (decimal fraction) 
Sh = hydrocarbon saturation (decimal fraction) 

Bo = oil formation volume factor (no units) 
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Pe = original reservoir pressure (bars) 
T = reservoir temperature (degrees Kelvin) 
Z = gas compressibility factor (no units) 
Rs = gas-oil ratio (cubic meters/ton) 

To generalize the geologic model, a variety of mathe­
matical functions needs to be available for modeling the 
five geologic variables Pe, T, Rs, Bo, and Z as functions 
of depth. Four types of mathematical functions were 
established: zoned linear, exponential, power, and loga­
rithmic. Zoned linear means piece-wise linear with as 
many as four zones, or levels, and three transition depths. 
Each ofthe four types of mathematical functions has two 
parameters A and B, except zoned linear which has a set 
of A and B coefficients for each zone. The four types of 
mathematical functions are: 

1. Zoned Linear Function: [A • Depth] + B 
Maximum of 4 zones with 3 transition depths 
(meters) 

2. Exponential Function: A· [exp (B. Depth)] 

3. Power Function: A • [Depth •• B] 

4. Logarithmic Function: A. [Ln (B • Depth)] 

When assessing a play, the following procedure is 
applied: for each ofthe five geologic variables, one type 
of function is selected and assigned values for the pa­
rameters A and B. 

Both equations for oil in place and nonassociated gas 
in place consist of a product of factors that are functions 
ofthe hydrocarbon-volume attributes. The attributes are 
treated as continuous independent random variables, 
with the exception of effective porosity which possesses 
near perfect positive correlation with hydrocarbon satu­
ration. The probability distribution for an attribute is 
determined from subjective judgments made by experts, 
usually geologists, based on actual geological and geo­
physical data, when available, and on the experience and 
knowledge of the experts using analog data and geologic 
extrapolations. The probability distribution for each at­
tribute is described by a complementary cumulative dis­
tribution function determined from seven estimated frac­
tiles (lOOth, 95th, 75th, 50th, 25th, 5th, Oth). The 5th 
fractile, for example, is an attribute value such that there 
is a 5% chance of at least that value. In each play 
analyzed, the seven fractiles are estimated for all six of 
the hydrocarbon-volume attributes. The experts also 
estimate the hydrocarbon-type probabilities which are 

the respective probabilities of a given accumulation be­
ing either oil or nonassociated gas. However, if the 
reservoir;depthreservoir depth is greater than a specified 
depth, called the oil floor depth, the accumulation is 
assumed to be nonassociated gas. The oil floor depth is 
assigned, along with recovery factors for oil and gas, in 
the case of recoverable estimates and is 100% for each in 
the case of in-place estimates. 

The number of drillable prospects in the play is treated 
as a discrete random variable, and seven fractiles are 
estimated. 

Probability judgments concerning each of the three sets 
of attributes are developed by experts familiar with the 
geology of the area of interest. The experts first review 
all existing data relevant to the appraisal, identify the 
major plays within the assessment area (e.g., basin or 
province), and then assess each identified play. All of 
the geologic data required by this model for a play are 
entered on a primary oil and gas appraisal data form (Fig. 
I) and an addendum data form (Fig. 2). Information from 
the data forms is entered into computer data files as the 
input for a computer program computer program based 
upon an analytic method. 

ANALYTICAL METHOD OF PLAY ANALYSIS 

An analytical method using probability theory was 
developed as a more efficient alternative to the costly and 
time-consuming Monte Carlo simulation method for pe­
troleum play analysis (Crovelli, 1987). The analytic 
method was developed by the application of laws of 
expectation and variance in probability theory. The ana­
lytical method systematically tracks through the geologic 
model, computes all of the means and variances of the 
appropriate random variables, and calculates all of the 
probabilities of occurrence. The lognormal distribution 
is used as a model for two unknown distributions in order 
to arrive at probability fractiles (Crovelli, 1984). Oil, 
nonassociated gas, dissolved gas, and gas resources are 
each assessed in tum. Separate methodologies have been 
developed for analyzing individual plays and for aggre­
gating the plays. 

The basic steps of the analytic method of play analysis 
are: 

1. Select the play. 

2. Oil is the first resource to be assessed. 
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Evaluator Play Name 

Date Evaluated: ______________ _ 

Probability of 
Attribute Favorable Comments 

or Present 

Hydrocarbon Source 

Timing 
M 

!! Migration " >..0 
.!! .~ 
0..:: Potential Reservoir Facies 

<: 
Marginal Play Probability 

Trapping Mechanism 

M Effective Porosity (>3%) 
~ .. 
u~ .. " 
2-~ Hydrocarbon Accumulation o .. .. -a.-

oCt Conditional Deposit 
Probability 

Reservoir Lithology Sand 
Carbonate 

Hydrocarbon Gas 
Oil 

~ Probability of equal to or greater than 

Attribute 
100 95 75 50 25 5 0 

!! Area_of Closure ., 
(Km A 2) E 

~ .. 
0.. Reservoir Thick-.. 
E ness/vertical 

" closure (meters) 
-0 
> 
c 
0 

Effective Porosity -e .. % u 
~ 

" > Trap Fill (%) :z: 

Reservoir Depth (m) 

He Saturation (7.) 

No. of drillable prospects 
(a olav characteristic! 

Figure 1. Primary oil and gas appraisal data/orm used in play analysis o/the Be/ces basin. 
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3. The following volume attributes are estimated: (1) 
area of closure, (2) thickness of reservoir;thicknessreser­
voir rock, (3) effective porosity, (4) trap fill, (5) depth to 
reservoir, and (6) hydrocarbon saturation. Determine the 
mean and variance from the estimated seven fractiles, 
assuming a uniform distribution between fractiles, that 
is, a piecewise uniform probability density function. 
Calculate the mean and variance of the product of effec­
tive porosity and hydrocarbon saturation, assuming they 
possess near perfect positive correlation. Also compute 
the mean and variance for the reciprocal of the oil forma­
tion volume factor, which is a function of reservoir depth. 

4. Compute the mean and variance of the accumulation 
size of oil in place using a reservoir engineering equation. 
The equation involves the product of a constant, area of 
closure, reservoir thickness, trap fill, effective porosity, 
hydrocarbon saturation, and the reciprocal of the oil 
formation volume factor. Various laws of expectation 
and variance are involved in the calculations. 

5. Model the accumulation-size distribution by the 
lognormal probability distribution with mean and vari­
ance from step 4. Calculate various lognormal fractiles 
of the accumulation size for oil. 

6. Compute the probability that a prospect has an oil 
accumulation, given the play is favorable. This is called 
the conditional prospect probability of oil. This prob­
ability is the product of the conditional deposit prob­
ability, the probability that the reservoir depth is less than 
the oil floor depth, and the hydrocarbon-type probability 
of oil. 

7. Compute the mean and variance of the conditional 
prospect potential for oil, which is the quantity of oil in 
a prospect, given the play is favorable. They are derived 
by applying the conditional prospect probability of oil to 
the mean and variance of the accumulation size of oil. 

8. Compute various fractiles of the conditional pros­
pect potential for oil by a transformation to appropriate 
lognormal fractiles of the accumulation size of oil using 
the conditional prospect probability of oil. 

9. Compute the mean and variance of the number of 
prospects from the estimated seven fractiles, assuming a 
uniform distribution between fractiles. 

10. Compute the mean and variance of the number of 
oil accumulations, given the play is favorable. They are 
derived by applying the conditional prospect probability 

of oil to the mean and variance of the number of pros­
pects. 

II. Compute the mean and variance ofthe conditional 
(A) play potential for oil, which is the quantity of oil in 
the play, given the play is favorable. They are deter­
mined from the probability theory ofthe expectation and 
variance of a random number (number of prospects) of 
random variables (conditional prospect potential). 

12. Compute the conditional play probability of oil, 
which is the probability that a favorable play has at least 
one oil accumulation, and is a function of the conditional 
prospect probability of oil and the number-of-prospects 
distribution. 

13. Compute the mean and variance of the conditional 
(B) play potential for oil, which is the quantity of oil in 
the play, given the play is favorable and there is at least 
one oil accumulation within the play. They are obtained 
by applying the conditional play probability of oil to the 
mean and variance of the conditional (A) play potential 
for oil. 

14. Compute the unconditional play probability of oil, 
which is the probability that the play has at least one oil 
accumulation, and is the product of the conditional play 
probability of oil and the marginal play probability. 

15. Compute the mean and variance of the uncondi­
tional play potential for oil, which is the quantity of oil 
in the play. They are derived by applying the uncondi­
tional play probability of oil to the mean and variance of 
the conditional (B) play potential for oil. 

16. Model the probability distribution of the condi­
tional (B) play potential for oil by the lognormal distri­
bution with mean and variance from step 13. Calculate 
various lognormal fractiles. 

17. Compute various fractiles of the conditional (A) 
play potential for oil by a transformation to appropriate 
lognormal fractiles of the conditional (B) play potential 
for oil using the conditional play probability of oil. 

18. Compute various fractiles of the unconditional play 
potential for oil by a transformation to appropriate log­
normal fractiles of the conditional (B) play potential for 
oil using the unconditional play probability of oil. 

19. Nonassociated gas is the second resource to be 
assessed. Repeat steps 3 through 18, substituting nonas­
sociated gas for oil, with two basic modifications as 
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Fractiles of 
hydrocarbon volume 
attributes 

Means and varianoes of 
hydrocarbon volume 
attributes 

Mean and variance of 
accumulation size 

I----~ Lognormal 
fractiles 

Fractiles of 
no. of prospects 

Mean and variance of 
no. of prospects 

1 Oil, nonassociated gas, dissolved gas, and gas resources are each assessed in turn. 

Figure 3. Flowchart o/the analytic method o/play analysis. 

follows. A different reservoir engineering equation is 
used to calculate the accumulation size of non associated 
gas in place, The conditional prospect probability of 
nonassociated gas is equal to the conditional deposit 
probability minus the conditional prospect probability of 
oil. 

20. Associated-dissolved gas is the third resource to be 
assessed. Repeat steps 3 through 18, substituting associ­
ated-dissolved gas for oil, with two basic modifications 
as follows. The reservoir engineering equation for the 
accumulation size of oil in-place is multiplied by a gas-

oil ratio which is a function of reservoir depth. The 
conditional prospect probability of dissolved gas is the 
same as the conditional prospect probability of oil. 

21. Gas is the fourth resource to be assessed. Repeat 
steps 4 through 18, substituting gas for oil, with two basic 
modifications as follows. Replace step 4 to compute the 
mean and variance of the accumulation size of gas in­
place by using conditional probability theory and condi­
tioning on the type of gas. The conditional prospect 
probability of gas is the same as the conditional deposit 
probability . 
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A simplified flowchart of the analytic methodology of 
play analysis is presented in Figure 3. 

On the basis of the analytic method, a computer pro­
gram was designed and called Fast Appraisal System for 
Petroleum - Universal Metric (F ASPUM). Because both 
cost and running time are negligible, F ASPUM allows 
for quick feedback evaluation of geologic input data. 

