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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




Seismic stratigraphy of the Pannonian Basin. . . 31

NE SW
TIE17 TIE16
O..
5
i
= 7
827
w 4
9
3—
N - SW
TIE17 TIE16
0 —0
[ 5-1
» - -
= ] .
Tty -
L) - -
@9 7 C
3j -3
] Cs
4 -

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.



32 Mattick—Rumpler—Phillips

SECONDS

SECONDS

W

D

l_LLIllll‘ll
T

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 — deltafront; 4 — szeizmikus vonal;

5 — homokfolyam (rogyasok); 6 — folyorendszer

Puc. 25. Yetsipe craguu ocaakoobpa3oBanus B rpabeHe Mako—Xoame3Epalapxei.

A) OtnoxeHue TypOUINTOB B paHHeM riaybokoBogHoM Oacceiine. B) Ilepseiit sTan
ob6pasoBanus aenbThl. C) Omosi3aHue 0CafkoB M CTAHOBJICHHE TYPOHUANUTHBIX MOTOKOB. D)
O6pa3oBaHUE MEJIKOBOTHON JEJbTHI M 3aMOJIHEHHE BHYTPEHHErO 03€pa
1 — Bo3BbIlIeHHe DYHAAMEHTA; 2 — IIIyOOKOBOAHBIE OTJIOXEHUS; 3 — QPOHT AeNbT; 4 —
JIMHUS IPOGUIS CEMCMOpPA3BEKH; 5 — MeCYaHble TUIBIBYHbI (OTOJI3HH); 6 — PEKH
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As the delta wedges advanced further southeastward (Fig. 25/C), the
basement high shown in the upper left corner of figure 25/B was owerhelmed,
and sediments were deposited near the base of the previous slope by slumping
subsequent to a shoaling of the lake. Evidence for this conclusion comes from
seismic profile 8. Part of the coarser sediment fraction was transported basin-
ward by turbidite flows or directly downslope by slumping, and some of it
reached the central part of the basin in the vicinity of the Hod—I well. The upper
part of sequence III, penetrated in this well, is inferred to represent sediments
involved in this stage of sedimentation. Much of the basin was filled in during
this stage. '

During the succeeding stage (Fig. 25/D), rivers advanced far to the sout-
heast and discharged as far south as the Hod-I site, which generally had been,
until then, the deepest part of the basin. Shallow-water deltas, (mapped on
seismic profiles 9, 6, and 12, and penetrated in the Hod-I well) probably related
to numerous small rivers, now infilled the basin and the depositional center
shifted southward of the Hod-I well site.

The last stage (not shown) was marked by deposits of shallow lake, fluvial,
and marsh sediments and terrestrial soils that were deposited as the lake con-
tinued to shoal and eventually disappeared. This cycle is represented by
sedimentary rocks of unit V penetrated in the Hod-I well and of unit LMT in
other areas.

Derecske basin (Fig. 26 ). As in discussion of the Mako—Hodmezovasarhely
trough, the oldest sedimentary rocks in the Derecske basin are believed to
represent a period of turbidite and deep basin marl deposition and the erosion
of local basement highs that filled the deepest parts of the basin (Fig. 26/A). The
direction of turbidite deposition is not clear but was probably from the north-
east as well as the northwest. The earliest deltas (Fig. 26/B) are mapped on
seismic profile 18. This system of deep-water (800-900 m) deltas prograded
southwestward, where the delta toes are seen to pinch out against a basement
high on seismic profile 18. Concurrent with delta progradation, turbidite flows
funneled down canyons from a northwest direction.

Subsequently (Fig. 26/C), deep-water (800-900 m) delta construction shif-
ted slightly to the west in the vicinity of seismic profile 19. Southwest prograda-
tion continued, and delta upbuilding overwhelmed the basement high shown
near the bottom of Figure 26/B. Massive turbidite flows continued to enter the
basin from the northwest. Evidence of these flows is seen on seismic profile 19,
on which numerous unconformities can be mapped, and strong onlap of the
deltas by turbidite sedimentation is evident. During this cycle, minor(?) amounts
of sediment entered the basin from the south and east. Seismic evidence from
profile 21 suggests that these sediments were not transported any great distance
but, rather, were derived from nearby basement highs and transported by slump
and creep and downslope mass-transport processes.

Békés basin (Fig. 27). The Békés basin differs from the two subbasins
discussed above in that it is located far from sediment source areas which lay
to the northwest, north, and northeast. Other subbasins were located between
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Fig. 26. Three stages of deposition in the Derecske basin. A) Deposition of early deep-basin
turbidites. B) First stage of delta construction and turbidite flow down canyon axis. C) Shift of
delta construction southwestward

26. dbra. A Derecskei medence feltdltédésének harom éllapota. A) Korai mély-medencebeli
turbiditek lerakodasa. B) A delta-képzddés elsé szakasza és zagyarak kanyonok mentén.
C) A delta-képzodés DNY-i elérenyomulasa
1 — aljzat-kiemelkedés; 2 — mélyvizi margak; 3 — deltafront; 4 — szeizmikus vonal; 5 — turbidit
tiledékek; 6 — anyagszallitas; 7 — folyorendszer

Puc. 26. Tpu ctaauu 3anosiHenus 6acceitna depeuke. A) OTnoxeHHe TYpOUAUTOB B PAHHEM
r1y6okoBoHOM Oacceiine. B) Ilepsas craaust opMUpoBaHHs AETbT W TYPOUIHTHBIE IOTOKH
B1osib kaHboHoB. C) [Mpoasmkenue GopmupoBanus aenbThl k 103
1 BO3BbILLCHUC (YHAAMEHT4; 2 — rNyOOKOBOAHBIE Mepreiy; 3 — (QPOHT AenbThl; 4 —
JIMHUK poduIIei ceiicMopa3Be IKH; S — TypOMOUTBI; 6 — HANpaBJIEHHE CHOCA OCAJO4YHOTO
MaTepuaa; 7 — peku
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Fig. 27. Two stages of deposition in the Békés basin. A) Location of basement highs and lows
at start of deposition. B) Deposition of deep-basin turbidite and marl deposits. C) Stage of
shallow-water delta construction following shoaling of lake

27. dbra. A Békési medence feltdltésének két allapota. A) Az iiledékképzddés kezdetén
a medencealjzati magaslatok és mélyedések helyzete. B) A mély-medencebeli turbiditek és
margak lerakodasa. C) Sekélyvizi delta-fazis iiledékeinek lerakodasa és a medence feltoltédése
1 — aljzat-kiemelkedés; 2 — aljzat-bemélyedés; 3 — mélyvizi iiledékek; 4 — deltafront;
5 — szeizmikus vonal; 6 — anyagszallitas

Puc. 27. [ipe cranuy 3anonHenus Gacceiina Bexemr. A) IMosoxenue NPUITOAHATHIX
H MOTPYXEHHBIX y4aCTKOB (QyHAaMeHTa B Hauajle ocaakoobpasoBanus. B) OTioxenue
TypOHANTOB M Mepreseit B riy6okoBoaHOM Gacceiine. C) OTIOXEHHE OCATKOB MEJIKOBOJHOM
NebTOBOM (a3bl U 3anojiHeHHe GacceitHa
I— Bo3seuuenue hynaamenta: 2 — mporu6 B hyHgamente: 3 — ri1y60KOBO/IHBIE OTJIOKEHHS;
4 — ¢poHT nenwT; 5 — nMHMM npoduei ceficMopa3BeKH; 6 — HamnpaBJIeHHe CHOCA
0CaJIOYHOro MaTepuaja
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the source areas and the Békés basin. Therefore, it received chiefly finer grained
sediments until deltaic sedimentation had prograded across much of the remain-
der of the Pannonian Basin late in its history. Deep basin deposits in the Békés
basin (Fig. 27/B) can be expected to be much thicker and more widespread than
in the areas discussed above. Coarse-grained sediments probably are limited to
areas in the vicinity of local basement highs where sediment input depended on
weathering of local basement rocks and subsequent transport by slump and
creep and downslope mass-transport processes (Fig. 27/C). Delta construction
(Fig. 27/C) was limited to shallow water deltas (200400 m), which are probably
equivalent in time to the last stages of delta construction in the Mak6-Hod-
mezdvasarhely trough.

Table I. Seismic profile numbers used in figure 4 are shown in first column. The second column
shows the corresponding seismic profile numbering system used by the National Oil and Gas Trust
of Hungary. The first two digits of the last number in column 2 indicate the year in which the seismic
record was recorded. The second two digits indicate the fold of the final stacked record section; for
example, 7824 indicates that the seismic profile was recorded in 1978 and stacked twenty-four-fold

I. tdblazat. A 4. abran hasznalt szeizmikus vonalszamozas és a megfeleld OKGT szamozas .
dsszefiiggése. A masodik oszlop utolso négy szamjegyébdl az elsd ketté a meérés évét, a masodik
ketto a fedésszamot jeloli

Tab6auya I. Homepa ceiicMuyeckux npoduieil Ha puc. 4 mpuBeeHbI B IEPBOH KoJloHKE. BTopas
KOJIOHKA TOKa3bIBaeT COOTBETBYIOLIYIO HYMEPALMIO CEHCMUYECKUX MPOGHIIEH, TPUMEHAEMYIO
IMpeanpusituem ['eodusuyeckoro Uccnenosanuss [THI'TL. IMepsrbie 1Be nudpbl NoCaeoHErO
4HUCJIa B KOJIOHKE 2 YKa3bIBAIOT Ha rojl, B KOTOPOM ceiicMorpaMMa Obla 3amucana. Bropeie ase
LHGPBI TTOKA3bIBAIOT KPATHOCTH OKOHYATEJILHOM HAKOIJIEHHON 3amucH, Hamp., 7824
MOKa3bIBAET, YTO ceiicMuuecKHii mpoduib ObuT popaboTan B 1978 r. u ObLIO MPUMEHEHO
24-xpaTHOE HaKOILJICHHE

NUMBER IN THIS REPORT OKGT NUMBERING SYSTEM
6 A-11-7824
8 VA-11/c-7924
9 A-12/B/C/D, VA-12/E-7824
10 A-12/A-7712
1 OR-24-7824
12 A-10/A-7924, VA-10/B-7824
13 A-19/D/E/F/G/H-7824
14 A-16/x/y-7824
15 FL-7-7606
16 VFL-2-7712
17 FL-20-7512
18 AL-1-7612, A-16, A-16/B/C/D/E/F/G-7624-
8024
19 K6-16-7824, Ka-32-7612,
20 Ka-67-8024, Ka-35/a-7912,
Ka-35-7912, Ka-105-8124
21 Ko—44-8024
2 Ko-14-7824

23 A-16/A/L/M/N-7612
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Table II. Well names and corresponding abbreviations used in this paper

II. tablazat. A mélyfurasok roviditése és a megfeleld helységnevek

Tabauya Il. ByxseHHble MOPBI CKBaXHH W COOTBETCTBYIOIME Ha3BaHHs HACEJICHHBIX IyHKTOB

Abbrevidtion
Ab-1
Algy6-19, 64, 162, 176
Algy6-K-1
As-1, 23
Bés-1
Bihu-NY-2
Do-2,4,5
Der-I

Er-7
Felgy6-1, 2, I
F.kat-6
Fu-1, 10
Héd-1
Kb-1, 3

K-9

Kun-1, 3
Kom-1, 12
Kiha-D-2
Lasz-2, 3, 4
Mako-2
Mar-1
Mora-1, 4
Mp-3

Nk-2, 4, 20
Nsz-2
Palm-1, 2
Pf—40, 142, 155, 173
Sark-1
Szk-91, 95
Szr DNY-1
Tif-1

Tir-1

Well name
Abony
Algy6
Algy6—East
Asotthalom
Békéssamson
Biharugra
Dorozsma
Derecske
Ereszto
Felgy6
Forraskut
Furta

Hoédmezovasarhely
Kaba

K 6rosszegapati
Kunszallas
Komadi
Kiskunhalas—South
Jasszentlaszlo
Mako

Martfu
Morahalom
Mezopeterd
Nagykoros
Nagyszénas
Palmonostora
Pusztafoldvar
Sarkadkeresztr
Szank
Szarvas—Southeast
Tiszafoldvar
Tiszaroff

5. Summary of conclusions

The following conclusions regarding the sedimentary rocks of the Pan-
nonian Basin in Hungary are based on stratigraphic analysis of seismic records
and studies of core samples from three wells:

(1) Deltaic sedimentation may have started as early as Sarmatian time and
continued throughout much of the Pannonian (s.1.).

(2) Sediment input was chiefly from the northwest, north, and northeast.
These directions probably were determined by pre-rift or early rift
topography at least as early as Badenian time.

(3) Two distinct stages of delta construction can be recognized: an early,
deep-water stage and a later, shallower water stage.
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(4) In the early stage of construction, turbidite fronted deltas were built
in water depths as deep as 800-900 m. During this 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.

(5) During a later stage of construction, deltas were built in water depths
of about 200400 m, and topographically low areas in the southern
part of Hungary were infilled by sediments discharged from river
systems that had advanced about 100 km southward across strata of
the older constructional stage.

(6) Differences, from a standpoint of petroleum exploration, may exist
between the two deltaic sequences. Coarse-grained sediments in the
deep-water delta system may be limited to large delta slope channels.
The shallow-water deltas, in contrast, may be associated with delta
front sheet-sands which are related to merging and progradation of
distributary mouth bar sands.

(7) In some areas, the sedimentary rocks representing the two stages of
delta construction may be separated by a unit that represents a de-
structional phase. This unit is inferred to be related to a shoaling of
the lake or, possibly, a short-lived transgressive event.

(8) The final stage of sedimentation is represented by delta plain facies;
depositional environments varied from shallow lake, fluvial, and
marsh to terrestrial soils. During this last stage, the lake became more
widespread but continued to shoal.

(9) Basal turbidite-marl sections in the deeper parts of the Pannonian
Basin become progressively younger in a direction away from the
sediment source areas. This tendency is coupled with a thickening of
the overall turbidite-marl section in the same general direction.

(10) Distal (in reference to sediment source areas) subbasins received
chiefly finer grained sediments until late in their history, when deltaic
sedimentation had prograded across much of the remainder of the
Pannonian Basin. Older coarse-grained sediments in these basins
probably are limited to the vicinity of local basement highs.

(11) The authors have interpreted the Pannonian and Quaternary history
of the Pannonian Basin in terms of a continuously shoaling lake due
to sediment infilling.
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A PANNON MEDENCE SZEIZMIKUS SZTRATIGRAFIAI VIZSGALATA
DK-MAGYARORSZAGON

Robert E. MATTICK, RUMPLER Janos és R. Lawrence PHILLIPS

A szeizmikus sztratigrafiai vizsgalatok, valamint hdrom mélyfirds magmintainak részletes
analizise arra utalnak, hogy a Pannon medence ENY, E és EK-i iranybol delta-iiledékekkel t61t6-
dott fol.

A medencefeltoltodés egyetlen szedimentacios ciklusban zajlott le, melynek kezdete a szarma-
ta, vagy a legkorabbi pannon idészakra tehetd, amikor a vizmélység 1000 m-nél nagyobb volt.
A medence ezt koveto fejlodése a pannon és kvarter folyaman a vizmélység fokozatos csokkenését
titkrozi. Ezt a csokkenést az tiledékbehordas mériékének a medence siillyedést uralkodoan meghala-
d6é mértéke eredményezte.

A delta-feltoltodés két, egymastol jol elkiilonithetd fazisra oszthato. A delta-képzodés korai
szakaszaban turbidit ciklussal kezd6d6 mélytengeri delta-liledékek rakodtak le mintegy 800-900 m-
es vizmélységben. E korai delta-épitési szakaszban a medence-siillyedés, és a kapcsolodo iiledekbe-
hordasi sebesség nagy volt. A nagy delta tiledéksorozat egymasra rakédasa és D-i iranyt elorenyo-
mulasa soran feltoltotte a forrasteriiletekhez kozeli részmedencéket, s athaladva az utjaba eso
lokalis magaslatokon a Magyarorszag D-i részén 1évé részmedencékben rakta le iiledékeit. A delta-
iledékképzddés késobbi szakaszaban a fokozatosan elérenyomul6 sekélyvizi delta-képzédmeények
mintegy 200400 m-es vizmélységben keletkeztek. Ezek Magyarorszag D-i részén 1évé mélyteriilete-
ken olyan folyami rendszerekbdl rakodtak le, amelyek a korabbi delta ciklus iiledékeit mintegy
100 km-el D-i irdnyban tulhaladtak.

A szeizmikus vizsgalatok arra is utalnak, hogy a Pannon medence bizonyos részein a két
delta-képzodeési ciklust képviseld liledékes kozeteket olyan iiledékképzddési egység valasztja el
egymastol, amely valoszinileg egy destruktiv fazisnak felel meg. Ez az egység képzodhetett rovid
ideju transzgresszios ciklus soran, vagy esetleg felgycrsult vizmélységesokkenési ciklus eredménye-
ként.

Az iiledekképzodés legfiatalabb és egyben befejezd ciklusat delta-siksag faciest iiledékek
képviselik, melyben az tiledékképzodési kornyezet sekélytavi, folyovizi, és mocsaritol szarazfoldi
kornyezetig valtozott. Ez az egység egy kiterjedtebb tavi kornyezetet jelentett, mely a Pannon beltd
fokozatos elsekélyesedésével és eltiinésével parosult. Az iiledékképzédésnek ebben a periodusaban
a medence siillyedés mértéke és a kapcsolodo iiledékbehordasi mérték kisebb volt, mint a korabbi
szakaszban, és minden bizonnyal egyenstlyban volt egymassal.
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" CEMICMOCTPATUTPA®UYECKOE UCCJEJOBAHUE MTAHHOHCKOT'O BACCEMHA
B OB YACTHU BEHI'PUH

Po6ept 3. METUK, Snou PYMIIJIEP u P. Jlopenc ®UJTUIIC

CeiicMocTpaTurpaguyeckue MCCIEIOBAHUSA, 4 TAKXKe ACTAJbHbIi aHaJM3 KEPHOB M3 TpeX
r1yOOKUX CKBaXKHH TPHUBEIH K 3aKJIFOYECHHIO O 3anosiHeHun [TaHHOHCKOro GacceifHa MaTepHasioMm,
npuBHocuBLuMcs ¢ C3, C u CB.

BacceiiH 3anoJHUIICS B Pe3yJIbTATE OAHOIO [MKJIA OCAJAKOHAKOIUJIEHHS, HAaYaBLIEMCs B cap-
MaTCKOM BEKe, HO B JIIOOOM cilyyae He paHee NAaHHOHCKOTO BeKa, MPY INIyOMHE BOIbI, IPEBHIIIAB-
mreit 1000 m. ITocnenyromnii Xoa MCTOPHM pa3BUTHsi OacceliHa B TeYeHHUE NAHHOHCKOIO BeKa
¥ YETBEPTHYHOIO NIEPHO/IA OTPAKAET MOCTENICHHOE YMEHbBILEHHE [JTYOHHBI BOIBL. DTO YMEHbLICHHE
OBLTO BBI3BAHO TEM, YTO CKOPOCTH OCa/JKOHAKOIUICHHS B 1IEJIOM MPEBBIIIAJIH CKOPOCTH MOTPY>KEHH S
Gacceitna.

B o6mux yepTax, B GOPMUPOBAHUMH [EJIbTHI MOXHO HAMETUTH [BE cTaauu. B Gonee paH-
HIOIO U3 HUX IJIyOOKOBOJHBIE NEIbTHI C TypOHIUTaAMU Ha HPOHTE HOPMHUPOBAIUCH NIPHU TIIyOHHAX
Bozb! B 800-900 M. -Bo Bpemsi 3Tol paHHEi cTaauu GOPMHPOBAHHS CKOPOCTH OIYCKAHUS H COOT-
BETCTBEHHO CKOPOCTH TOCTYIUIEHUSI OCAJKOB OBLIM BBICOKUMH, TaK YTO HAACTPAHBAIOIIMECSH
¥ NPOABHIAIOLIMECS K FOTY KPYIHbBIE KJIUHbS J€JIbTOBBIX OCAJKOB 3aMOJIHM/IA YaCTHbIC BIAJAUHbI
BOJIM3M OT HCTOYHUKOB CHOCA, NIEPEBAIHBAIUCH Yepe3 JIOKaIbHbIE MOJHATHS GYHAAMEHTa U JOCTH-
raJld 4aCTHbIE BNIAUHBI Ha tore BeHrpuu. Bo BpeMs no3aHeii cTauu mpogBUraroiiuecs MeJIKoBOI-
HBIE JEIbThl GOPMHUPOBATUCH TpU ri1ybuHe Boabl B 200-400 M, 1 mOHMKEHHBIE 00JIACTH HA IOTE
BeHrpuy 3amosIHSUIMCh OCafKaMH, TIPUBHOCHBIIIMMHUCS PeKaMH, TIPOIBUTABIIMMHUCS IPUMEPHO Ha
100 xM K 1OTy uepe3 OTJIOXKEHHs paHHEH cTaauu.

JlaHHBIE celicMOPa3BeIKU CBUAETEILCTBYIOT O TOM, 4TO B HEKOTOPBIX paiionax [TanHOHCKOrO
HacceifHa ocalky ABYX CTaau# GOPMHPOBaHHUS IEJIbTHI Pa3A€IEHbl 0CaJOYHOM NaYKOH, BO3MOXHO,
OTpaxarollleil pa3MbIB. ITa Nayka, BO3SMOXHO, BOSHHKJIA B TECUCHHE KPATKOBPEMEHHOM TpaHCTpec-
CHU WJIM, MOXET OBbITb, BCJIE] 32 NEPHOAOM YCKOPEHHOTO OOMEJICHHS 03epa.

Haunbonee Mononas M 3aklOYMTENIbHASL CTAAUs MPEACTABIICHA OTJIOXKEHUAMH JEIbTOBBIX
paBHHH; 0OCTAHOBKH OCaJKOHAKOIUICHHSI BAPbUPOBAJIH OT MEJIKOBOJHO-O3EPHBIX, YEPE3 PEYHBIX
1 60JIOTHBIX 70 Ha3eMHbIX. [Ipeamosaraercsi, YTO COOTBETCBYIOLIAS TOJINA OTpaXkaeT Oobliiee
pacnpoCTpaHEHHE O3EPHBIX OOCTAHOBOK B COBOKYIHOCTH C TPOAOJDKAIOLMMCS OOMEJIEHHEM
U C COOTBETCTBEHHBIM Hcue3HOBeHHeM [TaHHOHCKOTrO o3epa. B 3Ty cramuio ocaJkOHAaKOIUIEHHS
CKOPOCTH OIyckaHHs GacceifHa U CONyTCTBYIOLHE CKOPOCTU NMOCTYIUICHUS OCaAKOB OBLIN, BEPOST-
HO, HIDKE, U TIPEATOJIAraeTCsl, YTO OCaJKOHAKOIUICHHE B L[EJIOM KOMIIEHCHPOBAJIO OMYCKAHHUSI.
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PROCESSES AND DEPOSITIONAL ENVIRONMENTS WITHIN
NEOGENE DELTAIC - LACUSTRINE SEDIMENTS, PANNONIAN
BASIN, SOUTHEAST HUNGARY

Istvan BERCZI* and R. Lawrence PHILLIPS**

Core samples from 3 wells drilled in Neogene strata (3190, 5842, and 2886 m deep) within
the Mako-Hodmezoévasarhely trough in southeast Hungary define the depositional environments
and the sedimentologic history of basin fill. Five major facies are indentified within fluvial-del-
taic-lacustrine sediments and include in ascending order: 1) a basal facies of turbidite deposited
sandstone and conglomerate with interbedded marl; 2) a deep basin facies of laminated to massive
calcareous to silty marl; 3) a prodelta facies containing a lower unit of parallel-bedded sandstone
interbedded with marl overlain by a sequence of deformed strata (slumped deposits); 4) a delta
front—delta slope facies of inclined (5 to 20° dip) and deformed beds of sandstone and marl; and 5)
a delta plain facies of horizontal beds of sandstone, siltstone, lignite and marl. Two stages of basin
fill are recognized, an initial deep lacustrine basin stage where deposition of sand and gravel by
turbidity currents along with marl smoothed the irregular topography followed by fluvial-deltaic
advancement into the basin from the northwest.

This report presents the results of geologic investigations and a summary of data studied
within the Pannonian Basin in Hungary during 1981. The purpose of this study is to interpret and
define the depositional environments and sedimentological history recorded within cores obtained
from Neogene strata underlying the southern part of the Great Hungarian Plain.

The area of investigation is in southeastern Hungary, northeast of the city of Szeged within
the Mako-Hodmezovasarhely trough, located directly east of the Algy6 structural high and oil field.
The Mako-Hodmezdvasarhely trough is a NNW-SSE trending depression containing over 6 km
of Neogene and Quaternary sediments [KOROssy 1981]. Cores from three wells drilled on both flanks
and within the center of the trough are the basis of determining the geology, facies and depositional
history of the basin fill. The three wells and depths drilled from the west to the east flank of the
basin are; 1) Maroslele-1 (Ml), 3190 m; 2) Hédmezdvasarhely-I (Hod-I), 5842 m; and 3) Békéssam-
son—1 (Bés—1), 2886 m.

The basement rocks underlying the Neogene sediments consist mainly of Paleozoic metamor-
phic rocks and locally Triassic dolomite [BERCZI-KO6KAI 1976, MAGYAR-REVESZ 1976, KOROSSY
1981]. The Neogene sediments filling the basin represent lacustrine marls, turbidites, and deltaic to
fluvial marls and clastics. A geophysical profile of the Mako-Hodmezdvaséahely trough, including
the Hod-I well section, shows at least 3 distinctive seismic units one of which contains inclined
southeast prograding strata [*"ARGA-POGACSAs 1981]. The age determinations are based on reported
data included within the well logs and from published well data.

Keywords: depositional environment, deltas, lacustrine sediments, Pannonian Basin

* Hungarian Hydrocarbon Institute, POB 32, Szazhalombatta, H-2443, Hungary
** U. S. Geological Survey. 345 Middlefield Road, MS 999 Menlo Park, California 94025
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1. Introduction

The Mako-Hodmezovasarhely trough contains more than 6 km of lacus-
trine—fluvial sedimentary rocks ranging in age from Neogene to Quaternary.
The deepest borehole in Hungary (H6d-1) terminated in Badenian sediments
in this trough at a depth of 5842 m b.s.l. (Fig. 1). This preliminary study of the
basin-fill facies is based on a detailed investigation of cores from three boreholes
that yield a cross-section essentially normal to the depositional trend across the
trough: Maroslele-1; Hodmez6vasarhely—I; and Békéssamson—1 (Fig. 1).

Fig. 1. A) Map of Hungary with location of
study area. The two lines, 1 and 2, represent
the regional sedimentological profiles of
Figures 13 and 14
B) Isopachs of Neogene and younger
sediments overlying Paleozoic basement
within and adjacent to the
Mako-Hodmezoévasarhely trough

1. abra. A) Magyarorszag térképe a kutatasi
teriilet fellintetésével. A két vonal a 13. és
14. abra regionalis iiledékfoldtani szelvényét
jeloli
B) A paleozoos aljzaton telepiilé neogén és
fiatalabb tledékek vastagsagtérképe (a
neogén tledékek vastagsaga km-ben van
megadva) a Mako-hodmezdvasarhelyi
arokban

Puc. 1. A) Kapra Benrpuu ¢ y4acTkom
HccienoBanuii. JIBe muHUM 0003HaYaT
peruoHaiHble cTpaTUrpaduyeckne pa3pessl
puc. NeNe 13 u 14
B) KapTa u3071MHUH MOLIHOCTH HEOT€HOBBIX

Well locations W YETBEPTHYHBIX OTJIOXKEHBIH, 3aJIETAIOLIHUX
S Makd- '@ Maroslele #1 Ha TaJIe030iCKOM (QyHIAAMEHTE
o 10 2Ok|;‘nOdmeszr\éis?‘rhely 2@ Hidmezévdsdrnely »1 B Mako—Xoamesépamapxeiickom rpabese
Neogene thickness o 3. Békéssamson #1 (MOIIIHOCTPI JaHbI B KM)
contours in kilometers

Analysis of lithologic trends determined from grain size distributions and well
log data enabled us to distinguish five main depositional facies that clearly
represent a shoaling upwards sequence in a basin that at times contained steep
prograding slopes. These five facies have been tentatively identified in ascending
order as: 1) a basal facies; 2) a deep basin facies; 3) a prodelta facies; 4) a delta
front—delta slope facies; and 5) a delta plain facies. Stratigraphically speaking,
these five facies give all the Neogene evolutionary history of the trough from
the Middle Badenian (=15 Ma BP) up to the recent (Fig. 2).
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Fig. 2. Age relationships of the Pannonian Basin strata and stratigraphic intervals reported for
the Hod-T well

2. abra. A Pannon-medence rétegeinek korbesorolasa és a Hod-1 mélyfuras rétegtani besorolasa

Puc. 2. Teonoruyeckuit BO3pacT oTaebHbIX CBUT [laHHOHCKOTO GacceliHa U cTpaTUrpaduueckoe
MOJIOXEHHE OTAEJIBHBIX C10eB CkBakuHbl Hod-I

On the basis of evaluation of well-log response analysis, stratification fea-
tures, and grain size distributions, these five facies could be identified in two
adjacent regional profiles (Fig. 1). Within the upper facies (prodelta, delta front
— delta slope, and delta plain) several major depositional environments (distri-
butary channel, distributary mouth bar, point bar, and turbidity cones) can also
be identified mostly by analyzing the electric well-log response forms.

2. Facies analysis
The basal facies

The basal facies is composed of sandy-marly conglomerate interbedded
with marl and is found only in the deepest part of the trench. Borehole Hod-I
penetrated 392 m into this unit but failed to reach the pre-Neogene basement
or the stratigraphic base of the sequence. The age of the upper part of this unit
is about Middle Badenian (Fig. 3).
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Composite section, BASAL FACIES

>]|conglomerate

2|:] sandstone
3% marl

4 dteformed
| strata

Fig. 3. Composite section of the depositional

elements of the basal facies. Turbidites, some

conglomeratic, interbedded with marl form the
dominate bedding structures

3. dbra. Az alapkonglomeratum iiledékképzodési
egységeinek tipusszelvénye. Az uralkodo
rétegzettséget turbidit (némelyike
konglomeratumos) és marga valtakozasa épiti fel
1 — konglomeratum; 2 — homokkd; 3 — marga;
4 — deformalt rétegek

Puc. 3. Tunu4Hbli pa3pe3 JUTOCTPATUr paPHUECKHX

€IMHUI] 6a3aJIbHOTO KOHIJIOMEpaTa.
[Mpeobnanaromuit THII CIOUCTOCTH

XapaKTepu3yeTcs YepeJOBaHHEM TYpPOUIUTOB

(HEKOTOpBIE M3 HUX COJAEPXKAT KOHIJIOMEDPATHI)

U Meprenen
| — KOHrjOMEpaThl; 2 — TNECYAHUKHU; 3 —
mepreny; 4 — nehopMHpPOBAaHHBIE CIIOU

Within this facies the interbedded sandstone and marl beds may dip to
about 7 to 11 degrees due to penecontemporaneous slumping and deformation
of the strata. The sandstone beds are graded (Ta, Tb, and Tc parts of the Bouma
sequence), are frequently distorted, and contain marl rip-up clasts. In the
non-graded sandstone layers, thin amalgamated beds with small-scale cross-
strata or parallel to wavy laminations with marl interbeds are common (Fig. 3).
The turbidites most likely flowed along the axis of the basin or may have been
locally derived from the flanks of the trough. The periodic occurrence of
interbedded marl and sandstone beds dipping at angles of up to 11 degrees
suggest either: 1) an irregular lake bottom containing local relief; 2) the strata
are filling into previously cut turbidite “channels”; or, 3) deposition of coarse-
grained turbidites over muds may have initiated slumping of the sediments if
the lake bed contained low angle slopes.

