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FOREWORD

In 1978, four scientists from the United States Geological Survey (USGS)
visited Budapest at the invitation of the Hungarian Central Office of Geology
(Kozponti Foldtani Hivatal). The purpose of this exploratory visit was to
examine possibilities in exchanging scientists and implementing cooperative
research in geosciences under the 1977 United States—Hungary Agreement on
Cooperation in Culture, Education, Science and Technology. The USGS de-
legation visited several institutes, including the Eotvos Lorand Geophysical
Institute, the Hungarian Geological Survey, the Oil and Gas Trust and institutes
of the Academy of Sciences. The review of programs conducted in Hungarian
geoscience institutes indicated that several areas of scientific research were of
mutual interest, and that reciprocally, programs of the USGS needed to be
made familiar to Hungarian scientists. Accordingly, in April 1979, a delegation
from Hungary visited facilities of the USGS in Virginia, Colorado, California,
Arizona, and field experiments in Wyoming. A list of possible cooperative
subjects, with various degrees of commonality to scientists from both coutries
emerged after these visits and from the ensuing discussions. This included
seismology, geoelectrical techniques, paleomagnetics, energy resources assess-
ment, and engineering geology. Negotiations led to an agreement on coopera-
tive scientific research for a two-year duration, and in subsequent years that
agreement was renewed twice thereafter.

The joint scientific efforts between the Central Office of Geology and the
U. S. Geological Survey developed along several lines. A significant effort was
made in geophysics, particularly in developing instrumented field methods and
numerical algorithms to test for the presence of mineralized zones and ore
bodies. Electromagnetic and induced polarization methods were used to probe
for bauxite and sulfide deposits. Geophysical modeling, in complex geological
terrain, and graphical display methods were developed or exchanged for mutual
benefit — an underlying principle of the entire cooperative program. An equally
significant effort was expended in understanding the Neogene history of the
Pannonian basin, with several holes drilled and cored for oriented samples for
deciphering the remanent magnetic record, and 800 km of seismic reflection
profiles were analyzed jointly to understand the stratigraphic framework and
the evolution of the basin. Concurrently, paleoenvironmental reconstruction
was used to study potential reservoir rocks and possible migration paths, as well
as to understand depositional facies, sediment sources, and the role that tectonic
events played in the structural development of the basin. Geochemical studies
of kerogen were to decipher maturation processes for hydrocarbons, and the
signal characteristics of seismic reflection data were probed to detect gaseous
horizons. Experts were exchanged to understand how data bases were used to
manage geological, geochemical, and geophysical data and how best to display
these data. Concepts and studies began to merge and supplemented by other
investigations in mineral resources (heavy minerals), and in magnetotellurics,
and plans were made for intercomparative studies in tectonics.



This compendium of papers presents the progress and some of the results
and sucesses of the projects undertaken jointly by the Hungarian earth science
institutions and the U. S. Geological Survey, during the first five years of
cooperative work. The articles in this volume represent the scientific results
presented at a joint conference, held in Budapest, October 1-3, 1984. Notably,
not all the subjects envisioned or tried initially as joint efforts endured the test
of time and these are not reported in this volume. Those scientific investigations,
however, that persevered, established in the process a common foundation of
understanding and a spirited desire to search for answers. These attributes were
certainly characteristic of not only individual studies, but the cooperative pro-
gram on the whole.

Significant results include a substantially new analysis of the sources and
directions of sedimentation that filled the Pannonian Basin. The deltaic facies
analyzed by seismic stratigraphic methods (Mattick, Rumpler and Phillips) and
core hole data (Bérczi and Phillips) in southeastern Hungary, were found to
represent two distinct stages of deltaic sedimentation in a trough that contains
6000 m of lacustrine and fluvial sedimentary rocks of Neogene and Quaternary
age. The older deltaic system was deposited in water of 800-900 m and the
younger system was deposited in water depths of 300400 m. Both deltaic
systems contain potential reservoir rocks for petroleum; in the older deltas
coarse-grained rocks are stored in delta-slope channels, in the younger deltas
coarse-grained rocks are stored chiefly in delta-front sheet sands. The conditions
that matured organic matter into petroleum were examined at a few locations
by Fisch and Koncz using the method of pyrolysis on rock samples.

Paleoenviroments of late Cretaceous and early to mid-Miocene age are
reported on in two papers, respectively, by Clifton, Brezsnyanszky and Haas,
and Clifton, Bohn-Havas and Miiller. Both emphasize reconstruction of pa-
leogeographic settings, using models of sedimentation, including sources, path-
ways and sinks for the detritus. Senonian conglomerates of the Bitkkk Mountains
are shown to have been emplaced by westward moving gravity flows, and their
source was subsequently moved tectonically to the north. Miocene sands and
gravels lend themselves to differentiating inner shelf, nearshore, foreshore, and
backshore segments of a paleo-shoreline, where the rate of sedimentation kept
pace with a rising sea-level.

A particularly vexing problem has been the definition of the Pannonian
stage. What were thought to be paleontological and palynologic timeline indica-
tors have recently been found to be but markers of locally varying paleoenviron-
ments. Hence, magnetostratigraphic studies were initiated by the Hungarian
Geological Survey (Elston, Hamor, Jambor, Lantos and Roénai) as another
means to distinguish the time-stratigraphic units composing the Neogene. Pre-
liminary results indicate that the boundary bvetween the Lower and Upper
Pannonian can be dated at 8.8 million years, but further studies are needed for
completing the reference polarity zonations for the Pannonian (s. 1.) and
Pleistocene in Hungary. Determination of the Pilo—Pleistocene boundary was
also the subject of a study by Grosz, Ronai and Lopez, in this case using heavy
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minerals as possible indicators of climatic shifts. The authors believe denser
sampling will prove this to be a useful method. A separate study by Marton and
Elston also used remanent magnetization to find that the Balaton Highlands
rotated 50° counter-clockwise with respect to the Mecsek Mountains, since the
magnetization of the studied red beds, a step toward deciphering the tectonic
events of that area.

Another major thrust of the cooperative investigations focused on
geophysical methods applied to mineral resources. Several investigations, in-
cluding field work and theoretical modeling, sought improvements in techniques
for detecting ore deposits. Among these, Verd, Smith et al. report on the first
common basis for interpretation of time-domain and frequency-domain, spec-
tral, induced polarization methods using generalized inversion and the Cole-
Cole model. Results on applying time-domain electromagnetic (EM) methods
to bauxite deposits and karst terrain (Kakas, Frischknecht et al.) also includes
theory for simplified interpretation of time-domain EM soundings. Using seis-
mic profiles from the U. S. Atlantic Continental margin, Késmarky probed
possibilities of detecting hydrates based on interval velocities. While this study
was based on conventional seismic reflection profiling, Lee, Miller, and Goncz
tested theories about vertical seismic profiling with data from field experiments,
and their report contains innovations in both the field techniques and in the
analysis of the data. Geophysical data lend themselves to modeling — the above
metioned papers all incorporate such — but a specific attampt, by Miiller, Lee,
Kilényi, Petrovics, Braun and Korvin dealt with specific and difficult problems
of a tectonically much deformed terrane, that contains coal beds.

Further, other studies in coal and also in heavy minerals are reported.
Based on a reconnaissance study, Grosz, Sikhegyi and Fiigedi conclude that the
amount of particulate gold found in Danube River sediments bears closer and
more widespread examination, and that heavy-mineral suites could be used
productively to delineate sources and sinks of sedimentation in the Pannonian
Basin. The number of samples that could be collected for this study was not
adequate to quantify results further; this also was the case for trace element
analysis of coal samples by Somos, Zubovic an Simon. This latter investigation
showed, however, that Hungarian Jurassic coal is high in trace elements, while
Eocene and Miocene coals are high in organic sulfur. Both studies presage
significant results if pursued further.

Many of these joint efforts benefitted from gradual understanding of one
another’s data bases, how such were used to manage and display data. The
substance of this is reported by Bowen, Csercsik and Zilahi-Sebess.

These papers signify a progressive shift in emphasis that evolved during the
course of five years of joint Hungarian—American research. What began as a
collection of independent trials, gradually formed a program of investigation
supporting one another, sharing concepts, data and results. Still a beginning,
the aims and aspirations matured in October 1984, at the joint conference, to
a concerted drive by all to decipher the geological framework, evolution,
processes and resources of the Pannonian Basin comprehensively.
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Location map showing USGS—KFH joint field investigation
1 — Seismic stratigraphy, 2 — Sedimentology/depositional environment,

3 — Magnetostratigraphy, 4 — Chronostratigraphy, 5 — Paleoenvironment,
6.— Lithology/Paleogeography, 7 — Heavy minerals, 8 — Coal geochemistry,
9 — Oil geochemistry, 10 — Paleomagnetics, 11 — Seismic modeling,

12 — Vertical seismic profiling, 13 — Transient electromagnetic soundings

A USGS—KFH tudomanyos-miiszaki egyiittmikodési szerzodés keretében végzett
kutatasi témak helyszinei
1 — Szeizmikus sztratigrafia, 2 — Uledékfoldtan/iiledékfelhalmozodasi kornyezetek,
3 — Magnetosztratigrafia, 4 — Kronosztratigrafia, 5 — Paleokdrnyezet,
6 — Kozettan/6sfoldrajz, 7 — Nehézasvanyok, 8 — Szén-geokémia, 9 — Olaj-geokémia,
10 — Paleomagnesség, 11 — Szeizmikus modellezés, 12 — Vertikalis szeizmikus szelvényezés,
13 — Tranziens elektromagneses szondazas

[Mnan pacnosiokeHusi palOHOB COBMECTHBIX UCCJIEIOBAHUI B pAMKaX HAy4YHO—TE€XHHYECKOTO
coTpyaHudecTBa Mexay I'eonoruueckoit cinyx6oit C. Ill. A. u LleHTpanbHbIM
reoJIOrHYeckuM ymnpasjeHiem BHP
1 — CeitcMocTpaTurpadus, 2 — CeIUMEHTOJIOTHS/CPEbl 0CaIKO00pa30OBaHMUs,