ANALYTICAL METHOD OF PLAY 
AGGREGATION 

A separate methodology was developed for aggregat­
ing a set of plays. In this method, the resource estimates 
of the individual plays from the analytic method of play 
analysis using the F ASPUM program are aggregated by 
means of probability theory. Oil, non-associated gas, 
dissolved gas, and gas resources are each aggregated in 
tum. 

The basic steps of the analytical method of play aggre­
gation are: 

1. Select plays to aggregate. 

2. Oil is the first resource to be aggregated. 

3. Compute the mean and variance of the unconditional 
aggregate potential for oil, which is the quantity of oil in 
the assessed area. They are determined by adding all of 
the individual play means and variances of the uncondi­
tional play potential for oil, respectively, assuming inde­
pendence among the plays. 

4. Compute the unconditional aggregate probability of 
oil, which is the probability that the assessed area has at 
least one play with oil, and is a function of the individual 
unconditional play probabilities of oil. 

5. Compute the mean and variance of the conditional 
aggregate potential for oil, which is the quantity of oil in 
the assessment area, given the assessed area contains at 
least one play with oil. These are obtained by applying 
the unconditional aggregate probability of oil to the mean 
and variance of the unconditional aggregate potential for 
oil. 

6. Model the probability distribution of the conditional 
aggregate potential for oil by the lognormal distribution 
with mean and variance from step 5. Calculate various 
lognormal fractiles. 

7. Compute various fractiles of the unconditional ag­
gregate potential for oil by a transformation to appropri­
ate lognormal fractiles of the conditional aggregate po­
tential for oil using the unconditional aggregate prob­
ability of oil. 

8. Nonassociated gas is the second resource to be 
aggregated. Repeat steps 3 through 7 using play analysis 
estimates of nonassociated gas, namely the individual 
play means and variances of the unconditional play po­
tential for nonassociated gas, along with the individual 
unconditional play probabilities of nonassociated gas. 

9. Dissolved gas is the third resource to be aggregated. 
Repeat steps 3 through 7 using play analysis estimates of 
dissolved gas, namely the individual play means and 
variances of the unconditional play potential for dis­
solved gas, along with the individual unconditional play 
probabilities of dissolved gas. 

10. Gas is the fourth resource to be aggregated. Repeat 
steps 3 through 7 using play-analysis estimates of gas, 
namely the individual play means and variances of the 
unconditional play potential for gas, along with the indi­
vidual unconditional play probabilities of gas. 

A simplified flowchart of the analytic methodology of 
play aggregation is presented in Figure 4. 

A computer program was designed on the basis of the 
analytic method for the aggregation of plays and called 
the Fast Appraisal System for Petroleum Aggregation 
(FASPAG). FASPAG interfaces with FASPUM as fol­
lows. F ASPUM not only generates a file of resource 
estimates for an individual play, but also generates a 
second file of results which consists of the mean and 
standard deviation of the unconditional play potential for 
each of the four resources, along with the corresponding 
unconditional play probabilities. The second file is 
needed for an aggregation of plays and forms an input 
file for FASPAG. Therefore, after FASPUM is applied 
to each play in a set of plays, any subset of plays can be 
aggregated by running FASPAG on the corresponding 
subset of aggregated input files. F ASPAG not only 
generates a file of resource estimates for an aggregation 
of plays, but also generates a second file of results needed 
for an aggregation of aggregations, which forms yet 
another input file for FASPAG. Hence, after FASPAG 
has been applied to each aggregation in a set of aggrega­
tions, any subset of aggregations can be aggregated at 
once. FASPAG also possesses the capacity ofaggregat­
ing a set of plays under a dependency assumption. Under 
the assumption of perfect positive correlation, all of the 

@
G

E
O

L
O

G
Y

B
O

O
K

S



Geologic Model, Probabilistic Methodology and Programs 303 

1 Oil, nonassociated gas, dissolved gas, and gas resources are each aggregated in turn. 

Figure 4. Flowchart of analytic methodology of play aggregation. 

individual play standard deviations (instead of the vari­
ances) of the unconditional play potential for a resource 
are added together. In terms of the standard deviation of 
the unconditional aggregate potential, any degree of de­
pendency is possible between 0 and I, where 0 corre­
sponds to independence and I denotes perfect positive 
correlation. 

APPLICABLE COMPUTER PROGRAMS 

A package of computer program;F ASPUMcomputer 
programs was created to carry out (a) the assessment of 
hydrocarbon resources in a set of plays, and (b) the 
aggregation of the assessments in any subset of plays. 
The assessment module of the system is called F ASPUM, 
and the aggregation module is called FASPAG. FAS­
PUM is also the generic name of the entire package of 
software. 

A user's manual was also written that included various 
examples along with user's guides for installation, opera­
tion, modification, maintenance, and documentation of 
the system. The operational details of the F ASPUM 
system are contained in Crovelli and Balay (1987). 

CONCLUSIONS 

The FASPUM computational program was developed 
in support of making estimates of the undiscovered 

recoverable resources of crude oil, non-associated gas, 
associated-dissolved gas, and total gas in 12 plays in the 
Bekes basin in terms of probability distributions (see 
Charpentier and others, this volume). 
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16 _Undiscovered Recoverable Oil and Gas 
Resources 

Ronald Charpentie/, LaszLO VOlgy;2, Gordon DoltonI, Richard Mas/, and Andras Palyi2 

ABSTRACT 

An assessment was made of the undiscovered recoverable oil and gas resources of the Bekes basin. The resulting 
mean estimates were 5.22 million metric tons· of undiscovered oil and 18.05x109 m3 of undiscovered natural gas 
(recoverable). This compares with discovered amounts (through 1985) of3.81 million metric tons of oil and 25.40x109 

m3 of natural gas. Among the twelve plays assessed, the delta front play has the highest mean potential for oil, 1.90 
million metric tons, and the basal turbidite drape structure play has the highest mean potential for undiscovered gas, 
5.22x109 m3. 

PLAY ANALYSIS APPROACH 

Geologic Model 

Play analysis is a quantitative approach for estimating 
undiscovered oil and gas resources at a play scale. A play 
is a set of pools or prospects which are conceived as 
having similar geologic characteristics and sharing com­
mon geologic elements. Most of the input variables used 
in the model are expressed in a probabilistic form, that is 
either as a probability of occurrence or as a probability 
distribution. This allows the uncertainty about the input 
variables to be expressed quantitatively. Likewise, the 
resulting resource estimates are expressed as probability 
distributions in order to show the uncertainty of the 

estimates. The present model has its antecedents in the 
play analysis technique developed by the Geological 
Survey of Canada (Canada Department of Energy, Mines 
and Resources, 1977). 

Play analysis can be divided into two parts. In the first 
part, estimates are made of the favorability for resource 
in the playas a whole, as well as in a random prospect in 
the play. In the second part, estimates are made of the 
number of prospects and the sizes of the possible accu­
mulations. 

In the first part, the probability of favorability for 
resource in the playas a whole (the marginal play prob­
ability) is estimated by judging the probabilities of exist-

1 U. S. Geological Survey, Denver, Colorado 80225, USA 
2 MOL Rt. (Hungarian Oil and Gas Co., Ltd.), H-1117, Budapest, Hungary 
• Note = I metric ton of oil (at 0.84 metric tons/m3) = 7.5 barrels; 1m3 = 35.31 ff 

P. G. Teleki et al. (eds.I, Basin Analysis in Petroleum Exploration, 305-319. 
© 1994 Kluwer Academic Publishers. 
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306 Charpentier and others 

ence of the subsidiary attributes of hydrocarbon source, 
timing, migration, and potential reservoir facies. The 
play can contain resources only if all four of these attrib­
utes exist. The play risk, the probability that the play 
contains no resource, is 1.0 minus the marginal play 
probability. Next, the conditional deposit probability, 
the probability of occurrence of an accumulation in a 
random prospect (conditioned on the play attributes be­
ing favorable), is estimated by judging the probabilities 
of existence of the subsidiary attributes of trapping 
mechanism, effective porosity, and hydrocarbon accu­
mulation. Prospect risk, the probability that a prospect 
contains no resource (again conditioned on the play 
attributes being favorable), is 1.0 minus the conditional 
deposit probability. 

In the second part of play analysis, estimates are made 
of the number of prospects and also of various parameters 
which deal with the size of accumulations. Many of 
these variables are input as seven fractiles describing a 
probability distribution. Thus, the uncertainty about 
number of prospects is expressed by the seven fractiles 
for number of drillable prospects. The accumulation 
volumes are analytically calculated from the variables: 
area of closure, reservoir thickness/vertical closure, ef­
fective porosity, trap fill, reservoir depth, and hydrocar­
bon saturation. Also used in this calculation are such 
engineering variables as original reservoir pressure, res­
ervoir temperature, gas-oil ratio, oil formation volume 
factor, gas compressibility factor, oil floor depth, oil 
recovery factor, and gas recovery factor. 

The probabilities determined in the first part are used 
with the distributions of prospect number and accumula­
tion size to estimate resource amounts. These resource 
appraisal estimates are calculated using an analytic prob­
abilistic methodology. The details of how the calcula­
tions are performed can be found in Crovelli and Balay 
(this volume). 

Computer Programs 

The program for calculating estimates in this study was 
a modification of the F ASP program (Crovelli and Balay, 
1986) which, in tum, was an analytic version of the 
RASP program (White, 1981). RASP was a Monte­
Carlo simulation program, but F ASP greatly improved 
performance by using a probability-theory approach. 

The specific program used was called F ASPUM, for 
FASP-Universal-Metric (Crovelli and Balay, 1987). A 

detailed discussion of the F ASPUM computer program 
is given by Crovelli and Balay (this volume). 

APPRAISAL OF THE BEKES BASIN 

The undiscovered recoverable petroleum resources of 
the Bekes basin were appraised in September 1987 in 
Budapest. In these meetings, twelve plays were defmed. 
These included both producing plays and hypothetical 
plays. No significant resource potential in the Bekes 
basin is expected in addition to these twelve plays. 

In assessing by the play analysis method, it is necessary 
to be explicit about the size of the smallest occurrence 
considered to be exploitable. This is to guard against 
considering very small accumulations which could never 
be exploited practically. Also, it is important to have a 
consistent view of the minimum exploitable size when 
using different variables, each of which are affected by 
the minimum size considered. 

The minimum area of closure considered was 0.75 km2. 

The trap fill was in every case expressed as 100 percent, 
and, thus, the area of closure figure actually reflects an 
estimate of the area of accumulation. The minimum 
reservoir thickness considered was generally 5 m, but in 
a few cases thicknesses as small as 3 m, sufficient to 
contain exploitable resources, were taken into account. 
Reservoir porosity of 5 percent was the usual minimum 
value, but this minimum was lowered for a few plays 
involving fracture porosity. Hydrocarbon saturation of 
35 percent was generally used as the minimum value, 
except in two plays, where a minimum of30 percent was 
used based on analog data from discovered pools. Mini­
mum depth and the number of prospects were not speci­
fied. 