This unit can be clearly distinguished from the adjacent shallow-water
basal conglomerates that occur around the margins of the basins. The latter has
an obvious psefitic, grain-supported nature with undisturbed bedding and, in
contrast to the conglomerates in the deep axial part of the trough, shows rather
poor evidence for any significant mass transport (Fig. 3).

The deep basin facies
The deep basin facies overlaps the basal facies in the axial part of the

trench. This 1165 m thick series consists of calcareous and argillaceous silty
marls of laminated and to a lesser extent massive appearance. No bioturbation




Processes and depositional environments in Neogene deltaic-lacustrine sediments. . . 59

can be observed within the strata (Fig. 4). Seemingly, the sediments were
deposited below the oxygen minimum zone. This unit is of Middle to Late
Badenian to Pannonian (s. str.) age.

Composite section, DEEP BASIN FACIES Fig. 4. Composite section of the depositional
elements of the deep basin facies. Laminated
to massive, calcareous to clay marl forms the

Argillaceous marl 1 depositional elements of this facies

% W

4. abra. A mélyvizi facies iiledékképzodési
egységeinek tipusszelvénye. A margak
a vékonyan rétegzettdl a rétegzetlenig, és
a mészmargatol az agyagmargaig
valamennyi valtozatot feldlelik
1 — agyagmarga; 2 — mészmarga

Puc. 4. TunuuHelit pa3pe3
JIMTOCTPATUrPA(PUUECKHX €THHHUILL
riybokoBoaHoi daunn. Cpeau Mepreneit
MPUCYTCTBYIOT BCE PA3HOBHUAHOCTU OT
TOHKOCJIOMCTBIX JI0 HECIIOUCTOCTBIX U OT
Calcareous marl 2 M3BECTKOBHUCTBIX 0 TJIHHUCTBIX
1 — rJIMHUCTBIE Mepreiy; 2 —
H3BECTKOBHUCTBIE MEPrein

The prodelta facies

The 1035 m thick prodelta facies can be divided into two parts: the upper
part (B subfacies; 350 m thick) contains abundant sand and is considered to be
a product both of a lacustrine fan system (proximal turbidites) as well as
containing sedimentary structures indicating abundant slumping of the strata.
Graded beds (Ta, Tab, and Tabc of Bouma sequence) characterize much of the
section. The sandstone beds can be amalgamated and may contain dish struc-
tures, load casts, flame structures, and marl rip-up clasts. Inclined strata (4 to
25 degree dip) resulted from deformation as well as slumping of strata originally
deposited on the delta front — delta slope. Abundant soft sediment deformation
features as penecontemporaneous faulting, disrupted bedding or completely
overturned beds characterize the deformed strata (Fig. 5).

The lower part of the prodelta facies (horizontal bedded, proximal to distal
turbidites, A subfacies; 685 m thick) are characterized by a gradual decrease in
the sand bed thickness, in sand to marl ratio and in grain size downward, as
well as by the predominance of Tab units of the Bouma sequence. The sandstone
beds change from amalgamated strata to solitary small-scale cross-strata inter-
bedded with marl toward the base of this facies (Fig. 6). Horizontal parallel
bedding dominates within this subfacies in contrast to the inclined deformed

strata in the overlying subfacies. No bioturbation has been observed within
strata of this facies.
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Composite section, P.RODELTA FACIES, Fig. 5. Composite section of subfacies B of the
subfacies B prodelta facies. Slumped and deformed strata
1%marl

interbedded with marl represent deposition
from repeated debris flows derived from the
sanastGHE delta front slope

2 with marl

2| rip-up clasts 2 282°2

E def d
3 ster:trame ﬂ
P taulted strata /5%
4 aulted strata /2

5. abra. A delta elotér B alfaciesének
tipusszelvénye. Az tledékrogyasos és deformalt
rétegek valtakozasa margaval a delta front
(lejtordl szarmazo) ismételt tormelékfolyasok
tiledék lerakodasait képviseli
1 — marga; 2 — homokk6-marga feltépett
sajat anyagu tormelékkel; 3 — deformalt
rétegek; 4 — elvetett rétegek

Puc. 5. Tunnunbiil pa3pe3 cybdamun B
npeaaensToBoi damuu. Yepenosanue
OTIOJI3HEBBIX 1€(POPMHUPOBAHHBIX OTJIOKECHUH
¥ MepreJiedl BJISeTCs CJICACTBHEM OCaXACHUS
B pe3yJibTaTe MHOIOKPAaTHO MOBTOPSAIOLINXCS
00 IOMOYHBIX MIOTOKOB (MOJBOIHBIX OTIOJI3HEH)
1 — mMepresy; 2 — NeCYaHUKH — MEPrejiu
C MepeOTIIOKEHHBIMU 00JI0MKaMH
coBCTBEHHOTO cocTaBa: 3 — AehOpMUPOBAHHbIE
ciion; 4 — OTJIOKEHHS, HApYILIEHHBIE
KOHCEJMMEHTAIIMOHHBIMU cOpocaMu

Composite section, PRODELTA FACIES,

bfaci A : 5 R .
=H aC|es Fig. 6. Composite section of subfacies 4 of

the prodelta facies. Sandstone, interbedded
with marl, exhibits an increasing bed

marl

proximal turbidit i
, candetons o qhirbldites thickness toward the top of the sequence
3

6. dbra. A delta elétér A alfaciesének
tipusszelvénye. A homokké-marga
valtakozas felfelé haladva egyre novekvd
rétegvastagsagokat mutat
1 — marga; 2 — homokké; 3 — kozeli
turbiditek (tormelékkupok); 4 — tavoli
turbiditek

Puc. 6. Tunuueelii paspes cybhamnn A

npeanensToBoi Gauu. Ipu yepenopanuu

TIECYaHUKOB M Mepresieil MOLIHOCTH
OT/IEJIbHBIX [IMKJIOB B HATIPABJIEHHH CHHU3Y

BBEPX NOCTENEHHO YBEJIMYMBAIOTCS

1 — Mepresu; 2 — necyaHuKH,
distal turbidites 3 — Oum3skue TYpOUIUTHI (KOHYCHI BBIHOCA);
4 4 — najibHHE TYpOUAUTHI
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The delta front — delta slope facies

The delta front — delta slope facies (733 m thick) consists of sandstone and
marl both occurring as inclined or in some examples as horizontal parallel beds.
The most characteristic feature of this facies is inclined strata dipping up to 20
degrees (most common dip is 5 to 7 degrees). Abundant soft sedimentary
deformation (synsedimentary faulting, slumps, and rotation of beds) resulted
in the steeply dipping strata. Similar values of dip can also be measured in giant
foresets (delta front) in regional profiles. The sandstone beds contain load casts,
flame structures and marl rip-up clasts showing well-defined graded bedding,
with a predominance of Ta, Tab, and Tabc units of the Bouma sequence
(Fig. 7). Bioturbation is now abundant, in the upper 2/3 of the facies. The delta
front slope is the most readily distinguished facies of regional extent dominating
the sedimentary development of the Neogene strata underlying the Great Hun-
garian Plain.

Fig. 7.

Composite section, DELTA FRONT FAGIES 7. dbra. Composite section of the
depositional elements of the delta front
facies. Deformed strata with abundant

penecontemporaneous faulting and
laminated marls interbedded with sandstone
form the common structures of this facies

1 marl
sandstone
2 with mar|
(XA rip-up clasts
Kz deformed
3 strata
7
4fau|ted st
/;é rata

Fig. 7. A delta front tiledékképzddési
egységeinek tipusszelvénye. Deformalt
rétegek—az liledékképzidéssel kozel egyideji
vetOkkel—és vékonyan rétegzett margak,
homokké betelepiilésekkel, a jellegzetes
felepités
1 — marga; 2 — homokkdé—marga feltépett
sajat anyagu tormelékkel; 3 — deformalt
rétegek; 4 — elvetett rétegek;

5 — féregnyomok; 6 — keresztrétegzett
homokké

6 crossbedded
sandstone

Puc. 7. TunuyHbIA pa3pe3 JTUTOCTpPATUTpAPUIECKHX
eauHUI GpOoHTA AeabThl. JleOopMUpPOBAHHBIE CIIOH
co cOpocamu GJIM3KUMH MO BPEMEHH 0Opa3oBaHHs
K OCaJIKOHAKOTJIEHHIO U TOHKOCJIOMCTBIE MEpresiu
C MOJYUHEHHBIM KOJIMYECTBOM TMECYAHUKOB
1 — Meprenu; 2 — neCYaHUKH—MEPTesn

C NIEPEOTIIOKEHHBIMH 00JIOMKaMH COOCTBEHHOTO
cocTaBa; 3 — nehOpMHPOBaHHBIE CIIOH; 4 — CIIOH,
HapyLIeHHbIE KOHCEIUMEHTAMOHHBIMH COpOocaMy;
5 — xo/bl YepBel; 6 — KOCOCTIOUCTBhIE TIECHAHUKH
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The delta plain facies

The delta plain facies is composed of alternating layers of horizontally
bedded sandstone, siltstone and marl. The sandstone and siltstone layers are
graded and repeated. Occurrences of small-scale cross-strata as well as biotur-
bation is also frequent (Fig. 8). Oxidized mudstone intercalations are frequent
indicating that this region was sometimes dry land. The increasing importance
of terrestrial conditions is also indicated by the common occurrence of lignite
beds. The depositional environments vary from shallow lake, fluvial marsh to
terrestrial (subaerial). The few deformed stata probably represent sediments
slumping into distributary channels.

Composite section, DELTA PLAIN FACIES

Fig. 8. Composite section of the depositional
elements of the delta plain facies. Parallel bedded
bioturbated sandstone interbedded with marl forms

the major depositional sequences

kz crossbedded
4 sandstone

=g
F==sjdeformed
4 strata

5@ lignite

8. dbra. A delta siksag iiledékképzOdési egységeinek
tipusszelvénye. Parhuzamosan rétegzett, életnyomos
homokké valtakozasa margaval épiti fel a rétegsort
1 — marga; 2 — életnyomos homokkd; 3 —
keresztrétegzett homokkd; 4 — deformalt rétegek;
5 — lignit

Puc. 8. TunuuHblf pa3pe3 JIUTOCTPATHrpAQUUSCKHX
€[MHUIl IeIbTOBOW paBHUHBL. Pa3pes crioxeH
4epeayrOIMMHUCS TIECYAHHKAMHU, COIEPXKAIIUMHU
HCKOTIaeMble OCTATKH, U MepreyisMu. CIIOUCTOCTh
napaJjiesabHas
1 — Mepreny; 2 — necYaHHKH C HCKOTIAEMBIMH
OCTaTKaMH: 3 — MECYAHUKH C KOCOM CIIOUCTOCTBIO;
4 — nepopMHUpPOBAHHbIE CIIOH; 5 — JIATHUTBI

3. Discussion

Comprehensive lithological, sedimentological profiles as well as a two
and/or three dimensional view of the facies distribution are given in Figures
9-12. We propose that a highly constructional, fluvial-dominated delta system,
which prograded from the northwest toward the southeast, resulted in the filling
of the Mako-Hodmezovasarhely trough. Progradation from the northwest is
also indicated by the mineralogical composition of the sandstones most of which
are lithoarenites containing rock fragments and heavy minerals of metamorphic
origin derived from northern and western sources. No volcanic detritus derived
from the north and east could be detected within the sediments of the Mako—
Hodmezovasarhely trough. The vertical distribution of the facies in relation to
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Hddmez8vasdrhely #1 (TD 5842m)

1200 Delta plain facies continues h,
to surface

Delta Plain
facies

— 2517

Delta front
facies

— 3250

| Subfacies B -
deformed (slumped) strata 3/B

— = 3600

Prodelta facies 3
Subfacies A -
parallel bedded strata 3/A

f, Distal turbidites g 4285

Deep basin
facies

5450

Basal facies 1
5842

d, Basement not reached
Fiy. 9. Stratuigraphic secuon and facies recorded 1n part of the Hodmezovasarhely-1 well. The
depths are recorded in meters

9. dbra. Rétegtani szelvény és facies beosztas a Hod—1 mélyfurasban (mélység m-ben)

1 — alapkonglomeratum: a — az aljzatot nem érték el, b — turbiditek, ¢ — konglomeratum; 2 —
mélyvizi facies: d — mészmarga, e — agyagmarga; 3 — delta el6tér; 3/4 alfacies, parhuzamos
rétegzettséggel (f — tavoli turbiditek, g — kdzeli turbiditek); 3/B alfacies, deformalt
(iledékrogyasos) rétegekkel; 4 — delta front; 5 — delta siksag: h — folytatodik a felszinig

Puc. 9. Crpaturpaduyeckas KoJIOHKA U (dalHaibHOE MOApa3AeICHUE OTIOKEHUH CKBAKHHBI
Hoéd-1 (rnybussl B MeTpax)
| — Ga3aabHBIA KOHIJIOMEpAT: @ — (yHIaMEeHT He BCKPBIT; b — TypOHIMTHI; ¢ —
KOHrJioMepaTtsl; 2 — riybokoBoaHas dauus: d — M3BECTKOBUCTBIE MEPIeJId; € — [JIHHUCTHIE
Mepreiu; 3 — npeaenbToBas Ganus; 3/4 — cybdanus ¢ napajaieabHOR CIIOMCTOCTBIO;
f — nanbHue TYypOuAuTHL; 3/B — cybdaius ¢ nepopMUPOBAHHBIMU (ONOJ3HEBBIMH) CIIOSMH,
4 — (pOHT meNnbThI; 5 — [Ae/bTOBasi paBHUHA; h — MPOJOIKAETCS A0 HBIHELIHEH MOBEPXHOCTH
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the paleorelief (Figures 9-10) refers to a two-step infillment process. The first
step produced a smoothing of the rugged paleorelief, followed by a delta
progradation, which itself was a three-step progradational process (see below).

The Neogene evolution of the trench as well as the adjacent areas crossed
by the regional geological profiles ( Figs. 13—14) can be tentatively summarized
as follows: at the beginning of Badenian time, the rapidly subsiding areas
quickly reached the stage of deep basin (pelitic) sedimentation. Failure (slump-
ing) of sediments on the steep slopes of the trench resulted in the transport and
reworking of coarse-grained sediments as turbidites. Thus the matrix of the
basal facies is mud deposited from suspension as well as chemically precipitated
CaCO,, to which there were periodic influxes of coarse-grained sediments. The
turbidites may have flowed either along the axis of the trench or down its flanks.
Periodic occurrences of steeply dipping marl and sandstone interbeds suggest
an irregular bottom topography with slumping strata and/or infill of previously
formed turbidite channels. (We use “turbidite” to mean predominantly sedi-
ment gravity flow deposits.)

The deep basin facies is also composed of sediments derived from settling
of mud and chemically precipitated CaCO; (Figs. 11-12). Fossils with CaCO,
shells are rare (possibly transported?), thus biogenic effects of CaCO; precipi-
tation can be certainly excluded. The bedding shows no biogenetic disturbances
of any kind. This is the end of the first phase of the infilling process.

The proximal part of overlying prodelta facies is dominated by periodic
influxes of sand by turbidity flows that exhibit decreasing energy toward the
distal regions of the trough (Figs. 11-12). The amalgamated sandstone beds
(these represent the top of the prodelta series) may overlie or interfinger with
slumped deposits of fan deposits surrounding the deep lake channel systems.

The steeply dipping and laterally extensive beds of the delta front — delta
slope facies (Figs. 11-12) were deposited mainly by gravity flows along with
grain flows of varying intensity, as well as by slumping of previously deposited
sediments. Suspended sediments and chemically precipitated CaCO; were also
deposited along with the coarse-grained clastics. The vertical distance between
topset and bottomset strata indicated that a maximum of about 700 m water
depth may have existed during deposition of this sequence in the deepest part
of the depression. The inclined delta front strata form the most readily identifi-
able unit on seismic reflection profiles throughout this region. The seismic
profiles show a general southeast dip resulting from delta progradation from
the northwest, but in the central part of the Great Hungarian Plain a southwest
dip can be observed [POGACSAS—VOLGYI 1982, and MATTICK et al. this volume]
suggesting that multiple fluvial-deltaic systems advanced into the basin.

Finally the shallow lake, fluvial and especially the marsh and terrestrial
(oxidized) sediments in the delta plain facies (Figs. 11-12) indicate the final
stages of sedimentation in the Mako-Hodmezdvasarhely trough.

These 5 principal facies can also be distinguished laterally within the
Neogene Pannonian Basin sediments. The two regional sedimentological
profiles (Figs. 13—14), based on regional seismic profiles, show a clearly defin-
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Fig. 10. Lateral facies relationships within the three wells drilled within and on the flanks of the
Mak6-Hodmezovasarhely trough

10. abra. A Mako-Hodmezovasarhelyi arokban, ill. szarnyain frt harom mélyfuras kozotti
facies-kapcsolatok
1 — alapkonglomeratum; a — paleozoos aljzat; 2 — mélyvizi facies; 3 — delta eldtér facies:
A alfacies, B alfacies; 4 — delta front; 5 — delta siksag

Puc. 10. ®annanbHble B3BAUMOOTHOILEHHUS TPEX CKBAXHH, MPOOYPEHHbIX
B Maxko—Xoamesépaiapxeiickom rpabene u Ha ero ¢yanrax
1 — 6a3anbHbBI KOHIJIOMEPAT; a — MaJIcO30MCKUit pyHaaMeHT; 2 — riaybokoBoaHas dauus;
3 — npeanenstoBas Gauus: cyddanms A, cyddauns B; 4 — GpOHT ACTbTHI;
5 — fAenbTOBask paBHUHA
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Fig. 11. Processes and depositional environments of a prograding delta within the Pannonian lacustrine system
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able three-step progradation form with an upward fining sequence of silt-shale
alternation. The lowermost siltstone bodies are reworked deposits consisting of
slumps, grain-flows and mud flows. These 3 phases of progradation can be
tentatively identified in both profiles. Cluster and factor analysis of the major
geometrical parameters (total thickness of the Pannonian s.1.; the distance of the
top and bottom of each lithostratigraphic (facies) units as well as the distance
of the Neogene basement from the surface) show close relationship between the
delta slope and proximal as well as distal turbidite bodies corroborating the
genetic connections defined by the classical sedimentological methods. The
regional extension of this facies model throughout the Pannonian Basin should
be one of the future tasks for sedimentologists joining this project.

AN A
\ . 6/ S~
N \\\0\ Q&\
\ Lake level
N\

700+ m Y\ depth
N\

Delta front facies

e subfﬁ:_ief_fé o
Prodelta  Gpfacies A -

Fig. 12. Major depositional processes within a fluvial-dominated delta system. A prograding
lobate delta system probably contained a channel system connecting the fluvial distributaries to
the prodelta lacustrine fan. Progradation of the fluvial delta results in the vertical assemblage of
facies and sedimentary sequences observed within the cores from the Maké—Hodmez6vasarhely

trough
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Regional sedimentological profile from Kiskunhalas to Kiszombor

(South-Central Hungary)

Depthbsi |+ N . S
P 9 & < AN o K .
Yy 5 o o - y p
(meterosz & & & S & & eﬂff , & g o
Ql--4
Q
D
1000~ | 4
P
X
2900 > o
Pz
3000-
Pz&Pt
LEDGEND
Q,D,L,P.d, 4,8, 4,X= markers of regional importance
Ommkm M = Miocene 1—————— boundary of lithostratigraphic

= 0 units
Mz= Mesozoic in general

s — i — = distributary mouth bar
= Jurassic

3—————- distributary channel and point

T =Triasslc bar sandstones

Pz Paleozdic 4——+—————— sandstone-siltstone bodies of
Pt = Proterozoic gravity flow origin

Fig. 13. Sedimentological profile of the south-central Pannonian Basin showing major sand
bodies within Neogene deltaic-lacustrine facies (see Figure 1/A, line 1, for profile location). The
boreholes from which the profile was constructed are listed at the top of the section

13. dbra. Regionalis iiledékfoldtani szelvény Kiskunhalas és Kiszombor kozott, a neogén
tavi—delta facies fobb homok testeivel (helyszinét lasd az 1/A abran)
Q,D,L,P,d,_s, s, _3, X — regionalis markerek; 1 — kozetrétegtani egységek hatara;
2 — folyoagak torkolati zatonyai; 3 — folydagak medre és mederbeli zatonyhomokkd;
4 — gravitacios folyas eredetii homokkd—aleurolit testek

Puc. 13. PernoHanbHblii TuTOCTpaTUrpaduueckuil paspes mno npoduiro
Kumkynxanam—Kui3oM60p ¢ riiaBHbIME T€JIJaMHU NIECYAHOTO COCTABa HEOr€HOBOM
03€pHO—/Ie/IbTOBOM (hanuu (MeCTO pacrmono)eHus cM. Ha pull. 1/A)

Q.D, L, P, d1 _s» S, _3» X — PErHOHAJIbHbIE MaPKUPYIOIIKE TOPU3OHTHI; 1 — rpaHUIbI
JIUTOCTPATUrPAQUUECKHX EIUHUIL, 2 — YCTbeBble OAHKH OTAEIbHBIX PYKaBOB; 3 — OT/EJIbHBIE
pyKaBa M HAKATLJIMBAIOIIMECS B HUX MECYAHUKU PYCIIOBBIX OAHOK; 4 — NECYaHMKU
U aJIEBPOJIUTHI, 00Pa30BaBILIKHECS B pe3y/IbTaTe TPAaBUTAIIMOHHOTO TEYEHUS
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Regional sedimentological profile from Nagyszénds to Battonya

(SE-Hungary)

NW
Depth bsl b1 SE
(metel;)s) Nsz-3 Pf-32 59 Psz-K-3 4«7 5 Veg-K-1 Bat-31 76 Bat-K-32
Q i s
1000 — 3— =
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3 Tor%
D S
L ~
2000 - - LEDGEND
S C,D,L,8,D,dy.5, X= markers of regional importance
M = Mi
Miocene 1 boundary of lithostratigraphic
Mz= Mesozoic in general units
3000 - 1M J = Jurassic 2—.—.— distributary mouth bar
T = Triassic 83— — — — distributary channel and point

Pz- Paleozoic bar sandstones

4——————— sandstone-siltstone bodies of
gravity flow origin

(=]
=3
o
x
3

Pt = Proterozoic

Fig. 14. Sedimentological profile of the southeast Pannonian Basin showing major sand bodies
within Neogene deltaic-lacustrine facies (see Figure 1/A, line 2, for profile location). The
boreholes from which the profile was constructed are listed at the top of the section

14. dbra. Regionalis iiledékfoldtani szelvény Nagyszénas és Battonya kozott a neogén tavi—delta
facies fobb homok testeivel (helyszinét lasd 1/A abran)
C,D,L, S, D,d,_s, X - regionalis markerek; 1 — kozetrétegtani egységek hatara; 2 —
folyoagak torkolati zatonyai; 3 — folyddgak medre és mederbeli zatonyhomokkd; 4 —
gravitacios folyas eredetli homokkdé—aleurolit testek

Puc. 14. PeruoHanbHBI# TUTOCTpaTHrpaduyeckuii paspes no npodumno Haascenam-baTTons
C IJIaBHBIM T€JIAMH TIECYAHOTO COCTaBa HEOTEHOBOW O3€PHO-PEUHON (bauml (mecTo
PacIoJIOXEeHHUs CM. Ha puc. 1/A)

C, D, L, S, D, d,_, X — perdoHabHble MAPKHPYIOLIME TOPU3OHTBI; | — rpaHuLbl
JIUTOCTPATUIpaQUYECKUX SOHHHIL]; 2 — YCTHEBBIE OTMEJH PYyKaBOB peK; 3 — OT/EJICHbIE pyKaBa
M HAaKaIUIMBAIOIIMECS B HUX IECUYAHUKM PYCIIOBBIX 6aHOK; 4 — NMECYaHMKH U AJIEBPOJIOTHI,
o6pa3oBaBIIHECS B Pe3yIbTaTe IPABUTALMOHHOIO TEYEHHUS
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4. Conclusions

(1) The most complete Neogene sequences can be foind in the central
(Hungarian) part of the Pannonian Basin.

(2) Gravity-flow sediment transport maintained an important role
throughout the whole period of Neogene sedimentation.

(3) There is a three-stage progradational delta system in Late Miocene—
Pliocene of the southern part of the Great Hungarian Plain, overlying
a basal mud-supported conglomerate and deep lake marl sequence of
Middle Badenian to Sarmatian age. This pre-deltaic phase produced a
smoothing of the rugged paleorelief.

(4) The key formation is the delta (basin?) slope facies which is easily
correlatable over the area studied. Its recent (i.e. post-diagenetic) thick-
ness (=700 m) refer to a lake sedimentation system with considerable
areal extension.

(5) Distributary channel, point bar, distributary mouth bar sandstone
units, and gravity flow transported sandstone-siltstone bodies can be
recognized in the well logs from the petroleum exploratory wells. The
identification of the fluvial bar system is very important in deciphering
the Neogene evolutional history of the area studied.

(6) The comprehensive analysis of the sedimentological control of the
evolutional history will improve the regional lithostratigraphic corre-
lation.

(7) Trends of future investigations are:

— sedimentological analysis of additional profiles,
— regional correlation and contouring of the different facies units,
— localization of regional pinchout zones.
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A PANNON MEDENCE NEOGEN TAVI DELTA ULEDEKEIBEN MEGNYILVANULO
ULEDEKKEPZODESI FOLYAMATOK ES ULEDEKFELHALMOZASI KORNYEZETEK

BERCZI Istvan és R. Lawrence PHILLIPS

A Mako-Hodmez6vasarhelyi arokban (DK-Magyarorszag) mélyitett, a neogént feltaré mély-
furasok (mélyseégiik 3190, 5842, ill. 2886 m) magmmtal alapjan meghatarozhat6 a medenceét kitolto
iiledékoszlet valtozo iiledékképzodési kornyezete és iiledékfoldtani fejlédéstorténete. Ot fontosabb
facies kiilonitheto el, a tavi-delta—folyovizi sorozatban alulrdl felfelé haladva: 1) ,,alapkonglomera-
tum”, agyagos matrixi konglomeratum, homokkd, turbidit; 2) mélyvizi facies, finoman rétegzett
vagy rétegzetlen aleurolitos vagy tiszta mészmarga; 3) delta-eldtér facies, amelynek also része marga
betelepiiléseket tartalmazo vizszintesen, parhuzamosan rétegzett homokkobol (tavoli turbiditek?),
felsé része zavart rétegzettségli, iiledékrogyasokat is tartalmazo kozeli turbiditekbdl all; 4) delta-
front, delta-lejié facies, latvanyosan dolé (5-20°), deformalt homokkd, aleurolitos homokkd és
marga rétegekkel; 5) delta siksag fdcies, a legvaltozatosabb litologiaju egység, homokkd, aleurolitos
homokkd, lignit és marga rétegekbdl, meder kitdltés, mederkozi siksag, 6vzatony, torkolati zatony
iledékfelhalmozodasi egységekbdl épiil fel. A feltoltédés két fazisa ismerhetd fel: egy kezdeti
mélyvizi, amikor is a lerakddo homok, kavics, marga a szabalytalan topografiat elsimitotta, majd
erre telepiilt az északnyugatrol elérenyomulé folyovizi—delta sorozat.

YCJIOBUSI U MEXAHU3M HAKOIUIEHUS OCAJIKOB HEOTEHOBBIX
O3EPHO-AEJIbTOBbIX OBPA30BAHUI1 MAHHOHCKOI'O BACCEAHA

Wmrean BEPLIU u P. Jlopenc ®UITUIIC

Ha ocHoBe uccrienoBanus kepHa GypoBbix CkBaxuH B Mako—Xo/me3éBaluapxeickoM rpabe-
He (c riny6unamu 3190 m, 5842 M u 2886 M), mosIBUIACH BO3MOXHOCTh PEKOHCTPYKIMH YCJIOBHUi
HAKOILJIEHUS OCA/IKOB, 3aMOJIHSIOLMX OacCeliH HEOreHOBBIX 00pa30BaHUi U OTJIMYAIOIIMXCS BBICO-
KOM M3MEHYMBOCTBIO, @ TAKXKE UCTOPHHU Ie0I0ru4eckoro pa3Butus. CHH3y BBEPX 10 HANIPABJICHUIO
paspe3a 03epHO—AEJIbTOBbIX—PEYHBIX OTJIOKEHUH MOXHO BBIAEIUTH 5 CIEAYIOILHX [JIABHBIX halu-
aJIbHBIX THTIOB: 1) «6a3anvhelil KOHe 10 Mepamy» — KOHTIIOMEpAT, OCHOBHYIO Maccy KOTOPOro COCTaB-
JISIOT TJIMHBI, IECYAaHUKH, TYPOUIUTBI; 2) 2ay60Kk0800Has dhayus — U3BECTKOBBIE MEPrEJIH, alaeBpo-
JIUTOBbIE MJIM YHCTbIE, TOHKOCIIOUCTBIE MK Ge3 CIIOUCTOCTH; 3) npudeavmosan gayus — HAKHAS
4acCThb €€ pa3pe3a NpPeCTaBIeHa FOPU30HTAJIbHBIMH NapaJljie/IbHbIMH CIIOSIMHU TIECYAHMKOB C TPOC-
JIoOWKaMM Merpeseit (lajdbHue TypOUIMTBI), a B BEpXHEH YacTH 3aJIeraloT OJM3KUe TypOUIUTHI
C JIMCrapMOHHMYHOM CJIOMCTOCTBIO, MMEIOLIME MECTaMH CJIebl OMNOJ3HEBBIX ABJICHUN; 4) Payuu
@ponma u cxaona deabmel — COAEPKUT HAKIIOHHO 3aseratougue (5-20°) nehopMHUpOBaHHBIE TIECHa-
HHMKH C NMPOCJIOHKaMHU aJIEBPUTOBBIX TIECYAHHUKOB U Meprejiel; 5. dayusn deabmosoii pasHunbl — Xa-
pakTepu3yeTcss HauOOJIbILIEH JTUTOIOTHYECKOW H3MEHYMBOCTBIO U COCTOMT U3 CJIOEB PA3JIMYHOIO
COCTaBa: MECYAHUKH, aJIEBPOJUTOBBIE NECYUAHUKH, JIATHUTHI U MEPTEJIU.