3 — Marunurocrpaturpadus, 4 — Xponocrpaturpadus, 5 — IManeocpena,

6 — Jlutonorus/naneoreorpadus, 7 — Tsokensle MuHepasnl, 8§ — ['eoxumus yris,

9 — I'eoxumus HedTH, 10 — IManeomarnetusm, 11 — CeiicMudeckoe MOIETHPOBAHHE,

12 — BeprukanbHoOe ceiicMHuYeckoe npodpuaupoBaHue, 13 — DIeKTPOMArHUTHOE 30HIUPOBAHUE
METOJIOM TNEPEXOIHBIX MPOLECCOB
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Why the Pannonian Basin? Is it because it covers a large part of Hungary,
capturing most of the current geoscientific investigations? Undoubtendly, that
is part of the answer, but a small part only. There is a certain fascination that
the basin elicits, by virtue of the geologic simplicity of young rock units in some
areas and the geologic complexity of surrounding areas and older rock units.
The Pannonian Basin is young, it has subsided and infilled at a relatively fast
rate, and in the basinal areas, where the sedimentary rocks are relatively undis-
turbed, sedimentary processes can be studied. The basinal areas overlie a thin
crust permeated by high geothermal heat flow that helped generate valuable
energy and mineral resources. In surrounding areas and in the older rocks
underlying the Pannonian Basin, relatively recent orogenies and volcanism
associated with pull-apart tectonics, thrust faulting, and mountain building
processes that formed the Alps and Carpathian Mountains are displayed. Many
of these attributes have been summarized recently in a special issue of Earth
Evolution Sciences (1981). The Pannonian Basin is a virtual laboratory to which
geologic processes, seldom as active or found in such abundance, can be
modeled.

The papers in this volume reflect but a few probings not only into the
subsurface of a geologically unique area but also into ways scientific coopera-
tion can transcend geographic boundaries. We hope, therefore, that these
contributions will further scientific interest and knowledge in both Hungary and
the United States, and that exchanges of people and ideas will continue in the
high-spirited form of prior years.

Reston, Virginia, U.S.A. and Paul G. Teleki (USGS)
Budapest, Hungary Oszkar Adam (KFH)
June, 1985 Eva Kilényi (ELGI)
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SEISMIC STRATIGRAPHY OF THE PANNONIAN BASIN IN
SOUTHEASTERN HUNGARY

Robert E. MATTICK*, Janos RUMPLER** and
R. Lawrence PHILLIPS***

Seismic stratigraphic analyses and studies of core samples from three wells indicate that
infilling of the Pannonian Basin of Hungary resulted primarily from deltaic sedimentation from the
northwest, north, and northeast. Infilling of the basin involved a single cycle of sedimentation which
probably began in Sarmatian or earliest Pannonian time when water depths in the basin were
> 1,000 meters. The subsequent history of the basin, during Pannonian and Quaternary time,
reflects continuously shoaling waters. This shoaling resulted from sediment influx rates that were
generally higher than basin subsidence rates.

In general, two stages of delta construction can be recognized. In an early stage of construc-
tion, turbidite-fronted deep-water deltas were built in water depths as deep as 800-900 meters.
During this early constructional stage, subsidence rates and associated sediment influx rates were
high, and upbuilding and southward progradation of large deltaic sediment wedges filled subbasins
near the source areas, overwhelmed local basement highs, and spilled sediments into subbasins in
the southern part of Hungary. During a later stage of construction, prograding shallow-water deltas
were built in water depths of 200-400 meters, and topographically low areas in the southern part
of Hungary were filled by sediments discharged from river systems that advanced about 100 km
southward across strata deposited during the initial stages of construction.

Seismic evidence indicates that in some areas of the Pannonian Basin, the sedimentary rocks
representing the two stages of delta construction are separated by a depositional unit which possibly
represents a destructive phase. This unit may have been deposited during a short-lived transgressive
phase or, perhaps, it was deposited following a period of accelerated lake shoaling.

The youngest and final stage of deposition is represented by delta plain facies; depositional
environments varied from shallow lake, fluvial, and marsh to terrestrial soils. This unit is inferred
to represent more widespread lake conditions coupled with continued shoaling and eventual
disappearance of the Pannonian lake. During this period of sediment deposition, basin subsidence
rates and associated sediment influx rates were probably lower, and the sediment influx rate is
inferred to have kept pace generally with the basin’s subsidence rate.

Keywords: seismic stratigraphy, Pannonian Basin, deltas, depositional environments

1. Introduction

The Pannonian Basin lies within a large intramontane basin that comprises
parts of five countries and is completely encircled by mountain belts of the
Carpathian mountain system and the Dinaric Alps (Fig. /). The general geo-

* U.S. Geological Survey, 914 National Center, Reston, Virginia 22 092
** Geophysical Exploration Company (GKV), POB 213, Budapest, H-1391
*¥** U.S. Geological Survey, 345 Middlefield Road, MS 999, Menlo Park, California 94 025
Manuscript received: 23 May, 1985
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- graphic name for the region inside the mountain arc is the Carpathian basin or
the intra-Carpathian region [LERNER 1981]. The intramontane region, however,
- is not topographically uniform, and emergent ranges divide it into several
subbasins, the largest of which is the Pannonian Basin. That part of the Pan-
nonian Basin which lies within Hungary generally is subdivided on the basis of
topography into the Great Hungarian Plain, the Danube—Réaba Lowland and
the SW Transdanubian Basin (Fig. 2).

European Platform

7 R s

< I\ e
EQ”_Lhem )
¥ 4

ADRIATIC
EXPLANATION SEA

THRUST FAULT WITH
1 7 SAW TEETH ON
UPTHROWN SIDE

2 M DIRECTION OF THRUSTING

Fig. 1. Location of the Pannonian Basin within the intra-Carpathian region. The Carpathian
Basin comprises the Pannonian, Vienna (V), the SW Transdanubian (TD), Transcarpathian
(TC) and Transylvanian (TS) basins, the Danube-Raba Lowland (DRL) the Transdanubian
Central Range (TDCR), Biikk (Bii) and Apuseni Mountains (A). [Figure modified from
BuURrCHFIEL and ROYDEN 1982, Fig. 1]

1. abra. A Pannon medence helyzete a Karpati-térségben. A Pannoéniai, a Bécsi (V),

a DNy-Dunantuli- (TD), a K-Karpati (TC), és az Erdélyi (TS) részmedence alkotja a teljes,
Karpati iven beliili medencét. TDCR = Dunantuli kdzéphegység, Bii = Biikk hegység,
A = Erdélyi kozéphegység. [BURCHFIEL-ROYDEN 1982, 1. dbra utan moédositassal]

1 — feltolodas, flirészfog a felemelt oldalon; 2 — a kompresszid iranya

Puc 1. TTonoxeunune INannoHckoro Gacceitna B Kapnatckom peruone. BHyTpu-kapnaTckuit
Gacceitn BKrouaeT B cebst [Tannounckuii, Benckuit (V), 3anaano-3aaynaiickuit (TD),
3akapnatckuit (TC), n TpancunbBanckuii (TS) yacTuble Bnaaunsl, HusmMennocTy pp.
Hyuaii—Pa6a (DRL). TDCR = 3anynaiickoe cpenneropbe, Bii = ropsl Brokk, A = AnyceHckue
ropsl. (ITo BURCHFIEL-ROYDEN 1982, Puc 1. ¢ Moauduxkanueit)
| — HazaBur, nuI006pa3Hoe 0603HAYEHHE HA TIPUTIOAHATON CTOPOHE;
2 — HanpaBJICHHE CKUMAIOLLCH HArPy3KH
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Fig. 2. Geographical place names. [Figure modified from DaNk and KOkAI 1969]

2. dbra. Foldrajzi helynevek. [DANK és KOKAI 1969 utan modositassal]

Puc. 2. 'eorpaduueckue HazBaHusi MecTHocTel [mo DANK—KOKAI 1969, ¢ Moauduxanueii]

~ In this paper, the principles of seismic stratigraphy [VAIL et al. 1977] are
applied .in an attempt to reconstruct on a regional basis the post-Mesozoic
depositional history of the Pannonian Basin in Hungary. Unconformities are
used to bound groups of reflections into seismic sequences that can be correlated
over wide areas. The seismic sequences, in turn, are correlated with depositional
sequences which can be ordered in a relative time-stratigraphic sense. The
unconformities are picked from the seismic records on the basis of discordances
between reflectors (or strata) at sequence boundaries. The types of discordance
that occur at sequence boundaries are shown in Figure 3.

Because the main interest of the authors was the Neogene—(Quaternary
stratigraphy, older seismic sequences are mapped as basement rocks (basement
consists chiefly of Paleozoic and Mesozoic rock units). Well data, however, has
shown that, in places, the Paleozoic and Mesozoic rocks are overlain by a thin
cover of pre-Pannonian Miocene and Paleogene sedimentary rocks that may
have been involved in the tectonic deformation of the basement or deposited
during a marine transgression as a thin disconformable or unconformable sheet
over the basement surface. In some cases, this thin unit is indistinguishable on
seismic records from the underlying Paleozoic and Mesozoic units, and,
therefore, the basement complex as mapped on seismic records may include
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pre-Pannonian Miocene and Paleogene sedimentary rock units as well as older
Paleozoic and Mesozoic rock units.

The seismic profiles analyzed in this study are located in the southeastern
part of the Great Hungarian Plain area (Fig. 4). Table I references the profile
numbers used in this report to the seismic profile numbering system used by the
Geophysical Exploration Co. of the National Oil and Gas Trust of Hungary
(OKGT). The depth to the basement surface (pre-Cenozoic rocks) is shown in
Figure 5 [KILENYI-RUMPLER 1985].

In figures and in the text, abbreviations are used in place of well names.
In Table II, well abbreviations are listed along with corresponding well names.