Several standard engineering factors were used for the 
entire basin. The pressure/depth gradient above 2400 m 
was 0.1 bars/m with an intercept of 1 bar at 0 m depth. 
Below 2400 m, the gradient was 0.15 bars/m with the 
same intercept. This pressure/depth relationship reflects 
overpressure below a depth of 2400 m. Temperature 
varied linearly with depth, with a gradient of 0.05 degrees 
KIm and a temperature of284.15 degrees K at the ground 
surface. The gas-oil ratio was generally 200 m3 per ton, 
the oil formation volume factor was 1.5, and the gas 
compressibility factor was 0.9. The oil floor was 3100 
m, and standard oil and gas recoveries were 30 and 70 
percent respectively. The input values used for each play 
are presented in Tables 1 to 12. Some of the values 
presented in the tables are fractiles from probability 
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Table 1. Play # 1: Fractured crystalline basement. 

INPUT 
Hvdrocarbon source 1.0 
Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Marginal plav probability 1.0 
Trapping mechanism 0.8 

Prospect attributes Effective porosity (> 1.5) 0.9 i 

Hvdrocarbon accumulation 0.4 ! 

Conditional deoosit orobabillty 0.288 ! 
Hydrocarbon mix Gas 

Oil 
Geologic variables FlOo F95 F75 
Closure (km"') 0.75 1.5 1.9 
Thickness (m) 5.0 12.0 37.0 
Porosity (%) 1.5 2.5 3.5 
Depth(m) 1100 1500 2400 
HC saturation (%) 40 45 53 
Number of prospects 4 4 5 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) = 0.10 (depth) + 1.0 
Reservoirs pressure (bars) = 0.15 (depth) + 1.0 
ReservoirtemoeJatureCUlC) =0.05 (depth) + 284.15 
Gas-oil ratio (mJ/ton) = 200 
Oil formation volume factor = 1.7 
Gas compressibility factor = 0.95 

I RESULTS 
Low (F9,) 

Oil (millions of metric tons) 0.0 
Non-associated gas (10" m~) 0.0 
Dissolved gas. (10" mJ ) 0.0 
Total gas (10" m~) 0.0 

distributions. F95, for example, is the 95th fractile and is 
interpreted to mean that there is a 95 percent chance of 
more than that specific value. 

PLAY DESCRIPTIONS 

Play #1: Fractured Crystalline Basement 

The fractured crystalline basement play (Table 1) con­
sists of prospects with reservoirs in metamorphic and 
igneous rocks (granite, micaceous shale, and gneiss) of 
Precambrian and Paleozoic age. The prospects are re­
lated to fracturing on basement structural highs. Source 
rocks are within the overlying Neogene sedimentary 
rocks. Only one pool has been discovered in the play. 

Play attributes are shown as favorable (Table 1) because 
a discovery has been made. Prospect risk, however, is 

0.8 
0.2 

F50 F25 Fo'i Fo 
2.3 3.0 3.5 5.0 
40.0 50.0 70.0 150.0 
4.0 5.0 7.5 10.0 
3300 3800 4400 5000 
60 66 70 80 
6 7 8 10 

30% i 

35% 
(from 0 to 2400 m) 
(below 2400 m) 

I 
Mean Hi!!h (Fo,) 
0.0627 0.4532 
0.4330 1.2854 
0.0125 0.0906 
0.4455 1.2978 

high due to the absence of source rocks within the base­
ment. 

Hydrocarbon volume parameters were estimated par­
tially based on data from the discovered pool and from 
analogous pools in similar plays. The high uncertainty 
reflects concern about sufficient porosity and hydrocar­
bon saturation in fractured rocks. Seismic data gave 
information on identified, but as yet undrilled, structures. 
The gas recovery factor was adjusted to reflect an ex­
pected 50% C02 content in the gas. 

Play #2: Mesozoic Fractured Basement (Pre-Upper 
Cretaceous) 

The Mesozoic fractured basement play (Table 2) con­
sists mostly of traps involving unmetamorphosed Meso­
zoic carbonates (dolomite and limestone), and siltstones 
and sandstones. The prospects are related to paleogeo-
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morphologic or faulted highs of the Mesozoic basement 
sealed by overlying Neogene rocks. Although minor 
amounts of hydrocarbons may have been generated by 
Jurassic carbonates, the major source rocks are likely to 
be in the overlying Neogene sequence. No discovery has 
been made in this play in the Bekes basin. 

In spite of the lack of current production, the play was 
considered favorable. The individual prospect risk was 
considered fairly high, because clearly definable migra­
tion paths are absent and lateral seals on the faulted 
structures are likely discontinuous. 

Hydrocarbon volume factors and number of drillable 
prospects were estimated by using seismic data to iden­
tify possible structures and by analogy of similar accu­
mulations in nearby basins. Standard engineering values 
were used for most of the variables, but the gas recovery 
factor was adjusted to reflect an expected C02 content of 
more than 70%. 

Play #3: Upper Cretaceous of North Bikes 

The Upper Cretaceous of North Bekes play (Table 3) 
consists mainly of prospects in relatively unmetamor­
phosed Upper Cretaceous sandstones at depths between 
2500 and 4200 m. The prospects include both structural 
and stratigraphic traps. Possible source rocks include the 
Upper Cretaceous clayey marls. No discovery has been 
made in this play in the Bekes basin, although hydrocar­
bon shows were reported from several wells. 

Although hydrocarbons are not produced currently 
from this type of play, the play was considered favorable. 
Namely, some chance exists for hydrocarbon occurrence 
in the play. The individual prospect risk was considered 
high because the Upper Cretaceous is often overlain by 
fractured pre-Pannonian rocks which do not provide an 
adequate seal. Also, some ofthe prospects are not favor­
ably located in relation to known source rocks in the 
Neogene section. 

Table 2. Play # 2: Mesozoic fractured basement (pre-Upper Cretaceous). 

[INPUT 
~- -- [ 

!l~o~,!!,bons()u!,c~_ - 1.0 
Timing_ 1.0 

Play attributes Migration 0.75 
Potential reservoir facies 1.0 --
Marginal plav probability 0.75 
Trapping mechanism 0.7 

Prospect attributes Effective porosity (> 1.5) 0.8 
Hydrocarbon accumulation 0.5 
Conditional deposit probability 0.28 

Hydrocarbon mix Gas 10.9 -----j 
Oil 0.1 

Geologic variables Fwo F'l'i F7'i F.iO F25 F05 Fo 
Closure (km~) 0.75 ---- 1.3 1.7 2.0 3.0 5.0 7.0 
Thickness (m) 5.0 15.0 40.0 60.0 70.0 90.0 180.0 
Porosity (%) 2.0 2.5 4.0 5.0 6.0 8.0 10.0 
Depth (m) 1500 1900 2700 3500 3900 4300 4700 
HC saturation (%) 40 45 53 60 66 70 80 
Number of prospects 10 10 11 12 13 15 16 
Oil floor 3100 meters 

i Recovery factors Oil 30% 
Free gas 20% 

Reservoirs pressure (bars) = 0.10 depth) + 1.0 (from 0 to 2400 m) 
Reservoirs pressure (bars) - 0.15 (depth) + 1.0 (below 2400 m) 
Reservoir tempeJature ("K) = 0.05 (depth) + 284.15 
Gas-oil ratio [mJ/ton) = 200 --------------
Oil formation volume factor - 1.7 
Gas compressibility factor = 0.95 

I RESULTS 
Low (F'l5) Mean High (F05) 

Oil (millions of metric ton~ 0.0 0.0634 0.4587 ! 

Non-associated ga.s (10" mJ) 0.0 0.6981 2.0254 
Dissolved ga~ (1 Q' mJ

) 0.0 0.0127 0.0917 
Total gas (10' mJ

) 0.0 0.7108 2.0467 
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Table 3. Play # 3: Upper Cretaceous o/North Bekes. 

I INPUT 
Hydrocarbon source 1.0 

I Timing 1.0 
I Play attributes Migration 0.8 

Potential reservoir facies 1.0 
Marginal play probability 0.8 
Tra1>Pin~ mechanism 0.6 

Prospect attributes Effective porosity (> 1.5) 0.8 
Hydrocarbon accumulation 0.6 
Conditional deoosit orobabilitv 0.288 

Hydrocarbon mix Gas 
Oil 

Geologic variables FlOO F95 F75 
Closure (Ian") 0.75 1.7 2.5 
Thickness (m) 3.0 4.0 5.5 
Porosity (%) 3.0 3.1 3.5 
Depth (m) 2500 2650 2900 
HC saturation (%) 35 38 45 
Number of prospects 3 3 4 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) - 0.10 {de~thl + 1.0 
Reservoirs pressure (bars) = 0.15 (depth + 1.0 
Reservoir temperature (V}() = 0.05 (depth) + 284.15 
Gas-oil ratio (m.}/ton) = 200 
Oil formation volume factor = 1.5 
Gas compressibility factor =1.1 

RESULTS 
Low (F95) 

Oil (millions of metric ton~ 0.0 
Non-associated gas (10" m.») 0.0 
Dissolved g~ (10 7 m.}) 0.0 
Totalzas (10" m.}) 0.0 

Hydrocarbon volume factors and number of drillable 
prospects were estimated using geophysical information 
and analogy. Most of the engineering values used were 
standard, but the gas recovery factor was adjusted to 
reflect an expected 35% C02 content. 

Play #4: Overpressured Miocene 

The overpressured Miocene play (Table 4) consists 
mainly of sandstone reservoirs of pre-Pannonian Mio­
cene age in structural traps located, mostly deeper than 
2400 m. Quantities of oil and gas are also produced from 
algal carbonates of the same age. Seals are marls. Mid­
dle Miocene (Badenian) age rocks overlie the basement, 
with the exception of a few basement highs (Szentgy5r- . 
gyi and Teleki, this volume). The Badenian sequence 
contains some of the best source rocks in the basin and 

0.95 
0.05 

F50 F25 F05 Fo 
3.5 4.5 6.0 8.0 
7.0 9.0 12.0 15.0 
4.0 5.0 7.5 10.0 
3300 3600 4000 4200 
50 55 62 65 
5 6 7 8 

! 

30% i 

46% 
_(from 0 to 2400 m) 
(below 2400 m) 

I 

Mean High (F05) 
0.0021 0.0 
0.0880 0.2968 J 
0.0004 0.0 
0.0885 0.2971 

both oil and gas are expected to be present; however, gas 
is expected to be dominant at depths greater than 3100 
m. Only 3 pools within 1 field have been discovered 
from this play in the Bekes basin. 

Play attributes are shown to be favorable by previous 
discoveries. Prospect risk, however, is moderately high, 
due to the uncertainty of basal seals, where thin, frac­
tured Miocene rocks rest on fractured basement rocks. 
Low porosity is expected at great depths. The hydrocar­
bon accumulation factor has little to no risk involved, 
because the Miocene sequence contains excellent source 
rocks. 

Hydrocarbon volume parameters were estimated pri­
marily from seismic data for identified, but as yet un­
drilled structures and in part using data on discovered 
pools. Standard engineering values were used, except 
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for the gas compressibility factor (based on data from the 
discovered pools) and the gas recovery factor (adjusted 
to reflect expected 20% C02). 