B reHeTH4eCKOM CMBICIIE 9TO — OTJIOKEHHS JOJIMH, MEXAOJMHHbBIX PABHUH, a4 TAKXKE MOSACOBIX
M yCTheBbIX 6AaHOK. MOXHO BBIIEIUTD jBe (a3bl 3aMOJHEHHS: HaYaIbHYIO I1y6oKoBOAHYIO a3y,
B TIPOLIECCE KOTOPOH OCAXKAAIOLIMECS TIECKH, FaJICYHUKUA ¥ MEPTreJid BIPABHUBAJIM BCE HEPOBHOCTH
penbeda, U MO3HIO, B Npoliecce KOTOPOU pevHas Je/bTOBAas CEPUs, HaJABUIakOILASCS C CEBEPO-
BOCTOKA, HAKJIa/1blBAJIaCh HA BBILLCYKA3aHHbIE OTIOXKEHHUS.
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T [ szer. Az iiledékfelhalmozodast zagy-
2 - B - arak, homok folyasok és a lejtdiile-
700 + m . 550m A delta front ‘ zjlgah:’e';‘e‘;t:"gyﬁz:‘;;y dékek rogyasai jellemzik
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Nincs biogén szerkezet B alfacies S2in JO20L0 ook Ko Fefos
Egyenetlen felszin 7~ gek, Bouma Ta, Tab és Tabc
(iiledékrogyasos — B alfacies sorozatok feltépett sajat
B A alficies rétegek) | anyagu tormelékkel. Kis mé- | B alfacies: a d616 és a deformalt ré-
A Tavi tormelékkip rendszer fejlédott ki az retli keresztrétegzettség és vé- | tegek a delta front el6tti rétegek de-
alfacies iiledékrogyasos felszin elétt. A homok mé- kony (4 mm) ismételt mar- formaciojat (nagy- és kisméretii iile-
350 m retil iiledéket csatornak szallitjak (zagyar) ga homokko valtakozas gya- | dékrogyas) képviselik egyenetlen fel-
A alficies = kori szint hozva létre a to fenekén
kozeli
ey L0 2 tubiditek
= (tormelékkup
fé‘_ iiledékek?) D616 rétegek (25°-ig), vagy atforditott homokké és mar-
alficies : ga rétegek. Osztdlyozott homokké rétegek gyakori Bou- | o yes e Tavi tormelékkap
685 m ma Tab so"roza(tokkal'és feltéyett sajat e{rjyagﬁ tormelék- | rondsser }éjlédén ki:az egyenetlen
kel. Puhal uledfakekre :!ellemzq delt:ormetc10k (terhelési felszin elétt, amely a homokot messze
A szerkezeti vonasok, kozel egyidejii vetok, stb.) az elorenyomulé delta elé szallitotta
Parhuzamos, osztalyozott homokké rétegek gyakori marga kozbetelepii- § ——— A R
tavoli léses Bouma Tbc sorozatokkal. A homokkd rétegek valtozasa alulrol fel- CdC'O_,‘ ‘fewlfl' klcsap()d',’?'f &s fetle-
turbiditek  felé: vékony rétegzettsé kisméretii keresztrétegzettség  egybeolvadt pedése 4z iszap szusgpenziobol.
< e K y reteg 8 NSRS i & g &y A CaCOyj tartalom 67%;-rol (mész-
agyagmarga retege marga) 10-33%-ra (agyagmarga)
csokken, jelezvén a tormelékes iile-
MELY dék novekvo részaranyat
1165 m
MEDENCE

vékonyan rétegzett margak

mészmarga

11. dbra. Uledékképzodési folyamatok és iiledékfelhalmozodasi kdrnyezetek a pannoéniai torendszer eldrenyomul6 deltajaban
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st MOIIHOCTb|
PALL B Hod-I
AETIBTOBASY 5517
PABHUHA
YPOBEHBb BOABI
700 +M 550 m
®POHT 733 m (MakcuMasibHas OTJIOXKEHHUH €
JAEJIBThI riay6una BOMBI) MCKOJIAEMBIMHU ClIEIaMK
Her 6HOTeHHBIX
CTPYKTYP
B A cybopauus
cyb6ganus | IMepen onosi3HEBOH NOBEPXHOCTHIO
350 m Pa3BUTa CHCTEMa O3EPHBIX KOHYCOB
BbiHOCA. OCa/IKH, IPpaHyJIOMETPHYECKHI
MPE/L- COCTaB YaCTHIl KOTOPBIX COOTBETCTBYET
EJTTOBAS I1ECKaM, NEPEHOCATCA B KaHAJIax
OBJIACTH & (MyTHBIE NOTOKH)
cybdauns 1pHOpexHbIe
685 M rypouauThI
(OcaKu KOHYCOB
BbIHOCA?)
| IAHUCTBIE
Mepresiu AajibHble
rypouanTh!
FJIYBOKAﬂ 1165 m
BIMAAWUHA

TOHKOCJIOUCTBIC MEPIHJIH

HM3BECTKOBHUCTBIC MEPIHIIK

-30Ha C MHH. KOJI-BOM KHCJopoaa- — >

OMUCAHUE

HAMPABJIEHME TTPO-
ABUXEHUSA NEJBThI

YCJIOBUS OCAAKOHAKOIJIE-
HUs

Heruybokue o3epa, 6osiota, peky,
CyXas 110BEPXHOCTD 3eMJIK.

"Haks0HH0 3aneratomme nec-
| YaHHKH, AJIEBPOJIHTHI M Mep-
rejin. CopTHpoBaHHbie CJIOM
lieckoB, cepun Bouma Ta,

, Tab, u Tabc ¢ nepeornoxen-
HBIMH 00JIOMKaMH TOTO Xe
cocraBa. XapakTepHo orpa-
HHYEHHOE Pa3BHTHE KOCOH
C/IOHCTOCTH, A TaK e MHO-

1 OKPaTHOE YepeOBaHHE TOH-
KHX (4 MM) CJI0€B 11ECYAHOTO
COCTaBa M MepreJiei.

VYron naknona
dpoHTa AENBTHI
NPHOJIH3UTENILHO,
o

B cybdauns
HepoBHas nosepxHocThb
(onon3HeBbIE C/IOH)

Haxsionnbie (10 25°) HilM ONIPOKHHYTBIE CJIOM 11ECYAHHKOB

H Mepreneﬁ. COpTHpOBaHHLIC CJIOH 1ECYAHUKOB C YaCTbIMH
cepuamu Bouma Tab u o6si0oMkamu Toro xe cocrasa. [e-
(bopmaumn, XapakTepHbie JUIS HEKOHCOJIMAHPOBAHHBIX OTJI0-
KEHHH (CTPYKTYpBI HATPY30K, 4epThi, GJIH3KHE N0 BpeMeHH
06pa3oBaHuA H T.1.)

TMapasinebHbIE C/IOM COPTHPOBAHHBIX MECYAHHKOB C cepHsMK Bouma
Tbc u wacThiMu npocioiikamu mepreseil. M3MeHenune xapaktepa cliomc-
TOCTH 110 HANPABJICHHIO CHHU3Y BBEPX: TOHKAA CJIONCTOCTH ~ OTrpAHHYEH-
Hasg Kocasi CJIOMCTOCTL — CIUJIABJIEHHbIE CJIOH.

JleibTOBAs CHCTEMA, NPOJIBUTaK0-
wascs Brepe B riybokoe 03epo.

[Ipotecc HAKOMIEHHS OCAKOB Xa-
PAKTEPH3YETCA NOABICHHEM [10TO-
KOB MYTH H 1I€CHaHBIX 110TOKOB,

a TaKkKe OMOJ3HEBbIX SBJIEHHH

B OCaJIKax CKJIOHA.

B cyb6daums: HakionHbie ¥ aepop-
MHpPOBAHHbIE CJIOM, NPEACTABIISIO-
e aeGopMalnio NPHAEIbTOBBIX
cs10eB (ONOJI3HH B 3HAYHTENBHBIX

u Heboabnx maciuTabax) cosnaro-
IIIHE HEPOBHYIO 10BEPXHOCTH Ha JIHE
o3epa.

A cybgaums: nepea HepoBHO# Mo-
BEPXHOCTbIO Pa3BUBAJIACH BCCPOOG—
pasHas CHCTeMa 03€p, B KOTOPO#
TNECKH NEepeMELIAINCEL 1aJIeKO BHiepe-+
¥ NPOABHTAIOLLEHCS eJIbThI.

XHMHYECKOE OCAXIEHHE U OTJIOKE-
e CaCO, n3 wiancTO# cycneHuuu

Puc. 11. TIpoueccel H yCIOBUS OCAJKOHAKOIIEHHUS B MPOABHIAIOILCHCS A€/IbTe MAHHOHCKOM 03EPHON CHCYEMBI
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Puc. 12. I'naBHbIE POLECCHI HAKOTUJIEHHS! OCAJIKOB B CUCTEME PEYHOM JIE€JIbTHI.
B npoaBuraronieicss H3BHJIUCTONW CHCTEME JIETbTHI, IO BCEH BEPOSITHOCTH, CYIIECTBOBaJIa
U CHCTEMA KaHaJIOB, COEUHSAIONIAs PyKaBa PEKH C O3EPHOTHITHBIM KOHYCOM BBIHOCA
NPUAETLTOBON 006sacTu. B pe3ynbTraTe MPOABHXKEHHUS AETbTHI B KEPHAX CKBAXUH
Maxko—-XoameséBamapxeickoro rpabeHa xopoio HabIroaaeTcss BepTUKaIbHAS CMEHA OJHHX
(amuii ¥ CBUT MOCIEIYIOLIMMHU
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MAGNETOSTRATIGRAPHY OF NEOGENE STRATA PENETRATED
IN TWO DEEP CORE HOLES IN THE PANNONIAN BASIN:
PRELIMINARY RESULTS

Donald P. ELSTON*, Géza HAMOR**, Aron JAMBOR**,
Miklos LANTOS** and Andras RONAT**

Neogene strata cored in two 1200 m-deep holes drilled in the central and northern parts of
the Pannonian Basin (Kaskantyd-2 and Sdmsonhaza—16a, respectively) were sampled on <1 m
intervals for development of polarity records that might be correlated with the generally accepted
polarity time scale. The Kaskantyu-2 drill hole penetrated strata of Pleistocene and Pliocene age
in its upper part, and a nearly complete, Late Miocene section in its lower part. Strata of Pliocene
and Late Miocene age are assigned to the Pannonian (s.1.) stage. The strata were found to be stably
magnetized, which allowed development of a polarity zonation that is provisionally correlated with
the polarity time scale for the interval from perhaps as much as 12 to about 2 million years (Ma)
ago. The polarity zonation from the Kaskantyi-2 core hole has allowed a rate of about 120 m/Ma
to be estimated for the accumulation of sediments in the south-central Pannonian Basin during late
Miocene and Pliocene time. The zonation in the upper part of the Kaskantyu-2 borehole correlates
generally with a polarity zonation assigned to the Early Pleistocene and Pliocene reported from core
holes previously drilled near Dévavanya and Vészté in the east-central basin.

The Samsonhaza—16a core hole in the northern part of the basin penetrated pre-Pannonian
Neogene strata. The magnetization, weak and unstable for a large part of the section, precluded
development of a polarity zonation that could be correlated in its own right with the polarity time
scale. The few intervals of stable magnetization thus could only be tentatively related to the polarity
time scale by employing nannoplankton age assignments for the section, supplemented by K/Ar
dates extrapolated to the section. Although the resulting correlations are uncertain, they nonetheless
suggest that much of the pre-Pannonian complex in the Sdmsonhaza—16a section accumulated

during relatively short intervals of time.

Keywords: stratigraphy, magnetostratigraphy, chronostratigraphy, Neogene, Paratethys, Pannonian
Basin

1. Introduction

We present here preliminary results of a study of the polarity records from
two deep holes cored in the south-central and northern Pannonian Basin of
Hungary. One hole, Kaskantyu-2, was drilled in strata of south-central Hun-
gary assigned to the Lower and Upper Pannonian stage (s.1.), which includes
strata of late Miocene and Pliocene age. The second hole, Sdmsonhdza—16a, was
drilled in pre-Pannonian Neogene strata of north-central Hungary. The holes
were cored to depths of about 1200 m. More than 2500 samples oriented with
respect to the up-direction of the cores were collected and analysed at the
Paleomagnetics Laboratory at Flagstaff, Arizona.

* U.S. Geological Survey, 2255 North Gemini Drive, Flagstaff, AZ 86001

** Hungarian Geological Survey, POB 106, Budapest, H-1442
Manuscript received (revised form): 26 July, 1985
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One objective of this study was to provide time-lines, by developing correla-
tions with the polarity time scale, so that Neogene sections of the Pannonian
Basin can be better placed in the geologic time scale. This would lead to an
improved understanding of correlations, facies relations, sedimentologic and
structural history, and evolution of the basin during Neogene time. For Hun-
gary, this also should lead to an improved understanding of hydrocarbon
evolution and accumulation in the Pannonian Basin, particularly when paleo-
magnetically ,,dated” Pannonian horizons are extrapolated to the deep parts of
the basin by means of other geophysical methods. For this scientific field, a high
resolution polarity record potentially obtainable from strata of the Pannonian
Basin holds promise for allowing an improved polarity zonation to be developed
for the interval 5-12 Ma ago, which would more than double the current
terrestrially derived polarity zonation that is relatable to the oceanic polarity
record.

The magnetostratigraphic studies reported here have been carried out
through a bilateral cooperative agreement between the U.S. Geological Survey
(U.S.A.) and the Central Office ot Geology (Hungary) for the analysis of the
two boreholes. Results are preliminary because work on the Kaskantyu—2 drill
cores has not yet been completed.

2. Geologic setting

Stratigraphic and paleontologic studies have shown that the Paratethys was
not connected with the open ocean during the Neogene [LASKAREV 1924]. The
planctonic foraminifera studies [CICHA—SENES 1968, STEININGER—SENES 1971]
have shown that the molluscan- and planctonic foraminifera-based correlations
of the late 19tk century contained facies-related temporal errors of about 6 to
7 Ma. In view of the foregoing, direct paleontologic correlations of Miocene and
Pliocene strata of the Pannonian stage (s.1.) with the oceanic record have not
been possible, and correlations thus have to be derived from chronostratigraph-
ic methods. '

The stratigraphic sequence in the Pannonian Basin, at places, contains
intercalated volcanic deposits. These have locally allowed the age of the strata
gto be assessed by K/Ar determinations [HAMOR et al. 1979, and BALOGH et al.
1982]. Additionally, detailed magnetostratigraphic records have been developed
from two thick sections cored in the Great Hungarian Plain [COOKE et al. 1979]
of the east-central basin. This paleomagnetic work made it possible to identify
the boundary between the Pleistocene and Pliocene in the basin-filling sequence,
and also to infer an approximate position for the lower boundary of strata of
Pliocene age. However, temporal relationships for-underlying strata in the
Pannonian Basin with respect to the polarity time scale (particularly for strata
assigned to the middle and lower parts of the Pannonian stage, s.1.) required
additional magnetostratigraphic study. To achieve this, two deep holes (cored
to their full depts, ~ 1200 m) were drilled to intersect an anticipated complete,
composite Neogene section, and these sections were subjected to multidisciplin-
ary studies, including magnetostratigraphic analysis.
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3. Stratigraphy of the boreholes

The locations of two holes whose cores were analysed for this study are
shown in Figure 1. Kaskantya-2 is located in the middle part of the Danube—
Tisza interfluve, whereas Samsonhaza—16a is located in the central part of the
North Hungarian Highland Range. Although hiatuses exist, much of the Neo-
gene sequence of the Pannonian Basin is penetrated in these two holes. Partially
correlative strata penetrated by the Dévavanya and Vészt6 drill holes [COOKE
et al. 1979] are located in the east central part of the Pannonian Basin, east of
the Tisza River (Figure 1).
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Fig. 1. Location map showing the boreholes studied
1. abra. A tanulmanyozott firasok helye

Puc. 1. CxeMa pacroJIOKEHHs U3Y4aeMbIX CKBAXUH

The base of the sequence penetrated in the Kaskantyu—2 borehole (Fig-
ure 2) begins with deposits of a Late Badenian (Middle Miocene) transgression.
Deposition was followed by apparently uninterrupted accumulation that con-
tinued to the top of the Sarmatian (early Late Miocene). The basal part of the
overlying Pannonian sequence is missing, because strata belonging te the Pleuro-
zonaria ultima zone, and to the lower half of the Spiniferites bentori zone, are
absent. Above this, pelitic-sandy strata were deposited without interruption to
the top of the Pannonian (s.1.) stage. Basal deposits of late Pliocene age (early
Pleistocene according to the Hungarian classification of time stratigraphic units)
overlie the Pannonian strata, which in turn are followed by a minor(?) hiatus
and the deposition of younger Pleistocene deposits. Most of the Pleistocene
section was not sampled because it was unsuitable for paleomagnetic study.
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Fig. 2. Lithostratigraphy and magnetostratigraphy of borehole Kaskanty(-2
Columns: a) inclination; b) short reversals (M means mixed polarity); c) magnetostratigraphic
zonation; d) lithology. 1 — unconformity; 2 — clayey marl; 3 — sand; 4 — variegated
clay; 5 — huminite-bearing clay; 6 — silt; 7 — marl; 8 — calcareous marl; 9 — coarse clastic
ooidal limestone with conglomerate; 10 — normal magnetization; 11 — reverse magnetization;
12 — no data
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The Kaskantyi—2 borehole sequence has been analysed for Dinoflagellata
planktonic microfossils by SUTO-SZENTAI [written communication, 1983], for
molluscs by KorPAs-HODI [written communication, 1983], and for ostracods by
KoORECZ [written communication, 1983]. Additionally, a relatively fresh sample
of rhyolite tuff from the Nagykozar-2 drill hole has been analysed to obtain a
K/Ar date from biotite [BALOGH et al. 1983, written communication]. This date,
11.6 + 0.5 Ma, comes from strata closely overlying the lower boundary of Lower
Pannonian strata, therefore providing an approximate age for this boundary.
Various ages have been reported for strata at different levels of the Pannonian
stage (s.1.). The boundary between the Lower and Upper Pannonian based on
molluscan fauna is considered to lie at about 7 Ma [KorrAs-HoOD1 1983]. This
age, however, differs considerably from the approximately 5 Ma value inferred
from K/Ar dates obtained from Pannonian basalts [BALOGH et al. 1982], which
lie near the boundary between strata assigned to the Lower and Upper Pan-
nonian. Alternatively, a boundary drawn between the Lower and Upper Pan-
nonian stages in the Kaskantyu-2 drill core lies at about 8.8 Ma on the basis
of paleomagnetic correlations. Lastly, a boundary drawn between Spiniferites
bentori and Spiniferites validus has been proposed as a stage boundary within
the Pannonian s.1. [JAMBOR-K ORPAS-HODI-SZELES-SUTO-SZENTAI 1985]. This
boundary corresponds with a stratigraphic position low in the Kaskantyu-2
section [SUTO-SZENTAI 1983]. It is at a level that appears to be older than 11
Ma old on the basis of preliminary correlation of the Kaskantyu-2 section with
the polarity time scale.

The Sdmsonhaza—16a drill hole ( Figure 3) bottomed in strata assigned to
the Egerian (Late Oligocene and Early Miocene) stage. The Egerian strata are
unconformably overlain by Ottnangian (late Early Miocene) strata, strata that
in turn may be turncated by an unconformity. Above this, strata assigned to
the Karpathian (late Early Miocene) stage consist of coarse to fine clastics
grading upwards to siltstone and marl. These are overlain by tuffaceous strata
locally containing andesite flows, all of which are assigned to the Badenian stage
(Middle Miocene).

2. abra. A Kaskantyi—2 mélyfuras lito- és magnetosztratigrafiaja
Oszlopok: a) inklinacio; b) rovid atfordulasok (M = kevert polaritas); c) magnetosztratigrafiai
zonacio; d) litologiai rétegsor. 1 — diszkordancia; 2 — agyagmarga; 3 — homokkd; 4 —
tarkaagyag; 5 — huminites agyag; 6 — iszap; 7 — marga; 8 — mészmarga; 9 — durvaszemi
ooidos mészké konglomeratummal; 10 — normal magnesezettség; 11 — forditott
magnesezettség; 12 — nincs adat

Puc. 2. JInto- 1 MarauTocTpaTUrpadus ckBaxuusl Kamkantro—2
Cronbusl: a) HakJIOHEHHe; b) KpaTKOBpeMeHHbIE 1IepeBOPOTHl (M = cMellaHHas NOJSAPHOCTD);
C) pa3ziesieHHe MarHUTOCTpaTUrpaduieckix 30H; d) JTUTOJIOrOYecKuit KoJoHKa. 1 — Hecoryacue;
2 — TJIMHUCTBIE MEpPreyiu; 3 — MecYaHUKU; 4 — TECTPOLBETHbIE IJIMHBI; 5 — IJIMHBI CO
CONIEPXKAHUEM OPraHUYECKOro BEIECTBA; 6 — HIIH; 7 — Mepreiiu; 8 — H3BECTKOBBIE MEPIEIIH;
9 — 06;10MOYHbBIE OOUIOBbIC H3BECTHSKH C KOHIJIoMepaTaMbl; 10 — HOpManbHas
HAMArHUYEHHOCTD; 11 — obpaTHasi HAMArHMYEHHOCTD; 12 — HET JaHHBIX
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Fig. 3. Preliminary correlation of the polarity zonation of the Kaskantyu-2 core hole with the
polarity time scale of LOWRIE and ALVAREZ [1981]
Columns: a) inclination; b) short reversals (M means mixed polarity); ¢) magnetostratigraphic
zonation; d) polarity time scale. 1 — normal magnetization; 2 — reverse magnetization; 3 — no

data
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4. Paleomagnetic analysis

The Kaskantya—2 and Samsonhaza—16a drill holes were cored in full,
employing a 5.9 m long core barrel. The cores were sampled at approximately
0.5 m intervals at the drill site. Initially, no samples of unconsolidated sediments
or very hard rock were collected, giving rise to a few rather large gaps in
paleomagnetic records (a maximum of 20 m length). Subsequently, approxim-
ately 200 second-stage samples were collected from the major unsampled inter-
vals in the Kaskantyu-2 section, and from across the section to check on the
validity of several intervals of one- and two-sample “reversals”. Analysis of the
second stage samples has not yet been completed.

Approximately 2600 first stage samples were processed in the paleomagnet-
ics laboratory at Flagstaff, Arizona. Following measurement of the natural
remanent magnetization (NRM), a series of pilot samples were subjected to
stepwise alternating field demagnetization analysis for identification of the
ranges of stability in representative materials. In view of the behavior observed
during demagnetization analysis, the remaining Kaskantyi-2 samples were
partially demagnetized in 50 oersted (oe) (= 5 mT or milliTesla) fields, and the
samples from Samsonhaza—16a were partially demagnetized in 75 oe (7.5 mT)
fields.

Samples that were considered to be reliable for development of a polarity
zonation exhibited inclinations >20°, and intensities >2x10~7 emu/cm?
(or~2x10"* A/m). Samples having lower reliability, but for which only one
of the conditions was met, were also considered to be potientially useful and
employed in the evaluation. Finally, samples exhibiting very low intensities
and/or inclinations near 0° were not used for the determination of polarity.
Moreover, reversals controlled by a single sample also were not used for
development of a polarity zonation. Such “reversals” were provisionally con-
sidered to have arisen from the inadvertent inversion of individual samples.

Kaskantyu-2: Of the two coreholes, Kaskantyu-2 yielded much the better
material for paleomagnetic analysis. Intensities are moderate, 10™° to 107°
emu/cm® (1072 to 107* A/m). From demagnetization results (not presented
here), the entire sequence was seen to have a rather stable remanent magnetiza-
tion. Problems with interpretation arose from a rather large number of strati-
graphically narrow, apparent polarity reversals. and from a few intervals not

3. dbra. A Kaskanty(-2 mélyfuras eldzetes korrelacioja a LOWRIE és ALVAREZ [1981] féle
polaritas-id6 skalaval
Oszlopok: a) inklinacio; b) rovid atfordulasok; c) magnetosztratigrafiai zonacio; d) polaritas-id6
skala. 1 — normal méagnesezettség; 2 — forditott magnesezettség; 3 — nincs adat

Puc. 3. TlpeapapuTebHas KOPPENsiys CKBaXxHHbl KalllkaHTio—2 ¢ MEX/yHAPOIHON ILKAJION
BPEMS-TIOJIIPHOCTb
Crosib1pl: a) HAKIOHEHHUE: b) KOPOTKH NMEPEBOPOTHI; C) MATHUTOCTPATUTpaduyecKkue 30HbI;
d) 3aBUCUMOCTB MOJISPHOCTH OT BPEeMEHHU. | — HOpMaJsibHasi HAMArHUYEHHOCTD; 2 — oOpaTHas
HAMArHUYEHHOCTD; 3 — HET JAHHBIX
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sampled near the base of the cored section (Figures 2 and 3). Second-stage
sampling was undertaken with the object of resolving several of the uncertain-
ties.

A preliminary correlation of the Kaskantyi-2 polarity zonation with the
polarity time scale of LowRIE and ALVAREZ [1981] is proposed in Figure 3. The
correlation is based mainly on pattern matching of the principal intervals of
normal and reverse polarity, and secondarily on the number and relative thick-
ness of the narrower polarity intervals. Magnetic anomaly 5 plays an important
role in the interpretation. Note that the proposed correlation of the top of
anomaly 5, at~ 8.8 Ma, lies close to or coincides with the lithologic boundary
between strata assigned to the Lower and Upper Pannonian stage. Howevex,
the unavailabity of samples from some of the underlying strata has precluded
a more certain identification of the position of the base of anomaly 5, or a less
ambiguous correlation with the polarity time scale for strata that are inferred
to be ~10 Ma and older in age.

The correlation with the polarity time scale shown in Figure 3 contains
information on the rate of accumulation of sediments in the Danube-Tisza
interfluve area of south-central Hungary during the late Miocene and Pliocene.
The accumulation rate for the interval from about 860 to 240 m depth, extend-
ing from near the top of anomaly 5 to the inferred top of the Gauss normal
polarity epoch, was virtually constant at about 120 m/Ma (Fig. 4). This rate
of accumulation is about two-thirds of that, calculated from the Dévavanya and
Vészto core holes [COOKE et al. 1979 and RONAI 1981].

Sdmsonhdza—I6a: In the pre-Pannonian strata cored in Sdmsonhaza—16a,
the strategy of employing a potential polarity zonation differed markedly from
the strategy used for the Pannonian and post-Pannonian drill core records
obtained from the more central parts of the Pannonian Basin. In the latter,
correlations with the polarity time scale were developed by assuming that
deposition was more or less continuous across the intervals studied, an assump-
tion based on stratigraphic records, now supported by paleomagnetic records.
In contrast, the polarity record obtained from Samsonhaza-16a was com-
promised by severe geologic as well as paleomagnetic complications.

Many samples from borehole Samsonhaza—16a are characterized by low
to very low intensities, which for many samples scarcely exceeded the noise level
of the cryogenic magnetometer (see Figure 5). Additionally, a persistent viscous
component was observed for these intervals, suggesting an unstable magnetiza-
tion. Lastly, there are many gaps in the magnetostratigraphic coverage. The
foregoing deficiencies, alone, precluded correlation of the contained polarity
record with the polarity time scale.

In spite of the above, parts of the magnetic record have been provisionally
related to the polarity time scale by employing the nannoplankton record,
supported by K/Ar ages extrapolated to the section (Figure 5). These temporal
data strongly suggest that the section penetrated in the Samsonhaza drill hole
accumulated irregularly through time, and at markedly different rates of accu-
mulation. Nannoplanktonic results [NAGYMAROSY 1983] indicate that the inter-
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Fig. 4. Accumulation rate of sediments during the Late Miocene and Pliocene from proposed
correlation of the polarity zonation of the Kaskantyu-2 core hole with the polarity time scale

4. dbra. Uledékfelhalmozodasi sebesség a felsémiocénben és a pliocénben, a Kaskantyi—2

Puc. 4. CxopoCTb OCaAKOHAKOTJICHHS B BEPXHEM MHOIIEHE U B TJIMOLIEHE, pACCYMTAHHAsS HA
OCHOBE KODEJIJISLMU 30H MOJISPHOCTH IIyOOKOM ckBaxuHbl KankaHTio—2 ¢ MEXAyHAPOAHOH
LIKAJOH BPeMS—TOJIIPHOCTD

val from 211 m to 712 m can be assigned to nannoplankton zone 4 (NN4), which
from the compilation of HAQ [1983] has an assigned age range of about 17.0 to
18.4 Ma. This age range includes a substantial part of an interval of apparent
normal polarity, and questionable normal polarity, in the Samsonhaza—16a core
(Figure 5). Nannoplankton zone 5, from the upper part of the interval of
questionable normal polarity, has an assigned age range of about 15 to 17 Ma.
Above this, from a stably magnetized interval, an extrapolated K/Ar age
appears to require a correlation of this and the underlying strata with anomaly
5C, which has an assigned age range of 16.2 to 17 Ma. Thus, strata extending
from a depth of less than 100 m to more than 800 m would seem to have
accumulated during an interval of time considerably less than 2 Ma. It is a
stratigraphic interval that corresponds to the development of “schlieren” in the
region during early Miocene time [NOSzKY sen. 1912, CSEPREGHY-MEZNERICS
1951, HAMOR— JAMBOR 1969]. About 200 m beneath this, an interval of stable
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normal polarity corresponds with nannoplankton zone 2 (NN2), for wich an
age range of 19.6 to 23.0 Ma has been assigned [HAQ 1983, NAGYMAROSY 1981].
This basal normal polarity interval, consequently cannot be correlated with the

polarity time scale.
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5. Summary

Evidence summarized in the preceeding sections leads to the following
general conclusions.

(1) The Kaskantyu-2 drill hole appears to have penetrated a section of
strata of early Pleistocene, Pliocene, and Miocene age that spans polarity
anomaly intervals 2 through possibly 5A, extending from about 1.7 to perhaps
as much as 12 Ma. Within this, the section assigned to the Pannonian stage (s.1.)
extends from approximately the Late Miocene, at perhaps 11.5 Ma, across Late
Miocene and Pliocene time, with an upper boundary that appears to coincide
with the boundary between the Matuyama and Gauss polarity epochs. Conse-
quently, the Pannonian stage (s.1.) includes the Tortonian, Messinian, and
Zanclean stages of Mediterranean stratigraphy.

Fig. 5. Lithostratigraphy and apparent polarity zonation from the Samsonhaza—16a core hole,
and a possible correlation with the polarity time scale employing nannoplankton age
assignments and K/Ar ages extrapolated to the section
<] Columns: a) polarity time scale after LOWRIE and ALVAREZ [1981], b) lithology;
¢) chronostratigraphic units; d) nannoplankton zones; e) magnetostratigraphic zonation:
e,) interpretation, with classification (contradictions and uncertainty indicated); e,) measurement.