UPPER BOUNDARY

EROSIONAL TRUNCATION TOPLAP CONCORDANCE

LOWER BOUNDARY

ONLAP DOWNLAP CONCORDANCE

Fig. 3. Possible types of discordant relations found at the upper and lower. boundari@s
(unconformities and disconformities) of seismic or depositional sequences. [Figure modified
from VAIL et al. 1977]

3. dbra. A szeizmikus, vagy iiledékes rétegosszletek also és felsd hatdrain lehetséges
diszkordancia-Osszefiiggések. [Atveve VAILL et al. 1977]

Puc. 3. BO3MOXHBIE CBSI3M HECOTJIACHS HA HUXKHEM UM BEPXHEM pa3jiejlaX CEUCMHUYCCKUX HITH
OCANOYHBIX CeDUil (IDO3MOHHBIE M YIJIOBbIE Hecoriacus) [mo VAIL et al. 1977]
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Fig. 4. Location of seismic profiles interpreted in this study. Table I references the profile
numbers used on this map to the seismic profile numbering system used by the National Oil and
Gas Trust of Hungary. Profile numbers shown here correspond to figure numbers in which
seismic records are displayed. Dash-dot symbols show outline of Hungary within studied area

4. dbra. Jelen tanulmanyban értelmezett szeizmikus szelvények helyszinrajza. Az I. tablazat
tartalmazza az abraszamozas és az OKGT GKYV szelvényszamozasa kozotti kapcsolatot. Az
abra szelvényszamozasa egyezik az egyes szelvények abra szamaival

Puc. 4. Cxema pacnosioXeHusi CeHCMHUYECKUX NPOduIIei, HHTEPIPETHPOBAHHBIX B HACTOSILIEH
pabote. Tabsuua I mokaseiBaeT COOTHOLICHHE HyMEPALMH PUCYHKOB M HyMEpALWMH pa3pe3oB, Ha
[Mpennpusitun leopusnueckoro Uccnenosanust TTHI'TI. Hymepauus npodueii Ha pucyHke
COBIAJIAE€T C HOMEPAMH PUCYHKOB OTJEIbHBIX NpOopuiIeH
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Fig. 5. Structure map of pre-Cenozoic rocks in Southeastern Hungary. Sedimentation patterns
within the three subbasins (Mako-Hodmezdvasarhely trough (A), Derecske basin (B), and
Békés basin (C)) are discussed in text. [Figure modified from KiLENYI and RUMPLER 1985]
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2. Seismic stratigraphy at Hod-1 well

The seismic stratigraphy in the vicinity of the Hod—I well is illustrated best
on seismic profile 6 (Fig. 6). The seismic profile can be divided into five seismic
sequences based on the geometric relationship of reflections to sequence boun-
daries and on the internal configuration of reflections within sequences. The
typical reflection pattern of each sequence (marked by two-way travel times) is
shown in Figure 7, and, from top to bottom, they are described below.

Sequence V (0.0-1.74 sec; 0-2,003 m): Within this sequence, reflectors are
concordant to the bottom sequence boundary. Individual reflectors vary from
parallel to wavy. Although reflections are strong (high amplitude), few, if any,
can be traced for any distance without interruption.

Correlation with core data [BERCZI-PHILLIPS this volume, PHILLIPS-BERCZI
1985] indicates that seismic sequence V represents delta plain facies; deposition-
al environments varied from shallow lake, fluvial, and marsh to possible terre-
strial soils. At the Hod-I well site, the bottom boundary of sequence V is placed
at 2,003 m, about 514 m higher than the base of delta plain facies as determined
from core analyses. This difference in unit boundaries is a good example of the
differences that result from seismic sequence analysis in contrast to lithologic
analysis. Although delta plain facies lie above and below the bottom boundary
of sequence V, it will be shown later that the bottom boundary of sequence V'
represents an unconformity, probably related to more widespread lake con-
ditions and shoaling of the Pannonian lake.

Sequence IV (1.74-2.44 sec; 2,003-3,250 m): In general, the internal reflec-
tors form an irregular sigmoid pattern. The relation between reflections and
sequence boundaries is one of toplap at the upper boundary and downlap at
the lower boundary.

(j 5. abra. A kainozods képzédmények medencealjzatanak térképe DK-Magyarorszagon. )
| — szeizmikus mérésekkel meghatirozott torés-, ill. diszlokacios zonak (a nyil a levetési iranyat
mutatja); 2 — mélységi szintvonalak, értékkdz 1000 m (szaggatott vonal 500 m) tengerszint glatt;
3 — alaphegység magaslat; 4 — alaphegységi mélyzona; 5 - A, B, C részmedencék (magyarazat
a szovegben) [KILENYI és RUMPLER 1985 utdn modositassal]

<] Puc. 5. Kapta penbeda bynaamenta kanHo3oickux dopmaumit Ha KOB yactu Benrpum.
| — 30HBI Pa3MOMOB M JMCJIOKALIH, OTPE/IE/ICHHbIE CEHCMUYECKMMH U3MEPEHUAMHU (CTPEJIKAMH
MOKa3bIBAETCS HATpaBJIeHUE cOpachIBaHMA); 2 — M30JIMHUM [IyOUH ¢ HHTepBasoM B — 1000
M (myHKTHp TokasbiBaeT 500 M) HUXe yPOBHs MOps; 3 — MOAHATHS QyHAaMeHTa; 4 —
nporu6sl pyHaamenTa; S — A, B, C yacTuuHble BIaHbI 00CYXIaI0TCS B TEKCTE [110
KILENYI-RUMPLER 1985, ¢ Mmoauduxaiueii]
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Sequence IV can be subdivided into subsequences /VA4 and IVB at the
Hod-1 well site. The subdivision is placed at 2.06 sec (2,517 m). Reflectors above
2.06 sec lie relatively flat, whereas those below 2.06 sec show a definite pattern
of progradation to the southeast.

At the Hod-1 well, subsequence IV B is inferred to represent delta plain
facies; to the southeast, where the reflectors of subsequence 7V B exhibit a strong
progradational pattern with a dip of about 4.5 degrees, the facies probably
grade to delta front and prodelta. The base of seismic subsequence /V B is placed
at a depth of 2,517 m, in agreement with the base of delta plain facies as
determined from lithologic analysis [BERCZI-PHILLIPS this volume, PHILLIPS—
BErcz1 1985].

Subsequence /V A is inferred to represent delta front facies at the Hod-I1
well site. Southeast of the Hod-I well, where the reflection pattern in subse-
quence [V A suggests lesser dips, the facies probably grade to prodelta.

In general, seismic sequence /V represents prodelta, delta front, and delta
plain facies. It will be shown, on seismic records from other parts of the basin,
that sequence 7V is part of a supersequence that represents a system of stacked
deltas built during a late depositional stage. The term “late depositional stage”
is used to distinguish this supersequence from an earlier and more widespread
supersequence that represents delta construction during a period when the lake

was deeper.

Sequence III (2.44-3.00 sec; 3,250-4,285m): The boundary between
sequences IV and 111 is placed immediately below the basalmost reflectors that
exhibit the progradational pattern characteristic of sequence /V. Reflections in
this sequence are concordant to the upper and lower sequence boundaries. The
sequence is characterized internally by weak, highly discontinuous, wavy reflec-
tions.

Fig. 6. Interpreted seismic reflection profile 6 recorded near the Hod-I well site showing division
of the sedimentary rock section into five seismic sequences. Roman numerals identify seismic
sequences. Sequence V is also referred to as LMT in other sections of this report. Location is

shown in figure 4. PZ and MZ are Paleozoic and Mesozoic rocks, respectively, of the basement

complex. Note that vertical scale is in time; depths to the tops of seismic sequences are given in
text. These depths were determined from a velocity survey conducted at the Hod-I well site

6. dbra. A Hod-1 mélyfuras mellett regisztralt 6 sz. szeizmikus szelvény értelmezett valtozata,
melyen 5 szeizmikus rétegosszlet lathat6. A romai szamok a szeizmikus rétegdsszleteket jelolik.
Az V. rétegsort a cikkben LM T-ként is nevezziik. A szelvény helye a 4 sz. abran lathato. A PZ

paleozods, az MZ mezozoos kori medencealjzati képzodményeket jelol. A szelvény vertikalis

léptéke id6 (s), az egyes szekvenciak mélységét a Hod-I mélyfiras szeizmikus sebességadatai
alapjan a szoveges részben adjuk meg

Puc. 6. BapuauTt uHTEpnpeTaluu ceificMuyeckoro npoduias Ne 6, 3aperucTpoBaHHOro 6.u3
ckBaXxuHOM HOd-I, Ha KOTOPOM BBIIENEHBI 5 CEMCMUYECKUX CEpHil. PUMCKMMHU 1udpamu
o6o3HaueHsb! ceiicMuyeckue cepuu. Cepus V' B HEKOTOPBIX pa3jieslax CTaTbH HOCHUT TaKXe
nassanue LMT. [Tonoxenue npoduis nokasan Ha puc. 4. Byksamu PZ 0603Ha4Y€HbI
naseo3oiickue popmauuu GpyHarameHta dGacceitHa, a OykBamMu MZ — Me3030HCKHE.
BepTukanbHbIM MaciuTab paspe3a oTpaxaeT Bpems (s), TJIyOMHA 3ajieraHus OTAE/IbHBIX CEpHH
JlaHA Ha OCHOBAHMM CEMCMUYECKUX CkopocTelt ckBaxkuHbl Hod-I B TekcT
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SEQUENCE ENVIRONMENT OF
TYPICAL REFLECTION PATTERN OR
SUBSEQUENCE DEPOSITION OR FACIES
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Fig. 7. Typical seismic reflection patterns of five seismic sequences at the Hod-I well site and
their inferred environments of deposition or facies. The heavy lines are sequence boundaries,
and the arrows show the relationship of internal reflectors to sequence boundaries (V,
concordant; IV, downlap at basal boundary; 111, concordant; /I, concordant and onlap, 1, onlap
of basal boundary)

7. abra. A Hod-1 mélyfurasnal 1évé 5 szeizmikus rétegosszlet jellemzé reflexio-konfiguracioi, és
a hozzajuk tartozo iiledékképzddési kornyezet és facies. A vastag vonalak rétegdsszlet-hatart,
a nyilak a belsd reflexioknak a rétegosszlet-hatarokhoz vald viszonyat mutatjak. A: reflexios

konfiguraciok, B: rétegosszletek, ill. al-rétegosszletek, C: iledékképzodési kornyezet, vagy facies:

1- sekély tavi, mocsari, folyami—szarazfoldi; 2 — delta siksagi (jobboldalt) — delta front
(baloldalt); 3 — deltafront (jobboldalt) — delta el6tér (baloldalt); 4 — a felsé részen iiledék
rogyasok, az alsé részen delta el6tér facies; 5 — finom szemcsés CaCOj és iszap lerakodas
— mélyvizi facies, turbidit rétegekkel; 6 — turbiditek és margak; 7 — paleozoos vagy mezozoos
aljzat

Puc. 7. XapakTepHble KOHOUTYpALIMH OTPAXEHUH Ul 5 CEHCMUYECKUX cepuii GJIM3 CKBAXKMHOM
Hod-1 u cooTBeTcTBYIOIIME UM Cpe/ibl OcaaKo00pa3oBaHus U hamuu. XXUPHBIMU JTMHUAMHA
MOKA3aHbl PA3/Iesibl MEX/y CEPUSMH, CTPEJIKAMH — OTHOLLCHHE BHYTPEHHHX OTPaXEHUH
K pasjiesiam cepuit. A: KOHOUIypaluu OTPaXeHHbIX BOJH, B: cepun u noacepuu, C: cpeast
ocasikoobpa3oBanus Wik Qauuii: 1 — MeJIKOBOJHO-03epHBIE, OOJIOTHBIE,
aJITIOBHAJIbHO-KOHTHHEHTAJIbHBIE, 2 — JIEJIbTOBBIX PABHHMH (CIIpaBa) — AEJIbTOBBIX (PPOHTOB
(cneBa); 3 — nenbToBBIX PPOHTOB (CripaBa) — AEbTOBLIX GOpaaHIoB (cieBa); 4 — B BEpXHEH
YaCTH — MPOCEJAHNs OCA/IKOB, B HIXHEH YacTH — (auuu NenbToBbIX GOPIaHAOB; 5 —
TOHKO3EPHHUCTHIE U3BECTKOBHCTHIE M MIIACTHIE OTJIOXKEHUS — IJIyOOKOBOAHbIE (paluu
C TIPOCJIOAMU TYpOUAUTOB; 6 — TYpOUIUTBI U MEpreiu; 7 — MajJco30HCKUH UM ME3030HCKHH
¢GbyHIaMeHT
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The absence of strong, continuous reflections, which usually represent
alternating beds with different reflection coefficients, together with the prepon-
derance of sandstone in the cores from the Hod-I well indicate that this
sequence may represent a relatively massive sandstone unit. However, the
absence of strong continuous reflections also may be caused by extensively
slumped strata, and evidence of slumping was present in some of the cores
[BERCZI-PHILLIPS this volume, PHILLIPS-BERCZI 1985]. The vertical position of
sequence /1] in the stratigraphic column, between a delta (sequence /V) and a
deep-basin facies (sequence I7), suggests that the sands could have been de-
posited in front of an advancing sand-prone delta or deltas.

At the Hod-1 well site, seismic sequence II1 lies at depths of between 3,250
and 4,285 m. Based on core analyses [BERCzI-PHILLIPS this volume, PHILLIPS—
BErczi 1985], therefore, sequence 111 is equivalent to the lithologic unit inferred
to represent prodelta facies. These authors divide the prodelta facies into
subfacies B (slumped strata) and subfacies A (parallel-bedded strata). Such a
division cannot be made from the seismic data, and it would appear that the
lithologic data make a finer distinction in comparison to the seismic data. As
will be shown later, however, seismic evidence from other parts of the Pan-
nonian Basin suggests that-updip from the Hod-I well site, at least part of
seismic sequence /1] represents distal deposits associated with an early system
of deep-water deltas and that deep-water delta construction may have been
followed by a short-lived destructive phase. The lower part of seismic sequence
111, therefore, apparently represents prodelta facies of the older, deep-water
delta system, and the upper part of sequence /I (slumped strata) may represent
sands deposited in front of an advancing sand-prone delta system or, perhaps,
it represents deposition during a destructive phase.

Sequence I1 (3.00-3.69 sec; 4,285-5,576 m): Reflections within this sequence
are strong and, in general, can be traced across the entire record section or until
they terminate to the southeast in an onlap configuration against underlying
reflections or reflections that represent the basement surface. Onlapping reflec-
tors alternate with concordant reflectors. The concordant reflectors are parallel
with the basal sequence boundary and have the appearance of being draped over
the basement surface southeast at the Hod-I well.

The alternation of concordant and onlapping reflectors suggests that layers
of deep-basin marl alternate with turbidite deposits. Sediments precipitated
from the water column tend to drape over basement highs. The sediments
associated with turbidite deposits, however, would have 'been carried through
canyons into the deeper parts of the basin near the water—sediment interface
and, therefore, would be expected to show an onlap relation to underlying
horizons.

Although core analyses [BERCZI-PHILLIPS this volume, PHILLIPS-BERCZI
1985] indicate that seismic sequence I7 correlates with deep basin facies at the
Hod-I well site, the sequence can be traced seismically updip (northward) where
it grades to prodelta, delta front, and delta plain facies. In other sections of this
paper, it is shown that sequence I/ represents a deep-water, lateral equivalent
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(in time) of a supersequence of stacked deep-water deltas built during an early
depositional stage.

Sequence I (3.69—4.05 sec; 5,576-6,150 m): The pattern of reflections within
this sequence is similar to that noted for sequence /7, except that most reflections
appear to terminate against the basal boundary (basement surface) in an onlap
configuration. At the Hod-I site, correlation with core data [BERCZI-PHILLIPS
this volume, PHILLIPS-BERCZI 1985] and the seismic character (onlap pattern)
indicate that sequence I represents, for the most part, periodic influxes of
coarse-grained sediments into a deep basin where the precipitation of CaCO,
and the deposition of mud from suspension occurred. As will be shown later,
some of coarse-grained sediments were transported by turbidite flovs from
source areas far to the northwest. In addition, coarse-grained sediments prob-
ably were derived from erosion of local basement highs, especially the cong-
lomerate layer penetrated in the Hod-I well at a depth of 5450 m [BErRcCZi-
PHiLLIPS 1985].

In the next sections of this paper, the authors attempt to trace, on seismic
records, the subsurface extent of sequences I~V (or their equivalents). Because
seismic stratigraphic techniques are employed, the tentative correlations that
result are in a time-stratigraphic, rather than a rock-stratigraphic sense. Seismj¢
sequences, by definition, can contain multiple depositional facies and, therefore,
multiple lithologies.

For purposes of discussion, the seismic profiles are divided into three
groups by area: southwestern, northern, and eastern. Each group contains
seismic profiles with common points of intersection. Within each areg,
therefore, correlation of seismic sequences from profile to profile is relatively
good. However, correlation of seismic sequences from area to area is more
tentative because the areas are separated by gaps in seismic coverage. In light
of this, we tried to develop a labeling system for the numerous seismic sequences
and supersequences that would readily suggest to the reader which sequences
are, possibly, time-equivalent. In general, we have mapped two supersequences
which represent deltaic construction; one represents an early stage, and the
other represents a later stage. These two stages are differentiated by the use of
uppercase versus lowercase latters; for example, in the southwestern area,
D,-Dg mark sequences of the early supersequence, and d,—d; mark sequences
of the late stage. In the eastern area, B,—Bg and b,—b, mark sequences of the
early and late stages, respectively. Roman numerals are used for sequences
identified at the Hod-I well site (Fig. 6). The use of different symbols or letters
in each of the areas implies that correlations between the different areas are
tentative. The relation between the various sequences and supersequences is
generalized in a summary figure that follows discussions of the three areas.
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Scismic stratigraphyv of the Pannonian Basin. . .
3. Seismic data
3.1 Southwestern Area

The discussion of seismic data begins with the southwestern area. This area
lies directly north of the Hod-I well. and sedimentation at the well site was
chiefly from a northerly direction. It should be possible. therefore, to correlate
seismic sequences mapped in the southwestern area with sequences mapped at
the Hod-I well site. The southwestern part of the studied area is in the vicinity
of seismic profiles 6. 8-14 and the southwestern part of profile 18 (note that
profile numbers are same as figure numbers: therefore. only profile numbers will
be given in subsequent text). This area is dominated by a roughly triangular
shaped basin that is bounded by basement highs to the northwest, southwest,
and northeast (Fig. 5). Based on analysis of seismic records, maximum depths
to basement are estimated to be over 7,000 m near the center of the basin
(Fig. 5). Numerous lesser basement highs and lows occur throughout the main
basin; evidence from seismic-reflection surveys indicates that these are primarily
fault-controlled horst and graben structures.

In general, basement topography was established by fault systems activated
during middle and late Miocene time. Throughout the history of filling, how-
ever, the basin apparently continued to subside along a major fault zone related
to a hinge line mapped on the northwestern ends of seismic profiles 8,9, 12. This
hinge line was a controlling factor for much of the sedimentation that infilled
the basin from the northwest.

Profile 8 extends furthest to the northwest and is located directly northwest
from the Hod-1 well. Four major seismic sequences can be mapped within the
sedimentary section along the central and southeastern part of the profile. The
sequence boundaries are difficult to trace northwest of the major fault zone at
the hinge line. The basalmost sequence is labeled D,. At the southeast end of
the profile, reflectors within D, onlap the horizon that represents the basement
surface. Sequence D4, which unconformably overlies D, in a downlap relation,
exhibits a strong oblique to sigmoid progradation pattern at its upper boundary
near the center of the record section. Internal reflectors dip at an angle of about
8 degrees. Further up in the section, sequence Ds is onlapped by seismic
sequence D, which, in turn, is onlapped by the uppermost sequence LM T (delta
plain facies in which depositional environments vary from shallow /ake, fluvial
and marsh to possible rerrestrial soils).

The oblique to sigmoid progradation pattern of sequence D is interpreted
as indicating deltaic sedimentation. The undaform reflectors (topset beds) are
interpreted as representing delta plain facies; the fondaform reflectors (bottom-
set beds) and the clinoform reflectors (inclined beds) are interpreted as re-
presenting prodelta and delta front facies, respectively. The apparent direction
of sedimentation was to the southeast, with sediments derived from the north-
west. The clinoform reflectors dip at an angle of about 8 degrees. The vertical
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distance from undaform to fondaform reflectors indicates that the water depths
were about 800 m at the time of deposition.