Play #5: Lower Pannonian Basal Conglomerates 

The lower Pannonian basal conglomerate play (Table 
5) consists of conglomerate and sandstone reservoirs 
deposited on the top of basement highs in the area of the 
Battonya-PusztafOldvar high. Well data from 7 discov­
ered oil and gas pools indicates that these rocks are 
overlain by basal clay marls of Pannonian age. The oil 
and gas contained in the pools was probably generated 
either from Miocene marls and shales or from Pannonian 
shales located downdip. Migration was through frac­
tures in the basement rocks. 

The play attributes are all shown to be favorable based 
on previous discoveries. Prospect attributes are also all 
considered to be very favorable. 

Data from the discovered pools, as well as seismic data 
from identified prospects, were used to estimate the 
hydrocarbon volume parameters. Some modification 
was necessary due to the generally greater than expected 
depth of undiscovered pools. The gas-oil ratio, oil for­
mation volume factor, and gas compressibility factor 
were based on data from the discovered pools. Also, the 
gas recovery factor was reduced to reflect an expected 
50% C02 content. 

Play #6: Basal Lower Pannonian Fractured and 
Silty Marls 

The basal lower Pannonian fractured clayey marl and 
silty marl play (Table 6) consists of hydrocarbon accu-

Table 4. Play # 4: Overpressured Miocene. (Badenian-Sarmatian) 

I INPUT I 
Hydrocarbon source 1.0 
Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Marginal olav orobabilitv 1.0 
Trapping mechanism 0.6 

Prospect attributes Effective porosity (> 1.5) 0.6 
Hydrocarbon accumulation 0.9 
Conditional deoosit orobability 0.324 

Hydrocarbon mix Gas 0.75 
Oil 0.25 

Geologic variables F100 F95 F75 F'io F2'i Fo'i Fo 
Closure (km"'") 0.75 1.5 2.25 3.0 4.0 5.5 7.0 
Thickness (m) 3.0 4.0 5.5 7.0 9.0 12.0 15.0 
Porosity (%) 5.0 5.5 6.5 7.0 9.0 15.0 25.0 
Depth (m) 1500 1800 2400 3200 3700 4200 4500 
HC saturation (%) 35 38 45 50 55 62 65 
Number ofprosoects 12 13 15 16 17 19 20 
Oil floor 3100 meters 
Recovery factors Oil 30% 

Free gas 56% 
Reservoirs pressure (bars) = O.lO(demh) + 1.0 (from 0 to 2400 m) 
Reservoirs pressure (bars) = 0.15 (depth + 1.0 (below 2400 m) 
Reservoir tempe]llture ("K) = 0.05 (depth) + 284.15 
Gas-oil ratio (mJ /ton) - 200 
Oil formation volume factor = 1.5 
Gas compressibility factor =1.1 

RESULTS 
Low (F9S) Mean High (Fo'i) 

Oil (millions of metric ton!i) 0.0 0.1076 0.4520 
Non-associated g~(107 mJ) 0.2177 0.6618 1.4338 
Dissolved gas 007 mJ) 0.0 0.0215 0.0904 
Total gas (107 mJ) 0.2348 0.6833 1.4566 
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Table 5. Play #5 Lower Pannonian basal conglomerates. 

INPUT 
Hvdrocarbon source 1.0 
Timin.e; 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Mar.e;inal plav probability 1.0 
Trapping mechanism 0.9 

Prospect attributes Effective porosity (> 1.5) 0.9 
Hydrocarbon accumulation 0.9 
Conditional deposit probability 0.729 

Hydrocarbon mix Gas 0.7 
Oil OJ 

Geologic variables F100 F95 F75 F50 F25 Fo, Fo 
Closure (km"'") 0.75 1.0 1.5 2.0 2.5 3.0 3.5 
Thickness (m) 4.0 5.0 7.0 9.0 12.0 17.0 20.0 
Porosity (%) 9.0 11.0 15.0 17.0 18.0 19.0 20.0 
Depth (m) 1000 1200 1500 1800 2200 2700 3000 
HC saturation (%) 50 51 53 55 60 74 85 
Number of prospects 3 3 4 4 5 6 6 
Oil floor 3100 meters 
Recovery factors Oil 30% 

Free .e;as 35% 
Reservoirs pressure (bars) = 0.10 (depth) + 1.0 (from 0 to 2400 m) 
Reservoir tempeIllture ("K) =0.05 (depth) + 284.15 (below2400m) 
Gas-oil ratio (m"/ton) = 80 
Oil formation volume factor = 1.2 
Gas compressibility factor - 0.87 

I RESULTS 
Low (fQ,) 

Oil (millions of metric tons) 0.0 
Non-associated gas (10" m") 0.0 
Dissolved gll$. (1 0" m~) 0.0 
Total gas (I 0" m") 0.0863 

mulations in the lower Pannonian section associated with 
two types of traps. In the area of the Battonya­
Pusztallildvar high, the traps have lateral variations in the 
porous siltstone content of marl beds. In other parts of 
the basin, the traps are formed by differential fracturing. 
Both trap types are enhanced by structure. The marls are 
good source rocks and overlie high-quality, older Mio­
cene source rocks. Oil is the more likely hydrocarbon to 
occur at depths shallower than 3000 m. To date, 6 pools 
have been discovered in this play. 

Previous discoveries indicate that the play attributes are 
favorable, but the prospect risk is high, mainly due to 
expectations of poor porosity. Access to hydrocarbon 
sources is considered very good and trapping mechanism 
is considered moderately good because of the structural 
component. 

I 
I 

Mean HWh7Fo,) 
OJ520 1.1034 
0.2228 0.5058 
0.0282 0.0883 
0.2509 0.5307 

Hydrocarbon volume parameters have been estimated 
using analog data from the discovered pools. These 
estimates were modified to reflect some chance of deeper 
structures being present, but the deeper structures were 
considered less prospective in light of poor drilling re­
sults to date. Numbers and depths of drillable structures 
were based on available seismic data . 

All of the engineering factors were set to the standards 
except the recovery factors. The oil recovery factor was 
reduced because of the expected decrease in porosity 
with increasing depth. Gas recovery was reduced to 
reflect an expected 50% C02 content. 

Play #7: Basal Turbidite Onlap 

The basal turbidite onlap play (Table 7) consists of 
stratigraphic pinchouts of multiple turbidite sandstones 
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Table 6. Play #6 Basal lower Pannonian fractured and silty marls. 

I INPUT I 
Hydrocarbon source 1.0 -: Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Mar~nalplav probability 1.0 
Trapping mechanism 0.8 

Prospect attributes Effective porosity (> 1.5) 0.3 
Hydrocarbon accumulation 0.9 
Conditional deposit probability 0.216 i 

Hydrocarbon mix Gas 
Oil 

Geologic variables FlOo F9S F7S 
Closure (km") 0.75 1.0 1.5 
Thickness (m) 5.0 6.0 7.0 
Porosity (%) 2.0 4.0 7.0 
Depth (m) 1000 1200 1600 
HC saturation (%) 30 34 40 
Number of prospects 13 15 16 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) =0.10 (depth) + 1.0 
Reservoirs pressure (bars) = 0.15 (dej)th) + 1.0 
ReservoirtempeJature(U}() =0.05 (depth) + 284.15 
Gas-oil ratio (mJ/ton) = 200 
Oil formation volume factor =1.5 
Gas compressibility factor - 0.90 

I RESULTS 
Low (F95) 

Oil (millions of metric tOI!~ 0.0 
Non-associated gas nO m") 0.0 
Dissolved gas. (10" mJ) 0.0 
Total gas (10" mJ) 0.0313 

within the Szolnok Formation where they onlap base­
ment highs. Seismic data indicate that these pinchouts 
occur over a wide range of depths. The expected trap­
ping mechanism is the updip onlap of reservoir sand­
stones against older rocks, but updip facies changes may 
also be traps. Seals are primarily the interbedded shales 
and marls within the Szolnok Formation. The underly­
ing basal clayey marls are expected to restrict lateral 
migration into fractured basement rocks. Potential hy­
drocarbon source beds include the interbedded shales as 
well as the basal clay marls and Miocene rocks. Both oil 
and gas have been produced from this play with 38 
discovered pools in 4 fields. 

Previous production from the play indicates that all play 
attributes are favorable. However, exploration risks of 
individual prospects are high. Trapping risk is high 
because of the stratigraphic nature of the trap and the 

I 0.2 ~ 
0.8 

Fso F2S F05 Fo 
2.0 2.7 3.5 4.0 
8.0 10.0 13.0 15.0 
10.0 14.0 19.0 22.0 
2000 2500 3300 4000 
45 50 58 60 

~---~---. -----
17 21 22 

22% 
35% 

(from 0 to 2400 m} 
-------.-.~--

I (below 2400 m) 
I 

! 

I 

i 

Mean High (F05) 
0.3147 0.7562 
0.0732 0.2521 
0.0629 0.1512 
0.1361 0.3358 

possibility of inadequate lateral seals if the basal clayey 
marl is fractured. Porosity risk is moderate because of 
the substantial depth of many of the prospects. Hydro­
carbon accumulation risk is relatively low because the 
interbedded shales could be both source rocks and seals. 

Hydrocarbon volume parameters were estimated by 
analogy with accumulations already discovered within 
the play. Some modification of the distributions was 
necessary, however, in order to accommodate the gener­
ally greater depth of the unexplored prospects. 

Standard pressure/depth and temperature/depth rela­
tions for the basin were used, as were the standard oil 
floor value and oil recovery factor. The standard gas 
recovery factor was decreased, assuming an average C02 
content of 15%. The gas-oil ratio, oil formation volume 
factor, and gas compressibility factor were estimated 
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Table 7. Play #7 Basal turbidite onlap. 

I INPUT l 

I 

I 

Hvdrocarbon source 1.0 
Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Marginal plav probability 1.0 
Trapping mechanism 0.3 

Prospect attributes Effective porosity (> 1.5) 0.75 
Hydrocarbon accumulation 0.8 
Conditional deposit probability 0.18 

Hydrocarbon mix Gas 
Oil 

Geologic variables FlOo F95 F75 
Closure (km"'") 0.75 1.5 2.0 
Thickness (m) 5.0 6.0 8.0 
Porosity (%) 5.0 6.0 7.0 
Depth (m) 1900 2300 2700 
HC saturation (%) 35 38 42 
Number of prospects 9 16 26 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) = 0.10 (depth) + 1.0 
Reservoirs pressure (bars) = 0.15 (depth) + 1.0 
Reservoir temoeIature (UK) = 0.05 (depth) + 284.15 
Gas-oil ratio (m" Iton) = 200 
Oil formation volume factor = 1.5 
Gas compressibility factor = 0.92 

I RESULTS 
Low (F9S) 

Oil (millions of metric toniD 0.0 
Non-associated g~ (to m") 0.5488 
Dissolved gR$. (107 m") 0.0 
'Total gas (107 m") 0.5875 

based on data from producing pools, taking into account 
expected depths. 