1— unconformity; 2 — clayey marl; 3 — limestone; 4 — andesite pyroclastics; 5 —
argillaceous—calcareous—sandy aleurolite; 6 — sandstone; 7 — gravel; 8 — lignite; 9 —
variegated clay; 10 — normal magnetization; 11 — reverse magnetization; 12 — no data

5. dbra. A Simsonhaza—16a mélyfuras litosztratigrafiai és magnetosztratigrafiai beosztasa,
valamint ennek egy lehetséges korrelacidja a nemzetkozi polaritas-idd skalaval, felhasznalva
nannoplankton- és extrapolalt K/Ar kormeghatarozasi adatokat
(:] Oszlopok: a) polaritas—id6 skala LOWRIE és ALVAREZ [1981] utan; b) litologiai rétegsor;
c) kronosztratigrafiai egységek; d) nannoplankton zéndk; €) magnetosztratigrafiai zonacio: e,)
értelmezés osztalyozassal (ellentmondasok és bizonytalansagok feltiintetésével), e,) mérési
adatok. 1 — diszkordancia; 2 — agyagmarga 3 — mészké 4 — andezit piroklasztit
5 — agyagos—meszes—homokos aleurolit; 6 — homokkd; 7 — kavics; 8 — lignit;
9 — tarkaagyag; 10 — normal magnesezettség; 11 — forditott magnesezettség; 12 — nincs adat

Puc. 5. JIutocTpaTurpaduyeckoe ¥ MarHMTOCTpATUrpauyeckoe pacuieHeHHe rirybokoi
ckBaxxuHbl [laMionxaza—16a, 1 0/1Ha U3 BO3MOXHBIX KOPEJUISLUM ¢ MEX/YHAPOAHOHN LLIKaJION
BPEMSI—TIOJIIPHOCTD, HCIOJIb3Ysl IaHHBIE ONpe/Ie/IeHHs BO3pacTa Nno HaHHOGI0pe
¥ SKCTPANoJMPOBAHHBIC JaHHBIE onpeneseHus Bo3pacrta K/Ar meTtoaom

(j Cronbupi: a) 3aBUCHMOCTB MOJAPHOCTH OT BpeMeHH 1o LOWRIE # ALVAREZ [1981];

b) nuTonoruyeckas KOJOHKA; C) XPOHOCTpAaTUrpaduyeckue eAMHUIbE d) HAHHOIUIAHKTOHOBBIE
30HBI; €)MArHUTOCTPATUr paQUYECKHE 30HBL: €,) MHTEPNPETALHUS C KIACCHPUKALHEN

(c ykazanueM NpOTUBOPEYHIl U HEHANEKHOCTEN); €,) H3MEPEHHBIE JaHHble. | — Hecorjacue:

2 — TJIMHUCTBIE MEpresu; 3 -—— M3BECTHSKH; 4 — aHE3UTOBbIE TY(DBI; 5 —
[JIAHUCTO-U3BECTKOBO-TIECHAHbBIE AJIEBPUTHI; 6 — MECYAHUKH; 7 — IIEOEHDb; 8 — JIMTHUT
9 — mectpouBeTHbIe rMHBL 10 — HOpMaslbHAS HAMATHHUYEHHOCTD; 11 — obpaTHas
HAMAarHM4eHHOCTb; 12 — HeT JaHHBIX
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A boundary between the Lower and Upper pannonian, drawn at the
contact between the Nagykorii and overlying Zagyva Formations in the Kas-
kantyu-2 drill hole (at about 864 m; Figure 2) lies at the approximate level of
the top of anomaly 5 at 8.8 Ma. This boundary differs markedly from an age
approximately 5 Ma reported for Pannonian basalt occurring near a boundary
that separates -.... .ssigned to the Lower and Upper Pannonian [BALOGH et
al. 1982]. From paleomagnetic correlations, the Miocene-Pliocene boundary in
the Kaskantyu-2 section lies within the Zagyva Formation, at a depth of about
450 m. An estimatd provisional age for the base of the Pannonian in the
Kaskantyu-2 section of about 11.5 Ma, accords with a K/Ar age on biotite
extrapolated from the Nagykozar-2 borehole. Lastly, Pannonian sediments,
correlated with the polarity time scale for the interval from about 9 to 2 Ma,
accumulated at a rather uniform rate of about 120 m/Ma.

(2) The Pliocene and Pleistocene polarity zonation from the Kaskantyi—2
core hole generally correlates with earlier results from the Dévavanya and
Vésztd core holes drilled in the Great Hungarian Plain [COOKE et al. 1979]. The
lowermost Pieistocene (late Pliocene of usage elsewhere) sequence [Nagyalfold
Formation = Vésztd Formation in CooKE et al. 1979] has an age of 1.5 to 2.4
Ma from paleomagnetic correlations. The “Pleistocene” age for the Nagyalfold
Formation has been confirmed by ostracode results [KOrRecz 1983].

(3) Paleomagnetic study of samples from the Sdmsonhaza—16a core hole
have served only to help refine geologic interpretations related to the time
required to accumulate the strata, interpreted primarily from r.annoplankton
zonations and extrapolated K/Ar ages. A large part of the section in the
Samsonhaza drill hole, associated with “schlieren” assigned to the Karpathian
stage, appears to have accumulated in less than a two million year span of time,
correlated principally with magnetic anomaly 5C.

These efforts to date have led to promising although as yet incomplete
results. A continuing effort is needed toward development of a reference polarity
zonation for the Pannonian (s.1.) and Pleistocene sections of the Pannonian
Basin. It is a zonation that has yet to be demonstrated by a reproducibility
derived from the analysis of a third cored section. A 1.9 km-thick section cored
at Tiszapalkonya in the northeastern part of the Basin is expected to provide
the needed control.

Application of a reference polarity zonation for the Pannonian (s.1.) to the
seismic stratigraphy in relatively shallow parts of the basin would provide
time-lines that could be extrapolated into deep parts of the basin. This would
allow the Neogene stratigraphy to be evaluated at depth, which should lead to
an improved understanding of facies relations and the evolution of structure at
depth. Polarity time-lines may never be developed for the deep parts of the basin
because depths of burial greater than a few kilometers could very likely have
caused remagnetization of the strata.
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A PANNON MEDENCE NEOGEN (:JL[:IDEKEINEK' MAGNETOSZTRATIGRAFIAI
VIZSGALATA KET MELYFURASBAN: ELOZETES EREDMENYEK

Donald P. ELSTON, HAMOR Géza, JAMBOR Aron, LANTOS Miklos és RONAI Andras

A Pannon medence koz€pso és északi részén két ~ 1200 m-ig folyamatos magmintavétellel
mélyitett mélyfurasban (Kaskantyi-2 és Samsonhéaza—16a) 1 m-nél siirlibben vettek mintat, hogy
a polaritds valtozasokat korrelaljak az altalaban elfogadott nemzetkozi polaritas-ido skalaval.
A Kaskanty(-2 mélyfuras fels6 része pleisztocén és pliocén rétegeket, also része majdnem a teljes
felsémiocént harantolta. A pliocén és felsémiocén rétegeket a Pannon emeletbe (s. 1.) soroljak.
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A rétegek stabil magnesezettséget mutattak, igy lehetséges volt egy magnetosztratigrafiai beosztas
felallitasa, amelyet korrelaltak a nemzetko6zi polaritas—id6 skala 12-2 millio éves szakaszaval, noha
ez a korrelacio nem tekinthetd véglegesnek. Ebbdl kb. 120 m/millio év iiledékfelhalmozodasi
sebesség volt becsiilheté a Pannon medence kozépso-déli részére a felsémiocén és a pliocén idejére.
A Kaskantyu-2 mélyfuras fels6 szakaszanak magnetosztratigrafiai beosztasa altalaban korrelalhato
az alsopleisztocénre €s a pliocénre elfogadott, két korabbi mélyfurasban (Dévavanya és Vésztd), a
Pannon medence kozépsd—keleti részére megallapitott beosztassal.

A Samsonhaza-16a mélyflras, a medence északi részén, pannon el6tti neogén rétegeket is
harantolt. A magnesezettség a szelvény nagy részén gyenge ¢s labilis, igy onmagaban nem korrelal-
haté a nemzetkozi polaritas—idé skalaval. Egyes, stabil magnesezettségl intervallumok csak a
nannoplankton kormeghatarozas segitségével kapcsolhatok — kisérleti jelleggel — a polaritas-ido
skalahoz, felhasznalva a rendelkezésre allo K /Ar kormeghatarozasi adatokat a furasra extrapolalva.
Bar az eredményként kapott korrelacio bizonytalan, azt sugallja, hogy a pannon el6tti iiledékek
relative rovid idé-intervallumokban halmozodtak fel.

NPEABAPUTEJBHBIE PE3YJIBTATBI MATHUTOCTPATUT PAOUYECKHX
UCCIENOBAHUN HEOTEHOBBIX OTJIOXKEHWHA B IBYX I'/IYBOKHX
CKBAXKHWHAX B MAHHOHCKOM BACCEMHE

Hounana I1. DJICTOH, I'eza XAMOP, Apon IMBOP, Muxknom JIAHTOILI
u Auapain POHAU

B nByx ckaxuHax riayOouHo#i mnpubiauzutenbHo 1200 M, npoOypeHHBIX MPU HENPEPbIBHOM
oTOOpE KepHA B CPE/IHEH M CeBepHOM vacTsax [TaHHOHCKOrO GacceitHa, 0TOOp MPOB I majeomar-
HUTHBIX U3MEPEHMH TPOBOAMJICA TPU HMHTEpBajle MeHbLIE | M, YyTOOBl M3MEHEHHS MOJIIPHOCT
CKOpEJUIMPOBATb C MEXAYHAPOJHON IIKAJIOH BpEeMEHH MOJSPHOCTH. BepXHsSs 4acTh CKBAXMHbBI
KanikaHTro—2 nepecekia MnieicTOLEHOBbIE U TUIHOLEHOBBIE OTJIOKEHHUS, @ €€ HUXKHSASA 4aCTh MOYTH
TIOJTHOCTBIO MEPECEKIa BEPXHEMUOLICHOBBIE CJI0H. [1IMOLIEHOBbIE U BEPXHEMUOLIEHOBBIE CJIOH TIPH-
ypouenbl k ITaHHOHCKOMY sipycy (s. 1.). [ToCKOIbKY YCTAHOBIIEHO, YTO HAMATHUYEHHOCTh CJIOEB
CTabuIbHAS, Y14710Ch MTPOBECTH MATHUTOCTPATHI PaHUecKoe paciJIeHEHHE, BIIOCIEACTBUN CKOPE-
JIMPOBAHHOE C MHTEPBAJIOM OT 12 10 2 MUJIIMOHOB JIET MEXKAYHAPOIHON IIKAJbl BPEMSA—TIOJISAP-
HOCTb. OHAKY JTY KOPEJUIALMIO HEJIb3sl CYMTAThb OKOHYATEIbHONH. B cpe/Heil u FOKHOMN YacTsax
IManHoHCKOrO GacceifHa CKOPOCTL OCA/JKOHAKOIUICHHS B BEPXHEM MHOIEHE M B IIMOILIEHE MO
OLIEHKAaM COCTaBJIsieT okoJsio 120 M/MuHoH jeT. Marautoctpaturpaduyeckd BEpXHIOIO 4acTh
paspe3a ckBaxuHbl KalllkaHTi0—2 MOXHO B OCHOBHOM CKODEJUIMPOBATH CO CXEMOM, IPUHATOMN 1Sl
cpeaHeit U BOCTOYHOM yacTei [TaHHoHCKOro GacceiiHa Ha OCHOBE IBYX paHee MpOOYpeHHBIX ri1y6o-
KHX ckBaxuHax ([deBaBans u Becté).

[nybokas ckBaxkuna llamironxasa—16a, npodypeHHas B ceBepHOI yacTu 6acceiina, nepecek-
JIa ¥ HEOTEHOBbIE OTJIOXKEHHE JIPeBHEE MaHHOHCKNX. HamMarunueHHOCTH B O0OJIbILIEH YacTH pa3pes3a
crnabas ¥ HecTaOMIbHAS CJIC0BATEIBHO, HET GO3MOXKHOCTH /ISl KOPEJUISLMH C MEX/IyHAapOIHOK
HIKAJI0H BpeMSA—TIONAPHOCTb. HekoTopble HHTEpBasibl, B KOTOPBIX HAMArHMYEHHOCTh CTabUIbHAS,
MOTYT OBITh B OTIBITHOM TOPSI/IKE CBSI3dHBI C 111KAJI0H BPEMCHHU TOJISIPHOCTH, UCTIOJIB3Ysl TPH 3TOM
JTAHHBIE OTIPE/ICJICHUS BO3PACTA 1O HaHHO(IIOpE U AaHHbIC onpeeseHus Bo3pacta K/Ar meToaom,
JKCTPATOJMPOBAHHBIC HA CKBAXKUHY. XOTS KOPEJUISILUSA, MOJTy4YeHHast B Pe3yJIbTaTe MPOBEACHHBIX
paboT, He ABJISAETCS HAJICKHOI, BCE XKE MOXKHO MPEANOJIOraTh, YTO HAKOIUICHUE OTJIOXKEHUN ApeB-
HEE MAHHOHCKMX MPOUCXO/NJIO B CPABHUTEILHO KOPOTKHE UHTEPBAJIbl BPEMEHH.
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CONTRIBUTION TO THE DETERMINATION OF THE
PLIO-PLEISTOCENE BOUNDARY IN SEDIMENTS OF THE
PANNONIAN BASIN

Andrew E. GROSZ* Andras RONAI** and Ricardo LOPEZ*

Results of a preliminary test to establish the usefulness of studies of heavy-mineral assem-
blages in resolving the Plio—Pleistocene boundary in sediments of the Pannonian Basin indicate that
heavy minerals in samples from the Dévavanya and Vészto boreholes have been subjected to at least
two episodes of weathering. At approximately 440 m in the Dévavanya, and at approximately 500 m
in the Vészto cores, garnet is significantly less abundant and more deeply weathered than elsewhere
in the examined sections. These intervals of depleted and weathered garnet are roughly coincident
with the Plio-Pleistocene boundary as determined by other methods. Another episode indicated by
the presence of mineral grains cemented by authigenic pyrite at approximately 605 m in the
Dévavanya core can be correlated with an analogous interval at approximately 650 m in the Vészto
core. The results also indicate that detailed heavy-mineral studies, in conjunction with other
methods, may be useful in deciphering the geologic and depositional history of the Neogene/Quater-
nary sediments in the Pannonian Basin.

Keywords: heavy minerals, weathered garnet, authigenic pyrite, Plio—Pleistocene boundary, Pannonian
Basin

1. Introduction

Intervals of geologic time are separated from one another on the basis of
significant changes observed in the development of life on earth, that is, in the
faunal and floral history. This classic method of biostratigraphy, however, fails
to discriminate between the Neogene and Quaternary systems in the Pannonian
Basin [ROnNar 1983].

Recent studies and investigations indicate that paleomagnetic polarity
reversals are useful for setting up the Quaternary stratigraphic sequences and
for tracing the boundary between the Neogene and the Quaternary [RONAI
1983]. Currently, there are two viewpoints about where to set the Neogene/
Quaternary boundary. One recommends the Matuyama—Gauss paleomagnetic
boundary (2.4 Ma) as the start of the Quaternary; the other chooses the Olduvai
event (1.8 Ma) [RONAI 1983]. Both are close to the onset of colder and more
humid climate on the globe.

In Hungary, the boundary favored by local workers is associated with the
Matuyama-Gauss paleomagnetic polarity reversal, making the length of the

* U.S. Geological Survey, National Center, Reston, VA 22 092
** Hungarian Geological Survey, POB 106, Budapest, H-1442
Manuscript received: 12 February, 1985
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Quaternary 2.4 million years [RONAI 1983]. The rationale for this is as follows:
during the last 5-10 million years the Carpathian Basin was epeirogenetically
uplifted resulting in the regression of the Pannonian Lake. The Miocene—-
Pliocene lake occupied the entire Carpathian Basin; more than 5000 m of
lacustrine sediments were deposited. When the lake level dropped and the lake
bottom became exposed, a period of fluvial sedimentation started. Correlative
changes in the floral and faunal assemblages took place. The disappearance of
the Pannonian Lake is roughly coincident with the Matuyama—Gauss polarity
reversal (Fig. 1).

About the same time the climate changed drastically. While the desiccation
of the Pannonian Lake was taking place, the climate was hot and dry. The dried
lake bottom was controlled by a desert climate; the sediments are devoid of signs
of flora or fauna. The hot temperatures are thought to have diminished subse-
quently, but the climate remained warm. Of greater significance was the change
in humidity. The annual precipitation had been increasing rapidly, and the
region became thickly vegetated. The abundance of vegetation climaxed during
the Olduvai paleomagnetic event. Subsequent fluctuations in both temperature
and precipitation took place, however, vegetative cover never climaxed as before.
The desert climate is indicated by the total sterility of the sediments deposited
during the time of desiccation. Rich molluscan and ostracode finds, along with
rich pollen assemblages are characteristic of the sediments deposited before and
after the desert period. The profound changes in the geomorphology, tectonism,
and climate are the reasons why the date of the disappearance of the Pannonian
Lake is placed at the end of the Pliocene, and the date of the start of fluvial
sedimentation is placed at the onset of the Quaternary, roughly at the Matuya-
ma—Gauss boundary (Fig. 2).

In most boreholes of the Pannonian Basin the fluvial sedimentation can be
discerned by the cyclical change in granulometry. Pliocene sedimentation is
characterized by rapid and sharp transition from sandy to clayey sediments. In
the fluvial sediments the granulometry changes gradationally from gravel or
sand to clay, and again gradationally, to sand or gravel (a sediment cycle). These
cycles are recurrent on a regional basis; in the Pannonian Basin, 9-10 smaller
cycles, or 4-5 larger cycles in the Quaternary sediment sequences can be defined
where they are complete. This cyclic sedimentation in the Quaternary can be
ascribed to changes in the quantity and coarseness of sediments available to
fluvial transport caused by either the step-like subsidence of the basin bottom
resulting in a shifting channel system, or by the changing humidity of the
climate, or by combinations thereof (Fig. 3).

The members of the INQUA Subcommission on the Plio—Pleistocene
Boundary and of Geological Correlation Project 41 (Pliocene/Pleistocene boun-
dary) are formulating a resolution regarding the (revised) definition of the
Plio-Pleistocene boundary in the Vrica section of Calabria, Southern Italy, to
be submitted to the IUGS International Committee on Stratigraphy [BERGGREN
et al. 1984]. This resolution will propose locating the Plio—Pleistocene boundary
stratotype 3—6 m above the top of the Olduvai normal polarity event, resulting
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1. dbra. A dévavanyai és vészt6i furas
o magmintdinak paleomagneses vizsgalata
[Cooke-HALL-RONAT 1979]

Puc. 1. TTaneoMarHuTHbIE U3MEPEHHS,
NIPOBEJICHHBIE Ha MP00ax U3 JEeBABAHBCKOW U
BECTEMCKOM CKBaXHUH
[CookE-HALL-RONAT 1979]

Fig. 1. Paleomagnetic measurements on the
core-samples of the.Dévavanya and Vésztd
boreholes [after COOKE-HALL-RONAT 1979]
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Fig. 2. Number and distribution of paleontologic finds from the borehole of Jaszladany
(Hungary)

2. dbra. Paleontoldgiai leletek szama a jaszladanyi firasban

Puc. 2. Konu4ecTBO Maj€OHTOJOIHYECKUX HCKOTIAEMbIX OCTATKOB SICJIAJAHBCKOM CKBAXHHBI
(Benrpus)
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JASZLADANY 6Ccsop CSONGRAD MINDSZENT DEVAVANYA
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Fig. 3. Examples of fluvial sedimentary cycles
1 — clay and silt (0.0-0.02 mm); 2 — sand flour (0.02-0.06 mm); 3 — sand (0.06-2.0 mm)

3. dbra. Példak folyami iledékképzodesi ciklusokra
1 — agyag és iszap; 2 — homokliszt; 2 — homok

Puc. 3. Obpasisl A1 CTPYKTYPhI 3ePEH PEUHBIX LIUKJIOB OCaJAKOHAKOIJIEHHUS
1 — riuHa W waM; 2 — necyaHas Myka; 3 — Mecok

in continuity with some previous studies which placed the boundary at the top
of the Olduvai event, at approximately 1.6 Ma [HAQ et al. 1977, BERGGREN et
al. 1980].

The present study on the heavy minerals from selected intervals within the
two boreholes (Dévavanya and Vészt6) was conducted to test the extent to
which mineralogic data support the positioning of the Plio—Pleistocene bound-
ary based on previous paleomagnetic, palynologic, paleontologic, and gran-
ulometric data [RONAI 1983]. Samples were chosen to straddle the indicated
boundary zone suggested by the above mentioned criteria. This approach is
based on our knowledge that certain heavy-mineral species such as garnet,
amphibole group minerals, epidote, and others are susceptible to leaching and
eventual dissolution during periods of weathering associated with humid cli-
mates [I[SPHORDING-RIccio 1969, Coe 1979, Frus 1974, Cazeau 1974, and
others] (Fig. 4).
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Fig. 4. Heavy mineral composition of the borehole cores in the Koros-Basin
(analysed by I. Elek 1980)
1 — magnetite, ilmenite; 2 — garnet; 3 — epidote; 4 — pyroxene; 5 — amphibole;
6 — clorite, biotite; 7 — epigene; 8 — metamorphics (tourmaline, disthene, zirkon)

4. dbra. A Koros-medence flirasi magmintainak nehézésvényésszetétele (Elek 1. analizise, 1980)
1 — magnetlt ilmenit; 2 — granat; 3 — epidotit; 4 — piroxén; 5 — amfibol; 6 — klorit, biotit;
7 — epigén; 8 — metamorf asvanyok (turmalin, disztén, cirkon)

Puc. 4. TsxxenoMHUHEpaIbHBINA COCTAB MECYAaHBIX OCAJKOB B CKBaXkMHax OacceiiHa Képém
| “— MArHeTHT, WIBMEHHT; 2 — rpaHaT; 3 — JMUIOTUT; 4 — MUPOKCEH; 5 — amdobour;
6 — xnopm 6uoTuT; 7 — 3nureH; 8 — MeTamMopdUUECKHE HCKOTAEMBbIE (Typmamm JIUCTEH,
LMPKOH)
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2. Laboratory procedures

Laboratory procedures were directed specifically toward a reconnaissance
study of the presence or absence of weathered minerals in the heavy-mineral
assemblage that are thought to be indicative of periods of low sedimentation
rates or of extensive periods of subaerial weathering associated with humid
climates. No attempt was made to detail exhaustively the full heavy-mineral
assemblage; major mineral species accounting for approximately 909, of the
mineral assemblage were documented in the form of broad mineral groups (that
is, garnet, sheet silicates, tourmaline, pyroboles, and so on).

Approximately 500-1400 grams of sample representing a thickness of 1.00
to 4.70 m of sand-size material was chip-and-channel sampled (where uncon-
solidated) from six intervals in each of the Vészt6 and Dévavanya cores at the
Szolnok repository. In the laboratory, each of the 12 samples was initially sieved
in dry condition with a U.S. Standard 18 mesh screen (1.00 mm). The 18 mesh
(< 1.00 mm) fraction was hand washed and processed for its clay content by
decantation. The sand-sized material was then processed for its heavy-mineral
content by use of bromoform (SG > 2.85) and methylene iodide (SG > 3.25) to
yield two dense fractions: >3.25, and >2.85 to <3.25. Density separation was
followed by removal of the strongly paramagnetic minerals by use of a hand-
held magnet. The balance of the heavy minerals in each sample was processed
into three magnetic subfractions on a Frantz Isodynamic Magnetic Separator*
set at 15 degrees forward and 20 degrees side slopes (0.0-0.5, 0.5-1.0, and >1.0
ampere fractions). In this manner the heavy-mineral assemblage of each sample
was fractionated into groups of three to five mineral species each, principally
to facilitate the mineral identification process. The mineral species in each
magnetic fraction were examined by use of petrographic and binocular micros-
copes; the percentage of individual mineral species was visually estimated and
summed across density and magnetic fractions. The relatively small quantities
coupled with the very fine grained nature of the heavy minerals made the
identification process difficult, and as a consequence the number of unidentified
opaque mineral species is relatively high. Density was not compensated for in
the tabulation shown on Table I. The identification of some minerals was done
by X-ray diffraction techniques (Beth D. Martin, USGS, Reston). As the
>1.00 mm and decanted fractions were not examined for their heavy-mineral
content, and as sheet-silicate minerals wash out readily by decantation, thus
skewing the results in the direction of higher density minerals such as zircon and
rutile, the analytical data may not be fully representative of the total assemb-
lage.

* Use of trade names does not constitute endorsement by the U.S. Geological Survey
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3. Results and conclusions

The six samples from the Vészt6 borehole, representing medium to very fine
grained sand units between 430.9 and 688.0 m depth, average about 1.5%;
(SG>2.85) and 0.72% (SG>3.25) heavy minerals. The six samples from the
Dévavanya borehole, also representing sand-sized sediments from 437.5 to
653.8 m depth average about 1.4%, (SG>2.85) and 0.7% (SG>3.25) heavy
minerals. The sieve and heavy-mineral analyses are given on Table I.

Visual examination of the mineralogic data of the two sets of samples
suggests correlation based on the presence of depleted and deeply weathered
garnet in samples D/, D2 and V2. This correlatable mineralogic horizon is just
below the Matuyama/Gauss paleomagnetic boundary.

Another significant correlation between the two sets of samples is the
presence of mineral grains cemented by authigenic pyrite in samples V5 and D4.
As these samples are likely to be lacustrine, the sulfide cement may signify a
change in water chemistry, or it may signify that the base of the deeply weather-
ed section is the top of the lacustrine deposits; strong in-situ weathering indica-
tes humid fluvial conditions. The relative abundance of pyrobole group minerals
(particularly brown amphibole) in samples D5, D6, V5, and V6 coupled with
the presence of sulfides higher up in the section suggests possible subdivision
of the Pliocene section.

General mineralogic trends include the relative abundance of magnetite,
ilmenite, leucoxene, epidote group, and iron oxides in the Vészté samples and
relatively more garnet group minerals in the Dévavanya samples. These differ-
ences strongly suggest different source areas for the sediments. To what extent
these qualitative and quantitative differences reflect source area, depositional
environment, weathering history, or combinations thereof cannot be resolved
until detailed regional heavy-mineral data are available for correlation with
paleomagnetic, paleontologic, granulometric, and other data.

Other, more subtle, mineralogic differences are suggested by the data on
table I; however, the reconnaissance nature of the mineralogic determinations
precludes definitive correlations. Detailed mineralogic determinations of the
members of the garnet, pyrobole, aluminosilicate, and sheet silicate groups of
minerals would probably yield additional, and perhaps definitive, correlation
data.

Not all sand units were examined; only the material that was visibly coarser
than average was sampled for this study, so that even though the results of this
study suggest that of the two obviously weathered correlative horizons the
lowermost is more significant geologically, the spacing of the samples from the
cores limits the accuracy of correlation. Examination of the heavy-mineral
assemblages in continuous samples from the intervals straddling the questioned
boundary line would likely clarify this problem. Additionally, inasmuch as the
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1) Samples designated “V™ are from the Vésztd borehole

Samples designated “D™ are from the Dévavanya borehole
2) >1.00 mm; mostly clayballs
3) Determined by difference in weight after decantation
4) Include piedmontite?, clinozoisite, pumpellyite, zoisite
5) Includes kyanite, sillimanite, andalusite?
6) Includes micas, chlorite, chloritoid
7) Includes augite?, amphibole, tremolite, actinolite, glaucophane, hypersthene, enstatite?, diopside
8) Includes a variety of minerals: quartz, feldspar, clayballs, unidentified opaques, polyminerallic grains, schist fragments, apatite, sphene, anatase and others
N None detected
P <0.5%

Table 1. Sieve and heavy-mineral analyses of selected sandy units within the Vészté and Dévavanya boreholes

. tabldzat. Szemcseméret és nehézasvany vizsgalat a vésztoi és a dévavanyai furds egyes homok rétegeiben

Tabauya I. AHann3 3¢pHUCTOCTU U TSDKEJIBIX MUHEPAJIOB B OT/AEJIHBIX MECYAHBIX CJIOSAX CKBAXKHUH
Becté u [leBaBanbsi
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sulfide-bearing horizon suggests the possible subdivision of the Pliocene strati-
graphic sequence, heavy-mineral work in that portion of the stratigraphic
column is recommended. Similarly, an examination of the heavy-mineral
assemblages in sediments straddling the Olduvai event is also recommended.
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KOZLEMENY A PLIOCEN-PLEISZTOCEN HATARMEGALLAPITASROL AZ ALFOLD
ULEDEKEIBEN

Andrew E. GROSZ, RONAI Andras és Ricardo LOPEZ

A Pannon medencében kisérleteket végeztiink abbdl a célbol, hogy fel lehet-e hasznalni nehéz
asvanytani vizsgalatokat sztratigrafiai célokra, pl. a neogén—kvarter hatar megallapitasara. A laza
iiledékekbdl nyert furasmintakban ugyanis a fauna és flora maradvanyok hidnya a sztratigrafiai
hatérok kimutatasat nehézzé teszi.

A dévavanyai és a vesztoi firasbol vett mintakban az asvanyszemek részletes vizsgalata
legalabb két izben mutatott ki erés mallast és viseltességet. 440 m koriil a dévavanyai és 500 m koriil
a vésztOi furasban a granatszemek aranya jelentdsen kevesebb mint mas mélységszakaszokban és
viseltesebbek. E mélységek nagyjabol megegyeznek az egyéb adatok alapjan varhato plio—pleiszto-
cén hatar helyével. Egy masik megfigyelhetd esemény az asvanyszemek autochton pirittel vald
cementaltsiga a dévavanyai furasban 605 m mélység tijan, amit korreldlni lehet a vésztSi furas
hasonlo szakaszaval 650 m mélységben. Az eredmények igazoljak, hogy a részletes nehéz-asvanytani
vizsgalatok egyéb vizsgalatokkal kardltve hasznosak lehetnek az iiledékképzddés fejlédésének
elemzésében és sztratigrafiai (N/Q) megitélésében.
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COOBHEHUE OB OIMPE/JEJEHUM IUIMO-TUIEMCTOLIEHOBOY I'PAHULIBI
B OCAIOYHBIX MOPOJAX BOJIbIION BEHTEPCKOM HU3MEHHOCTH

Dunpy 3. 'POC, Auapamu POHAU u Pukapno JIOIE3

B Boabwom Benrepckom BacceiiHe ObUTH IPOBEAEHBI HCCIIEMOBAHUS C TOH LEJIbEO, MOXHO
JIH HCTIOJIb30BATh TSAXKEJIble MUHEPAJIOTHYECKHE aHAIN3bI B CTPATUI PadHYECKUX LENSIX, HANpUMeED,
JUIsl ONpE/ICJICHUs! TPAHULBI MEXAY HEOTCHOBBIMH M YE€TBEPTUYHBIMHU OTJIOKCHUAMH.

OtcyTeTBHE OCTATKOB (hayHbI M (IIOPBI B PBIXJIBIX OCAIKaX NPOO, MOJTY4EHHBIX U3 KEPHOBOTO
MaTepuana CKBaXHH, TIPEACTABIIAET COO0I0 TPYIHOCTD /IS BHIABJICHHS CTPATHI PApUYECKHX IPDAHHULL.

JleTanbHOE HCCIIeI0BAHHE MUHEPAJIbHBIX 3€PeH, B3ATHIX U3 MPOO eBaBaHLCKOM M BECTEHCKOM
CKBAHH, TIO KpaiHeil Mepe B IBYX CIydasx MOKA3aJ0 CHIIbHYIO SPOJHPOBAHHOCTD M Pa3pyILICHHE.
Ha rny6nue okono 440 M B feBaBaHbCKOM ckBaxxuHe U 500 M B BeCTEMCKOM CKBaXXHHE COOTHOILICHHE
TPAaHATOBBIX 3€PEH 3HAYMTEJILHO MEHbIIEE, YeM Ha JPYrMX OTpe3kax pa3pesa, H 3epHa Oosee
MOJABEPrHYThl Pa3pyLIEHHIO. DTU ITyOUHBI MPUMEPHO COBMAAAIOT C OXHIAAEMBIM IOJIOKEHHEM
JIMO-TUIEACTOLIEHOBOM IDAaHHLbI HA OCHOBAHMHM APYruX NaHHBIX. [Ipyroe HabOiromaemoe sBJICHHE
NPEACTaBIAET COO00 LEMEHTHPOBAHHOCTh MUHEPAJIbHBIX 3€PEH C ABTUI'€HHBIM MUPUTOM B JIEBa-
BaHbCKOW CKaXHHE B paioHe ri1ybuHb! 605 M, 4TO MOXHO KOPPETHPOBATH CO CXOXHM OTPE3KOM
Ha riybuHe 650 M BeCTEHCKOM CKaXuHbL. Pe3yJibTaThl I0KAa3bIBAIOT, YTO AETAJIbHBIE MHHEPAJIOTH-
YECKME aHaJIM3bl BMECTE C JPYTMMH aHAJIW3aMH MOTYT OBITh IIOJIE3HBI MPH aHAJIK3E Mpolecca
ocasikooOpa3oBaHus U cTpaTurpaduteckux onpeneieHusax (N/Q).
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CONTRASTING TYPES OF NEARSHORE SANDS AND GRAVELS
FROM SEMI-PROTECTED MIOCENE COASTS, NORTHERN
HUNGARY

H. Edward CLIFTON*, Margit BOHN-HAVAS** and P4l MULLER**

Dissimilar types of nearshore clastic deposits occur in the Miocene sediment of northern
Hungary. One of these is exposed in a small sand pit east of the village of Csokvaomany; it is part
of the Salgotarjan Formation of Ottnangian (early Miocene) age. The deposit is characterized by
a 6.5-m-thick vertical sequence that appears to include inner shelf, nearshore, foreshore and
backshore facies in upward-shallowing progression. The sequence is readily interpreted as the result
of a shoreline prograding into an arm of the Miocene sea. The other deposit is exposed in a gravel
pit east of the village of Nekézseny; it is part of the Egyhazasgerge Formation of Karpathian (early
or middle Miocene) age. This deposit consists of 21 m of calcareous and dolomitic sandy gravel
deposited on a Paleozoic carbonate rock platform (or locally on a layer of fine siliciclastic sand just
above this platform). The Paleozoic rock surface is intensively bored by Lithophaga. Fragments of
bivalve shells, Lithophaga-bored pebbles, and large burrows in the gravel attest to deposition in a
marine environment. The oscillatory velocities required to move the larger pebbles and paleogeo-
graphic constraints suggest deposition in water no more than several meters deep. Systematic
vertical variation within the gravel is limited mostly to an upward fining of the siliciclastic com-
ponent (fine sand near the base, silty very fine sand and clay near the top). The deposit is inferred
to have occurred at the foot of a topographically high area (possibly an island) underlain by
carbonate rock. Deposition of calcareous and dolomitic detritus was rapid enough to maintain a
relatively constant water depth during the interval of sea level rise. The simultaneous retreat of an
initially-adjacent siliciclastic shoreline to the north caused a fining of the siliciclastic component.
Gravel deposition ceased upon inundation of the carbonate rock high, and accumulation of
fine-grained sediment of the Garab Formation completed Karpathian deposition.