Because this seismic profile is located directly updip from the Hod-I well,
a general correlation between these seismic sequences and some of those map-
ped on profile 6 can be inferred. The upper part of sequence LMT probably
correlates to sequence V: the seismic character of high-amplitude, intermittent
reflectors is similar. The lower part of sequence LM T most likely represents the
updip continuation of sequence 7V and consists, therefore, of delta plain facies
that represent depositional environments which varied from shallow lake, flu-
vial, and marsh to terrestrial soils. The gentle divergence of LM T reflectors (that
is, thickening of beds in a basinward direction) seen on profile 8 (in contrast to
the parallel bedding seen on profile 6) probably reflects the fact that the central
part of the basin was subsiding as a unit and at a faster rate than the surrounding
basin margins.

Sequence Dy is correlated tentatively with sequence /71, at least with its
upper part that contains slumped strata with a high sandstone content. The
absence of coherent reflections in D¢ suggests that the sequence has a high
sandstone content or that it may represent slumped strata. On profile 8 sequence
D appears to have been deposited at the base of a slope formed by sequence
D and older deltaic units. Basal reflectors of Dg are observed to onlap sequence
Ds. In contrast, the basal reflectors of sequences Ds and D, (as well as basal
reflectors in older sequences mapped on nearby profiles) terminate against
bottom sequence boundaries in a downlap pattern. As will be discussed later
in more detail, the onlap pattern of D is inferred to represent a destructive
phase. This unit may have been deposited during a short-lived transgressive
phase or, perhaps, it was deposited following a period of accelerated lake
shoaling. In the latter case, a drop in lake level would have exposed sediments
deposited on a steep slope, and remobilization of these sediments could have
caused slumping and a widespread distribution of sands towards the center of
the basin. At the southeast end of profile 8, sequence D thickens where the unit
overwhelmed the basement high at the Felgyo-I well.

On profile 9 the deltaic character of sequence D5 and underlying units is
more pronounced. Although the correlation between sequence D, on seismic
profile 8 and D,(?) on profile 9 must be considered tentative because of the
scarcity of seismic data, the units appear to have similar seismic characteristics
and to occupy the same stratigraphic position relative to the onlapping Dy
sequence. This would suggest that they are nearly equivalent in age and prob-
ably represent the same delta or deltaic system. Comparison of the two profiles
indicates, however, that D4(?) (mapped on profile 9) may be equivalent (in terms
of time and source) only to the upper part of D5 (mapped on profile 8).

On seismic profile 9, at least four depositionally related seismic sequences
older than sequence D5 can be mapped. These are labeled, from youngest to
oldest: D,(?), D5, D,, and D,. Basal reflectors in each of the units terminate
against the underlying sequence boundary in a downlap pattern suggestive of
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Fig. 8. Seismic profile No. 8. Heavy lines indicate sequence boundaires. Dg, Ds D4, and LMT
designate seismic sequences discussed in text. Question marks at sequence boundaries indicate
furthest extent to which boundary could be mapped. Arrows show relation of internal
reflections to sequence boundaries. Well names corresponding to abbreviations used in figure are
given in Table II. MZ and PZ represent Mesozoic and Paleozoic rocks, respectively. Question
mark following a seqence designation indicates that the sequence equivalency is based on
stratigraphic position or other inference, rather than a cross check from intersecting seismic
profiles. The term TIE 13 indicates that seismic profile 13 intersects at point shown. Location of
profile is shown in figure 4. Major subsidence is inferred to have occurred basinward of the
hinge line

8. dbra. 8. sz. szeizmikus szelvény. A rétegosszlet-hatarokat vastag vonalak jelolik. Dg, Ds, D,
és LMT a szovegben részletezett szeizmikus rétegosszleteket jelolik. A rétegdsszlet-hataroknal
1évd kérddjelek jelolik a legtavolabbi pontot, ameddig az ill. hatar kovethetd. A nyilak
a rétegosszleteken beliili reflexiok kapcsolatat mutatjak a hatarokkal. A firasok neveit, ill. ezek
roviditéseit a II. tablazat tartalmazza.MZ, ill. PZ a mezozoos, ill. paleozoos képzo6dményeket
jelol. A rétegdsszlet-végzddésekhez kapcsolt kérddjelek pedig arra utalnak, hogy
a szekvencia-azonositas inkabb a rétegtani helyzetre és egyéb kapcsolatokra alapozott, kevésbé
a keresztezd szelvényeken végzett azonositasra. A TIE 13 megjelolés mutatja
a szelvénykeresztez6dés helyét. A szelvények helyzete a 4. abran lathato. A f6 medencesiillyedés
a lehajlasi tengelyt6l (hinge line) DK-re tortént

Puc. 8. Ceiicmuyecknit npoduis 8. Paszensi cepuil nposeaeHs! XUPHLIMU uausaMu. Dy, Dy, D,
U LMT 0603Ha4aoT pacCMOTPEHHBIE B TEKCTE CEHCMHUYECKHe cepuH. BompocuTebHBIMU
3HaKaMH y TPaHMI] Tou 0603HavaroTCs Hauboee yaleHHbIE TOYKH, 10 KOTOPBIX JaHHas
rpaHuLa MOXeET ObITh MociexeHa. CTpeJKaMH MOKa3aHbl CBS3HM OTPAXEHHH B Tpeeax
OTJENIbHBIX CepHi ¢ pa3aenaMu. HauMeHOBaHMS CKBaXKMH MJIM MX COKPAILEHUs JaHbl B Tabuie
II. MZ u PZ 0603Ha4aloT Me3030iCKHe U naseo3oiickie GopMaludu COOTBETCTBEHHO.
BonpocuTenbHbIE 3HAKH y TPAaHHMIl CEPHH YKa3bIBAIOT HA TO, YTO OTOX/IECTBJIEHHE CEPHH
OCHOBAHO CKOpEH Ha CTpaTHUrpapuieckoM MOJIOKEHHH WIIH HHBIX COOTHOLUEHHUSAX, H B MEHBILCH
CTENEHH Ha COBNAAEHUH MO nepecekarommumes npodunsam. O6o3uauennem TIE 13 nokasano
MECTO nepeceyeHus npoduneit. Pazmerienne npoduneit npuseneHo Ha puc. 4. OcHOBHOE
nporubanue B npenenax 6acceitHa umeno Mecto k FOB ot nuHuu neperpu6a (hinge line)
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deltaic sedimentation. These units, together with D, are interpreted as re-
presenting a stacked deltaic system that prograded from the northwest and filled
the subsiding basin to a short distance southeast of the hinge line. Sequences
D,-Ds (supersequence) are inferred to be equivalent to sequence I and the
lower part of sequence /7] mapped on profile 10 near the Hod-I site. In proximal
settings, this supersequence would be represented by deltas; whereas, in distal
settings, this unit would be represented by turbidites (sequence II) or prodelta
facies (basal part of sequence /II). The thick turbidite deposits, represented by
seismic sequence / at the Hod-I well site, may be age equivalent to the basal
part of supersequence D,—D; or they could represent still older turbidite-fronted
deltas located north of profile 9.

Three seismic sequences overlying sequence D on profile 9 are labeled,
from oldest to youngest, d,, d,, and d;. Whereas the reflectors of sequence d,
are configured in an oblique progradational pattern, the reflectors of sequences
d, and d; show a sigmoid progradational pattern. The sigmoid progradational
sequences d, and d; are more likely to represent sediments deposited in a
low-energy environment [SANGREE-WIDMIER 1978]. The considerable upbuild-
ing of the undaform deposits, commonly interpreted as a reflection of rising sea
or lake level, probably reflects a high rate of basin subsidence as compared to
the sediment influx rate. The clinoform beds dip at an angle of about 5 degrees
and the vertical distance between the undaform (topset) and fondaform (bot-
tomset) beds indicates deposition in water depths of 200 m. As compared to
sequence d,, fine-grained clastic sediments probably dominate in sequences d,
and d; because of deposition in a low-energy environment and may represent
delta interlobe areas as reported by BERG [1982].

Sequences d,, d,, and d;, as well as sequence IV mapped at the Hod-I well
site, are believed to be part of a supersequence of shallow water, stacked deltas
that prograded southeastward. This equivalency (between the deltas on profile
9 and those mapped, as sequence IV, on seismic profile 6) is more in a sense of
time and stratigraphic position rather than of deltas. The geographic distance
(35 km), however, between profiles 9 and 6 does not preclude the possibility of
equivalent deltas or delta systems. Stratigraphically, the two units occupy the
same position in the sedimentary rock column, represent sedimentation from
the northwest, and were deposited in water depths of 200-300 m.

Sequence LMT is readily distinguishable on profile 9 by its characteristic
reflection pattern of high-amplitude, intermittent refectors and by the strong
onlap pattern at its base. The onlap pattern associated with this sequence is
interpreted as indicating more widespread lake conditions. The more wide-
spread lake conditions during deposition of LMT, however, must have been
coupled with progressive shoaling and eventual disapperance of the Pannonian
lake. This conclusion is based on core analyses which indicate that sequence
LMT represents depositional environments that mark shallower water con-
ditions in comparison to the depositional environments represented by underly-
ing sedimentary rock units. The same characteristics can be observed in SW-NE
direction on profile 11.
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Fig. 10. Seismic profile No. 10. See Figures 8 and 9 for explanation of symbols and
abbreviations

10. dbra. 10. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint !

Puc. 10. Celicmuueckuit npodunb 10. VeaoBHbIE 0003HaUeHHs CM. Ha pHC. 8 1 9
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Fig. 11. Seismic profile No. 11. See Figures 8 and 9 for explanation of symbols and

abbreviations

11. dbra. 11. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 11. Ceiicmuyeckuii npoduns 11. YcaoBHble 0603HaYeHNs CM. HA pHC. 8 u 9
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Most of the seismic units discussed thus far also can be recognized in
similar stratigraphic positions on seismic profile 12. Seismic sequence D5, which
was mapped on profile 8 can be traced southwest along seismic profile 13 to
seismic profile 12, where the unit again is seen to represent deltaic sedimentation
from the northwest that built upward over a large basement high. Sequence D
is overlain by D¢ which in turn is overlain by units d,(?) and d,(?), which are
presumed to be equivalent to sequences d; and d, mapped on seismic profile 9.