Play #8: Basal Turbidite Drape Structures 

The basal turbidite drape structure play (Table 8) con­
sists of structural traps involving turbidite sands of the 
Szolnok Formation. Such traps are usually interpreted 
as compaction structures and can occur throughout the 
basin over basement highs. The reservoir turbidite sands 
are interbedded with shales which form the seals. Likely 
hydrocarbon sources are the underlying basal clayey 
marls, the pre-Pannonian Miocene rocks, and also the 
interbedded turbidite shales themselves. Discoveries in 
this play include 32 oil and gas pools in 2 fields. 

All play attributes are inferred to be favorable because 
of previous production in the play. Individual prospect 
risk is considered moderate, with a fairly even distribu-

0.8 
0.2 

F50 F25 F05 Fo 
3.0 5.0 10.0 20.0 
10.0 13.0 18.0 25.0 
8.0 10.0 14.0 18.0 
3000 3300 3700 4000 
45 50 58 65 
35 44 52 60 

30% 
60% 

(from 0 to 2400 m) 
(below 2400 m) 

I 

Mean High (Fos 
0.2452 1.0208 
2.0568 4.8137 
0.0490 0.2042 
2.1058 4.8846 

tion of risk among the trapping mechanism, effective 
porosity, and hydrocarbon accumulation factors. 

I 

Hydrocarbon volume parameters were estimated pri­
marily by analogy with those of discovered accumula­
tions, although with modifications, because the undis­
covered accumulations are expected to occur at a greater 
average depth than the discovered accumulations. Some 
information pertaining to numbers, areas, and depths of 
prospects was obtained from seismic data for identified, 
but as yet undrilled, structures. Structures deeper than 
3500 m were not assessed because of the likelihood of 
insufficient porosity below that depth. 

Standard values for oil floor depth and percent oil 
recovery were used. Standard pressure and temperature 
relations were applied. The gas-oil ratio, oil formation 
volume factor, and gas compressibility factor were esti­
mated based on data from the discovered accumulations. 
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Table 8. Play #8 Basal turbidite drape structures. 

I INPUT 
Hydrocarbon source 1.0 
Timing 1.0 

Play attributes Mi~ation 1.0 
Potential reservoir facies 1.0 
Marginal play probability 1.0 
Trapping mechanism 0.75 

Prospect attributes Effective porosity (> 1.5) 0.75 
Hydrocarbon accumulation 0.8 
Conditional deposit probability 0.45 

Hydrocarbon mix Gas 
Oil 

Geolo!!:ic variables F100 F95 F75 
Closure (kmM) 0.75 1.25 2.25 
Thickness (m) 5.0 8.0 14.0 
Porosity (%) 5.0 6.0 8.0 
Depth (m) 1800 2000 2400 
HC saturation (%) 40 42 46 
Number of prospects 13 14 16 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) - 0.10 (depth + 1.0 
Reservoirs pressure (bars) = 0.15 (depth) + 1.0 
Reservoir tempe.rature J"I<.) - 0.05 (depth) + 284.15 
Gas-oil ratio (m~ Iton) = 200 
Oil formation volume factor =1.5 
Gas compressibility factor - 0.92 

RESULTS 
Low (F9'i) 

Oil (millions of metric ton~ 0.0 
Non-associated gill' (to" mJ ) 1.8811 
Dissolved gas. (1 0" m~) 0.0 
Total gas (10" mJ ) 1.9538 

The gas recovery factor was adjusted because the C02 
content of the gas is estimated to be 15%. 

Play #9: Fans and Slumps 

The fan and slump play (Table 9) consists of strati­
graphic prospects at and near the base of the delta slope 
and overlying the basal turbidite sequences. These pros­
pects are located throughout the basin and consist of 
sandstone deposits sealed by clayey marls deposited in a 
slope environment. Seismic records indicate that traps 
in this play may be associated with mound-shaped struc­
tures which represent either submarine fan or slump 
deposits. Source rocks are underlying organic-rich rocks 
deposited in a slope environment. No discoveries in this 
play have been made in the Bekes basin. 

In spite of the lack of current production, it was esti­
mated that the play has at least one accumulation some-

0.9 
0.1 

F50 F25 Fo'i Fo 
3.0 4.0 5.25 6.0 
20.0 30.0 50.0 150.0 
10.0 13.0 17.0 20.0 
2700 3000 3300 3500 
50 56 64 70 
17 18 19 20 

30% 
60% 

(from 0 to 2400 m) 
(below 2400 m) 

Mean High (F05) 
0.4773 2.1067 
5.1288 10.615 
0.0955 0.4213 
5.2243 10.705 

where in the basin. However, individual prospect risk 
was considered very high. Trapping risk is relatively 
high because of the uncertainty concerning closure and 
seals. Also, the likelihood of poor reservoir conditions 
in the slump deposits contributed to the high risk estima­
tion. 

Hydrocarbon volume factors and number of drillable 
prospects were estimated using seismic data to identify 
possible fans and slumps, and analogy with similar accu­
mulations outside the basin. Standard engineering fac­
tors were used. 

Play #10: Delta Slope 

The delta slope play (Table 10) consists of stratigraphic 
and combination structural-stratigraphic traps within the 
delta slope sequence (Algyo Formation). This sequence 
consists of an obliquely-bedded succession of submarine 

i 
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channel sandstones, shales, and marls. The reservoirs are 
believed to be the channel sandstones sealed by slope 
shales. Trapping can be enhanced where the channel 
sands drape over a structural high. Possible delta-slope 
traps exist throughout the basin. Likely source rocks for 
oil and gas are the surrounding shales, supplemented by 
vertical migration from deeper overpressured basal 
clayey-marl source beds. The Bekes basin contains 32 
known delta slope pools in 7 fields. 

The play attributes are considered favorable because 
previous discoveries exist. Prospect risk is high, how­
ever, because of the low probability that updip seals are 
present. The relatively shallow depth of prospects, how­
ever, suggests that reservoir quality will likely be good. 

Analog data from discovered accumulations were used 
to estimate hydrocarbon volume factors. Also, seismic 
data were used to estimate depths and number of drillable 
prospects. Standard engineering values were used ex-

Table 9. Play #9 Fans and slumps. 

I INPUT 
Hydrocarbon source 
Timing 

Play attributes Migration 

cept for the gas-oil ratio and the oil formation volume 
factor, both of which were reduced as a function of 
differences in gas content of oil in the discovered shallow 
reservoirs. 

Play #1 J: Delta Front 

The delta front play (Table 11) consists of sandstone 
bodies which accumulated along the shelfbreak between 
the delta plain and delta slope environments. traps are 
either stratigraphic or combination structural-strati­
graphic, with most of the undrilled prospects probably 
stratigraphic. Seals are the flanking and overlying clayey 
marls of the delta plain. Delta-front prospects exist 
throughout the basin. Source rocks are most likely inter­
bedded lignites, and biogenic gas is likely to be present. 
However, vertical migration from deep, overpressured 
source beds may have contributed thermally generated 

] 
1.0 
1.0 

-~ 

1.0 

i 

Potential reservoir facies 1.0 ---------j 
~arginal play probability 1.0 J 

! Trapping mechanism '0.2 
i 

Prospect attributes Effective porosity (> 1.5) 0.5 
---

I 

i 
Hydrocarbon accumulation ~.8 ----

Conditional deposit probability - 0.08 l Hydrocarbon mix Gas !0.8 
Oil 0.2 

Geologic variables FIOO F95 U5 F-2{L ~- FJl5 Fo 
Closure~km"'1 0.75 1.5 2.5 3.5 -- 5.0 7.0 9.0 

-------75.0-- -

Thickness (m) 5.0 10.0 12.5 25.0 40.0 150.0 - -
Porosity (%) 5.0 6.0 8.0 10.0 13.0 17.0 20.0 --
Depth (m) 1500 1600 1800 2000 2300 2700 3000 --
HC saturation (%) 40 42 46 50 56 64 70 
Number of prospects 18 20 25 30 36 44 50 
Oil floor 3100 meters I 

Recovery factors Oil 30% 
I Free gas 70% 

Reservoirs pressure (barsl = 0.10 (depth) + 1.0 (from 0 to 2400 m) 

~ Reservoirs pressure (bars) = 0.15 (depth)U_.O ___ --- {below 2400 m} 
Reservoir tempeIature tK) = 0.05 (depth) + 284.15 

--

Gas-oil ratio (mJ/ton) = 200 
---------

Oil formation volume factor = 1.5 
i Gas compressibility factor = 0.90 

!RESULTS ---.-

I Oil (millions of metric ton$) 
Low (F9S) Mean High (F05) 
0.0 0.5966 2.8688 

Non-associated gas (l 07 mJ
) 0.0 1.8551 5.6997 

'Dissolved g~ (1 Q7 mJ ) 0.0 0.1193 0.5738 
-

Total gas (107 mJ ) 0.0 1.9744 5.8434 
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Table10. Play #10 Delta slopes. 

I INPUT I 

I Hydrocarbon source 1.0 
Timing 1.0 
Migration 1.0 I Play attributes 
Potential reservoir facies 1.0 
Marginal play probability 1.0 
Trapping mechanism 0.3 

Prospect attributes Effective porosity (> 1.5) 0.8 
Hydrocarbon accumulation 0.5 
Conditional deposit probability 0.12 

Hydrocarbon mix Gas 0.7 
Oil OJ 

Geologic vm:.iables F100 FQ, F7, F,o F?, Fo, Fo 
Closure (km~) 0.75 1.0 1.5 2.0 3.0 8.0 18.0 
Thickness (m) 5.0 6.0 8.0 10.0 14.0 30.0 50.0 
Porosity (%) 5.0 8.0 12.0 15.0 20.0 26.0 30.0 
Depth (m) 700 1100 1500 1800 2000 2200 2400 
HC saturation (%) 30 34 40 45 54 68 75 
Number of prospects 22 26 34 40 48 64 80 
Oil floor 3100 meters 
Recovery factors Oil 30% 

Free gas 70% 
Reservoirs pressure (bars) - 0.10 (depth) + 1.0 (from 0 to 200 m) 
Reservoir temperature l'K) - 0.05 (depth) + 284.15 (below 2400 m) 
Gas-oil ratio (mJ Iton) = 110 
Oil formation volume factor = 1.2 

i Gas compressibility factor - 0.90 
RESULTS 

I LowiF9S) 
Oil (millions of metric ton.V 0.0 
Non-associated gll/l (lO" mJ

) 0.1372 
Dissolved gas. (10" mJ

) 0.0 
Total gas (10" mJ

) 0.2449 

gas and oil. In the Bekes basin, 32 pools have been 
discovered in 4 fields. 

Previous discoveries show that the play attributes are 
favorable. Prospect risk is moderately high because the 
remaining prospects are mainly stratigraphic and the 
amount of hydrocarbon fill in the traps is uncertain 
because of the lack of information on rates of biogenic 
gas generation. However, reservoir quality is expected 
to be excellent. 