Keywords: Miocene, marine shoreline deposits, progradation, molluscs, Northern Hungary

1. Introduction

. The character of clastic shoreline deposits depends on the interplay of many
factors, including the texture of available sediment, the physical dynamics of the
environment, the biota, and the balance between sedimentation rate and relative
change of sea level. This paper describes two different deposits that formed
along Miocene shorelines in northern Hungary and analyzes their contrasting
charasteristics in terms of causal factors.

During the lower and middle Miocene (Eggenburgian, Ottnangian, Kar-
pathian and Badenian stages) narrow, shallow arms of the sea extended episodi-
cally across Hungary [CsAszAR et al. 1982]. Gravel, sand, mud, volcanic ash and

* U. S. Geological Survey, 345 Middlefield Road, Menlo Park, California 94 025
** Hungarian Geological Survey, POB 106, Budapest, H-1442
Manuscript received: 12 February, 1985
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lignite accumulated in the shallow seaways or in the coastal swamps that locally
bordered them. The distribution, stratigraphy, and lithologic character of these
deposits have been established through the combined study of outcrops and
boreholes developed through the Ottnangian brown coal research program of
the Hungarian Geological Survey [SCHRETER 1929, 1945, and 1954, BALOGH
1964, Rapocz 1975, BouN-Havas 1978].

Most of these deposits remain unconsolidated and are well-exposed only
in artificial cuts. The exposures described here are in sand/gravel pits and are
subject to change as the pits are expanded or abandoned.

2. Paleogeographic Setting
The deposits lie on the north flank of the Biikk Mountains; the pits in which
they are exposed lie a short distance east of the villages of Csokvaomany and

Nekézseny, respectively (Fig. 1). They formed within the Egercsehi-Ozd Basin
(the western part of the Borsod Basin). The boundaries of the basin are the

7
DEDESTAPOLCSANY

Fig. 1. Location of Miocene shoreline deposits described in this paper.
A — Ottnangian progradational sequence east of Csokvaomany; B — Karpathian calcareous
gravel east of Nekézseny

1. dbra. A leirt miocén part menti iiledékek helye.
A — ottnangi progradalo rétegsor Csokvaomanytdl keletre; B — karpati mészanyagu kavics
Nekézsenytol keletre

Puyc. 1. Pa3melieHHe MHOLICHOBBIX NIPUOPEKHBIX OCAJKOB, PACCMATPHBAEMBIX B 3TOM CTAThE
A — OTTHaHrckas NporpajalHoHHas TOJIA BOCTOYHee ¢. YokBaomanb; B — M3BeCTKOBHCTHI
rajleyHMK KapraTckoro Bo3pacra BocTouHee ¢. HekexeHb
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lower Paleozoic blocks of the Szendré Mountains to the northeast, the Paleo-
zoic—Mesozoic unit of the Biikk Mountains to the southeast, and the Pétervasar
Platform to the west. The northeast-southwest trending Egercsehi-Ozd trough
apparently formed during the Savian orogenic phase (late Oligocene to early
Miocene). The Miocene deposits in the trough are of Eggenburgian—Ottnangian
(22-19 Ma) and Karpathian-lower Badenian (19-15 Ma) age [HAMOR 1980,
1984].

The Eggenburgian and Ottnangian deposits represent two complete geo-
logic cycles. During the Eggenburgian stage, the sea transgressed over northern
Hungary from a north-northwest direction as a consequence of the Savian
orogenic movements. [ts transgression over the western part of the Borsod area
filled the Egercsehi-Ozd Basin. A second Ottnangian sedimentary cycle ( Fig. 2)
more or less duplicated the earlier transgression [HAMOR—HALMAI 1975]. The
Savian orogeny produced grabens that partly filled with rhyolitic tuffs erupted
from marginal fractures (Gyulakeszi Rhyolite Tuff Formation, Figure 3).

Overlying the rhyolitic tuff in many places in the Egercsehi-Ozd Basin are
sand, silt and clay of Ottnangian age: the Salgotarjan Browncoal Formation
(Fig. 3). This unit, which contains seams of lignite, formed during a slow
transgression that was interrupted by minor oscillations of the sea. The faunal
assemblages of the unit change progressively from brackish-water in the lower
part to marine in the upper part. The lignites apparently formed under a humid
climate in coastal swamps bordering the marginal sea.

During the Karpathian and Badenian stages another pair of sedimentary
cycles ensued a different paleogeographic setting. As a result of the Styrian
orogenic phase, a direct connection was established with the Mediterranean.
Marine transgressions progressed from southwest to northeast through the
Hungarian Basin to the Carpathians. The Karpathian transgression reached the
area discussed here (Fig. 4) through the Budapest-Cserhat-Egercsehi-Ozd
sedimentary trough [HAMOR-HALMAI 1975, HAMOR 1983]. Littoral sand and
gravel (Egyhazasgerge Formation) and open marine marl and mud (Garab
Schlier Formation) accumulated during the Karpathian cycle (Fig. 2). Both
units bear a marine macrofauna.

3. The Csokvaomany deposit

The older of the two deposits considered here is exposed in a small sand
pit north of the highway about 1.5 km east of the village of Csokvaomany
(Fig. 1). The width of the present wall of the pit is on the order of 10 m across,
and about 10-12 m of section are exposed. Two depositional successions are
present, separated by an erosional surface. The lower succession consists pri-
marily of crossbedded and burrowed pebbly sand, in which a few oyster shells
are scattered. The upper succession is mostly fine sand containing mud interbeds
and numerous shell and shell fragments. The fauna (Table I) indicates that
these deposits belong to the Ottnangian Salgotarjan Browncoal Formation

(Fig. 2).
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~ Fig. 2. Sketch map of paleogeography in northern Hungary during Ottnangian time
1 — paralic coal swamp; 2 — freshwater variegated clay; 3 — freshwater coal swamp; 4 —
landmass; 5 — facies boundaries; 6 — structural elements; 7 — boundary of sedimentary basin

2. dbra. Eszakmagyarorszag ottnangi 6sfoldrajzanak vazlata.
1 — paralikus kdszénmocsar; 2 — édesvizi tarkaagyag; 3 — édesvizi készénmocsar; 4 —
szarazfold; 5 — facies hatar; 6 — szerkezeti elemek; 7 — az iiledékes medence hatara

Puc. 2. Kaprocxema maneoreorpaduu tepputopun CeBepHO#l BeHrpuu B OTTHAHIHICKOE BpeMsl
1 — 60710TO 06pa30BaHUsA MapAIHYECKUX YIJIeH; 2 — MPECHOBOIHBIE NMECTPbIE IJIMHBL; 3 —
npecHoBoHOe 60J10TO 06pa3zoBanus yriei; 4 — cyma; 5 — (auuanbHas rpanuna; 6 —
CTPYKTYPHBIE 3JIEMEHTHI; 7 — IpaHUIA OcaJloHHOro bacceitHa
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Fig. 3. Miocene (Ottnangian and Karpathian) units of the Egercsehi — Ozd Basin
A — Chronostratigraphy; B — Litostratigraphy; B, — Formation; B, — Average thickness;
B, — Rock sequence; C — Location; D — Key to symbols.

1 — clayey silt; 2 — sandstone; 3 — sand; 4 — pebbles; 5 — clay; 6 — silt; 7 — browncoal
seam; 8 — rhyolite tuff; 9 — Macoma—Nucula ass.; 10 — Chlamys; 11 — Corbula—Anadara;
12 — Cardium—Pirenella—Theodoxus; 13 — Congeria; 14 — Crassostrea; 15 — Megatrola
fragments

3. dbra. Az egercsehi-6zdi medence miocén (ottnangi és karpati) egységei.
A — Kronosztratigrafia; B — Litosztatigrafia; B, — Formacio; B, — Atlagos vastagsag;
B;— — Rétegsor; C — Leldhely; D — Jelmagyarazat
1 — agyagos aleurit; 2 — homokkd; 3 — homok; 4 — kavics; 5 — agyag; 6 — aleurit; 7 —
szén; 8 — riolttufa; 9 — Macoma—Nucula asszociacid; 10 — Chlamys; 11 — Corbula—Anadara
asszociacio; 12 — Cardium—Pirenella-Theodoxus asszociacio; 13 — Congeria; 14 — Crassostrea,
15 — névénymaradvany

Puc. 3. MuoneHoBbI€ (OTTHAHTHI W KaprnaTHii) eauHuubl drepyexu—O3ckoro Gacceitna
A — Xpouocrparturpadus; B — Jlutocrpaturpadus; B, — ®opmauus; B, — Cpennss
MOILIHOCTb; B3 — Paspes; C — Mectopoxaenue; D — YcnoBHble 0603HaYeHHS
| — rJIMHHCTBIE aJIEBPUTHI; 2 — MECYAHHUK; 3 — MECCKU; 4 — rajbKH; 5 — [JIMHBL 6 —
aJIEBPUTBI, 7 — yrojib; 8 — nunapuToBele Tydbl; 9 — accoumanus Macoma—Anadara; 10 —
Chlamys; 11 — accounauust Corbula—Anadara; 12 — accounaumns
Cardium—Pirenella—Theodoxus; 13 — Congeria; 14 — Crassostrea; 15 — pacTUTEJIbHbIE
OCTATKH;
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Fig. 4. Sketch map of paleogeography in northern Hungary during Karpathian time
Depositional facies: 1 — littoral, 2 — sublittoral, shallow open water. 3 — landmass; 4 —
rhyolite tuff; 5 — coast-line during maximal transgression; 6 — sedimentary basin during
regression; 7 — direction of transgression; 8 — facies boundaries; 9 — structural elements

4. dbra. Eszakmagyarorszég karpati 6sfoldrajzanak vazlata.
Facies: 1 — partszegélyi, 2 — sekély szublitoralis tengeri. 3 — szarazfold; 4 — riolit tufa; 5 —
partvonal maximalis elontés idején; 6 — iiledékgyiijté; 7 — transzgresszié irdnya; 8 — facies-
hatar; 9 — szerkezeti elemek

Puc. 4. KapTocxema naneoreorpadun TeppuTOpHE CesepHoit Benrpun B kapnaTuiickoe Bpemst
@anuu: 1 — npubpexHas, 2 — MeJIKOBOAHOTO cybnuTopansHOro mops, 3 —
KOHTUHEHTaIbHAS; 4 — PHOJMTOBBIE TY(bI; 5 — GeperoBas JHHHS BO BPEMS MAaKCUMATBHOIO
TIPUITHBA; 6 — OCaKOHAKONUTENN; 7 — HANpABJIEHHE TPAHCTPECCHH; 8 — banuaabHas
TPaHMIA; 9 — CTPYKTyphI€ 31€MEHTHI
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Table I. Fossil assemblage in the Ottnangian deposit exposed east of Csokvaomany
I. tablazat. Ottnangi bentos faunaegyiittesek (Csokvaomany)

Tabauya I. KOMIUIEKC HCKOTIAEMbBIX OCTATKOB OTJIOKEHHN OTTHAHTMACKOrO sIpyca B OOHaXEHUH
K BOCTOKY OT YokBaomaHsi
Fossils: Mollusca
Bivalvia: Musculus sp.
‘ Congeria sp.
Ostrea sp. (juv.)
Cardium sociale Krauss
Cardium sp.
Pitaria cf. islandicoides Lam.
Gastropoda: Theodoxus pictus Fer.
Hydrobia sp.
Pirenella sp.
Annelida
?Polychaeta
Arthropoda
Ostracoda
Megaflora fragments

The shoreline deposits described here occur in the underlying succession,
which composes the lower 6.5 m of the exposure. This section displays a distinc-
tive vertical sequence (Fig. 5). The lowermost exposed strata consist of interla-
minated mud and fine sand, the top of which is interrupted by layers of
structureless coarse pebbly sand. The mud layers become progressively thinner,
fewer and more discontinuous upward; they are absent in the section higher
than about 2.5 m above the base. About 2 m above the base the sand and gravel
change from predominantly structureless to mostly crossbedded. The section
becomes progressively more pebbly up-section, culminating in a crossbedded
gravel bed about 5m above the base. Above this bed, the sediment become
progressively finer and passes from planar-parallel laminated sand into struc-
tureless muddy sand that contains fossil root structures. This is capped by a thin
(2-4 cm) lignite bed that is locally overlain by as much as 20 cm of mud that
contains numerous gastropod shells. An erosional surface (Fig. 6) locally
covered by a thin conglomerate (and scattered large clasts of silicified wood)
terminates the lower succession.

The vertical sequence closely resembles those that form in response to a
prograding shoreline [HARMS et al. 1982]. In such a sequence, successively Higher
parts of the section represent progressively shallower parts of the nearshore
environment. A key horizon in this sequence lies at the upward transition
fromcrossbedded gravel to planar-bedded pebbly sand (the 0 m reference in
Figure 5), which marks the presumed position of sea level. The lowermost strata
in the sequence represent conditions of low energy under which mud and fine
sand accumulated. Deposition in this quiet-water regime was interrupted epi-
sodically by the introduction of coarser sand in response to infrequent storms.
If sea level is assumed to have remained more or less constant during the
progradation, these conditions existed at depths as shallow as 4-5m. The
presence of pebbles greater than 1 cm in diameter in the storm deposits suggests
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2 Shelly sand, lag gravel at base
3 ----EROSIONAL SURFACE=~=-
4 Massive muddy sand, root structures, paleosol at top, locally
overlain by lignite and fossiliferous mud.
5 ==--GRADATIONAL CONTAGT==-~

6 Planar-laminated pebbly sand, fining upward.

7 --=-ABRUPT CONTACT----

8 Crossbedded pebbly sand, increasingly pebbly towards top,
few mud drapes in lower part, Macaronichnus.

1THICKNESS (m)

9 -—-ABRUPT CONTACT=---

“ae ‘vﬁ/ H~

10 Bioturbated pebbly sand, pebble size diminishes toward base,
increasing clay layers in lower part.

11 ----GRADATIONAL INTERVAL----
12 Interbedded mud and very fine sand, fish scales,
abundant plant detritus, no pebbles.

Fig. 5. Stratigraphic column of the lower sedimentary sequence exposed in the sand pit east of
Csokvaomaény. Arrows indicate crossbedding dip directions

5. dabra. A Csokvaomanytol keletre 1évé homokgodorben feltart also iiledékdsszlet rétegoszlopa.
A nyilak a keresztrétegzodés dolési iranyait jelzik.
1 — vastagsag; 2 — kagylohéjas homok, maradékkavics a bazison; 3 — erozios felszin; 4 —
rétegzetlen iszapos homok, gyokérnyomok, &stalaj feliil, részben lignittel és koviiletes iszappal
fedve; 5 — fokozatos atmenet; 6 — sikrétegzett kavicsos homok, felfelé finomodik; 7 — éles
hatar; 8 — keresztrétegzett kavicsos homok, felfelé egyre kavicsosabb, kevés iszaplepény alul,
Macaronichnus; 9 — éles hatar; 10 — bioturbalt kavicsos homok, a kavicsok mérete lefelé

csokken, egyre novekvd agyagrétegek az alsé részen; 11 — fokozatos atmenet; 12 — iszap- és
nagyon finom homokrétegek valtakozasa, halpikkelyek, sok novényi maradvany, nincs kavics

‘Puc. 5. Ctpaturpaduyeckas KOJOHKA HUXKHEN 0CAI0YHOM TOJIIIH, OOHAXAIOUIEHCS B Kapbepe
” mecka BocTouHee c. YokBaoMaHb. CTpesbl OKa3bIBAIOT HANPABJICHHS NaJEHUs KOCOH
CJIOMCTOCTH
1 — MOIIHOCTb; 2 — Mecok ¢ 06JI0KAMH PAKHILEK, B OCHOBE OCTATKHM aJIbKH;
3 — NOBPXHOCTb IPO3HMHU; 4 — HECJIOUCTbIE TIECKH, CJICAbl KOPHEH, B BEPXHEH 4acTU JAPEBHHE
TIOYBBI, YACTUYHO MOKPHITHIC JUTHUTAMHU ¥ OKAMEHEIIBIM YA0M; 5 — MOCTENEHHBIH NMEPEXOA;
6 — rajeuyHUKOBBIE MIECKH, MMEIOLIME FOPU3OHTAILHYIO CIIOMCTOCTb, B BEPXHUX 4acTax Gosee
MEJIKUiA; 7 — pe3Kkas rpaHuua; 8 — rajge4yHUKOBBIE TIECKH, HMEIOLIUE TIONEPEYHYIO CIIOUCTOCTD,
B BEPXHHX 4acTsAX Bce 6oJjiee rajeiHUKOBBIE, BHH3Y MAaJlO WIIMCTBIX JIENEIIKOOOpa3HbIX
BKJIIOUEHHUi, Macaronichnus; 9 — pe3kas rpanuua; 10 — GHOTYpOMpPOBaHHBIE raJIE1HUKOBBIE
TIECKH, pa3Mep rajiek YMEHBIILAETCs 110 HATIPABJICHUIO BHHU3, B HIKHEH uacTu Bce Gousblie
TJIMHHUCTBIX cJloeB; 11 — mocTeneHHbli nepexo; 12 — 4yepeaoBaHHE CIIOEB Hld M OYEHb
MEJIKO3EPHUCTBIX MECKOB, PHIOHAs Hellys, MHOTO PACTUTEIbHBIX IETPUTOB, OTCYTCTBHE raJiek
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Fig. 6. Top of the lower sedimentary sequence in sand pit east of Csokvaomany. Light-colored
interval is a probable paleosol. Dark-colored lignitic layer caps the light interval on right side of
photograph. On left side of photograph, gravel conglomerate and pebbly, shell-bearing sand of
the overlying sequence lie on the presumed paleosol. Dark near-vertical structures near
centimeter scale are carbonized root structures

6. dbra. A Csokvaomanytol keletre 1évé homokgodor also iiledékosszletének felsd része.

A vilagos szinil réteg valosziniileg Gstalaj. Sotét lignites réteg fedi a vilagos szintet a kép jobb
oldalan. A fénykép bal oldalan a feltételezett dstalajon kavicskonglomeratum és kavicsos
kagylohéjas homok telepiil. Ezek a fels6bb iiledékosszlet részei. A sotét, kozel fliggdleges

szerkezetek a centiméter-skala kozelében meszesedett gyokérnyomok

Puc. 6. Bepxu HUXHel 0CaJOYHON TOJIILM B Kapbepe Iecka BOCTO4YHee ¢. YOKkBaOMaHb.
CBeTu1blil MHTEPBAJ NPEJACTABNSET COOO0H BepOATHBIA Naneocon. TeMHOUBETHBIHA CIOH JIMTHATA
NOKPBIBAET B BU/E LIANKHM CBETJIOLBETHBIA MHTEPBA Ha TIpaBoii cropoHe dororpaduu. Ha
JIEBOM CTOPOHE, TIPEANOJIOKEHHAs HCKOMaeMas o4Ba (I1ajIeoco1) NepeKpbIBAETCS
rajieiHUKOBBIMU KOHIJIOMEPATAMHM U TECKAMH C TajIbKaMH M PAKOBMHAMM, OTHOCSILIMMHCS
K CTpaTUrpaduyecky Bhllesexkalei Toue. TeMHble, IPUOIU3UTEILHO BEPTUKAIILHbIE
CTPYKTYPbI HEAAJIEKO OT CAHTUMETPOBOr0 MaciiTaba mpeacTaBistoT coboit obyrieHHbie
KODHEBBIE CTPYKTYPBI

that maximum orbital velocities exceeded 1 m/s [KOMAR-MILLER 1975]. Such
velocities are produced at this depth by waves 1.3 to 2 m high [CLIFTON, in
press]. The accumulation of fine mud suggests that the non-storm waves were
no more than several tens of cm high and with periods in the range of 3 to 4 s
[CLIFTON, in press].

With continued sedimentation the shoreline advanced seaward, the water
shallowed, and the storm effects became increasingly common. At depths
greater than about 3 m (again assuming no significant change in sea level) only




110 Clifton—Bohn-Havas—Miiller

the largest storms could stir the bottom, and the storm-generated currents were
so infrequent that infaunal activity could mix the resulting deposits (Fig. 7).
A few outlines of dissolved bivalve shells confirm the presence of a molluscan
fauna. Tubular burrows 1 to 1.5 cm (Fig. 7) in diameter suggest that the infaunal
assemblage included burrowing decapods similar to present day Callianassa
[WEMER-HOYT 1964]. The preservation of a few discontinuous layers of clay
up to 3 cm thick may reflect an infaunal aversion to burrowing through such
very fine-grained sediment (Fig. 7).

Fig. 7. Lower part of the lower sequence at sand pit east of Csokvaomany. Base of scale at
contact between predominantly stratified sand (above) and predominantly bioturbated sand
(below). Note large clay-lined, sand-filled burrow about 30 cm to lower right of scale

7. dbra. Az als6 Osszlet also része a Csokvaomanytol keletre 1évé homokgddorben.
A centiméter-skala alja jelzi a hatart az elsésorban rétegzett homok (fent) és az elsdsorban
bioturbalt homok kozt (lent). Figyeljiik meg a skalatol jobbra, lent mintegy 30 cm-re 1évé
homokkal tele, agyaggal tapasztott asasnyomot

Puc. 7. HuxHss 4acTh HUXKHEH TOJILM B Kapbepe Iecka BocTouHee ¢. YokBaomanb. OCHOBaHHE
LUKAJIbl HA KOHTAKTE MEX/y NMPEUMYIIECTBEHHO CIOMCTBHIMHU NECKaMHU (BBEPXY)
Y TIPEUMYILIECTBEHHO OGHOTYpOaunOHHbIMH neckamu (BHU3Y). CM. KPYIHBIA X0/ Y€pPBH,
3aIO0JIHEHHbIHW NECKOM M ITHHUCTBIM HAaTEKOM Ha PAacCTOSIHHU NPUMEPHO 30 CM OT HHXKHEro
MpaBoro KoHuIa Maciuraba

The section from 0-3 m on Figure 5 consists mostly of crossbedded pebbly
sand (Fig. 8). Most of the foresets dip in a generally westward, or offshore,
direction (Fig. 2). Such an orientation suggests a dominance of rip currents. The
cross-strata show no evidence of the “bundles” [ALLEN-HOMEWOOD 1984] that
are produced by alternating tidal currents. The rip currents were probably
generated during storms, and the bottom was stirred often enough to suppress
the effects of bioturbation. Clusters of small sinuous, light-colored tubular
burrows (Macaronichnus) occur within some of the crossbedded units. Such
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structures are produced today by errant polychaetes several tens of centimeters
below the seafloor [CLIFTON-THOMPSON 1978], where they have a relatively high
potential for preservation. A few lenticular clay drapes or flasers in the lower
part of the crossbedded section represent the accumulation of suspended fine
material on a rippled surface, perhaps in the aftermath of a storm.

Fig. 8. Crossbedded pebbly sand and gravel layers, middle part of lower sequence in sand pit
east of Csokvaomany. Base of centimeter scale marks transition to bioturbated sediment. Dark
spots are modern-day insect borings

8. dbra. A Csokvaomanytol keletre 1év6 homokgodor also iiledékdsszletének kozépso részén
fekvo keresztrétegzett kavicsos homok- és kavicsrétegek. A centiméter-skala alja jelzi
a bioturbalt iiledékbe valé adtmenetet. A sotét pettyek mai rovarok likai

Puc. 8. Kococ0MCThIE raieYHUKOBBIE TIECKH U TAJICYHHKH, CPEIHSS 4acTh HWKHEH TOJILIM
B Kapbepe Tecka BocTto4Hee ¢. YokBaomaHb. OCHOBAHHE CAHTUMETPOBOro Maciitaba
npeacTaBseT coboii mepexo1 B 0CajoK, HApYIUEHHbIH 6uoTypOarmei.

TeMHbIE IIATHA ABJIAIOTCS COBPEMEHHBIMH [IbIPKaMH, TPOOYPEHHBIMH HACEKOMBIMH

A pronounced change from crossbedding to planar-parallel lamination
marks the top of the crossbedded section. Planar-laminated strata (Fig. 9)
compose about 80 cm of the section that shows a general upward fining. At the
top, the laminated section grades into a muddy, structureless sand that contains
fossil root structures (Fig. 6). The planar-laminated section is interpreted as a
beach foreshore deposit. Inverse size grading within some of the laminations
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Fig. 9. Planar-laminated sand and gravel, upper part of lower sequence in sand pit east of
Csokvaomany. Centimeter scale

9. dbra. Sikrétegzett homok és kavics. A Csokvaomanytol keletre 1évé homokgodor also
Osszletének felsd része. Centiméter-skala

Puc. 9. TlnockocnoiyaThbie TIECKH U rajibki, 0Opa3yrolMe BEPXH HUXKHEN TOJIIHN B Kapbepe
necka BocTouHee ¢. YokBaoMaHb. CaHTUMETPOBBIA MaciuTab

(Fig. 10) supports this interpretation; inverse size grading is a common feature
of modern foreshores, where it is produced by wave backwash [CLIFTON 1969].
The interface between beach foreshore deposits and the underlying nearshore
sediment in a prograding sequence typically is marked by crossbedding that is
inclined to seaward [CLIFTON et al. 1971]. Foresets in gravel immediately be-
neath the planar-laminated strata dip toward 230° (offshore) (Fig. 5). Such an
orientation is consistent with the inferred paleogeographic setting for this
deposit (Fig. 2).

The strata that overlie the foreshore facies are more enigmatic. The fossil
root structures (which can be distinguished from decayed modern roots by their
carbonization, limonitic encrustation, and infilling by sand) imply subaerial
exposure. It is not clear whether this exposure is part of the progradation (e.g.,
as a backshore facies) or is related to subsequent tectonic (or eustatic) events.

A single discarticulated bivalve shell (Pitaria) in the muddy sand just
above the foreshore facies suggests nearly normal marine salinity, but it is not
clear whether the shell was deposited in a muddy embayment or was washed
onto a subaerial platform behind the beach by a storm. The muddy sand is quite
coarse and contains a few small scattered pebbles that could occur in either
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environment. At its top, the muddy sand is stained orange beneath a thin
(6-10 cm) layer that is bleached white, a probable paleosol. Above this paleosol
lies a thin (2-4 cm) lignite that is overlain by a discontinuous fissile mud bed
that locally attains a thickness of 20 cm. This mud contains small gastropod
shells ( Theodoxus) and fragments of other mollusk shells, as well as ostracod
casts. Also present are specimens of the foraminifera Ammonia sp., which by
its sole occurrence indicates a brackish-water environment (P. Quinterno, 1984,
personal communication). The mud probably represents deposition in a shallow
marginal embayment. An erosional interval terminates the lower succession.
Faunal remains in the lower succession are insufficient to specify the salinity.
The trace fossils present could be produced by organisms that occur in a wide
range of salinities. The inferred presence of meter-high storm waves is consistent
with the basinal dimensions shown in Figure 2 [CLIFTON, in press].

The deposits in the upper succession, above the erosional surface, appear
to have been deposited in an estuarine setting, as suggested by a fauna that
indicates a brackish-water environment. The presence of Congeria indicates
salinities in the range of 0.5 to 3.0 parts per thousand and the association of
Cardium, Theodoxus, and Pirenella suggests salinities in the range of 3.0 to 16.5
parts per thousand.

Fig. 10. Inverse textural grading in planar-laminated sand shown in Figure 9. Note sharp upper
contacts to coarser laminae in section above centimeter scale

10. dbra. Inverz gradaltsag a 9. abran bemutatott sikrétegzett homokban. Figyeljiik meg
a durvabb laminak felé a hirtelen dtmenetet, a centiméter-skala folott

Puc. 10. TIpoTHBONOJIOXKHAS I'PAZAlis TPAHYJIOMETPHYECKOIO COCTaBa OCAIKOB
U TUIOCKOC/TOHYATBIX MECKax, MOKa3aHHbIX Ha puc. 9. CM. pe3kuii BepXHHH KOHTaKT ¢ Goee
rpy0O3epHUCTHIMH TUIACTHHKAMH B pa3pe3e Ha/ CAHTUMETPOBBIM MacuITabom
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4. The Nekézseny deposit

The other nearshore sand and gravel deposit described here is exposed in
a gravel pit about 200 m south of the highway, 2 km east of the village of
Nekézseny (Fig. 1). The total length of the exposure in the pit approaches 100 m,
and a total of about 28 m of section exists in the walls of the pit (Fig. 11). The
primary exposure (Fig. 12) is on a face that trends approximately north-south.
The strata dip slightly to the east. A cut on the north side of the highway
opposite the pit exposes sand that may be stratigraphically equivalent to that
in the lower part of the quarry.
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Fig. 11. Generalized sketch of section exposed in the gravel pit east of Nekézseny

11. dbra. A Nekézsenytdl keletre 1év6 kavicsbanya altal feltart szelvény altalanos vézlata.
a) Rétegtani keresztmetszet; b) A banya alaprajza
1 — meszes iszap; 2 — rétegzett kavics; 3 — rétegzetlen kavics; 4 — mészhomok;
5 — paleozoos dolomit

Puc. 11. O6001IeHHas cxeMa pa3pe3a rajeyHHKOBOrO Kapbepa BocToyHee ¢. HekexeHb
a) Crparturpaduyeckuit paspes; b) CMeHa maxThl
1 — M3BECTKOBBIN WJI; 2 — CJIOMCTbIE TAJIbKH, 3 — HECJIOUCTBIE TajIbKu; 4 — H3BECTKOBBIE
MECKH; 5 — Majie030MCKUE JOJIOMHUTHI

The lower 21 m of section in the pit is predominantly gravel. The fauna in
this section (Table II) indicate that it is part of the Egyhazasgerge Formation
(Fig. 2). The top of the section in the pit consists mostly of layered mud, and
is part of the Garab Formation (Fig. 2).