The lateral continuity of units d, and d, can be seen on seismic profile 14
which intersects profile 12. On profile 14 these units are combined into unit
d,d,(?), and the combined unit can be traced a short distance southwest towards
the basement high which bounds the basin to the west.

3.2 Northern Area

In the northern part of the study area, three short seismic profiles, 15-17,
are available for analysis. The locations are shown in Figure 4. On these profiles,
three seismic sequences can be mapped. The basal sequence that directly overlies
the basement surface is inferred to represent turbidite deposits that grade
upward to sandstone or sandy turbidites. This unit is believed to be related to
progradational deltaic sedimentation from the north.

In the overlying sequence, progradation is towards the southwest on profile
15 and towards the southeast on profiles 16 and 17. The general direction of
sedimentation, therefore, was probably from a northerly direction. The dif-
ference in elevation between the undaform and fondaform beds suggests deposi-
tion in water depths of 200-300 m.

Fig. 12. Seismic profile No. 12. See Figures 8 and 9 for explanation of symbols and
abbreviations

12. dbra. 12. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 12. Ceiticmmyecknii npoduns 12. VenoBHble 0603HaYeHUS CM. HA puc. 8 u 9
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Fig. 13. Seismic profile No. 13. See Figures 8 and 9 for explanation of symbols and
abbreviations

13. dbra. 13. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 13. Ceficmuueckuit npoduib 13. YcioBHble 0603Ha4eHUsS CM. Ha pUC. 8 U 9
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Fig. 14. Seismic profile No. 14. See Figures 8 and 9 for explanation of symbols and
abbreviations

14. dbra. 14. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 14. Ceiicmuueckuit npoduis 14. YciaoBHble 0603Ha4YCHUS CM. Ha puc. 8 u 9
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Fig. 15. Scismic profile No. 15. See Figures 8 and 9 for explanation of symbols and
abbreviations

15. abra. 15. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 15. Celicmuueckuii npoduinb 15. YcaoBHble 0603HaueHUs CM. HA puc. 8 1 9

The uppermost sequence is presumed to be equivalent to sequence LMT
and, therefore, represents delta plain facies; depositional environments varied
from shallow lake, fluvial, and marsh to terrestrial soils.
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Fig. 16. Seismic profile No. 16. See Figures 8 and 9 for explanation of symbols and
abbreviations

16. dabra. 16. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 16. Ceticmuyeckuit mpodusb 16. VcenosHsle 0603Ha4eHHs cM. Ha puc. 8 U 9
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Fig. 17. Seismic profile No. 17. See Figures 8 and 9 for explanation of symbols and
abbreviations

17. dbra. 17. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 17. Ceiicmuueckuit npoduns 17. Yciaosable 0603Ha4YeHHst CM. HA puc. 8 u 9
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3.3 Eastern Area

Seismic profiles recorded in the eastern part of the studied area (Figs.
18-23) indicate that the sediments deposited in this area were derived from the
north—northeast, transported by a large fluvial system or systems, and deposited
as a series of large southwest prograding deltas that built upward a distance of
several thousand meters. The seismic sequences, inferred to represent the oldest
deltaic units, were mapped- at the northeast end of seismic-reflection profile 18
where four sigmoid progradational seismic sequences (labeled from lowest to
highest, B;—B,,) are distinguishable. All four of the sequences are seen to pinch
out against the northeast flank of a basement high centered near the K-9 well.

The character of the sequences above B, (Bs—Bg) are best exhibited on
profile 19. The continuity of the seismic sequences between profiles 18 and 19
can be seen on profile 20 which intersects profiles 18 and 19. Sequences Bs—Bg
are interpreted as representing a younger series of southwest-prograding deltas
built over the basement high, against which the older system of stacked deltas
(B,—B,) pinch out. The seismic units are inferred to represent deposition in
water depths of about 800-900 m based on the vertical distance between the
fondaform and undaform zones where measured on good, continuous reflec-
tors.

Between the base of unit B, and the horizon inferred to be the top of the
basement rocks (Fig. 18), a thick basal-most seismic sequence, which extends
vertically from about 2.4 sec to about 3.6 sec, fills a relatively deep basin from
a depth of about 5,500 m to about 3,200 m. Near the center of the basin, strong
parallel reflectors (labeled M, Fig. 18) can be traced over long distances. On the
flank and in the deepest part of the basin, however, the pattern of reflections
(labeled T) is chaotic to wavy to almost reflection free. The strong, continuous
reflections probably represent deep-water marls deposited in a low-energy en-
vironment; whereas, mass-transport, slump and creep, and related higher energy
turbidity processes are thought to be responsible for the transportation and
deposition of the sediments represented by the chaotic to wavy reflection pat-
tern. Core data from the 7 sequence in the Derecske Basin indicate that it
consists chiefly of tectonic breccia derived from local basement rocks. The age
of this complex is probably Badenian which corresponds to the opening (pulling
apart) of the Derecske Basin (written communication, F. HORVATH, Eotvos
University, Budapest, 1985).

At the Bihu—NY-2 well on profile 18, the lower clinoform and fondaform
zones of sequence Bg are seen to merge into a thick, chaotic to mounded seismic
facies that directly overlies the inferred basement horizon on the northeast flank
of a shallow basin. Bg would appear to represent slumped deposits. The strati-
graphic position of sequence Bg suggests that it is equivalent (in time) to seismic
sequence Dy mapped in the southwestern area. Both sequences are inferred to
contain slump deposits and to represent the culmination of an early period of
delta construction in the Pannonian Basin. This unit could be related to a
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Fig. 18. Seismic profile No. 18. Note that seismic profile 18 extends through both the
southwestern and eastern study areas (see text and figure 4 for a discussion of these areas); the
designation of seismic sequences on profile 18 therefore, is different from that used on figures

8-14. The seismic sequence designations shown on profile 18 correspond to those used in figures
6 and 19-23

18. dbra. 18. sz. szeizmikus szelvény. Megjegyzendd, hogy a 18. sz. szelvény athalad a kutatasi
teriilet, DNy-i és K-i részén is (l. a 4. abrat és a szdveget), a 18. abran 1évo rétegdsszlet-jelolések
ezért eltérnek a 8—14. abran jelolt rétegdsszletekétdl és egyeznek a 6. és 19-23. abran lathatokkal

Puc. 18. Ceiicmuueckuii npoduis 18. Heobxoaumo oTMeTnTs, uTO npodmns 18 nepecekaer 103
u B 4yacTu uzydaemoro paitona (cM. puc. 4 U TEKCT), B CBSI3M C 4eM 0003HaueHMs CEpHil Ha pHC.
18 oTnmyaroTCs OT TaKOBBIX HAa puC. 8—14. O6o3HaYeHus cepuil Ha puc. 18, coBnaaaror
¢ 0003HaYeHUsAMH Ha puc. 6 U 19-23
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Fig. 19. Seismic profile No. 19. B,...B; designate seismic sequences. For explanation of other
symbols, see previous figures

19. dbra. 19. sz. szeizmikus szelvény. B,...B, tovabbi szeizmikus rétegdsszleteket jelol. Az Osszes
tobbi jelolés az el6zé abrakéval azonos

Puc. 19. Ceiicmudeckuit nmpopus 19. B,...Bg 0603HauaIOT JasbHEHILAE CeCMUYECKHE CEpHH.
Bce ocranbHele ycnoBHbIe 0603Ha4EHNS COBNIAIAIOT ¢ 0603HAYEHHIAMH Ha TIPEAbIAYLLIHX
pHCYHKax
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Fig. 20. Seismic profile No. 20. See Figure 19 and text for explanation of symbols and abbreviations
20. abra. 20. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint

Puc. 20. Ceiicmuueckuii npoduib 20. YenoBHbie 0003HaueHUs cM. Ha puc.19
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shoaling of the lake. A change in lake level would have exposed sediments
previously deposited on a steep slope. These exposed sediments could have been
remobilized in front of an advancing delta system, and slumping and funneling
of sediments through channels allowed sedimentation to bypass the previous
slope. Apparently, the deltaic system (B,—Bg) prograded southwestward, filling
much of the basin in the vicinity of the Der—I well. The early deltas pinch out
where they encountered a basement high northeast of the K-9 well; later deltas,
however, continued to build upward and overwhelmed this basement high.

In some areas, turbidite flows into topographic lows are believed to have
occurred prior to or concurrent with delta construction. A possible example is
recorded on the southwest end of profile 19 where a series of unconformities are
shown by dashed lines. Internal reflections have a chaotic to broken appearance,
and noticeable onlap of the lower clinoform beds of the deltaic sequences
occurs. Although onlap usually is associated with low-energy depositional
environments, the truncation of reflectors and chaotic appearance of reflections
indicate deposition in a relatively high energy environment. The sediments
represented by the seismic units at the southwest end of profile 19 may be
turbidites and may have been derived from a direction roughly perpendicular
to the profile (probably from the northwest). The interfingering of the unit
boundaries indicates that this would have been concurrent with delta construc-
tion to the northeast. It is also possible that the seismic units at the southwest
end of profile 19 represent slumped deposits from the large deltas seen at the
center of the profile. The numerous angular unconformities, however, suggest
erosion by downslope movement or turbidite flows.

Although the major direction of sediment influx during the construction
of the stacked delta system B,;—Bg was from the northeast, minor(?) amounts
of sediments also were derived from local basement highs to the east. This
conclusion is based on inspection of profile 21 where seismic sequences, which
are tentatively believed to be time correlative to sequences Bs—Bg, are mapped.
Here the chaotic seismic character of the internal reflectors suggests downslope
movement of sediments from local basement highs by slump and creep and
associated gravitational processes.