The analog data from the discovered pools were modi­
fied to take into account likely greater depth of the 
prospects. These analogues and also seismic data were 
used to estimate the hydrocarbon volume parameters and 
the number of drillable prospects. Standard engineering 
factors were used except for the gas-oil ratio, the oil 
formation volume factor, and the gas compressibility 

Mean High (Fos) 
1.0905 3.8787 
1.2620 3.6087 
0.1200 0.4267 
1.3820 3.7951 

factor, which were estimated using data from discovered 
pools. 

Play #12: Upper Pannonian Fluvial and Low-Re­
lief Structures 

The upper Pannonian fluvial and low-relief structure 
play (Table 12) consists of low relief structures and 
stratigraphic traps in the delta-plain sequence. Strati­
graphic traps in fluvial sandstone pinch outs and combi­
nation traps containing fluvial sandstones on structures 
are both included. The fluvial sandstones may be channel 
or crevasse-splay deposits. Seals are the floodplain 
shales. Possible traps exist throughout the basin. Source 
rocks are the associated coals and lignites, and only gas 
(probably biogenic) is likely to be present. A total of80 
pools have already been discovered within 8 fields. 
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Table 11. Play #11 Deltafront. 

INPUT 
Hydrocarbon source 1.0 
Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Marginal olav orobability 1.0 
Trapping mechanism 0.5 

Prospect attributes Effective porosity (> 1.5) 1.0 
Hydrocarbon accumulation 0.5 
Conditional deposit probability 0.25 

Hydrocarbon mix Gas 
Oil 

Geologic variables FlOo F9S F7~ 
Closure (km~) 0.75 1.0 1.5 
Thickness (m) 5.0 7.0 10.0 
Porosity (%) 15.0 17.0 20.0 
Depthim) 600 800 1200 
HC saturation (%) 50 56 65 
Number ofpros~ects 17 20 26 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) = 0.10 (depth) + 1.0 
Reservoir tempqature _CUK) - 0.05 (depth + 284.15 
Gas-oil ratio (m-'/ton) = 80 
Oil formation volume factor =1.1 
Gas compressibility factor - 0.93 

I RESULTS 
Low (F25) 

Oil (millions of metric ~onill 0.0 
Non-associated gll$ nO m"') 1.0954 
Dissolved gas. (lQ" m") 0.0 
Total gas (10" m") 1.2043 

Play attributes are favorable, as shown by the existing 
production. Prospect risk is moderate, mainly due to the 
hydrocarbon accumulation factor, which is moderate 
because of the uncertainties about the rates of biogenic 
gas generation. Good porosity in prospects is expected 
because depths are shallow. Trapping risk is considered 
to be moderately low because most of the remaining traps 
are likely to be combination traps, rather than strati­
graphic traps. 

Analog data from the discovered pools were slightly 
modified due to an expected greater average depth of 
undiscovered accumulations. Area of closure was also 
increased to take into account the larger possible size of 
some purely stratigraphic traps. The gas compressibility 
factor was estimated from data pertaining to discovered 
pools in the play, otherwise the standard engineering 
factors were used. 

0.8 
0.2 

F~o F2S Fos Fo 
2.0 2.75 4.0 5.0 
13.0 18.0 30.0 40.0 
22.0 25.0 30.0 35.0 
1500 1700 1900 2100 
70 74 78 80 
30 36 44 50 

30% 
70% 

I 
Mean High (Fos) 
1.9035 5.4889 
2.8911 5.8618 
0.1523 0.4391 
3.0433 6.0466 

RESULTS 

Estimates of the total undiscovered recoverable quan­
tities of oil and gas in the Bekes basin are summarized in 
Table 13. The mean estimate for undiscovered oil is 5.22 
million metric tons and the mean estimate for undiscov­
ered gas is 18.05x109 m3. These, as well as all other 
resource estimates in the tables, are of recoverable quan­
tities. 

Through 1985, a total of 3 .81 million metric tons of oil 
and 25.40x109 m3 of gas were discovered in the Bekes 
basin. Thus, the mean estimates suggest that approxi­
mately 42 percent of the recoverable oil and 58 percent 
of the recoverable natural gas have been discovered. 

Fractiles of the probability distributions are also given 
in the tables. These are "more than" fractiles; hence, 
when the Fos (5% fractile) for oil is cited as 17.419 
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318 Charpentier and others 

Table 12 Play #12 Upper Pannonian fluvial and low-reliefstructures. 

I INPUT I 
Hydrocarbon source 1.0 
Timing 1.0 

Play attributes Migration 1.0 
Potential reservoir facies 1.0 
Marginal olav orobabilitv 1.0 
Trapping mechanism 0.8 

Prospect attributes Effective porosity (> 1.5) 1.0 
Hydrocarbon accumulation 0.5 
Conditional deposit orobabilitv 0.4 

! Hydrocarbon mix Gas 
I Oil 
Geologic vatiables F100 FQ'i F7'i 
Closure (km~) 0.75 1.0 1.25 
Thickness (m) 5.0 6.0 8.0 
Porosity (%) 13.0 18.0 22.0 
Depth (m) 400 550 800 
HC saturation (%) 50 56 65 
Number of prospects 10 12 16 
Oil floor 3100 meters 
Recovery factors Oil 

Free gas 
Reservoirs pressure (bars) = 0.10 (depth + 1.0 
Reservoirs J>fessure (bar) - 0.15 (depth + 1.0 
Reservoir tempe;ature ("K) = 0.05 (depth + 284.15 
Gas-oil ratio (m"'/ton) = 200 
Oil formation volume factor -1.5 
Gas compressibility factor = 0.92 

RESULTS 
Low(F~ 

Oil (millions of metric tons) 0.0 
Non-associated g~ (to" m~) 0.7739 
Dissolved gas (I 07 m"') 0.0 
Total gas (107 m"') 0.7739 

million metric tons, that means that there is only a 5% 
chance of more than 17.419 million metric tons. 

Note that there are two aggregations in Table 13. The 
first assumes a degree of dependency of 0.0, in other 
words the plays were considered independent of one 
another. The second aggregation assumes a degree of 
dependency of 1.0, in other words the plays were consid­
ered completely dependent on one another. The assump­
tion of dependency leads to a larger range in uncertainty 
for the aggregate distribution. In actuality the plays are 
partially dependent, therefore, the range should be be­
tween these two extreme cases. 

The individual plays vary greatly in their contribution 
to the total amount of undiscovered resource. For oil, the 
delta front play has the highest mean potential, 1.90 
million metric tons or 36 percent of the total mean oil 

1.0 
0.0 

F~ F2S Fos Fo 
1.5 2.0 3.0 4.0 
10.0 14.0 22.0 30.0 
25.0 27.0 30.0 35.0 
1000 1200 1500 1800 
70 74 78 80 
20 26 38 50 

30% 
70% 

(from 0 to 2400 m) 
(below 2400 m) 

Mean High (Fos) 
0.0 0.0 
2.0047 4.0375 
0.0 0.0 
2.0047 4.0375 

potential. For natural gas, the basal turbidite drape struc­
ture play has the highest mean potential, 5.22x109 m3 or 
29 percent of the total mean natural gas potential. 
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Undiscovered Recoverable Oil and Gas Resources 319 

Table 13. Estimates of the total undiscovered recoverable quantities of oil and gas in the Be/ces basin. 

[TOTAL BEKES BASIN 
Low (F95) 

Degree of dependency = 0.0 
Oil (millions of metric bon~ 1.784 
Non-associated ga~ (l2 m ) 10.905 
Dissolved g~ (IP m ) 0.219 
Total gas (10 m!) 11.510 
Degree of dependency = 1.0 
Oil (millions of metric ~on~ 0.0 
Non-associsted g~ (lP m) 4.894 
Dissolved g~ (12 m) 0.0 
Total gas (10 m j ) 5.287 
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Open-File Report 87-414B, diskette). 
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Mean High (F05) 

5.216 11.187 
17.376 25.844 
0.674 1.484 
18.050 26.539 

I 

5.216 17.419 i 
17.376 40.788 i 
0.674 2.336 
18.050 41.648 
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Index 

A 

Adriatic Sea 84 
age inversions 12 
algal 

deposits 95 
flats 83 
nodules (See rhodoliths) 

Algyo field 227,228 
Algyo Fm. 68,103,108, 109, 110,204,211,213, 

215,216 
alluvial plain 99, 101, 102, 109, 110 
Alpine orogenies 84 
Alpine-Carpathian 

foredeep 84 
flysch 4 

amplitude spectrum analysis 261 
anoxic environment 83,95 
API gravities of oils 161, 162 
Apuseni Mountains 2,3,6,12,15,22,27,30,34, 

35,36,37,40,55,222 
Arieseni nappe 18, 22 
autochthon (See Bihor) 

B 

Badenian 
-Sarmatian boundary 84 
deposits 87,91,93,94,95,96 
erosion of strata 93 
late 84 
lithology 91 
lower 87 
section 40 
sediments 8, 42 
sequence 8 
stage 6,8,40,61,67,84,150,155,223, 

230 
upper 87 

Balaton Highlands 112 
basement 96 

high 8, 32, 40, 68, 228 
rocks 70 

basin 
back-arc 
Drava 
filling 
Pannonian 

221,223 
3 
39,55 
3,5,6,36,40,41,61, Ill, 114, 115, 
136,144,148,150,221,223,230 

321 

Sava 3 
slope 101, 108 
starved 36,61,143 
Transcarpathian 3,40, 120 
Transylvanian 3, 40, 84, 95 
Vienna 3,40,223,233 

basin ally restricted unit (BRU) 41,42, 43 
Neogene 1-318 

(See also Miocene) 
Battonya 206,217 

-PusztafOldvar field 206 
-PusztafOldvar high 57,62, 63 
-PusztafOldvar trough 12, 13, 15, 19,20,36 

Battonya basement high 12,72,237 
Battonya field 239,242,243,245,246,247 
Battonya-East field 239 
Bekes Conglomerate 189 
Bekes Fm. 68 
Bekes trough 8,47 
Bekes-Doboz trough 1, 12, 13,23,25,27,29,30, 

35,36 
Berggren time scale 136 
Biharugra Fm. 27 
Bihor autochthon 23, 27, 30 
bioclastic 

debris 71 
limestone 83 
sediments 67,68 

biological marker 162,164,180,181 
biostratigraphy 118,119, 145, 150 
bioturbation 68, 72, 78 
bottom currents 44 
bottomset reflections 108 
Bouma sequences 73, 76, 78 
brackish waters 84 
breccia 40, 83, 87 
Bruhnes Polarity Chron 130, 139 
Budafa anticline 222, 230, 231, 232 
Bilkk Mountains 40, 222 
BUkkaija Fm. ll5, 117 
burial depth 161, 169, 194 

curve 212 

c 

canyons 44 
carbon 

isotope composition 187, 194 
isotope ratio 189-191,194 

carbon dioxide 187,189,191,193,198,206,207, 
217,218,232 

carbon preference index (CPI) 164, 170 
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carbonate(s) 79,91 
Cretaceous limestone 226 
dolomite 70, 226-227 
marls 41,43,61,68,72,78,89 
reef 91 
rudistid limestone 226 
thermal decomposition 187,191 