Fig. 17. Muddy (very fine silty sand) layer in gravel; upper part, north end of pit east of
Nekézseny. Note layer of somewhat coarser pebbles immediately beneath fine layer

17.'a'bra.' lszapo§ (nagyon finom aleuritos homok) réteg a kavicsban, a Nekézsenytdl keletre 1évo
banya északi végének tetején. Figyeljiik meg azt a valamivel durvabb kavicsokbol allo réteget,
amely kozvetleniil a finom réteg alatt van

Puc. 17. UnucTeiit (BeCbMa TOHKO3EPHUCTBIC AJIEBPUTHCTBIE NMECKH) CJIOM B rajicYHAKax
B BEPXHEHM 4aCTH CEBEPHOIO KOHIA Kapbepa BocTouHee . Hekexenb. CM. ciolt Heckonbko Goee
rpy603epHHCTBIX TaJIeYHHKOB HEMOCPEICTBEHHO MO/ TOHKO3EPHUCTHIM CJI0EM

Fig. 20. A) Graded layer in calcareous and dolomitic gravel, pit east of Nekézseny. Note
absence of matrix in gravel at base of layer (cm scale).
B) Low-angle foresets composed of graded layers. Yellow colour due to quartzose sand matrix
(cm scale)

20. dbra. A) Gradalt réteg a mészké- és dolomitkavicsban, kavicsbanya Nekézsenytél keletre.
Figyeljiikk meg, hogy a réteg aljan nincs matrix a kavicsban
B) Gyengén délé, osztalyozott rétegekbél 4ll6 nyulvanyok. A sirga szint a kvarcos homok
matrix okozza (cm skala)

Puc. 20. A) TlposiBjieHHE COPTHPOBAHHOCTH I'PAHYJIOMETPHYECKOrO COCTaBa B H3BECTKOBUCTBIX
¥ J0JIOMHTOBBIX FaJIeYHHKAX B Kapbepe BocTo4Hee C. Hekexenb. CM. OTCYTCTBHE LIEMEHTA
B rajiefHMKaXx B OCHOBAHMH CJIOSl (CAHTHMETPOBbIH MacuiTab)
B) Bbixo/pl C/I0€B ¢ HEOOJIBIIMM YIJIOM HAKJIOHA U B COPTHPOBAHHBIX OCaAKaX. XKenToiit 1BET
06YCIIOBJIEH LIEMEHTOM, CJIOKEHHBIM KBAPLEBBIMU NECKaMH (CAHTHMETPOBBIH Macuitab)
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Fig. 12. Wall of gravel pit exposed east of Nekézseny

12. abra. A Nekézsenytdl keletre 1év$ kavicsbanya fala

Puc. 12. CTeHa raeuHHKOBOro Kapbepa BocTouHee c. HekexeHnb

Table II. Fossil assemblage in the Karpathian deposit exposed east of Nekézseny
II. 1ablazar. Karpati bentos faunaegyiittesek (Nekézseny)

Tabauya 1. KoMIIEKC MCKOTIAEMBIX OCTATKOB OTJIOXEHHI KapmaTCKOro Apyca B OOHAXEHHH
K BOCTOKY oT HekexeHus

Fossils: Porifera
Cliona sp
Mollusca
Bivalvia: Lithophaga lithophaga L.
Chlamys multistriata Poli
Chlamys opercularis hevesensis Schréter
Spondilus crassicosta Lam.
Anomia ephippium L.
Ostrea sp.
Gastrochaena sp.
?Jouanettia sp.
Arthropoda
Ostracoda
Cirripedia: Balanus concavus Bronn
Tentaculata
Bryozoa

The floor of the pit locally consists of a Paleozoic (Permian) carbonate
rock. The borings of rock-boring clams (Lithophaga) cover the surface of this
carbonate rock and confirm its exposure to a marine environment during the
Miocene (Fig. 13). The bedrock surface drops to the north more steeply than
do the overlying strata. In the northwest part of the pit, the topographically
lower parts of this surface are directly overlain by fine-grained micaceous
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quartzose sand, which in turn is abruptly overlain by carbonate-pebble con-
glomerate. The bedrock locally projects into this conglomerate on the northwest
side of the pit, and is directly overlain by it on the southwest side. The Litho-
phaga borings in both cases are filled with quartz sand, suggesting that the
bedrock was bored, covered by fine terrigeneous sand, then locally exhumed and
subsequently covered by calcareous gravel. Barnacles on the parts of the surface
that project into the gravel probably were extant during gravel deposition,
which probably therefore occurred at intertidal or greater depths. In the south-
west part of the pit a pavement of carbonate cobbles and boulders covers the
lower parts of the surface (Fig. 14). These clasts show less evidence of Litho-
phaga borings than does the surface itself.

Most of the sediment exposed in the pit consists of carbonate rock clasts
that range in size from coarse sand to cobbles more than 10 cm across (Fig. 15).
The pebbles and cobbles range from subangular to well-rounded, whereas the
sand-size material is predominantly subangular. The clasts lithologically re-
semble the Paleozoic carbonate rock at the base of the deposit, and siliciclastic
components are conspicuously absent from the coarse sand and gravel. Pebbles
displaying well-defined Lithophaga borings (Fig. 16) can be found throughout
the section. In addition, as many as 59 of the pebbles show concave surfaces
that may be scars of Lithophaga borings.

Fine-grained micaceous quartzose sand occurs as matrix material and as
a few thin beds in the lower part of the gravel. This sand lithologically resembles
that which underlies the gravel on the northern side of the quarry. Very fine silty,

Fig. 13. Lithophaga borings on Paleozoic carbonate rock surface exposed in the lower part of
the gravel pit east of Nekézseny

13. dbra. A Nekézsenytdl keletre 1év6 kavicsbanya aljan feltart paleozoos karbonatkézetben 16vé
Lithophaga-furasok

Puc. 13. [Ipbipku, npobypennbie kameHoTounamu (Litophaga) B maneosotickoit kap6oHATHOI mopoze,

BCKDBITOH B HHXXHEH YaCTH raJIeYHHMKOBOTO Kapbhepa BOCTOYHEE C. YoKBaOMaHb
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Fig. 14. Accumulation (near centimeter scale) of cobbles and boulders at the base of the
conglomerate east of Nekézseny. Paleozoic carbonate rock surface ic exposed at base of wall to
left of scale

14. dbra. Gorgetegek és tombok felhalmozdodasa (a centiméter-skala kozelében) a Nekézsenytol
keletre 1év6 konglomeratum aljan. A paleozoos karbonatkdzet felszine a fal aljan van feltarva,
a skalatol balra

Puc. 14. Hakomuienue (BOJIM3U CAHTHMETPOBOrO MaciuTaba) rajek U BaJyHOB B OCHOBAHHMH
KOHIJIOMepaToB BocToyHee ¢. HekexeHnb. [T0BepXHOCTD Maie030MCKON KapOOHATHON MOPOABI
obHaxaeTcs B OCHOBAaHUM CTEHBI Kaphepa HalleBo OT MaciuTtaba

Fig. 15. Calcareous and dolomitic gravel in lowermost 5 m of section, pit east of Nekézseny.
Note angularity of many clasts and suggestion of right-dipping imbrication

15. dbra. Mészké- és dolomitkavics a szelvény legalsé 6t méterén, a Nekézsenytdl keletre 1évo
banyaban. Figyeljiik meg, hogy a tormelék jelentds része szogletes s jobbra d6lé imbrikaciot
sejtet

Puc. 15. VI3BeCTKOBUCTBIE U JIOJIOMHTOBBIE TAJICYHHKH B CAMBIX HHXHHX 5 M paspe3a B Kapbepe
BocTouHee . Hekexxenb. CM. yrioBaTocTh 60JIBIIOTO KOJIHYECTBA OOJIOMKOB
U TIPEANoJIaraeMoe NMpaBoe MaicHHE YelryiyaTocTH
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Fig. 16. Calcareous and dolomitic gravel, upper part of pit east of Nekézseny. Note variability
of clast roundness and large Lithophaga-bored pebbles

16. a'brfz. Mészko- és dolomitkavics a Nekézsenytdl keletre 1évO banya felsé részén. Figyeljiik
meg a tormelék gombolyitettségének valtozo voltat és a nagy, Lithophaga altal fart kavicsokat

Puc. 16. I3BeCTKOBUCTBIE M 1I0JIOMHUTOBBIC IAJICYHUKU B BEDXHEH YaCTH Kapbepa BOCTOYHEE
¢ Hexexenb. CM. M3MEHYMBOCTb OKATAHHOCTH OGJIOMKOB M KDYIHbIE TaJIbKH, TIPOGYPEHHbIE
KaMmeHoTouuamu ( Litophaga)

micaceous, predominantly carbonate sand and mud occurs in lenticular layers
up to 4 cm thick and as matrix in the upper part of the gravel, particularly on
the northern side of the pit. The muddy layers typically are unburrowed and
show no evidence of desiccation cracks. Some rest atop laterally continuous
layers of relatively coarse pebbles (Fig. 17). Some of the thicker muddy layers
show a well-defined textural grading into clay at their tops. This muddy sedi-
ment resembles the fine-grained material in the overlying Garab Formation.

Shell fragments are common in the gravel. Nearly all are abraded, and most
lie with concave sides up. Articulated in-situ bivalves were not seen. One
fragment of Siderastrea coral was found in the upper part of the gravel.

The conglomerate generally displays distinct stratification (Fig. 18). Most
of the beds can be traced laterally for only a few meters. The sediment lacks the
degree of sorting of sand and gravel into discrete laterally continuous beds that
typifies some wave-worked gravel [CLIFTON 1973]. Lenticular calcarenite beds
10-20 cm thick exist, particularly in the middle part of the gravel section. Some
of these beds show internal parallel-lamination or high-angle foreset bedding.
Low-angle cross-stratification is evident in much of the conglomerate (Fig. 19).
The cross-strata dip at angles of 10° or less in units a few tens of cm thick.

A striking feature of the gravel is a textural grading within many of the
gravel beds. Such beds typically are a few cm thick; they are composed of fine
limestone gravel at the base that grades upward into calcarenite at the top (Fig.
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Fig. 18. Stratification in gravel, pit east of Nekézseny. Centimeter scale
18. abra. Rétegz8dés a kavicsban. Kavicsbanya Nekézsenytdl keletre. Centiméter-skéla

Puc. 18. C10H4aTOCTh B rajieYHHKax B Kapbepe BOCTO4Hee ¢. HekexeHs. CaHTUMETPOBBIN
Macirab

Fig. 19. Low-angle cross-stratification in lowermost 5 m of section, pit east of Nekézseny

19. abra. Kishajlash keresztrétegzettség a szelvény als6 6t méterén. Kavicsbanya Nekézsenytdl
keletre

Puc. 19. Kocas ClOCTOCTb ¢ HEGOTBIINM YrIOM HAK/IOHA B HH3AX CAMBIX HIKHHX 5 M pa3spesa
Kapbepa BocTouyHee c. Hekexenn
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Fig. 21. General character of graded cycles in lowermost 5 m of gravel, pit east of Nekézseny

21. dbra. A gradalt ciklusok ltalanos jellege a kavics alsé 6t méterén, a Nekézsenytdl keletre
1évo kavicsbanyaban. .
1 — durva homok; 2 — finom kvarchomok; 3 — mészhomok; 4 — matrix; 5 — apro kavics;
6 — hiany

Puc. 21. O61uii BUA LIUKJIOB OTCOPTHPOBAHHOCTH OCA/IKOB B CAMBIX HHXXHHMX 5 M TajIe4HHKOB
B Kapbepe BocTouHee ¢. Hekexenb
1 — rpy6ble necky; 2 — MEJIKO3EPHUCTHIE KBAPLEBbIE NECKH; 3 — U3BECTKOBBIC NECKH;
4 — maTpuua; 5 — MeJIKue raabku; 6 — OTCyTCTBHE

20). In the lower part of the pit, the fine-grained quartzose sand commonly
forms a matrix to the coarse calcarenite at the top of a graded bed (Fig. 21).
The fine gravel in the lower part of such beds is matrix-free. The graded beds
form depositional cycles in much of the gravel and compose many of the
low-angle foresets in the unit.

Biogenic structures are present in the gravel in the form of clay-lined tubes
(Fig. 22). Most of these are 1-2 cm in diameter. The largest have a central,
gravel-filled core 3 cm across enclosed by a 1-cm-thick rim of clay-matrixed
gravel. The tubes are somewhat sinuous, and most are subvertical. Branches
were not observed but may exist. One enlarged “turn-around chamber” occurs
at a right-angle turn in a burrow. The burrows resemble in many ways those
produced today by decapods such as Callianassa. '

Directional features within the gravel are remarkably diverse. The low-
angle foresets in the gravel dip primarily toward the southeast, whereas the
high-angle foresets dip mostly toward a sector that ranges from northeast to
northwest. Measurement of the long axes of 50 pebbles in the lower part of the
unit showed a well-defined south—southeast, north-northwest trend. A similar
orientation was visually evident on a bedding surface exposure high in the pit.
Many of the pebbles in the conglomerate show a clear imbrication (Fig. 23).
The direction of imbrication is variable. In the lower part of the quarry the
predominant inclination direction seems to be toward the south, whereas in the
upper part it seems to be predominantly toward the north.

Lateral trends in clast size are evident within the gravel. Measurement of
the long axes of the 25 largest pebbles within a m? surface of the same beds 30 m
apart showed a clear decline in size (5.8cm to 3.7cm) in a northeasterly
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Fig. 22. Clay-lined burrow in gravel, pit east of Nekézseny. Note filling by carbonate sand.
Cm scale

22. abra. Agyaggal tapasztott asasnyomok a kavicsban, a Nekézsenytdl keletre 1évé banyaban.
Figyeljiik meg a karbonathomokos kitoltést. Cm skala

Puc. 22. [Ipipka, npoOypeHHasi OpraHN3MaMH B rajieYHMKax, H3HYTPU MOKPHITAas IIICHKOH
[JIMHBI B Kapbepe BocToyHee ¢. Hekexenb. CM. 3amosiHeHHe KapOOHATHBIM MECKOM.
CMm maciitab

Fig. 23. Well-defined pebble imbrication (dipping to the right). Lower 5 m of gravel, pit east of
Nekézseny. Note graded units

23. dbra. Hatérozott kavics-imbrikacio (d6lés jobbra). A kavics also 6t métere, kavicsbanya
Nekézsenytol keletre. Figyeljiik meg a gradalt egységeket

Puc. 23. BelpaxxeHHas 4eIIyH4aTOCTh rajiek (C HAKJIOHOM Hanpaso). HiuxHHe 5 M raje4yHuKOB
B Kapbepe BocTo4Hee ¢. Hekexenb. CM. OTCOPTUPOBAHHbIE €MHHUIIBI
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direction. A similar decrease probably eXists in the upper part of the gravel,
although it is impossible to trace the same set of beds from the southern part
of the exposure to the northern part. In the upper part of the quarry, pebbles
commonly exceed 5 cm at the southern end of the exposure, whereas 60 m to
the north, pebbles larger than 5 cm are uncommon in the same general part of
the section. Local concentrations of coarse pebbles, however, do exist in the
northern part of the quarry.

Unlike the Miocene deposit exposed east of Csokvaomany, the gravel in
the pit east of Nekézseny does not display a vertical sequence that can be readily
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Fig. 24. Stratigraphic variation in macrofauna, gravel pit east of Nekézseny.
A — Cronostratigraphy: A, — age, A, — stage, A; — formation; B — Lithofacies;

C — Assemblages; D — Environment: D, — eulitoral, D, — sublitoral; 1 — limestone; 2 —
gravel with limestone blocks; 3 — sandy coarse gravels; 4 — gravelly sand; 5 -— sand including
coarse gravels; 6 — gravelly sand; 7 — sandy coarse gravels; 8 — silty clay; 9 — Holocene
detritus

24. abra. Rétegtani valtozas a makrofaunaban, kavicsbanya Nekézsenytdl keletre.

A — Kronosztratigrafia: 4, — kor, 4, — emelet, 4; — formacié; B — Litofacies; C —
Faunaegyiittesek; D — Kornyezet: D, — eulitoralis, D, — szublitorélis; 1 — mészkd; 2 —
mészk6tombos kavics; 3 — homokos durva kavics; 4 — kavicsos homok; 5 — durva kavicsos
homok; 6 — kavicsos homok; 7 — homokos durva kavics; 8 — kézetlisztes agyag; 9 — fiatal
tormelék

Puc. 24. Ctpaturpaduyeckoe u3MeHeHHe B MakpodayHe B rajeqHUKOBOM Kaphepe BOCTOUHEE C.

HekexeHb
A — XpoHnoctpaturpadus: A, — Bo3spact, 4, — apyc, 4; — dopmanus; B —
Jlutodaunansusie; C — daynuctuyeckne coobuiectsa; D — Cpeaa; D, — sBauTopasibHas;

D, — cybautopanbhas; | — u3BecTHsKH; 2 — ranbKu C H3BECTHIKOBBIMH GlOKamMu; 3 —
necuaHble rpyOble ranbki; 4 — rajedHble Necku; 5 — rpyborajedHsie eCKu; 6 — rajeuHble
TMECKH; 7 — TecuaHble IpyObie rajibKy; 8 — ajeBPUTOBbIC MJIMHBL, 9 — MOJIOAbIE 0BJIOMKH
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interpreted in terms of changes in depositional environment. The uppermost
gravel in the pit closely resembles that exposed 21 m stratigraphically below at
the base of the pit. Environmentally significant vertical variation in the section
‘may be limited to subtle differences in matrix composition, changes that are
associated with lateral variations, and the transition to the finer-grained Garab
Formation near the top of the pit. Stratigraphic variation in the macrofauna
assemblage (Fig. 24) may also be significant.

The basal 5 m of gravel exposed in the pit (Fig. 13) is typically well-bedded.
Burrows are rare and southeast-dipping low-angle foresets in units 0.2-0.6 m
‘thick are particularly well displayed on the southwestern part of the pit wall.
The lower part of this section contains much very fine quartzose sand as matrix
and thin beds, particularly near the base. The aforementioned measured de-
crease in pebble size toward the northeast occurs in this part of the section.

The section from 5 to 8 m above the base shows very little internal struc-
ture. Local brown patches of iron oxidation on the order of 5-10 cm across are
common. On fresh exposure, many of these can clearly be seen in association
with tubular burrows like those described in a preceding paragraph. It is
probable that the structureless aspect of this part of the section results from
intense bioturbation. A few very rare lenses of crossbedded calcarenite in the
otherwise structureless sandy gravel suggest that the gravel was probably orig-
inally layered much like that immediately above and below. The middle part of
the structureless section contains a laterally persistent layer of scattered coarse
(5-8 cm) rounded carbonate rock clasts.

The section from 8-13 m above the base of the gravel contains beds and
lenses of calcarenite. This sand is composed. mostly of subangular carbonate
fragments between 0.5 and 1.0 cm in diameter. Shell fragments are a common
component, and quartzose sand, abundant in the lower part of the gravel, is
almost non-existent. The lateral distribution of the calcarenite differs within the
pit. On the nearly inaccessible southwestern wall, sand dominates the section,
.but it largely lenses out within a few tens of meters to the northeast. Calcarenite
beds are generally absent in equivalent section at the northern part of the pit.
In the central part of the quarry, burrows are particularly evident in this part
of the section.

The uppermost 7-8 m of gravel resembles that in the lowermost 5 m.
Quartzose sand in this upper section is less abundant and finer than that near
the base of the gravel. Discrete layers of very fine-grained silty sand and mud
are common in the northern part of the pit but absent in southern exposures
where similar fine sediment is present only as matrix. As in the lower 5 m of
section, decimeters-thick units of foresets defined by graded gravel layers dip
gently toward the southeast.

The contact of the gravel with the overlying Garab Formation lies within
a 3.54 m interval that is covered by overburden. Above this interval, about 3 m
of the Garab Formation is exposed at the top of the pit. This unit consists of
micaceous silty mud that contains isolated one-pebble-thick layers of limestone
granules and pebbles less than 1 cm across and shell fragments. Shell fragments
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are also abundantly scattered within the muddy section (the Macoma associ-
ation, Fig. 24).

The deposits in the gravel pit are not so readily explained as those in the
sand pit east of Nekézseny. Many lines of evidence suggest deposition in very
shallow water, but the specific depth range and the origin of the observed
features in the deposit are rather speculative.

The macrofauna occur in three distinct associations. The lowermost as-
sociation (Fig. 24) is characterized by many bivalve specimens, particularly
Lithophaga. The association is confined to the proximity of the Permian car-
bonate rock surface, which is so densely covered by borings as to limit the
available space for other rock-clinging forms (such as oysters or barnales). Most
of the borings are those of Lithophaga; Cliona traces exist but are relatively rare.
The association is autochthonous and lacks exotic elements. All species could
have lived together along a rocky limestone or dolomite shoreline.

The main body of the calcareous gravel contains an allochthonous macro-
faunal association (Fig. 24) that is characterized by the genera Chlamys, Anomia
and Ostrea. The shells occur predominantly as worn fragments, commonly
riddled by boring organisms (such as Cliona and Balanus). This and the relative-
ly high density of the shells indicate post-mortem transportation. The general
ecologic coherence of the assemblage suggests that the fauna coexisted in a
shallow wave-swept sandy environment and accumulated near their living site.

The third ( Macoma) macrofaunal association occurs in the Garab Forma-
tion (Fig. 24). It is characterized by a relatively low fossil density, a small
percentage of shell fragments, and many single and a few paired bivalve shells.
The assemblage is para-autochthonous; most of the species could have co-exis-
ted in a silty or clayey substrate of a shallow sea.

The physical processes that controlled deposition of the gravel and sand
are not unequivocally clear. The angularity of the clasts implies a rather limited
abrasional history (particularly upon consideration of the softness of carbonate
rock relative to siliceous clasts). The variability of imbrication direction within
the gravel suggests paleocurrents from diverse directions.

The water depth was probably no more than a few meters. The high degree
of lateral variability of the sediment in the quarry suggests rapid facies change
of the type commonly found in very shallow water. The abundance of large
pebbles throughout the gravel likewise suggests shallow depths. Threshold
curves indicate a requirement for wave-generated oscillatory currents of at least
2 m/s to move a quartz sphere 5 cm in diameter [KOMAR-MILLER 1975]. Many
of the limestone and dolomite clasts in the gravel are probably equivalent
hydraulically to such a quartz sphere, and currents of 2 m/s accordingly would
seem fairly common. Airy wave theory provides a basis for estimating the
combinations of wave height, wave period, and water depth that will produce
this velocity [CLIFTON-DINGLER 1984]. Figure 25 shows these combinations
under the assumption that the only current present is due to passing waves. At
a water depth of 10 m oscillatory currents equivalent to 2 m/s would require
waves on the order of 4-5 m high—an unlikely amplitude given the paleogeo-
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Fig. 25. Combinations of wave height, wave period and water depth required to initiate
movement of a quartz pebble 5 cm in diameter

25. abra. Az 6t centiméter atmérdjii kvarckavics megmozditasahoz sziikséges kombinacioja
a hullimmagassagnak, hullimperiodusnak és vizmélységnek
1 — U,, = 200 cm/s aramlast létrehozo koriilmények; 2 — (5 cm-es kvarckavics
megmozditasanak kiiszobértéke); 3 — sekélyviz; 4 — hullamtorés hatara

Puc. 25. CodeTaHue BBICOTHI BOJIH, HX NIEPHOMYHOCTH H [JIyOMHBI BOofoeMa, Heobxoaumoe s
NepeMELIEHNs] KBapLEBO raJIbkH IHAMETPOM 5 CM
1 — ycnoBus, co3naroumue nputok U, = 200 cM/cex; 2 — (TpaHHYHOE 3HAYEHHE, HEOOX0AUMOE
JUTSl CIIBHXKEHHUS KBAPLIEBOM TajibKH pPasMepoM 5 cM); 3 — MeEJIKOBO/IbE; 4 — IpaHulia pasjioma
BOJIH

graphic setting (Fig. 4). At a water depth of 5 m somewhat more reasonable
waves (on the order of 3 m high) would be required.

Many of the specific features in the gravel are difficult to explain. The
graded low-angle foresets that occur in much of the gravel are a good example.
It is not clear whether these layers result from a specific event such as a storm
or flood (if the gravel represents the seaward part of a small fan-delta), or from
the lateral migration of large ripples. Wave ripples in gravelly sediment near
rocky shorelines where the sand supply is limited or in bays where waves are
small are known to have finer material concentrated on their crests [INMAN
1957]. If such ripples migrated laterally during active sedimentation, the resul-
tant climbing-ripple structure might resemble the graded foresets.

The inconsistency of directional features is also difficult to interpret. High-
angle foresets in the calcarenite dip in a generally northerly direction, whereas
low-angle foresets in the gravel dip predominantly toward the southeast. Grain
size variations are inconsistent (a northerly fining in the lower and upper parts



126 ) Clifton—Bohn-Havas—Miiller

of the gravel, a northerly coarsening in the central part of the section containing
the calcarenite), as are pebble orientation patterns (northwest—southeast long
axis trend and variable imbrication direction). Such directional variability
suggests that different processes influenced this sediment. The directional data,
the lithologic homogeneity of the clasts, as well as the abundance of shell
fragments and Lithophaga-bored clasts throughout the deposit, suggest that the
deposit is not a fan-delta composed of fluvial detritus. Similarly it does not
appear to be a simple beach—-nearshore deposit as typified by the Csokvaomany
example.

Perhaps the most reasonable interpretation is that the gravel accumulated
at the foot of a rocky sea cliff of substantial relief under conditions of slowly
rising sea level. The lack of pronounced vertical change in the 20 m of gravel
suggests that sediment accumulated on the sea floor at about the same rate as
sea level rose. Possibly the volume of carbonate rock detritus was augmented
by a fluvial fan-delta contribution. The regional palecogeography (Fig. 4) sug-
gests that the sea cliff was on the north side of a small island (perhaps a karstic
feature) composed of Permian carbonate rock.

Under this interpretation, the initial gravel deposition occurred in the
general proximity of a shoreline to the north. Quartzose sand associated with
this shoreline is.intermixed with the lowermost part of the gravel. As sea level
rose and the shoreline retreated to the north, the amount of available siliciclastic
sand near the island diminished. Subsequently, finer-grained siliciclastic sedi-
ment formed the matrix of the gravel, and, in quieter water away from the island
shore, accumulated in discrete beds. When sea level inundaged the island, gravel
deposition ceased, and the fine-grained sediment of the Garab Formation began
to accumulate on the sea floor.

Such an interpretation is consistent with some of the directional features.
It would explain the northerly decrease in pebble size. The clean carbonate sand
that lenses out to the north in the central part of the section can be explained
as a beach or near-beach deposit that, like some modern beaches, changed from
sand to gravel a short distance offshore. The north-dipping high-angle foresets
in this sand accordingly could be either “toe-of-beach” or rip current structures.

The origin of southeasterly dip of the low-angle foresets in the gravel
remains enigmatic. Such a direction intuitively seems improbable in this paleo-
geographic setting for upslope (northeast) climbing wave ripples. Conceivably
the foresets might reflect deposition on the flank of a localized accumulation of
gravel such as a small fan-delta. The grading in the foresets could be due to
discrete depositional events (such as a storm or flood), or to the climbing of
wave-formed ripples across a southeast-facing, gently-stepped surface.

5. Conclusions
. The paleoenvironmental setting of the nearshore deposits described here

is generally similar—both accumulated near the shoreline of a narrow Miocene
seaway. The lithologic character of the two deposits, however, differs markedly.
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Their difference is probably due more to contrasts in the rate of sea level change
relative to sedimentation rate and in the textural composition of the available
sediment than to differences in the physical environment.

One deposit, part of the Salgotarjan Formation, appears to be a prograding
shoreline deposit. A variety of depositional environments—inner shelf, near-
shore, foreshore, and backshore—are compressed into a shallowing-upward
sequence less than 7 m thick. Storm deposits are recognizable in the lower part
of the section. The sedimentary structures and directional features are nicely
consistent with the reconstructed paleogeography. Development of the pro-
gradational sequence terminated with a renewed transgression. of the sea.

The second deposit, part of the Egyhazasgerge Formation, is not so readily
interpreted, despite being very well exposed over a laterally and vertically
extensive gravel pit face. The succession here appears to have accumulated
during an episode of marine transgression in which the rate of gravel deposition
seems to have been more or less equivalent to the rate of sea level rise. The gravel
is apparently derived from a Paleozoic carbonate rock upland immediately to
the south, possibly even from shoreline erosion of an island formed in part by
karstic processes.

Many of the features in the gravelly deposit can be explained in terms of
a marine transgression in which an initially adjacent siliciclastic shoreline re-
treated to the north. As a consequence of this shift, the siliciclastic sediment at
the Nekézseny gravel pit became progressively finer with time. Concurrently,
calcareous and dolomitic sand and gravel accumulated adjacent to the upland
until it was inundated and deposition of silt and clay then preyailed at this site.
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ELTERO TIPUSU HOMOK- ES KAVICSULEDEKEK AZ ESZAK-MAGYARORSZAGI
MIOCENBOL

H. Edward CLIFTON, BOHNNE HAVAS Margit és MULLER Pal

A vizsgalt iiledéksorok az Egercsehi-Ozdi arokban keletkeztek. Itt az eggenburgi-ottnangi
iiledékek két teljes ciklust képviselnek, melyek ko6zé a Gyulakeszi Riolittufa Formacio telepiil.
E folott a felsé ciklushoz tartozé Salgétarjani Barnakdszén Formacio homokos, aleuritos és
agyagos, lignit-tartalmu iledékei telepiilnek. E formacioba tartozo iledéksort tar fel a Csokva-
omanytol K-re 1évd kis homokgodor. A szelvény also része progradalo parti iiledéknek tekinthetd,
iszap-homokrétegek felfelé fokozatosan keresztrétegzett kavicsba mennek at, melyet laminalt ho-
mok, gyokérnyomos iszap, vékony lignitzsinor és csigas iszap takar, s a sor er6zios felszinnel zarul.
A kavics és a laminalt homokréteg hatiara az egykori tengerszintet jelzi. A sor egyes tagjai a
progradacio soran egyre sekélyebbé valod kdrnyezet savjaban iilepedhettek le. A fauna a Salgétarjani
Barnakdszén Formaciora utal, de nem ad felvilagositast a sotartalomra. Csupan az er6zios felszin
felett telepiild, lagiina-eredetii iiledékekben talalhatok 0,5-3,0 illetve 3,0-16,5%-0s sotartalomra
jellemzo alakok vagy egyiittesek.

A karpati-badeni korszakban is két uledékciklust figyelhetiink meg. Az also, karpati koru
ciklusba tartozik az Egyhazasgergei Formacio. Ennek része a Nekézsenytol keletre, egy kavicsba-
nydban feltart kavicsosszlet. A fekii paleozoos karbonat-felszint Lithophaga-kagylok tomegei
furtdk meg. Erre 21 m mészkd- és dolomitanyagu kavics telepill, részben kozvetleniil, részben
kvarchomok kozbetelepiiléssel. A fauna tengeri iiledéket jelez. A nagyobb kavicsokat mozgatd
oszcillald vizmozgast legfeljebb néhany méter mély vizben képzelhetjiik el, az adott 6sfoldrajzi
helyzetben. A szemnagysagban mutatkozo rendszeres valtozas arra szoritkozik, hogy a sziliklaszt-
komponens felfelé finomodik (lent finom homok, feljebb aleuritos igen finom homok, majd agyag).
Feltessziik, hogy az liledék egy kiemelt teriilet (talan egy sziget) labanal rakodott le, a transzgresszio-
val 1épést tarté iiledékképzddéssel. fgy a helyi eredetii mészkd—dolomit-tormelék nagyjabol azonos
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vizmélységet jelez a szelvényben. Az eredetileg szomszédos sziliklasztos partvidék visszahtizodasa
az ilyen komponens finomodasaban mutatkozik meg. A karbonatos sziklasziget teljes elontése utan
a kavicsképzodés és lilepedés megsziint, s a Garabi Slir Formacio finomszemu iledékei zartak a
karpati koru iiledékképzodést.