The youngest deltaic system in this area is represented by seismic sequences
b,—b,, which are mapped near the center of profile 18 and on profile 22. These
sequences are similar in seismic character to sequences d,—d, (southwestern
area) and suggest deposition in relatively shallow water depths. As indicated by
the dip of reflectors in the clinoform zones on both profiles 18 and 22 they
appear to represent a continuation of sedimentation derived from the north or
northeast following deposition of the sediments represented by unit Bg. Reflec-
tors in the undaform zones of these sequences appear to onlap sequence Bg. This
onlap in the undaform zones also appears to have been concurrent with down-
lap of reflectors in the fondaform zones. The concurrence of onlap and downlap
suggests that an abundance of fluvial sediments were supplied while subsidence
of the basinal areas continued.
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Fig. 21. Seismic profile No. 21. See Figure 19 and text for explanation of symbols and
abbreviations

21. dbra. 21. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint
Puc. 21. Ceiicmudeckuit npoduins 21. YcinosHble 0603Ha4YeHus cM. Ha puc. 19

Infilling of basinal areas during deposition of sequences B,—Bg is believed
to have occurred at a faster rate than basinal subsidence. This is evidenced by
the fact that delta system b,—b, was deposited in water depths of 200400 m
compared to water depths of 800-900 m for the deposition of B;—Bg. Whether
this reflects a change in subsidence rates, a change in sediment supply rates, or
a combination of both is not known. One might speculate, however, that
subsidence rates were greatest during the basin’s early history and that they
gradually decreased through time as a result of crustal cooling (a generally held
concept).
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Fig. 22. Seismic profile No. 22. b,, b,, b, designate further seismic sequences.
For explanation of other symbols, see previous figures

22. dbra. 22. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint. b,, b,, b; tovabbi
szeizmikus rétegosszleteket jelol

Puc. 22. CeficMuyecknii npoduib 22. VcinoBHbele 0603HaueHAs CM. Ha puc. 19. b, b,, b,
0603HaYarOT JasbHEHIIME CeliCMUYECKHE CEPHU '
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Fig. 23. Seismic profile No. 23. ¢,, ¢, designate further seismic sequences.
For explanation of other symbols, see previous figures

23. dbra. 23. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint. ¢;, ¢, tovabbi szeizmikus
rétegosszleteket jelol

Puc. 23. Ceiicmuyeckuii npoduns 23. YenoBHble 0603HaueHus cM. Ha puc. 19. ¢, ¢,
0003Ha4YalOT JabHEHIINE CEHCMHUYECKHE CEPUU
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Infilling of basinal areas by lacustrine deltas was widespread during deposi-
tion of sequences b,—b, as evidenced by seismic sequences ¢, and ¢,, which are
mapped on profile 23. A comparision of the stratigraphic positions of sequences
b,~b, and ¢,—c, can be made on profile 23 where sequences b,~b, are shown
on the far right side at the intersection with profile 18.

Following deposition of sequences b,—b,, infilling of topographic lows by
shallow lake, fluvial, and marsh deposits and by terrestrial soils continued. This
latest history is recorded in the uppermost seismic sequence LMT on profiles
18, 19, and 21.

4. Discussion
4.1 General

Figure 24 is a generalized diagram (not to scale) of a composite seismic
record that shows the approximate configuration and relationship of seismic
sequences mapped in the Pannonian Basin. In the diagram, the inferred source
area of the sediments is located to the right, which would correspond to a
northwest direction in the case of seismic profiles 8-12 and a northeast direction
for profiles 18 and 19. From this diagram, the time relation between the various
seismic sequences can be inferred.

The oldest seismic sequence, excluding unit B which represents basement
rocks, is labeled (7M),. This unit represents basalmost basin fill and, near the
central parts of the deep basins, is inferred to consist chiefly of marls with
interbedded turbidites. These rocks probably grade laterally to clastic rocks that
were derived from erosion of local basements highs.

Although inferred to be lithologically similar to (TM),, sequence (TM),
would appear to span a longer period of time and to contain younger sediments,
at least in the upper part of the section, than does (TM),. This general time
relation probably holds true for most of the subbasins in the Great Hungarian
Plain area; that is, the basal turbidite-marl sections in subbasins of the Pan-
nonian Basin become progressively younger in the upper part of the section with
distance away from the sediment source area. This tendency would appear to
be coupled with a thickening of the overall turbidite-marl section in the same
general direction, and is related to the progressive infilling of the subsiding basin
area by deltaic progradation from source areas to the northwest, north, and
northeast. Inspection of Figure 24 indicates that the upper part of (TM), repre-
sents distal deposits that are age equivalent to deltaic units seen to prograde
from the right side of the figure to the left side.

Overlying sequence (TM),, are a series of seismic sequences characterized
by prograding reflections (Fig. 24). These sequences, inferred to represent
deltaic sedimentation, can be divided into at least two supersequences, 4,—A4-
and a,—a,. The former diagrammatically represents B,—B, (mapped on profiles
18 and 19) and D,—-D4 (mapped on profile 9); the second represents b,—b, and
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Fig. 24. General configuration of seismic sequences and supersequences in the Pannonian Basin
of Hungary. Heavy lines are sequence boundaries. The lowest sequence (B), which represents
basement rocks (Paleozoic or Mesozoic), is shown by a cross pattern. Lines within each
sequence show general seismic character of internal reflectors. Arrows show type of discordance
at sequence boundaries. Figure is not to scale and represents a composite of numerous seismic
records. Sequences (TM), and (TM), represent turbidites and marls; 4,—A4,, stacked deltaic
system deposited in water depths of 800-900 m; S, slumped strata deposited when delta system
prograded across basin margin and probably related to shoaling of lake; a,—a,, delta system
deposited in water depths of 200400 m; LMT, shallow lake, marsh, and fluvial deposits and
terrestrial soils, unit is inferred to have been deposited as the lake continued to shoal and
eventually dried up

24. abra. A Pannon medence szeizmikus rétegosszleteinek és Osszletcsoportjainak altalanositott
vazlata. A vastag vonalak rétegdsszlet-hatarokat jelolnek. A legmélyebben 1évé (B), (paleozoos,

vagy mezozoos) alapkdzetet jelol. Az egyes rétegdsszlet-hatarokon beliili vékony vonalak a bels6
reflexiok altalanos képét jelolik, a nyilak pedig diszkordanciakat jeldlnek a hataroknal. Az abra
nem mérethelyes, hanem szamos szelvény altalanositott kompozicidja. (TM), és (TM), turbidit-

¢és marga-iiledékeket jelol, az 4,—A4, egymasra rakodott delta rendszer 800-900 m-es
vizmélységben rakodott le, az S-el jelolt lejté-elotéri rogyasos rétegosszlet a medenceperemi
delta-elérenyomulas erdményeként rakodott le és valosziniileg vizmélység-csokkenéssel
kapcsolatos. Az a,—a, jelii delta-iiledékek 200-400 m-es vizmélységben keletkeztek, az LMT jeli
sekélytavi, mocsari, folyovizi és szarazfoldi iiledékek akkor képzdédtek, amikor a to feltoltddése
és kiszaradasa folytatodott

Puc. 24. O60011eHHAs cXeMa CeMCMUYECKUX cepuii U Haacepuid ITaHHOHCKOro Gacceiina.
JKupHBIMH JTHHASIME TIPOBEAEHBI pa3jeisl cepuil. Camas riybokas cepust (B) obo3nayaer
(maneo3oickuil wK Me3030ickuit) GyHnameHT. TOHKMMH JTMHUSAMH B NIPEAEax OTAEIbHBIX

cepuii oka3aHa oblas KapTHuHa BHYTPEHHUX OoTpaxkeHMi. Cxema BHe MaciiTaba, npeacTaBiss
coboii koMno3uumo psiga paspesos. (TM), u (TM), — TypGumuTel u Meprea; A A, —
HATPOMOX/ICHHE JEIbTOBBIX OTJIOXEHMH, HAKOPUBIUKMXCS 11pH ri1youHe Boabl B 800-900 M; S —
OTIOJI3LIME CJIOM, HAKOMHUBIIIKMECS BO BPEMs MPOJABHXXEHHS JETbTOBOM CHCTEMBI CKBO3b OKPAHHY
GacceiiHa H, BEPOSITHO, CBA3aHHbIE C OOMEJIEHHEM 03epa; a,—a, — JACIbTOBas CHCTEMA,
HAKOMMBILIAACA TpH rybune Boasl B 200400 M; LM T — MeJIKOBOIHO-03€pHbIE, 60JI0THBIE
U PEYHBIC OTJIOKECHHUS, & TAKXKE Ha3eMHbIE NMOYBBI, IPEANOJIATAETCs, YTO, TOJIIA HAKOMMIIACh
B CBSA3M C NMPOJOJDKABIIMMCS OOMesIeHUEM 03€epa BILUIOTh JI0 €ro MOJHOrO OCYLICHUS
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d,-dy (mapped on the same profiles). The older supersequence (A4,-A4,) is
believed to represent an early stage of turbidite-fronted deltas that were
constructed in water depths of about 800-900 m. During this period, subsidence
rates and corresponding sediment-influx rates must have been exceptionally
high because delta construction overwhelmed local basement highs and spilled
into adjacent subbasins. The younger supersequence (a,—a,) is believed to
represent deposition in water depths of 200-400 m during a later stage of basin
infilling and is limited areally to distal (relative to the source areas) subbasins
or topographic lows.

Although we infer that supersequences B,—B, and D,—Ds are approximate
time-equivalent units (with a similar inference for supersequences b,—b, and
d,—d5), the equivalence cannot be firmly established because of the large areal
distance between the areas in which the sequences were mapped.

The problem of assigning relative ages to the various deltaic units in the
Pannonian Basin relates to assigning a definite time when deltaic construction
began. Indirect evidence suggests that delta construction may have begun at
least as early as Sarmatian time. In his discussion of a north-south regional
profile across Hungary, KOrossy [1981] notes that, although Sarmatian strata
are relatively thick (480 m) in the northeastern part of Hungary, these strata are
markedly absent or thin in the Great Hungarian Plain and the Mako-Hod-
mezovasarhely trough (Hod-1 well) areas. The absence of older strata in distal
basinal areas would be expected if sedimentation progressed from the source
areas to distal basins by deltaic progradation. According to HORVATH (written
communication, 1985), however, evidence for the absence of Sarmatian strata
in the Hod-1 well is not convincing. He states that there is good evidence of
Badenian strata in the Hod-I well, where the sequence appears continuous, and
concludes that Sarmatian strata, although not recognized by fossil evidence, is
probably present. Deltaic sedimentation, therefore, may not have started until
Pannonian time. The major direction of sedimentation probably was deter-
mined by pre-rift or early rift topography at least as early as Badenian time. The
course of the major rivers during Pannonian time may have been controlled by
Paleogene to early Neogene sedimentary troughs and associated structures. At
that time, major north-south delta construction and progradation could have
been accelerated when sediment influx from the Carpathian Mountains in-
creased.