Carpathian 
arc 
basin 
foredeep 
Mountains 
orogenic loop 

Caspian Sea 
channel 

3 
39 
95 
2, 4, III 
5 
84 

-fan systems 89 
bank sequence 74 
mouth bars 101, 108 
overbank deposits 74 

channels 39,67,87 
chronostratigraphic 

chart 157 
cross section 106 

clastic rocks 44, 61 
climate 84,96 
clinoform reflections 102-103, 108 
closure, area of 296, 306 
Codru nappe 1, 12, 18,22,27,36,37 
compaction, differential 34,36 
compression 6 

Late Cretaceous 12 
oblique 5, 36 

computer programs (See FASP, FASPUM) 
condensed section 83,87,96 
conglomerate 

basal 40,55,57,60,68,72,83,87,91, 
94,310 

Bekes 189 
core(s) 

analysis 
68,73,76,79,84 
68,214 

Cretaceous 
Lower 23 
rocks 22 
Upper 22,23 

crossbedding 73 
crude oil (See also oil and gas) 

-source rock correlations 161 
Csanadapaca field 239 
Csanadapaca Fm. 18 
cyclic sedimentation 87,96 

161 

D 

Dacian stage 115 
Danube-Raba basin 223 
decollement folds 257, 274 
Deep Sea Drilling Project 132, 133 
delta(s) 41,42 

fan 82 
front 43,50,53,55,58,61-63,73,76, 

109,110,225. 
lacustrine 44 
lobes 39,44,45,53,73 
lobe switching 43,44,64, 158 
plain 3,45,68,79,99, 101,223,227,233 
-plain deposition 70 
progradation rate 64 
prograding 34,55,64,67, 101 
slope 34,67,68,72,76,78,79,223,233 
systems 44, 63, 72, 73, 109 

deltaic 
-lacustrine processes 67 
filling 143 

demagnetization 
analysis 121 
thermal 121 

depocenter 55,63 
deposition (see also sedimentation) 

distal turbidite 73 
rates 39,43,60,61,64,132,136,139, 

depositional 
environments 
hiatus 
history 
stages 

deposits 
channel 
distal lobe 

140,157 

83,99 
143 
61 
55 

73. 74 
73 

distributary mouth bars 10 1, 108, 110 
Derecske basin 222-226 
Devavanya borehole 115,125,130,131,138,140, 

147,153,155 
Devavanya field 239 

-North field 239 
Devavanya high 8,33,34,35,232,233 
diagenesis 89, 180 
Dieva nappe 18,22 
differential compaction 34, 36 
Dinarides 4, 95 
dis conformity 102 
dissolved gas 302 
distributary mouth bars 101, 108, 110 
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OobozFm. 27 
Ooboz trough 

(See also Bekes-Ooboz trough) 
dolomite(s) 70 

Triassic 227 
Oorozsma Fm. 68 
down lap pattern 50, 58, 60 
Orava basin 3 
drill stem tests (OST) 203, 206 

E 

Endrod field 
Endrod high 
epicontinental sea 

215,239 
8,34,35,73,237 

84 
erosion 91,96 

of Badenian strata 93 
subaerial 109 

eustatic sea level changes (See sea level) 
euxinic environment 72, 109 
exploration 

Bekes basin 237 
history 

extension 
lithospheric 
oblique 

extensional 
basin 
faults 
graben 
half-graben 
rifting 
tectonics 
zones 

F 

facies 
alluvial 
alluvial-plain 
basinal 
de lta-front 
delta-plain 
deltaic 
distal basinal 
distribution 
lacustrine 
litho-
Miocene 
sandstone 

241 
4,6,36 
3 
5 

6,36 
15,35,36 
5,6,8, 12,36 
9 
5 
8,22,27,34,36 
3 

110 
110 
42,44,63,109 
110 
64, 110 
76 
62 
62,63 
43 
101 
83,85 
99, 101, 109 

fan 87 
amalgamated 73 
-delta deposits 87 
-lobe systems 73 
alluvial 96 
systems 

FASP 
FASPAG 
FASPUM 
fault(s) 

extensional 
growth 
listric 

39,67,82 
295,306 
303 
295,302,303,306 

15,221,222,223,258 
32,36,196,222,233 
5 

listric normal 34, 36, 223, 233 
normal 4,8,223,227 
oblique extensional 33 
plane 5, 22, 36 
reverse 227 
right-lateral 223 
strike-slip 2, 3, 5, 6, 8, 36, 223 
systems 6 
thrust 4,5, 12, 15, 16, 22,21,221,258, 

267,274 
wrench 221, 222, 223 

Finis nappe 22 
flame structures 73,89 
flower structure 230 
flysch 22, 233 

Alpine-Carpathian 4 
foraminifera 84 

benthic 89,91,93 
euryhaline 94 
planktonic 91,93 

Foldes field 228 
Fiizesgyarmat field 239 

G 

gas 
-oil ratio 
biogenic 

296,297,306 
218 

generation 195 
microbial origin 191, 196 
recovery factor 306,307 

Gauss Polarity Chron 130, 139 
geochemical 

analysis 
data 

geochemistry of 

162,164,190 
170,189,195,197,216 

crude oil 164 
natural gas 187 
source rock 165 
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geomagnetic 
field 114, 127, 134, 138, 139 
time lines 114 
time scale 115, 120, 132, 134 

Gilbert Polarity Chron 130, 134, 139 
graben 6,8 

extensional 5, 6, 8, 12, 36 
half-graben 9 

gravity 
Bouguer 34 
data 1-37 
high 34 
interpretation 34 
lows 35 
model 34 
profile 35 

Great Hungarian Plain 2, Ill, 112, 114,206,207 

H 

H6dmez(jvasarhely-Mak6 trough 8, 11, 34-36, 72 
hydrocarbon (See also oil and gas) 

saturation 306 
volume 307,308,309,313,315 

hydrogen index (HI) 169 

I 

illite 208 
index fossils 87 
inflection points 45 
interval velocities 258,270,271,273,288 
intra-basement arches 221, 227 
intra-Carpathian region 222 

(See also Carpathian basin) 
isopach map 84, 100 

Miocene sequences 86 
Neogene 69,239 
Neogene-Quaternary 224 

isotopic dating 112, 119 

J 

Jurassic 
Lower 
ophiolites 
Upper 

22 
3,34,35 
22,27 

K 

KlArdating 84,119,144,150 
Karpatian stage 223, 230 
KaskantyUborehole 115,117,119,120,124,125, 

130, 131, 132, 133, 136, 13~ 153 
Kaszaper-South field 239 
kerogen 183,187,190,196,209,210, 

211,213 
Komadi field 239 
Komadi high 8, 34 
K(jrllsladAny field 239 

L 

lacustrine 10 I 
basin 44,67,99 
delta 44 
marls 41 
sedimentation 39 
sediments 42 

lake level 44,55,58,63,72,96,108 
changes 158 

Leithian orogeny 94 
limestone 

algal 
bioclastic 
biogenic 
oolitic 

lithofacies 

91 
83,90,94 
90 
27 

Badenian 88, 90 
Sarmatian 88, 92 

lithostratigraphic 
correlations of Pannonian strata 113 
cross section 101, 102, 105 
units 147 

Lithothamnium sp. 91,93,94,95 
Little Hungarian Plain 112, 120 
load structures 73, 89 
lobate subdeltas 64 
low-impedance zones 257,274,288 

M 

magnetic 
anomalies 132 
high 34 
interpretation 34 
profile 35 

magnetic polarity 
analysis 150 
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boundaries 148 
magnetization 

intensities 124 
multicomponent 124 
remanent 125 
stability 122 
timing of 125 

magnetostratigraphic 
analysis 53 
correlations Ill, 129 

magnetostratigraphy 115, 120, 127, 131, 143, 153 
mantle 37 
marine 

-lacustrine environment 96 
sedimentary rocks 70 

marls 62,63,67,90,91,94 
basal 72, 109,310 
sheared 72 

mass flow 39 
maturation 

history 210 
levels 195,198 
thermal 161, 187, 198,203 

Matuyama Polarity Chron 127,139 
Mesozoic 

belts 
collisions 
rocks 

12 
34 
2,6,12,22,27,36,37,70,258, 
267,274 

rocks, seismic characteristics 257,277,288 
section 18 
trough 12,22,35,36 

methane 187,190,195,203,241,242,251 
in reservoirs 194 
isotope ratios 189,191,194,198 
microbial origin 189 
samples 191,195,196,197 
separation 189 

Mezohegyes field 239,241 
migration 191 

distances 182, 197, 198 
lateral 184,187, 195,214 
model 197 
of gas 162,190,191,194,197,202 
of oil 162, 172, 202 
path 162, 182, 194, 203 
secondary 161, 162, 172, 180, 181, 195, 196, 

197,203,209 
vertical 172,187,191,195,196,197,203, 

214,239 
mineral composition 87,91,93,94 
Miocene 

deposits 8, 27 

early 6 
extension 36,37 
lower 150 
middle 3,6,34,35, 144, 155 
middle-to-Iate 36 
rocks 40,84 
sediments 34 
stratigraphy 87 
thrusting 40 
upper 150 

model(s) 
geologic 296,305 
seismic 277,294 
structural 286 

Moesian platform 2 
molasse 4, 84 
moretane/hopane ratio 161, 182 
mud-weight pressure profiles 206 

N 

n-alkanes 161, 164, 167, 170, 176 
NagyalfOld Fm. 99, 101, 110, 115, 117 
Nagykorii Fm. 99, 119 
Nagylengyel field 226,227 
nappes 1, 15,22,35,233,258 

allochthonous 36 
Arieseni 18, 22 
Codru 1,12,18,22,27,36,37 
Cretaceous 37 
Dieva 18,22 
Finis 22 
Mesozoic 1 

nearshore environment 89,117 
Neogene 68,72 

rocks 2,68, 169, 183 
section 165, 175 
stratigraphy 40 
time scale 113 

non-associated gas 300, 302 
in place, formula 296 

norhopane/hopane ratio 161, 182 

o 

oceanic crust 
oil 

-source rock relationships 162 
generation 162, 182 
generation window 203 
genetic relationship 161 
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in place, formula 296 
production 227,252 
recovery factor 306 
types 161,182 

oil and gas 
accumulation 221, 296, 310 
appraisal data 298 
discoveries 238 
entrapment 214 
exploration 233,237,241-242 
expulsion 201,214 
fields 163, 188,243 
fields and wells 240 
generation 203,210 
plays 201,305-318 
pools 241,242,243,317 
production 227,232,237,248,255 
recoverable 237,255,305,317 
reservoirs 218 
resource assessment 305-318 
resources 
source beds 
traps 
volume 

oleanane 
-hopane ratio 
content 

onlap pattern 
ophiolites 
organic carbon 

306 
312,313 
221 
307,308,309,313,315 

161,182 
172 
42,43,44,50,60 
3,34,35 

content 165, 181 
total 180 

orogeny 3 
(See also Alpine, Leithian, Styrian) 

overpressuring 201,203,204,208,210,214,309 
causes 204 

overthrust 12, 26, 28 
section 16, 17 

p 

paleo 
-bathymetric trough 73 
-climate 84 
-prodelta slope 61 
-slope 233 
-magnetic data 120 
ecology 95 