OTJIMYAIOMMECS THUITBI TECYAHBIX U TAJIEYHBIX OCAJIKOB U3
MHUOLEHOBbIX OBPA30BAHUU CEBEPHOU BEHI' P

I'. Oasapn KJIMOTOH, Maprur BOH-XABAII u [Tax MIOJIJIEP

HccnenoBannbie 0caaouHble MOPOIbI MPOUCXOAAT M3 KaHaB Drepuexu ¥ O31a. 3aeck ocaku
9rreHdypra—0TTHaHra NPEACTABIAIOT COOOO BA MOJIHBIX LUKJIA, CPEAX KOTOPBIX 3aJIeraloT obpa-
3oBanus [pronakecu Puonutoso-Tydosoit ®opmaiuu. Hag HUME J1eaT OTHOCSIIMECS K BEPXHE-
My LIMKJIy TIECYUaHblE, aJIEBPUTOBBIC H IITMHUCTBIE OCA/IKH, a TAKXe cojiepxaliue JUrauT, [lanrorap-
sHCKO# BypoyronbHoii hopmanuu. Pa3pes ocago4unbix 06pa30BaHHii, OTHOCSLIUXCS K 3TOH popma-
I[MU, BCKPBIT B HEOOJIBILION MECYaHON siIME, HAXOAAIIENHCs Ha BOCTOK OoT YokBaoMaHb. HukHIO0O
4aCTh pa3pe3a MOXHO pacCMaTpHUBaTh Kak NEpeMeELIaBLIHECs OeperoBble OCaaAKH, HIMCTO-TIECYa-
HBIE CJIOM BBEPX MO pa3pe3y NMOCTENEHHO NEPEXOAST B NMONEPEYHO CIOUCThIE TajbkH, KOTOPbIE
NOKPBITHI JJAMHHUPOBAHHBIM TIECKOM, MJIOM CO ClIeaMH KOpDHEH, TOHKMMH LIHypaMH JIMTHUTA
U paKylIeYHBIM MJIOM, pa3pe3 3aKaHYMBAETCH TMOBEPXHOCTHIO 3po3uH. I'paHuua rajnex U cjos
JJAMMHMPOBAHHOTO Tiecka 0003HavaeT MpexHUi ypoBeHb Mops. OTAeNbHBIC 4JIEHBI pa3pe3a BO
BpeMsl IPOJABHXXEHHS OTJIarajuch B NoJioce Bce Oosiee Meskoro okpyxeHus. dayHa ykas3blBaeT Ha
[llanroTapsHckyio Bypoyroabnyio hopmanuio, HO He 4aeT OObSICHEHHS OTHOCHTENILHOTO COJIEpKa-
HUs cosielt. TolbkO B 0CaI0YHBIX 00Pa30BAHUSX JTATYHOBOTO MPOMCXOXK/ACHUS, HAXOAALMXCS Hal
MIOBEPXHOCTBIO 3PO3HH, MOXHO BCTPETHTb OCOOM M KOMILIEKCHI, XapaktepHele ans 0,5-3,0
u 3,0-16,5%-H0Tr0 ConeconepK aHus.

B kapnaTcko—6aseHCKOM NEpHO/e BpeMEHH Takke HaOIIoJaroTCs B IUKJIA 0CaJKOHAKOT-
sienusi. HuxHuUH, KapnaTcKkoro Bo3pacTa, W NpeacTaBiieH Dabxasamrepreiickoit dopmanuen.
YacTb 3TOM (hopMallMHK NPEACTABIICHA TOJIIEH rajiek, BCKPHITON B 60JIBIIIOM raJleYHUKOBOM Kapbe-
pe Ha BocTok oT Hekexenb. JIexalas B OJOIIBE IOBEPXHOCTD MaJIe030HCKHX KapOOHATOB Mpnby-
peHa MaccaMu npeacTaBuTeNell pakoBuH Lithophaga. Ha Hux HaseraroTt B MOIIHOCTH 21 M H3BecCT-
HSIKOBBIE M JOJIOMHTOBBIE FaJIbKH YaCTHYHO HEMOCPEACTBEHHO, YACTUYHO C BKJIFOYEHHSIMH KBaplie-
Boro necka. PayHa yka3blBaeT Ha OCaJKH MOPCKOro mpoucxoxaenus. Konebuoleecs 1BHXeHHE
BOJ, Tlepe/BHraBIIMX 6oJsiee GosblINe rajbkd, Mbl MOXEM MPEACTABHTb JAJIs BOJ B HECKOJBKO
METPOB I1yOHHOM B ObIBILIEM majeoreorpacdudeckoM nosioxkeHuu. CHCTEMAaTHYECKOE H3MEHEHHE,
HabJ1I01aeMOe B pa3Mepe 3epeH, MOKa3bIBAET, YTO CHIIMKJIACTHYECKHE KOMIIOHEHTHI B HATIPABJIEHHH
BBEPX CTAHOBATCS MeJIb4e (BHU3Y MEJIKUH MECOK, BHIIIIE aJICBPUTOBbIA OYE€Hb MEJIKUH MECOK, 3aTEM
rauHa). [lpeanonaraeM, 4To OCaaku OTJIOXHIHMCH Yy TOMHOXbS OJHOIO NPHUIOJAHATOrO y4acTKa
(MoxeT OBITH OCTPOBA) BO BPEMs 0CaJIKOOOPA30BaHUs, IPOXOJUBIIETO BMECTE C TPAHCT PECCUEH.
Takum 06pa3oM, U3BECTHSKOBO—IOJIOMUTOBBIE OOJIOMKH MECTHOTO TPOUCXOXICHHUS B pa3pese
GoblIeif YacThIO yKa3bIBAIOT HAa MAEHTHYHbIE riayOuHbl BOAbl. OTCTyIUIEHHE NMEPBOHAYATIBLHO
coce/IHeH CHITMKIIACTOBOH 6E€peroBoit TEPPUTOPUH NPOSIBIAETCSA B TAKOM M3METIbYEHHHM KOMIIOHEH-
ToB. [locne moaHOro MoOrpyeHHst B BOAbI KapOOHATOBOrO CKAJIUCTOrO OCTPOBA NPEKPATUIIOCHh
06pa3oBaHuE rajiek U HaKOTUJIEHHE OCaIKOB, U MPOIIECC 0caako0o0pa3oBaHus KapHnaTCKOro BO3pacTa
3aBEPLUMJIM TOHKO3epHHUCThIe ocaaku ["apabekoit lllnuposoit Popmanuu.
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LITHOLOGIC CHARACTERISTICS AND PALEOGEOGRAPHIC
SIGNIFICANCE OF RESEDIMENTED CONGLOMERATE OF LATE
CRETACEOUS AGE IN NORTHERN HUNGARY

H. Edward CLIFTON*, Karoly BREZSNYANSZKY ** and
Janos HAAS***

Late Cretaceous (Senonian) conglomerate is exposed in northern Hungary at the boundary
between the Biikk and Uppony Mountains litho-tectonic units. It rests depositionally on rocks of
the Uppony unit. The conglomerate is locally well-exposed in artificial cuts. A railroad cut on the
southwestern side of the village of Nekézseny and a road cut east of the village of Csokvaomany
form the basis for this paper. Several lines of evidence (particularly graded sandstone beds) indicate
that the Nekézseny section is structurally overturned. The conglomerate occurs in flow units that
are in some places fairly obscure. Many of the thicker units follow a textural pattern of being
inversely graded at the base, ungraded in their central portion and normally graded at the top. A
clast-supported framework in which pebbles are aligned with short axes normal to bedding is
common to most of the units. The most reliable long-axis orientation and imbrication data (from
the less structurally disturbed Csokvaomany exposure) suggest paleotransport to the northeast. The
textural character of the conglomerate and its fabric suggest that most of it was emplaced by flows
that were intermediate between cohesive debris flows and high-density turbidity currents. The
absence of clasts from the Biikk Mountains litho-tectonic unit suggests that the structural conver-
gence of the Biltkk and Uppony units occurred after deposition of the conglomerate (or that the
Biikk Mountains unit was not exposed during deposition). Many of the clasts are derived from the
Aggtelek-Rudabanya Mountains litho—tectonic unit, which presently is exposed well to the north-
east of the area of Late Cretaceous conglomerate.occurrence. The paleotransport direction suggests
that either source rock in this unit extends well to the south in the subsurface or that the source
was subsequently transported tectonically to the north along the Darné tectonic line.

Keywords: resedimentation, conglomerates, Upper Cretaceous, paleogeography, Hungary

1. Introduction

Conglomerate of Late Cretaceous Senonian (Campanian) age crops out in
northern Hungary in a narrow belt between the Biikk and the Uppony Moun-
tains (Figs. I and 2). Although the conglomerate is of limited extent (the
outcrop belt between the villages of Dédestapolcsany and Csokvaomany is but
8 km long), it is a key unit for interpreting late Mesozoic paleogeography and
tectonics. Called the Nekézseny Conglomerate Formation by BREZSNYANSZKY
and Haas [1984], it is the only Cretaceous unit known to exist in northern
Hungary. Accordingly, it provides critical information on post-Jurassic—pre-
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*** Hungarian Geological Survey, POB 106, Budapest, H-1442
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Dédestapolcsény

Csokvaoma’lny

3km

5 p
Lenarddaroc

Fig. 1. Location of the Late Cretaceous conglomerate (shaded area) in northern Hungary

1. dbra. A felsékréta Nekézsenyi Konglomeratum elterjedése (arnyalt teriilet)
Eszak-Magyarorszagon

Puc. 1. PactipocTpaHeHHe BepXHEMEJIOBBIX KOHIIoMepaToB B CeBepHO# Benrpun

Fig. 2. Generalized lithologic map of tectonic units in the vicinity of the Late Cretaceous
conglomerate in northern Hungary (symbols on left side of explanatory column indicate areas
of exposure, symbols on right side indicate subsurface occurrence)

1 — Late Cretaceous conglomerate; 2 — Biikk unit, Jurassic meta-siltstone and diabase; 3 —
Biikk unit, Triassic shallow- and deep-marine sedimentary and volcanic rocks, in part slightly
metamorphosed; 4 — Biikk unit, Carboniferous to Permian shallow-marine formations; 5 —
Uppony unit, various lithologies, Devonian to Carboniferous rocks, slightly to moderately
metamorphosed; 6 — Biikk unit, various lithologies; 7 — Aggtelek—Rudabanya unit, Triassic
shallow- and deep-marine formations, in part slightly metamorphosed

2. abra. A fels6kréta Nekézsenyi Konglomeratum kornyezetében talalhato szerkezeti egységek
egyszerusitett foldtani térképe (a jelkulcs bal oldalan feltiintetett jelek a kibuvasokat, a jobb
oldali jelek a felszin alatti elterjedést jelolik)

1 — Felsokréta Nekézsenyi Konglomeratum; 2 — Biikki egység, jura pala és diabaz; 3 — Biikki
egység, triasz sekély- és mélytengeri liledékes és magmas képzédmények, részben gyengén
metamorfizalodva; 4 — Biikki egység, karbon—perm sekélytengeri képzédmények; 5 — Upponyi D
egység, kiillonbozo kifejlodésti devon—karbon képzédmények, gyengén, ill. kozepes mértékben
metamorfizalédva; 6 — Biikki egység, tagolas nélkil; 7 — Aggtelek—Rudabanyai egység, triasz
sekély- és mélytengeri képzodmények, részben gyengén metamorfizalodva

Puc. 2. CxeMaTH4eckas reoJioruyeckasi Kapra TEKTOHHYECKHX €IMHHI] B PaiiOHEe pPa3BUTHS
BEPXHEMEJIOBBLIX KOHIIoMepaToB B CeBepHO# BeHrpuu (3Haku Ha JIEBOH CTOPOHE KOJIOHKH
JIereHibl 0603HA4YalOT BBIXOIbI HA THEBHYIO MOBEPXHOCTH BEPXHEMEJIOBBIX KOHIJIOMEPATOB,

3HAaKM Ha NPaBO# CTOPOHE 0003HAYAIOT UX PACIPOCTPAHEHUE HA TIyOuHE)

1 — BepxHEMeNOBbIE KOHIIIOMepaThl; 2 — Brokkckas eMHHUIA, FOPCKHE aJ€BPOJHTOBBIE CIAHIBI
u nnabasbl; 3 — Brokkckas eAMHHIE, TPHACOBBIE MEJIKOBO/IHbIE H IJ1yOOKOBOIHBIE OCaOYHbIE
OTJIOXEHUS U MarMaTH4eCKUe OOpa30BaHHUs, YACTHYHO CJIerka MeTaMOp(hH30BaHHBIE; 4 —
Brokkckas enMHMIa, KAMEHHOYT 0OJIbHO-TIEPMCKHE, MEJIKOBOIHBIE, MOPCKHE OTJIOXKEHHS; 5 —
Vnnonbckas eMHALA, Pa3HOOOPA3HBIE MO JMTOJOTHYECKOMY COCTABY,
JIEBOHCKO-KaMEHHOYT OJIbHbIE OTJIOXKEHHS, C1a60- MJIM YMEPEHHO MeTaMOpP(U30BaHHbIE; 6 —
Brokkckas eaununa, 6e3 pacuneHenus; 7 — Arrrenek—Pynabanenckas eaMHuIA, TPHACOBBIE
MEJIKOBOJIHBIE MJIU IJIyOOKOBOIHBIE, MOPCKHE OTJIOKEHHS, YACTHYHO
cnabomMeTaMophH30BaHHBIE
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Senonian geologic history and post-Senonian deformational processes [BREZS-
NYANSZKY-HaAAs 1984].

The conglomerate lies at the boundary between two litho-tectonic units in
an area of complicated and poorly understood structure. On the north side, the
Uppony Mountains are underlain by Devonian and Carboniferous basaltic
volcanic rocks and carbonate and siliciclastic metasediments (Fig. 2). The
conglomerate rests depositionally on slightly metamorphosed Paleozoic rocks
of this complex. South of the conglomerate lie mostly Late Paleozoic and Early
Mesozoic mainly slightly metamorphosed and partly unmetamorphosed plat-
form and deep-water carbonate rocks of the Bilkk Mountains. The rocks appear
to be thrust over the conglomerate on its southern margin. Further north, across
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a major fault zone (Darnd Zone), lies another litho-tectonic unit, that of the
Aggtelek and Rudabanya Mountains (Fig. 2). This unit consists of overthrust
sheets or nappes of slightly metamorphosed basic igneous rocks and sedimen-
tary deposits of Triassic and Jurassic age, capped by unmetamorphosed car-
bonate rocks of Triassic age.

Natural exposure of the conglomerate is generally poor; it is best seen in
a few artificial cuts. Because of the limited exposure and the substantial struc-
tural complexity of the area, the thickness of the unit is presently unknown. The
conglomerate is composed of rounded to subrounded pebbles and cobbles of
diverse composition. Although most of the conglomerate appears to be clast-
supported, intervals of pebbly mudstone are present. Typically the thickness of
the conglomerate beds is measured in meters, in contrast to the associated beds
and lenses of sandstone that generally are only several tens of centimeters thick.
Near its basal contact with underlying Paleozoic rocks, the conglomerate is
reddish and the associated sands are faintly cross-bedded. Elsewhere in the
section, however, the predominance of textural grading indicates that most of
the conglomerate was emplaced by sediment gravity flows [BREZSNYANSZ-
KY—-HAAs 1984]. In its easternmost exposure near Dédestapolcsany, the cong-
lomerate is interbedded with rudist-bearing masses of carbonate rock that
presumably slumped from adjacent shallow-water reefs.

After its initial description and age assignment [BOCKH 1867] this deposit
has, until recently, been little studied. Earlier interpretations were that the
conglomerate formed in a shallow marine environment [SCHRETER 1945] during
a transgression following the Austrian orogenic phase [PANTO 1954]. BALOGH
[1964] suggested that it formed in a depression that developed between the Biikk
and Uppony Mountains by Cretaceous tectonism. Recent palynological studies
have refined the chronostratigraphic framework of the unit [SIEGL-FARKAS
1984]. BREZSNYANSZKY and Haas [1984] provide a general description of the
lithology of the conglomerate, its structural character, and its significance
relative to the interpretation of the geology of the region. The present paper
focuses on the sedimentologic aspects of the unit, particularly as they apply to
depositional processes and the paleogeographic setting for this deposit.

2. Methods

This report is based on the detailed examination of the two best exposures
of the conglomerate. The best of these is a railroad cut on the southwestern side
of the village of Nekézseny (Fig. 1) that serves as the stratotype section [BREZS-
NYANSZKY—HAAS 1984]. The other occurs in a road cut about 1 km east of the
village of Csokvaomény (Fig. 1). In each exposure the section was measured and
flow units were delineated to the best extent possible.

The identification of flow (or sedimentation) units can be an uncertain
process. The boundaries in this study were placed primarily at abrupt changes
in texture. Contacts between most of the units exposed in the two sections
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seemed fairly obvious. Careful examination of some apparent units, however,
suggested that they were composite. The process is further complicated by large
masses of pebbles within some flows that seem to result from remobilization of
previously deposited material. Subunit designations are assigned to multiple
flow units in a conglomerate or pebbly mudstone that could not be clearly traced
laterally.

Each unit or subunit was examined visually to determine the character of
textural grading, the orientation of the clasts relative to bedding, the general
proportions of clasts and matrix, and the composition and orientation of
exceptionally large clasts. The visually-perceived character of textural grading
was checked by actually measuring the pebbles in selected units (12 at Neké-
zseny and 3 at Csokvaomany). The degree of induration of the conglomerate
makes difficult the removal of pebbles from many beds, and accordingly only
the apparent long axis was recorded. The size of the largest 11 pebbles in a
20-cm-thick interval a meter wide was recorded in the field, and the apparent
long axis was averaged for the smallest 10 of these. Elimination of the largest
pebble in each sample reduced the undue influence of an isolated anomalously
large clast. The general consistency of the results suggests that the technique is
adequate for defining textural grading, even though the measured grain size
differs somewhat from the actual size.

The long-axis orientation of the clasts was also measured within some beds.
At the Csokvaomany exposure the long axis of 20 distinctly rod-like pebbles
(long axis > twice the short and intermediate axes) within.the bedding plane
was measured at three levels within three different units. This approach was not
attempted at Nekézseny because the considerable structural complexity at this
exposure makes it difficult to reconstruct the original horizontal position.

In addition, the junior authors examined in detail the shape, size, orienta-
tion and lithology of 100 pebbles in a 1-m? area in one locality at the Csok-
vaomany exposure and four localities in the Nekézseny cuts. Long axis orienta-
tion, a, b, and ¢ axis length, and roundness (using an empirical scale of 0-4) were
measured in the field. Field and thin-section analyses were used to assign the
clasts among five general lithologic groups following the procedures of BREZs-
NYANSZKY and Haas [1984].

3. Results — The Nekézseny Exposure

A railroad cut provides an impressive north—south exposure (Fig. 3) of the
Late Cretaceous conglomerate on the southwestern side of the village of Neké-
zseny, within 200 m of the train stop. The length of the exposure is more than
100 m and the maximum height of the wall is almost 20 m. The conglomerate
is exposed on both sides of the cut; the eastern side is a single vertical wall,
whereas the western side is cut into a series of narrow stepped terraces at
approximately 5 m intervals. Both walls are inaccessible beyond the ground
level.
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The rock is much fractured [BREZSNYANSZKY—HAAs 1984, Fig. 2]. Although
many of the fractures seem not to displace the strata, offset of one to several
meters is common. Many of these faults follow or partly follow the margins of
sandstone beds. The fault that intersects the base of the west wall at 67 m is of

30 40 50 60 70 80 90 100 m

Fig. 3. Conglomeratic units as exposed in the walls of the Nekézseny railroad cut
3. abra. A nekézsenyi vasuti bevagasban feltart konglomeratum rétegsor

« - -
Puc. 3. Pa3zpe3 KOHIJIOMepaTOB, BCKPAThIi B OTKOCE XKeJIe3HO# AoporH y c. HekexeHb

Fig. 4. Graded sandstone bed, top of
unit FF, west wall of the Nekézseny
railroad cut at about the 100 m point of
Fig. 3. Pencil points downward toward
top of bed (assuming section is
overturned). Note sharp contact with
presumably overlying coarse
conglomerate

4. abra. Osztalyozott rétegzettséget
mutat6 (gradalt) homokko réteg, az FF
egység tetején, a nekézsenyi vasuti
bevagas nyugati falanak kb. 100 m-nél
1évé szakaszan (3. abra). A lefelé mutatod
ceruza a réteg teteje felé mutat
(feltételezve, hogy a szelvény
atbuktatott). Figyelmet érdemel az éles
hatér az eredetileg feltehetéen fedd
helyzet(i durva konglomeratum felé

Puc. 4. Topu30HT mecYaHUKa
OTCOPTUPOBAHHOM CJIOUCTOCTH, BEPXHU
equHULbl FF, 3anajiHblii OTKOC XeJIe3HON
noporu okosio ormetku 100 M (Puc. 3).
Kapanaai HanpaBJeH OCTPbIM KOHIIOM
BHM3 B CTOPOHY BEPXOB IJIACTa
(1omycTHUB, 4TO pa3pe3 OMPOKHUHYT).
BpocaeTcs B ria3a pe3Kuil KOHTaKT
¢ BbILIEJIEXALUMMH rpyO000I0MOYHBIMU
KOHIJIOMEpaTaMH
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unknown direction and amount of displacement and breaks the continuity of
the measured section.

Several lines of evidence indicate that the section is overturned, as sugges-
ted by BREZSNYANSzKY and HaAs [1984]. The typical direction of textural fining
in these exposures is downward. Inverse grading is a well-known feature of
many resedimented conglomerates [WALKER 1975], but it is virtually unknown
to occur repeatedly in sand beds tens of centimeters thick. Such beds in the
Nekézseny conglomerate consistently become finer in a downward direction
(Fig. 4), strongly suggesting that the beds are overturned. Sandstone injections
into the base of overlying conglomerate (Fig. 5), scour at the base of the
conglomerate beds, and the fine structure of rippled beds in the sandstone
support the concept of an overturned section. The stratigraphic section shown
in Figure 6 is therefore constructed on the assumption that the beds are over-
turned.

The lowermost (southern) part of the section is particularly difficult to
correlate between the two walls of the cut. This difficulty appears to derive both
from disruption by faulting and from the lateral variability of the units. The
identification of units on the western cut between 0 and 15 m (Figs. 3 and 6)
must therefore be considered tentative.

Fig. 5. Sandstone injection into base of unit GG, east wall of the Nekézseny railroad cut at
about the 99 m point of Fig. 3. Overturned section. Note normal grading in conglomerate beds

5. dbra. Homokké injektalodas a GG egység bazisaba, a nekézsenyi bevagis K-i faléban'a
99 m-nél 1évd szakaszon (3. dbra). A szelvény atbuktatott. Figyelmet érdemel a konglomeratum
rétegek normal osztalyozott rétegzddése

Puc. 5. VIHbeKkIMs NecyaHUKa B OCHOBaHHME eauHULbI GG, BOCTOYHBIN OTKOC XKEJIE3HOH J0POTH Y
c. Hekexenn okono otmetku 99 m (Puc. 3). OnpoxunyTsiii paspe3. CM. HOpMaJibHYIO TPAAALMIo
B CJIOSIX KOHIJIOMepaTa



138 Clifton—Brezsnydanszk y—Haas

The lowermost unit (A4) is identified only on the eastern wall, where it is
inaccessibly exposed. This unit may be a composite of several flows; in the
absence of definitive criteria, it is here treated as a single unit. Unit A contains
some very coarse conglomerate in its lower part (the base is not clearly exposed)
and the top appears to be graded. Unit B is the lowermost flow that can be fully
delineated. It contains a large (8 m) lense of very coarse conglomerate and
grades up into a prominent sandstone bed, which in turn locally grades into a
mudstone bed.

Unit C is the first truly accessible unit at the south end of the eastern wall.
Itis a complicated unit containing large mudstone rip-ups in its lower part. Just
above the large mudstone clast nearest the track level (Fig. 7) is a concentration
on fine pebbles that may be overlain by a second unit (C,). This distinction is
not clear above a sub-horizontal fault (Fig. 7) and the concentration may
represent a remobilized mass of fine pebbles rather than the result of textural

grading. The variation in clast size to the base of the large mudstone clast is
shown in Figure 8.
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Unit D is broken by faults where it is accessible. Measurement of clast size
variation in the lower 1.8 m of this unit shows it to be an inversely- to normally-
graded conglomerate (Fig. 8).

Unit E is also broken by faults. The complete unit is exposed at an
accessible level only on the west wall of the cut. The variation of clast size within
the lower 3 m on the eastern cut is shown in Figure 8.

Unit F is a thin (1 m) unit that is completely present only on the western
wall. The unit grades upward from coarse conglomerate into sandstone. On the
eastern wall the conglomerate is missing, either because it represents a local
channel or is cut out by faults; only the sandstone can be seen.

Unit G overlies the sandstone of unit F and grades upward into sandstone.
The complete succession can be seen only on the western wall. On the eastern
wall of the cut, the unit is disrupted by faults. The clast size variation in unit
G is shown in Figure 8.

Units H and I are prominently graded conglomerate units that are well
displayed on the upper part of the eastern wall. Unit / grades upward into a
sandstone bed. The clast size variation in unit H is shown in Figure 8.

Units J and K are seen only on the eastern wall. Both are graded. The base
of J is marked by injections from the underlying sandstone. A thin mudstone

Fig. 6. Stratigraphic section and lithologic features, Nekézseny railroad cut
1 — thickness (m); 2 — lithologic column; 3 — unit designation [1) thickness estimated, 2)
inaccessible]; 4 — direction of textural grading (direction of arrow indicates direction of

O coarsening, line without arrow indicates ungraded section); 5 — general orientation of clasts
( —=parallel to stratification, /=imbricate clasts, x=random orientation, parentheses indicate

probable orientation); 6 — nature of clast support [¢=clast supported, (¢)=probably clast

supported, m =matrix supported, (m)=probably matrix supported]; 7 — presence of
anomalously large clasts (orientation as indicated in column 5)

6. abra. A nekézsenyi bevagas rétegtani szelvénye és litologiai jellegei
1 — vastagsag (m); 2 — rétegoszlop; 3 — az egység megjeldlése [1) a vastagsag becsiilt, 2)
hozzaférhetetlen]; 4 — a szoveti osztalyozottsag irdnya (a nyil a durvulas iranyaba mutat, a nyil
nélkiili vonal nem osztalyozott szakaszt jelol); 5 — a tormelékszemcsék altalanos iranyitottsaga
(— =a rétegzéssel parhuzamos, /=imbrikacio, x = véletlenszer(i orientacio, a kerek zardjel a
valdszinii orientaciot jelzi); 6 — a tormelékszemcsék viszonyanak jellege [c = szemcsevazu,
(¢): valoszinlileg szemcsevazu, m=matrix alapu, (m)=valosziniileg matrix alapu]; 7 — az
anomalisan nagy méretli szemcsék megjelenésének helye (az iranyitottsag jelolése az
5. oszlopéhoz hasonloan)

Puc. 6. Ctpaturpacduyeckasi KOJOHKA U JUTOJIOTHYECKHE ocobeHHocTH. OTKOC I0pory y C.
HexkexeHb
1 — MoWHOCTb (M); 2 — JTUTOJIOrHYECcKas KOJIOHKA; 3 — HAMMEHOBAHHE €AUHMIBI [1)
NO/JICUMTAHHAS MOLIHOCTD, 2) HEJOCTYIHBIN]; 4 — HanpaBJIeHUE I'pajlalliell o TEKCType
(HanpaBJIeHUE CTPEJIbl OKA3bIBACT HATIPABIICHUE YBEJIMUCHHS pa3Mepa 3epeH, JIMHUA 6e3 CTpesibl
0003Ha4aeT 0Tpe3ok 6e3 rpaganuein); 5 — obuas opueHTalus 00JIOMKOB,
<J (— =napasuiesIbHO HaNJIACTOBAHUIO, /= 00JIOMKH, PACNOJIOKEHHbIE BHAXJIECTKY,

X =0ecnopsa104YHas OPUEHTALIUS, CKOOKM MOKA3bIBAIOT BEPOSITHOCTH OPUEHTALMU); 6 —
XapakTep COOTHOLICHUS 00JIOMKOB [¢ = CKEJIET CJIOKEH 00JIOMKaMH, ()= CKeJeT,
MO-BUAMMOMY, CJIOXKEH OOJIOMKAMHM, m = CKeJIET MpeACTaBlIeHa HEMEHTOM, (M) = CKeJeT,
MO-BUAMMOMY, TPEICTABIICHA LIEMEHTOM]; 7 — MPHUCYTCTBYIOT aHOMAJIbHO KPYIHbIE 0OJIOMKH
(OPUEHTALIMIO CM. y KOJIOHKH 5)
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Fig. 7. Anomalously large mudstone clast (A4) in unit C, east wall of the Nekézseny railroad cut
(4-14 m, Fig. 3). Note apparent contact (coarse over fine conglomerate; C, over C,)
stratigraphically just above the large clast. Contact is not discernible higher on the face in
section above subhorizontal fault (B). Large rip-up of mudstone at base of unit C above the
fault. 15 cm scale (C) in lower part of unit D (below fault)

7. dbra. Anomélisan nagyméretii iszapalapu intraklaszt (4) a C egységben, a nekézsenyi bevagas
K-i falaban (4-14 m, 3. abra). Figyelmet érdemel, hogy a hatar (durva a finom konglomeratum
folott; C, a C, folott) éppen a nagyméretii intraklaszt folott (rétegtani értelemben) hizodik.
A réteghatar a kozel horizontalisan huzodo torési sik (B) f6lott mar nem kovethetd. Emlitést
érdemel egy nagyméretii felszakadt iszapalapu intraklaszt a C egység bazisan a torési sik folott.
A 15 cm-es méretaranymutato rad (C) a D egység also részén lathato (a torési sik alatt)

Puc. 7. AHomanbHO KpynHbIi 06710MOK aprusuinta (4) B equnuie C, BOCTOYHBINH OTKOC
xKese3Hou noporu y c. Hekexens (4-14 m, Puc. 3). CM. kaxymuiics KOHTakT
(rpy60006710MOYHBIE KOHTJIOMEPAThI Ha/l TOHKO3epHUCThIMH; C, Haa C,) cTpaTUrpaduyecku
4yTb-4yTh HaJ KPYNHBIM 00J0MKOM. KOHTAKT He mpocniexxuBaercsi BBIILE MO pa3pe3y Haj
CyOropu3oHTanabHBIM pa3noMoM (B). B ocHoBanuu eauuuubl C, HaJl TUIOCKOCTBIO pa3jioMa
HabmoaeTcs GonblIoi pa3pbiB B aprujuiMtax. Macirabras peiika 15 um (C) B/ HUXHe# YacTH
eauHuIbl D (Moj TJIOCKOCTbIO pa3jioma)

bed that occurs locally at the top of J may be the source for mudstone clasts
within overlying unit K.

Unit L consists of about 6 m of conglomerate that grades into sandstone
at its top. The unit contains a number of large (> 1 m) blocks of sandstone and
mudstone and local concentrations of relatively small pebbles that may have
been remobilized from pre-existing deposits. Faint grading in the unit suggests
that it may be a composite of 3 separate flows, each about 2 m thick. The plot
of clast size variation (Fig. 8), however, shows clearly only the grading at the
top of the unit.