According to COLLINSON [1976], a progression from deep-water delta de-
posits to shallow-water delta deposits is part of the normal evolution of a
basinal sequence of sedimentary fill. The author states that turbidite-fronted
deep-water deltas are the earliest in any basinal sequence and that they form
the main basin fill above deep basinal mudstones. The deep-water deltas are
comprised of thick sedimentary sequences that contain a turbidite apron, delta-
slope siltstones, and fluviatile-channel sandstones. The younger, shallow-water
delta systems generally are comprised of thinner sedimentary sequences, lack
turbidite deposits, and are topped by a sheet sandstone attributed to migrating
distributaries.
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In the Vittorio Veneto region of the Southern Alps, MAssARI [1978] recog-
nized two stages of delta construction during the Tortonian. In this area, early
delta development gave rise to a major delta-building event characterized by a
high-constructive, turbidite-fronted deep-water delta system. This episode is
linked to a single high-bedload fluvial system, probably channelized along a
transverse structural depression. After a destructional phase, a second pro-
gradational episode took place on the shallow platform created by the early
deep-water delta system. The sheet-like geometry and stacked arrangement of
the shallow-water delta sequences suggested to M assari that this later event can
be attributed to lobate-type sub-deltas which were built out into a low energy
reservoir by a great number of distributaries with mouth bars dominated by
frictional forces.

The shallow-water delta sequences mapped in the Pannonian Basin differ
somewhat from the shallow-water delta sequences recognized by MAssARI. In
the Southern Alps, the shallow-water progradational episode took place on top
of the platform created by earlier deep-water delta construction; whereas, in the
Pannonian Basin, shallow-water deltas were constructed basinward of the
platform created by the deep-water deltas after southerly advancement of an
early fluvial system or systems.

Important differences, from a standpoint of petroleum exploration, may
exist between the deep-water delta sequences and the shallow-water delta
sequences in the Pannonian Basin. COLLINSON [1976] and MAssARI [1978] em-
phasize that turbidite-fronted deep-water deltas are characterized by thick
sedimentary sequences and the storage of great amounts of coarse-grained
sediments in delta slope channels, and of small amounts in distributary mouth
bars. Shallow-water deltas, on the other hand, are characterized by the occur-
rence of delta front sheet-sandstones which are probably related to lobate-type
subdeltas. The shallow-water deltas presumably are built in a low energy
environment coupled with the existence of a great number of distributaries, and
this allows the distributary mouth bar deposits associated with each delta lobe
to merge into one another forming major sheet-like bodies [MASSARI 1978]. The
dominant mechanism is probably lobe switching which results in a succession
of stacked regressive sequences [COLEMAN 1976].

In Figure 24 supersequences A,—A4, and a,—a, are separated by sequence S.
This sequence diagrammatically represents sequence Bg mapped on profiles 18
and 19 and, possibly, the upper part of sequence /II (slumped strata) mapped
at the Hod-I well site and sequence D, mapped on profile 9. On seismic profiles,
sequence Bg appears as a thick massive unit with a chaotic reflection pattern;
whereas, sequence Dg, a thinner sequence, is characterized by a strong onlap
pattern. Analyses of electric logs from the Bihu-NY-2 well (Fig. 18) indicate
that sequence Bg is composed chiefly of clays and siltstones (personnel commun-
ication, Istvan Bérczi, SZK FI). Sequence D¢ has not been penetrated by drilling.
Sequences Bg and Dy are similar in that they were deposited at the base of a
steep slope created by deep-water delta construction and are overlain by sequen-
ces which represent a shallow-water prograding episode. The seismic character
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(onlap and chaotic reflections) of Bg and Dy suggest that they were associated
with a destructive depositional phase. Although sequences Bg and Dy are
inferred to be time-equivalent, this relation is uncertain. In addition, it is also
uncertain whether the units represent a local destructive phenonenon or, per-
haps, are related to a basinwide destructional phase. In his study of Tortonian
strata from the southern Alps, Massar1 [1978] notes that episodes of deep-water
and shallow-water delta construction are separated by a destructional phase
which he attributes to a short-lived transgressive event. In the Pannonian Basin,
however, the location of the destructive phase between deep-water deltas and
shallow-water deltas and its possible association with slump deposits suggest
that the destructional phase was related to a shoaling of the lake. A drop in lake
level, subsequent to the deposition of 4, (Fig. 24), would have exposed the steep
slope associated with constructional sequences 4,—A4,. Sediment input rates to
the basin margin were still high, and remobilization of previously deposited
sediments in front of an advancing delta front may have caused slumping and
sediment bypass of the previous slope.

The youngest cycle of deposition is represented by sequence LM T in figure
24. As stated earlier, the unit represents delta plain facies; depositional environ-
ments varied from shallow lake, fluvial, and marsh to terrestrial soils. Seismic-
ally, sequence LMT is marked by basinward divergent reflections and, in
marginal areas, by a strong onlap pattern at the base of the sequence.

Analyses of core data [BERCzI-PHILLIPS this volume, PHILLIPS—BERCZI
1985] indicate that sequence LM T represents shallower water environments in
comparison to the environments represented by underlying sequences. LMT,
therefore, is inferred to represent a progressive shoaling, with eventual disap-
pearance, of the Pannonian lake. The strong onlap pattern that occurs at the
base of LMT is interpreted as evidence of more widespread water conditions
(transgression) at the basin margins. This apparent contradiction — shoaling
conditions in the central parts of the basin coupled with a transgressive episode
at the basin margins — can be explained by considering what is inferred by the
term “transgression”, as applied to a lacustrine basin, in contrast to the more
classical meaning of the term when it is applied to sedimentation cycles that
occur in ocean basins. In the classical sense, where applied to ocean basins, the
term transgression implies coastal onlap associated with more widespread
waters; in conjunction, water depths in marginal areas are increased, and water
depths remain relatively unchanged in more central parts of the basin. In the
case of a lake, however, more widespread water conditions in marginal areas
can be coupled with decreased water depths in the central parts of the basin.
The difference results from the fact that oceans contain a relatively infinite
volume of water and, therefore, coastal onlap (transgression) and shoaling
(regression) usually are not coeval. On the other hand, the volume of water in
a lacustrine basin is finite and marginal onlap can be coupled with shoaling
conditions in more central parts of the basin.

In general, post-Paleogene infilling of the Pannonian Basin involved a
single cycle of sedimentation—that is to say that the history of the basin, during
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Pannonian and Quaternary time, reflects continuously shoaling conditions. This
shoaling probably resulted from sediment influx rates that were higher than
basin subsidence rates. Deltaic sedimentation probably began in Sarmatian or
earliest Pannonian time and continued throughout much of the Pannonian (s.1.).
Early deltas were constructed in water depths of about 800-900 m, and deep
basin marls may have been deposited in water depths > 1000 m. During this
early stage of deep-water delta construction, subsidence rates and associated
sediment-influx rates were extremely high as evidenced by upbuilding and
progradation of large deltaic sediment wedges that filled subbasins near source
areas, overwhelmed local basement highs, and spilled sediments into more distal
subbasins. During the later stage of shallow-water delta construction, sub-
sidence rates and sediment-input rates apparently slowed; however, sediment-
input rates were still higher than the subsidence rates as evidenced by relative
outbuilding of individual deltaic wedges. During the final stage of sedimenta-
tion, represented by sequence LM T, subsidence rates and sediment-input rates
were nearly equal as evidenced by the thick section of delta plain sediments
penetrated in the Hod-1 well.

4.2 Basinal Patterns

Sedimentation patterns within individual subbasins vary depending on the
direction of sedimentation and the distance of the subbasin from the source
area. The general sedimentation patterns in three subbasins, the Mako-Hod-
mezovasarhely trough, the Derecske basin, and the Békés basin (Fig. 5), were
analyzed.

Makoé—Hoédmezovasdarhely trough (Fig. 25). The oldest sedimentary rocks
in this subbasin represent chiefly turbidite deposits containing interbedded
deep-basin marls (Fig. 25/A). They correspond to unit / penetrated in the Hod-1
well where they attain a thickness of about 450 m. The turbidite deposits in this
unit represent sediments that were derived from the north-northwest and
transported, possibly via subaqueous canyons, to the central and deepest parts
of the basin. In the northern part of Hungary, time-equivalent units probably
are represented by deltaic progradation .

The next stage of sedimentation (Fig. 25/B) is marked by prograding delta
construction. On seismic profile 9, at least four distinct advancing delta fronts
can be mapped; the last of these fronts may correlate with a delta front mapped
on seismic profile 8. The delta advance, between two basement highs, proceeded
toward the central part of the basin from the north-northwest. The age relation
between the sediments in this stage and those penetrated in the Hod-1 well is
not clear. Certainly, age-equivalent turbidite and deep-basin deposits would
have reached as far southeast as the central parts of the basin. In the Hod-1 well,
age-equivalent sedimentary rocks are believed to be represented by unit /I; but
the upper part of unit 7, as well as the lower part of /11, also may be equivalent
in age.
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Fig. 25. Four stages of deposition in the Mako-HodmezGvasarhely trough. A) Deposition of
early deep-basin turbidites. B) First stage of delta construction. C) Deposition of slump deposits
and/or turbidite flow. D) Shallow-water delta construction following shoaling of lake

25. dbra. A Mako6-Hodmezévasarhelyi arok négy iiledékképzddési allapota. A) Korai
mély-medencebeli turbiditek lerakoddsa. B) A delta-képzddés elsé szakasza. C) Uledék rogyasok
¢és zagyarak kialakulasa. D) sekélyvizi delta-képzddés és a belto feltoltodése
1 — aljzatkiemelkedés; 2 — mélyvizi iiledékek; 3 — delta