Paleogene basin 233 
paleogeographic islands 87,94,95 
Paleozoic 

basement 23 

Pannonian 
basin structure 114 
biostratigraphy 119 
correlations 134 
formations 115 
inland sea 143 
isotopic ages 119 
lower 119, 120, 230, 232 
magnetostratigraphy 120 
sediments 112, 117 
seismic stratigraphy 131 
sensu lato 67, Ill, 115,223 
sensu stricto 84, 115 
stage 157 
stratigraphic units III 
upper 117,120,131,223,230 

Pannonian Basin 3,5,6,36,40,41,61, Ill, 114, 115, 
136,144,148,150,221,223,230 

Pannonian Lake 84, 108 
parasequence 44 
Paratethys Sea 84, 143 

Central 84, 94, 95 
in Sarmatian time 94 

permeability 109,209,210,212 
sandstone 210 
shale 210 

petroleum (See oil and gas) 
Pieniny klippen zone 2 
play(s) 296,306 

aggregation 302, 303, 318 
analysis 295,305,306,307 
assessment 297 
attributes 296, 309 
basal conglomerate, Lower Pannonian 310 
basal marls, Lower Pannonian 310 
basal turbidite 3 11 
Cretaceous 308 
crystalline basement 307 
delta front 315 
delta plain 316 
delta slope 314 
descriptions 307,316 
drape structures 3 13 
fans and slumps 314 
marginal probability 306 
Mesozoic basement 307 
overpressured Miocene 309 
prospects 296, 297 
risk 306 

play analysis 295-318 
FASP-based 295 
FASPUM-based 295-303, 305-318 
geologic model 296 
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polarity 
anomalies 132, 138 
Bruhnes Chron 130 
correlations 130 
Gauss Chron 130 
Matuyama Chron 127 
nOlmal 115, 119, 125, 136 
oscillations 124 
records 147 
reversal 120,121, 124, 150, 153, 157 
reversed 125, 136 
time scale 114, 116, 133 
zonation 114, 115, 116, 120, 124, 130, 131 

Pontian stage 115 
(See also Pannonian sensu stricto) 

pools 
241 
242 
229 

Battonya 
Devavanya 
HHdes 
PusztatOldvar 

porosity 
effective 
logs 

243 
109,309 
296,306 
208 

vs. depth 208,209,210 
postrift 

deposits 6 
history 39 
section 8,27,32 
sediments 5, 32, 33, 34, 223 
sequence 6, 12 
unconformity 5,6 

potentiometric data 
pre-rift 

basement 8 
section 6, 36 
sediments 5 

pressure 201 

212,213,214,215,216 

abnormal 204, 207 
capillary 212 
differential 210,211,212,214,217 
formation 203 
gradient 204,215 
normal 206 
overburden 203 
pore 210 
reservoir 202,203,206,208,212 
vs. depth 206,208,217,306,312 
vs. temperature 207 

pristane/phytaneratio 161,164,165,179 
probability 

conditional play 296, 300 
distribution 297 
marginal play 296, 305 

theory 
prodelta 

296,297 
34,41,43,45,61,68,72,73, 
223,233 

depositional environment 74 
deposits 73, 76, 80 
fan 80 
slope 102, 109, 110 
turbidite sandstone 73 

production 
Battonya field 242, 243 
Bekes basin 256 
history 237 
Pusztaf61dvar 243 
rates 243,248,256 
Sarkadkeresztitr 251 

progradation, deltaic 52 
progradational unit (PU) 41,42,43,64 
prospect attributes 296, 297 
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PusztatOldvar field 191,239,248,249,250,252 
PusztatOldvar high 206,217,237 
PusztatOldvar reservoir 242 
Pusztaszollos field 239,241 
Pusztaszollos nappe 22 
Pusztaszollos reservoir 245 
pyroclastic 

deposition 96 
rocks: See tuff 

R 

ray tracing 288 
reef 

algae 96 
flat 91 
front 91 

reflection character, seismic 258, 267 
reserves, oil and gas 

Battonya 242 
Bekes basin 256 
PusztatOldvar 243 

reservoir(s) 187,189,191,194,207 
Battonya 242 
Cretaceous 227 
depth 194, 296, 306 
gas 191,196,197 
in basement 194 
Miocene 238 
Neogene 198 
oil 162 
pressure 
producing 
properties 

207,208,212,297 
251 
110 
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PusztafOldvar 242 
Pusztaszollos 245 
rocks 238 
rocks, thickness 296 
seals 210,214,223,312,315 
Szalonta 256 
temperatures 
Triassic 

resistivity log 

183,297 
227 
108 

resource assessment 305 
methodology 295 

retrogradational unit (RU) 41,42,43,46,50,61 
rhodoliths n, 91, 93 

(See also algal nodules) 
rifting 36, 44, 68 
rip-up clasts 73 
rollover structures 34 

s 

salinity crisis 84, 87 
Messinian 132, 143, 159 

San Andreas fault 5 
sandstone 94,315 

alluvial 91 
amalgamated 74 
distributary channel fill 10 I 

sapropeJic source 196 
Sarkadkeresztur field 197,206,214,239,251,254 
Sarkadkeresztur high 8, 23, 35, 73, 94, 237 
Sarmatian 6,61,67,84,155,157,223,230 

-Pannonian boundary 6,87, 157 
deposits 8, 93, 94, 95 
rocks 6 
sea 
sediments 
stages 

Sava basin 
sea level 

changes 
sediment 

fluvial 
lacustrine 
slumping 
supply 
texture 

sedimentary 

84 
6,8,40,42 
40 
3 
91,96 
44, 143, 158, 159 

41 
42 
39,67,82 
43 
n 

sequences 43 
structures 72-73 

sedimentation 43, 44, 50 
Pannonian Basin 130 
rate 39,60-64, 132, 136, 139, 140, 157 

seismic 
sequences 
correlations 
data 

44 
101,109 
37,40-42,44,51,58,64, 108, 110, 
114,144,257,267,277,281,288 

data processing 277-294 
events 150,260,274 
modeling 277,278,281,288 
profiles 22,60,67, 101, 103, 114, 119, 153, 

reflections 
resolution 

156, 158 
43, 101, 150,260 
44 

sequence 41,44 
stratigraphy 61,114,130,131,143,144 

sequence boundaries 43, 44 
shale 93-94 
shallow water 

deposition 
deposits 
environment 
facies 

shelf 

67 
40,64,91 
55 
43 

-slope boundary 
(See shelfbreak) 
break 44,45, 108 
currents 95 
slope 105 

Sikl6s Fm. 27 
slumping 39,67,82 
smectite 208 
source rock(s) 12,37,162, In, 173, 182, 183, 197, 

214,228,237,239 
evaluation 183 
gas 190,194,196,198 
geochemistry 190 
maturity 198 
Miocene 309 
Neogene 191, 196 
oil 176,182 
samples 195 
sapropeJic 191 

South Atlantic Ocean 132 
spontaneous potential (SP) log 103 
storm wave base 105 
stratigraphic 

framework 99 
section 
table 
tests 

strike-slip 
movement 
(See also faults) 

74, 189 
144 
201 

36 
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structural 
depression 
inversion 
rollover 

39 
221,222,230 
233 

structure contour map 41,44,47,48,49,56,57, 
59, 177 

Styrian orogeny 40,83,96 
submarine plateau 91 
subsidence of 4 

basins 41,44,72,95,96,143 
Pannonian Basin 114 
rate 61 
thermal 221 

synrift 
deposits 5, 6, 8, 27 
Miocene I 
period 8,36 
section 8, 34, 227 
sediments 5,6,8, 12,36,61,223 
sequences 5,6,8 
stage 6, 12 

synthetic seismogram 267,281,288,289,291 
systems tract 44 
Szarvas field 216,239,241 
Szarvas high 32, 94, 237 
Szarvas-Endrod field 197 
Szeghalom field 216, 239 
Szeghalom high 8,35, 72, 73, 237 
Szolnok Fm. 68,99, 109,203,213,215 
Szolnok trough 2, 3 
Szombathely borehole 120, 129 

T 

tectonic( s) 
collision 34 
map 36 
units 2 

temperature, subsurface 208 
thermal maturity 171, 172, 176, 183 
thrust 

belts 40 
sheets 22 

time 
-stratigraphic relations 101 
(See also chronostratigraphic) 
-transgressive unit 58, 64 

Tiszapalkonya borehole 115, 117, 120-121, 124-126, 
129-133,136,138-140,149,152,153 

topset reflections 10 1 
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Tortel Fm. 68,99,102,104,108,110,115,119, 
165,169,173,183,211,213 

T6tkoml6s Fm. 68,99,108,119 
T6tkoml6s nappe 22 
Transcarpathian basin 3,40, 120,222 
Transdanubian basin 222 
Transdanubian Central Range 112,222 
transgression of the sea 40 

in Badenian time 83 
in Sarmatian time 83, 96 
local 95 
marine 83, 84 

Transylvanian basin 3, 40, 84, 95, 222 
trap(s) 182 

combination 317 
fill 296, 306 
oil and gas 34, 222 
stratigraphic 204,213,216,217,223,308, 

structural 
Triassic 

-Cretaceous 
dolomite 
Early-Middle 
Late 
Keuper Fm. 
Lower 
Upper 

trough 

312,315,316 
217,227,233,307 
1,22 
12 
12,226 
27 
18,226 
27 
27 
18,27,226 

amplitude 34 
Battonya-Pusztaf6ldvar 12,22,36 
Bekes 8 
Bekes-Doboz 12,22,27,35,36 

tuff 
rhyhodacite 
rhyolite 

turbidite(s) 

amalgamated 

93 
119,150 
41,42,44,61,62-64,68,72-73,76, 
79,82,99,109,204,230,242,311 
67 

sequence 73 
turbidity current 39, 103 

u 

unconformity 
breakup 
erosional 
Mesozoic 
postrift 
rift onset 

5,8,22,27, 153, 158,267 
5 
44 
12 
5 
5 
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v 

Vasarhely Fm. 68 
vertical seismic profiling 257,258,274,277, 

far-offset 
near-offset 
walk.away 

Veszto borehole 

278, 281, 288 
258,260,264 
258,262,263,268 
266,267 
1I5, 1I7, 125,127,130-131,134, 
136, 140, 147, 150-154, 155, 157 

Vienna basin 3, 40, 222, 223, 233 
vitrinite reflectance 161, 168, 169, 170, 173, 

176, 197,203 
volcanic rocks 

calcalkaline 4 
(See also tuft) 

w 

water 
depths 
salinity 

well logs 
WerfenFm. 

z 

ZagyvaFm. 
Zala basin 

39,41,58,61,108,157 
94 
67,84, lOl, 104, 110 
18 

99,101,102,110,115,117 
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