Neither unit M nor N is completely accessible, and the thicknesses indicated
in Figure 6 are estimated rath: r than measured. Both units are graded, unit M
passing into sandstone at its top and unit N into a fine pebbly mudstone.
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Fig. 8. Vertical variation in average maximum clast size in selected units, Nekézseny railroad
cut. Vertical axis is distance (m) above base of unit; horizontal axis is average apparent long
axis dimension (cm) of 10/11 clasts as measured in section 20 cm high and 1 m wide.

8. dabra. A maximalis szemcseméretek atlaganak vertikalis valtozdsa a nekézsenyi bevagas egyes
kivalasztott egységeiben. A fiiggbleges tengelyen az egység bazisatol valo tavolsagot (m),
a vizszintes tengelyen a hossztengelyek latszolagos atlagos méretét (cm) tiintettitk fel 20 cm
magas, 1 m széles szakaszon mért 10/11 szemcse alapjan

Puc. 8. U3MeHeHne Mo BEPTUKAJIN CPEJHAX 3HAYEHUM MaKCHMaJIbHBIX Pa3MEpOB 3€peH
B U30paHHBIX €MHHULIAX, OTKOC XeJIe3HOM soporu y c. Hekexenb. BepTukanbHas och — 3TO
paccTosinie (M) OT OCHOBAHHUS €WHUIBI; TOPU3OHTANIbHAS OCh — 3TO CPEIHHH, KaXYILHHCS
pa3mep 1o npo-
noJbHOM ocu (cm) 10/11 o610MKOB, H3MEpEHHBIN B pa3dpe3e ¢ BbICOTOH 20 M M IIMPHHOH 1 M

Unit O resembles unit L in its thickness and in the presence of large clasts.
On the western wall and the upper part of the eastern wall, this unit appears
to consist of two separate graded conglomerates, O, and O,. The upper of these
(0,) grades upward into a sandstone bed. The distinction between the two units
is not evident on the plot of clast size variation (Fig. 8).

Units P and Q are both prominently graded, although P shows inverse
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grading at its base (Fig. 8). Unit Q grades upwards into sandstone on the lower
part of the eastern wall.

Unit R is a complex interval dominated by mudstone. As many as 6
separate subunits may exist within this interval, but because of the general lack
of lithologic contrast, lateral variability, and possibility of substantial relief on
the depositional surface, they cannot be clearly delineated. A lenticular subunit
(R;) seems to fill local irregularities in the top of unit Q. Otherwise the basal
subunit (R,) is an ungraded disorganized pebbly mudstone about 2 m thick that
may contain masses or clasts 50 cm across of remobilized conglomerate. Sub-
unit R; also is a pebbly mudstone, but one in which the clasts are aligned and
texturally graded (Fig. 8). Subunit R, is a thin (0.8 m) and obviously graded
conglomerate within the pebbly mudstone. Subunits Rs and R, like subunits
R, and R, can be separated only on the western wall, where a layer of coarse
clasts defines the base of R,. Unit R is separated from the strata to the north
by a fault of unknown direction of movement or displacement. It is possible that
the mudstone interval on the south side of the fault correlates in part with
mudstone units inaccessibly exposed on the western wall north of the fault, but
in the absence of well-defined correlation the units north of the fault are shown
as a separate sequence (Figs. 3 and 6).

Units AA, BB, and CC are visible above the first step on the west wall but
could not be inspected at close range. A4 and CC appear to be disorganized
pebbly mudstones whereas unit BB is a graded conglomerate. Both units BB and
CC grade upward into prominent sandstone beds.

Units DD and EE are graded conglomerates. Unit DD grades upward into
a sandstone bed; the variation in clast size in this bed is shown in Figure 8.

Unit FFis a complicated unit that seems to represent large-scale remobiliza-
tion of a subunit (FF,) by a subsequent flow (subunit FF,). Isolated masses of
graded conglomerate 1-2 m across exist on both walls (Fig. 9). On the eastern
face (the only place where the subunits can be delineated) the remobilized
subunit (FF,) grades upward into sandstone and mudstone. At its top, the upper
subunit grades into a prominent sandstone bed.

Unit GG is the northernmost unit that can be clearly defined. The cong-
lomerate scours into the underlying sandstone on the western wall, and large
injections of sandstone into the base of this conglomerate are visible on the
eastern wall. The variation in clast size in this unit is shown in Figure 8.

The conglomerate beds in the Nekézseny railroad cut show a fairly consist-
ent pattern of grading (Fig. 6). Many of the beds are inversely graded at their
base. Visually, this inverse grading is particularly evident in the basal 5-10 cm
of the conglomerate, although the clast measurements (Fig. 8) show that it
commonly extends through the lowermost 40 cm. Normal grading characterizes
the upper part of nearly every bed. The thinner (<2 m) beds typically seem to
be either normally or inverse-to-normally graded, whereas thicker beds gener-
ally have an ungraded portion between their inversely graded base and normally
graded top.

Most of the conglomerate is clast-supported (Fig. 6). Clasts are dispersed
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Fig. 9. Large mass of remobilized conglomerate above hammer, unit FF, west wall of Nekézseny
railroad cut (95-100 m, Fig. 3)

9. dbra. Nagyméretli atmozgatott konglomeratum blokk a kalapacs felett. FF egység,
a nekézsenyi bevagas Ny-i fala (95-100 m, 3. 4bra)

Puc. 9. KpynHasi IepeoTJIOKEHHas I1bI0a KOHIJIOMepaTa HaJl MOJIOTKOM,
eannuua FF, 3anafHeiid 0TKOC Xele3Hoi noporu y c. Hekexens (95-100 M, Puc. 3)

within the matrix only in the pebbly mudstone interval (unit R) or near the tops
of the conglomerate beds. Most of the beds show a vague- to well-defined clast
alignment parallel to bedding (Fig. 6), and imbrication is suggested in a number
of beds. Anomalously large mudstone or sandstone clasts are common in the
conglomerate. The smaller of these (tens of cm across) are restricted to the
ungraded portions of the beds. These anomalous clasts seem typically to be
imbricated or aligned parallel to bedding.

Because of the structural complexity at this outcrop, directional features
are of questionable significance. In general, the pattern of imbrication suggests
a northerly component of transport when the beds are rotated around the strike
to their presumed original horizontal position. The orientation, however, of 100
pebbles at four different localities in these exposures suggests paleotransport to
the southeast (Fig. 10).

Figure 11 summarizes the relative abundance, roundness and relative size
of the five main clast types. The dominant clast type is carbonate rock. The
composition of the carbonate clasts differs, but none show evidence of metamor-
phism. Many of the carbonate clasts contain microfossils; the ages of such clasts
range from Lower Triassic to Upper Jurassic. Quartzite (including metamor-
phosed quartzitic sandstone and siliceous shales) and sandstone clasts are also
abundant. Most of the sandstone clasts show evidence of low-grade metamor-
phism. Radiolarian chert and calcareous phyllite clasts of the green schist facies
are important minor constituents of the conglomerate.
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Fig. 10. Orientation (inclination direction) of long axes of 100 pebbles relative to the plane
bedding from 4 different 1 m? plots, Nekézseny railroad cut. Diagrams A4, B, C and D represent
different localities

10. dbra. A kavics hossztengelyek iranyitottsiga a rétegzddési sikhoz viszonyitva (inklinécio) 100
szemcsén, 4 killonbozé, egyenként 1 m? feliileten végzett mérések alapjan. Nekézsenyi vasiti
bevagas

Puc. 10. Opuenrauus (nanpasicuue HAaKJIOHA) MPOAOJbHBIX oceit 100 06I0MKOB OTHOCHTEIBHO
TIIOCKOCTH HAIIACTOBAHUS 110 YETHIPEM Y4aCTKaM C TUIOIAAbIO B | M2, XKEJIE3HOIOPOXKHBIN
OTKOC y c. Hekexenb. luarpammet A, B, C u D NOKa3bIBAIOT pa3Hble MecTa
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A C D

Fig. 11. Relative abundance of 5 main clast types at the 4 localities of Fig. 10 (pie diagram: 1 —

quartzite; 2 — carbonate rock; 3 — sandstone; 4 — chert; 5 — calcareous phyllite). Length of

pie segment indicates clast size (1/2 average long axis length) of each lithologic group. Numbers
at margin of diagram indicate roundness on scale of 0 (angular) to 4 (well-rounded)

11. dbra. Az 5 f6 szemcsetipus relativ gyakorisaga a 10. abran feltiintetett 4 mérési helyen
(kordiagram: 1 — kvarcit; 2 — karbonatos kdzet; 3 — homokkd; 4 — tiizkd; 5 — mészfillit).
Az egyes kozettipusokat jelz6 szegmensek hossza a szemcseméretet jelzi (a hossztengely
méretének 1/2-¢). A diagram szélénél feltiintetett szamok a kerekitettséget jelzik a 0 (szogletes),
4 (jol kerekitett) skalan

Puc. 11. OTHOCTUTE/IbHAS 4ACTOTA BCTPEYAEMOCTH 5 [JIABHBIX THIOB OBJIOMKOB 110 4 y4acTkam,
nokasaHHbIM Ha Puc. 10 (maii-nuarpamma: 1 — kBapuuthl, 2 — kapboHaTHas noponaa, 3 —
MECYaHUKH, 4 — KPEMHUH, 5 — W3BECTKOBUCThIC GUILTUTHI). [IJIMHA CerMeHTa AUArpamMMsl
0603HayaeT pasmep 00JIOMKOB (IIOJIOBHHA CPE/IHEN JUTHHBI TIPOIOJIBHOM OCH) IS KaX 07

JIMTOJIOTMYeCKOH rpynmel. Liudpsl Ha kpato anarpaMMbl 0603HAYAIOT OKATAHHOCTH 10 1LIKAJe
oT 0 (yryioBaTble 00JIOMKH) /10 4 (XOPOIIIO OKATAHHBIE)

4. Results — The Csokvaomany Exposure

The second exposure is a cut on the north side of the road between
Nekézseny and Csokvaomény, about 100 m east of the intersection with the
road to Lénarddaroc. The exposure is about 50 m long and up to 8 m high. The
beds strike north—-south and dip 35° to the west; grading in sandstone interbeds
indicates that they are right-side-up. A normal fault near the center of the cut
repeats the section (Fig. 12). Otherwise the beds are little disrupted structurally.

A total of about 16 m of section was measured at this exposure (Fig. 13).
A few beds at either end of the cut were excluded from the section due to poor
exposure (east end) or inaccessibility (west end).

The lowermost well-exposed unit (4) is a conglomerate that sharply
overlies a pebbly mudstone. The conglomerate grades upward into a sandstone
bed that locally is cut out by the overlying conglomerate (B). A layer of ﬁpe
pebbles about 80 cm above the base suggests that unit B may be a composite
unit, although this is not reflected in the size variation of the larger clasts (Fig.
14). Unit B grades into a sandstone bed at its top that is overlain by another
thinner conglomerate unit (C).

Unit D almost certainly represents a composite of several flows. About
1.3 m above the base of the unit, a discontinuous layer of fine pebbles indicates
the boundary between subunits D, and D,. This layer lies beneath a large
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(10 x 60 cm) mudstone clast. About 2.3 m_above the base another layer of fine
(1-5 cm) pebbles underlies an interval about 0.5 m thick that contains numerous
mudstone clasts. This subunit (D) grades at its top into a fine, granular
conglomerate, which locally shows excellent imbrication. The top subunit (D,)
is a coarse-graded sandy conglomerate. The contact between D5 and D, has a
relief of several tens of centimeters. The granular conglomerate at the top may
be in part a remobilized mass; it laterally terminates abruptly against a coarser
conglomerate that seems to link subunits D, and D5 (Fig. 15).

Fig. 12. Conglomeratic units as exposed in the road cut east of Csokvaomany
12. dbra. A csokvaomanyi utbevagasban feltart konglomeratum rétegsor

Puc. 12. Pa3pe3 KOHIJIOMEPATOB, BCKPBIThIN B OTKOCE JOPOTH K BOCTOKY OT ¢. YokBaoMaHb

5 6 7

/ ¢
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(f) E Fig. 13. Stratigraphic section and lithologic
p . features, Csokvaomany road cut. Legend as
¢ ” indicated for Figure 6
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13. abra. Rétegoszlop és litologiai jellegek,

(f) o . csokvaomanyi utbevagas. A jelkulcs a 6.
5 c abraéval azonos

- b Puc. 13. Ctpaturpaduyeckas KOJIOHKA

L E 1 JIMTOJIOrHYECKHE OCOOEHHOCTH B OTKOCE
= (c) loporu y c. YokBaomas. Jlereuay cm. y Puc. 6
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Fig. 14. Vertical variation in average maximum clast size in selected units, Csokvaomany road
cut. Axes as indicated for Figure 8.

14. dbra. A maximalis szemcseméretek atlaganak vertikalis valtozasa a csokvaomanyi
bevagasban. Az abrazolasmod a 8. dbraéval azonos

Puc. 14. VI3MeneHue O BEPTHKAM CPeHUX 3HAYCHHI MAKCHMAIIbHBIX PA3MEPOB 3epeH
B 30PAaHHBIX €MHUIAX B OTKOCE AOPOrH y c. YokBaoMaHb. OCH COOTBETCTBYIOT OCSM,
H300paxeHHbIM Ha Puc. 8

Fig. 15. Abrupt lateral termination of granular cbnglomerate just left of cm scale, top of unit
D5, Csokvaomany road cut at about 27 m (Fig. 12). Bedding is nearly flat in this view

15. dbra. Konglomeratum lencse hirtelen lateralis elvégzodése a cm skalatol balra. D; egység
teteje, csokvaomanyi tbevagas 27. méterénél (12. abra).
A rétegz0dés majdnem vizszintes ebbdl a nézépontbol

Puc. 15. BHe3anHoe OKOHY2HHE B GOKOBOM HAMPABJICHUM JINH3bI KOHIJIOMEPATOB HAJIEBO OT
CaHTHMETPOBOH IIKaJbl B BepXax eIuHHULbI D, B 0TKOCEe H0pOorH y ¢. YokBaoMaHb, OKOJIO
otMeTkH 27 M (Puc. 12). ClnoucTocTh B IAHHOM CJy4Yae SBJISETCS MOYTH FOPH3OHTAILHON
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Unit E also appears to be a composite of small flow units. The bottom
80 cm consists of conglomerate that grades into fine (0.5-2 cm) pebbles at its
top. It is overlain by a coarser conglomerate (E,, 10-50 cm thick) that in turn
is overlain in irregular contact by a lenticular bedded conglomerate (E;). Sub-
unit E; has the appearance of a channel fill, but it also may be a remobilized
gravel. The near-vertical orientation of clasts adjacent to the contact in the
underlying subunit (Fig. 16) suggests deformation rather than a simple scour-
fill.

The overlying Unit Fis highly variable. On the eastern side of the fault, this
unit consists of about a meter of very coarse conglomerate containing subspheri-
cal clasts up to 20 cm in diameter. This conglomerate grades upward into about
30 cm of muddy, somewhat indurated, pebbly sandstone. On the western side
of the fault, the lower part of this interval is occupied by a lenticular pebbly
mudstone that grades upwards into a similar muddy pebbly sandstone.

Unit G is a graded conglomerate with a muddy matrix (Fig. 17). In the
upper part, the clasts are dispersed in the matrix. The contact with the overlying

Fig. 16. Possible channel near top of unit E, Csokvaomany road cut at about 25 m (Fig. 12).
Note near-vertical orientation of pebbles below base of “channel” (above cm scale)

16. dbra. Valoszinii csatorna az E egység tetejének kozelében. Csokvaomanyi utbevagas, kb.
25 m-nél (12. abra). Figyelmet érdemel a ,,csatorna” bazisa alatti kavicsok kozel vertikalis
iranyitottsaga (a cm-skala felett)

Puc. 16. BeposiTHOE PYyCIIO MAJIEOTPAHCHIOPTA BOIM3U BEPXOB eMHUIBI E B OTKOCE JOPOTH Y C.
YokBaomaHb, 0kos10 OTMeTKH 25 M (Puc. 12). CM. cy6BEpPTUKAIbHYIO OPHEHTALMIO 06JIOMKOB
HUXXE OCHOBaHMS »pycia« (HaJ CAHTUMETPOBOM LIKAJION)
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Fig. 17. Graded conglomerate, unit G, Csokvaomany road cut at about 10 m (Fig. 12).
Centimeter scale

17. dabra. Osztalyozott rétegzodést mutato konglomeratum, G egység, csokvaomanyi utbevagas,
kb. a 10 m-nél (12. abra)

Puc. 17. KoHriomepaTsl ¢ OTCOPTHPOBAHHBIMU 00JIOMKaMH B euHUIEe G B OTKOCE JJOPOTH Y C.
YoxkBaoMaHnb, 0ko0Ji0o oTMeTkH 10 M (Puc. 12). CanTuMeTpoBas LIkana

Unit H is irregular. The size variation of clasts in these two units is shown in
Figure 14. Units I and J cap the section. Both are graded conglomerates that
grade upward into sandstone.

The character of the conglomerate in the Csokvaomany cut generally
resembles that in the railroad cut at Nekézseny. The flow units in the road cut
seem to be somewhat thinner and imbrication more common, but the signifi-
cance of this difference is uncertain.

The long-axis orientation of the clasts was measured in units B, G, and H
(20 distinctly elongate pebbles from the top, middle and bottom of each unit)
and in unit D (100 clasts). A summary of these measurements ( Figs. /8 and 19)
shows a consistent, well-defined long axis alignment in a northeast-southwest
direction. No significant variation in clast orientation was noted in the measure-
ments taken from different parts of the same bed. Imbricated pebbles at this
exposure consistently indicate transport toward the northeast.

The clast composition at this exposure (Fig. 19) generally resembles that
at the Nekézseny cut (Fig. 11). The data suggest that the clasts in the Csok-
vaomany exposure are slightly more rounded than those at Nekézseny; the
significance of this difference is uncertain.
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Fig. 18. Orientation of apparent pebble long axes in units B, G and H, Csokvaomany road cut.
Pebbles were included only if the apparent long axis exceeded by twice the length of the
apparent intermediate axis. Each rose diagram includes 20 pebbles at the basal part of the unit,
20 from the middle, and 20 from the top part

18. dbra. Latszolagos kavics hossztengely-iranyitottsag a B, G, H egységben, csokvaomanyi
Utbevagas. Csak azokat a szemcséket vettiik figyelembe, melyeknél a latszolagos hossztengely
hossza meghaladta a latszolagos kereszttengely méretének kétszeresét. Minden rozsadiagram 20
kavicsot abrazol az egység bazisarol, 20-at a kozepérol és 20-at a tetejérol
Puc. 18. Kaxyliascst OpueHTalMs NPOJOJbHBIX oceil rajiek B enuHuuax B, G u H B oTkoce
poporu y ¢. YokBaomaHb. ["aibkH yuTeHbI TOJILKO B CIIy4ae, €C/IM KaXKylascs MpoaosbHas oCh
BJBOE MpEBBILIANA AJIHHY KaXyLIeics monepeyHoit ocu. B kaxmoit iuarpaMme-mo3eTke
coaepxutcs no 20 rajsek u3 6a3aibHOU YacTH eanHMIbI, 20 — U3 cepeauHbl U 20 — U3 BEPXOB:

5. Processes of emplacement

The processes whereby these conglomerates were transported and de-
posited can be partly inferred from their texture and fabric. Lowe [1982]
summarizes the mechanisms capable of moving coarse sediment by sediment
gravity flow into deep water and suggests the character of the resulting deposits.
Relevant mechanisms include cohesive flows in which the larger clasts are
supported by the strength or cohesiveness of a sediment-water matrix, grain
flows in which the clasts are dispersed by their intergranular collisions, and high
density turbidity currents in which the clasts are borne by the combined tur-
bulence of the flow and the relatively high density of the sediment-water fluid.

Each of these mechanisms should be considered an “end-member” that
produces a distinctive kind of deposit [MIDDLETON—-HAMPTON 1976]. The
products of cohesive flows are generally considered to be ungraded and without
a preferred clast orientation. Those of grain flows are thought to be inversely
graded with a flow-parallel clast orientation and an imbrication that dips
“up-stream.” Deposits from turbidity currents are normally graded with a clast
orientation like that produced by grain flow [see WALKER 1975].

The Late Cretaceous deposits described here show evidence of all three
transport mechanisms. The ungraded portions of the sedimentary units (par-
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Fig. 19. A) Orientation (inclination direction) of 100 pebbles relative to plane of bedding in
1 m? plot, unit D, Csokvaomany road cut
B) Relative abundance of 5 major clast types, their roundness and relative size. Explanation of
figure is the same as for Figure 11

19. dbra. A) A kavicsok iranyitottsaga a rétegzési sikhoz viszonyitva 100 kavics 1 m?-es feliiletén
valo mérése alapjan, D egység, csokvaomanyi utbevagas.
B) Az 5 f6 kavicstipus relativ gyakorisaga, kerekitettségiik és relativ méretiik. Az
abramagyarazat azonos a 11. abraéval

Puc. 19. A) OpuenTtanus (HanpasieHde HaknoHa) 100 rajiek Mo OTHOIUEHHIO K TJIOCKOCTH
HAMJIACTOBAHMA 110 Y4acTKy ¢ miowaabio | M° B eaunune D B oTkoce goporu y ¢. YoxkBaomaHb
B) OTHOCcHTe/IbHAS YACTOTA BCTPEYAEMOCTH 5 IJIaBHBIX THUIOB OOJIOMKOB, HX OKaTaHHOCTb
W OTHOCUTEJIbHbIE pa3mepsl. Jlerenaa ta xe camas, uyto u ajs Puc. 11

ticularly where they are thick and contain anomalously large clasts, as with units
L and O in the Nekézseny exposure) are attributable to cohesive flow. The
clast-supported character of these conglomerates suggests that the associated
sediment-water fluid may have functioned more as a lubricant than as an actual
supporting mechanism for the clasts [Lowe 1982]. The inverse grading at the
base of many of the units probably results from grain flow that developed at
the base of the flows, perhaps in the initial phase of deposition. The normally
graded parts of the conglomerate probably result from deposition from high-
density turbidity currents. The common occurrence of normal grading in the
upper parts of the conglomerate units suggests that these either developed at
the top of the overall flow or were generated in the final phase of deposition.
It is probable that many of the units represent processes intermediate
between the “end-members” of cohesive flow and turbidity currents. The sub-
horizontal orientation of the clasts in many of the ungraded parts of the
conglomerate is more well-defined than is typical for cohesive debris flows.
Some of the matrix-supported conglomerates, which might be interpreted as the
result of cohesive flow, are well-graded (e.g. unit R; at Nekézseny). As inter-
mediate types of deposits they may bear on the interpretation of the evolution
of coarse sediment gravity flows [see Lowe 1982].
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6. Paleogeographic implications

The composition of the pebbles and the presumed paleotransport direc-
tions bear on the interpretation of Late Cretaceous paleogeography in northern
Hungary and subsequent tectonism in this area. The clasts appear to be pre-
dominantly derived from sources that presently are exposed to the north and
northeast of the present exposures of the conglomerate [BREZSNYANSZKY-HAAS
1984]. The limestone pebbles consist to a large degree of Triassic rock types that
presently exist in the Aggtelek and Rudabanya Mountains. The Jurassic shal-
low-water limestone that occurs as pebbles is known to exist only in the
Slovakian part of the Aggtelek Mountains further north. The quartzite, sili-
ceous schist, sandstone and calcareous phyllite clasts resemble lithologies that
exist in the Uppony Mountains. The Mesozoic rock types of the Bitkk Moun-
tains are notably absent in the conglomerate.

The paleotransport direction to the northeast at the Csokvaomany ex-
posure and to the southeast at the structurally complicated Nekézseny cut
suggest that the source areas at the time of deposition lay to the west, perhaps
even to the southwest. It is possible that the transport directions at these two
exposures do not reflect regional paleoslope, but they are quite consistent within
each exposure. If regionally significant, the transport directions imply either that
the Aggtelek—Rudabanya litho-tectonic unit extends well to the southwest in the
subsurface or that it has been displaced to the northeast by post-Senonian
movement along the Darn6 Zone of Neogene faulting (Fig. 2).

The conglomerate lies depositionally on rocks of the Uppony litho-tectonic
unit and the composition of the pebbles indicates a contribution of clasts from
this unit. The absence of metamorphosed rock types of the Biikk Mountains
tectonic unit among the clasts in the conglomerate suggests that either the
structural convergence of the Biikkk and Uppony units occurred in post-Seno-
nian time, or the Bilkk Mountains unit was not exposed during deposition of
the conglomerate.

7. Conclusions

a) The Late Cretaceous conglomerate in northern Hungary consists pri-
marily of gravel that was emplaced by sediment gravity flows.

b) At its best exposure, the railroad cut at Nekézseny, the conglomerate is
tectonically overturned. Many small normal faults occur. A large fault of
unknown displacement presently precludes development of a continuous strati-
graphic section at this exposure.

¢) Many of the flow units in the conglomerate show a consistent pattern
of vertical sequence. A thin layer of inversely-graded pebbles at the base passes
upward into a central ungraded portion that in turn passes upward into normal-
ly graded gravel and sand at the top.

d) Most of the conglomerate is clast-supported and the pebbles lie predomi-



. resedimented conglomerate of late Cretaceous age. . . 153

nantly with long axes parallel to bedding or inclined (imbricated) in an upflow
direction. A few pebbly mudstones composed of matrix-supported con-
glomerate occur.

e) Some of the flows that emplaced the gravel had sufficient competence
to bear giant clasts (up to 2 m across) of mudstone and sandstone and to
remobilize similarly sized masses of previously deposited gravel. Many flows
appear to have been intermediate between the end-members of the cohesive flow
and high-density turbidity current.

f) Possible source for the clasts in the conglomerate are presently exposed
in the Aggtelek and Rudabanya Mountains to the northeast and in the Uppony
Mountains immediately to the north. Paleotransport indicators in the con-
glomerate suggest paleotransport from the west.

g) The absence of clasts from the Biikk Mountains tectonic unit in the
conglomerate, which lies depositionally on rocks of the Uppony tectonic unit,
suggests that either the rocks of the Biikk unit were not exposed or these two
units converged structurally to their present position in post-Senonian time.
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AZ ESZAK-MAGYARORSZAGI ATULEPITETT FELSOKRETA KONGLOMERATUM
KOZETTANI JELLEGEI ES OSFOLDRAJZI JELENTOSEGE

H. Edward CLIFTON, BREZSNYANSZKY Karoly és HAAS Janos

A szerzok részletes szedimentologiai vizsgalatokat végeztek a fels6kréta Nekézsenyi Konglo-
meratum Formacio nekézsenyi és csokvaomanyi alapszelvényén. A vizsgalat alapjan levont fobb
kovetkeztetések a kovetkezok:

a) A konglomeratumok elsésorban gravitacios uledékfolyassal atiilepitett tormelékszemcsék-
bol allnak.

b) A nekézsenyi vasiti bevigas alapszelvényében a szedimentologiai jellegek a rétegsor atbuk-
tatottsagat taimasztjak ala (6. abra). A csokvaomanyi szelvény viszont nincs atbuktatott helyzetben
(13. abra).

¢) A konglomeratum iledékfolyasi egységein beliil jellemz6 vertikalis tagoltsagot lehetett
megfigyelni. Az egységek bazisan vékony, forditott osztalyozott rétegzédést (gradaciot)mutato réteg
észlelhetd, amely az egység kozépso részén rétegzodésmentes szakaszba megy at, végiil az egység
felsd részében normalis osztalyozott rétegzédés jelentkezik finomkavicsba, majd homokba dtmend
szemcsemérettel.

d) A konglomeratum leggyakrabban szemcsevazu és a kavicsok hossztengelye tobbnyire a
rétegdoléssel parhuzamos, vagy azzal szoget zar be, vagyis imbrikaciot mutat.

e) Az uledékfolyasok némelyike 2 métert elér6 nagysagu koézetblokkok szallitasara is alkal-
mas volt. A nagy blokkok egy része intraformaciosnak tekinthetd, amennyiben a korabban lerako-
dott kavicsrétegek anyagabol all. Az tiledékfolyasi egységek sokszor atmenetet képeznek a kohézios
folyas és a nagy striiségli zagyar aramlas altal létrehozott tiledéktipusok kozott.

f) A konglomeratum kavicsainak feltételezhetd lehordasi teriilete olyan kozetekbdl allt,
amelyek jelenleg az Aggtelek—Rudabanyai-hegységben és az Upponyi-hegységben ismertek. A kon-
glomeratumban mért szallitasi iranyok Ny-rol torténé szallitast jeleznek.

g) A blikki metamorf mezozoos kézetek hianya az Upponyi aljzatra telepiilé konglomera-
tumban arra utal, hogy a Biikki egység kozetei vagy nem voltak a felszinen a szenonban, vagy a
Biikki és az Upponyi egység egymashoz viszonyitott helyzete a szenon utan lényegesen megvalto-
zott.

JIMTOJJOTMYECKHUE XAPAKTEPUCTUKHU U MAJIIEOTEOI'PAGUYECKOE
3HAYEHMUE MEPEOTJIOXEHHbBIX BEPXHEMEJIOBbIX KOHI''TIOMEPATOB
B CEBEPHOM BEHI'PUU

I". DaBapa KJIMPTOH, Kapoas BPEXXHAHCKHW u Anomr XAAC

BepxHemesioBbie (CEHOHCKHE) KOHTJIOMepaThl OOHaxatoTcs B CeBepHON BeHrpuu Ha rpaHuue
MEX /1y JUTOTEKTOHUYECKUMU eMHUIIaMK Top Brokk n YnmoHs. OHM HaseraroT Ha mopoas! Y-
MOHBLCKOM €IMHMIIBI. B HEKOTOPBIX MECTaX KOHIJIOMEPAThI XOPOLIO OOHAXEHBI B OTKOCAX J0POr
W JIpDyIMX MCKYCCTBEHHbIX OOHaxkeHMsiX. B ocHOBe Hacrosuieit paboThl JIerjio u3ydeHue OTKOCa
XKEJIE3HON JOpOrd B FOrOBOCTOYHON 4acTH cesia HekexeHb M OTKOCa JOPOrH K CEBEpy OT cesla
YokBaoMaHb. Ps JaHHBIX (B OCOOCHHOCTH (haKTHYECKHI MaTepHall MeCYaHUKOB OTCOPTUPOBAH-
HOM CJIOMCTOCTH) CBUAETEJILCTBYET O TOM, 4TO pa3pe3 HekexeHb npeacTasiaseT cob0i onpokuHy-
TYIO CTPYKTYpy. KOHIryloMepaThl MpHHAA/IEKAT K PA3JUYHBIM C€IMHUIAM TI0 PEXKUMY TEUCHHUS
U TEPEHOCA OCA/IKOB, MPUYEM MECTAMM ITO BCE MPOSBIISETCS COBCEM MYTHO. MHOTHE U3 MOLIHBIX
€/IMHULL OOHAPYXKUBAIOT TECTYPHbIE YEPThl, CBU/AETEILCTBYIOLIHE 00 0OpaTHOH OTCOPTUPOBAHHO-
CTH OCaJKOB B OCHOBAHMU €/IMHHIIbI, UX HEOTCOPTUPOBAHHOCTU B LIEHTPAJIbHOM YaCTH €QUHHUIIbI
¥ HOPMAJIbHOW OTCOPTUPOBAHHOCTH B €€ BepXax. BOJIBIIMHCTBY paccMaTpUBAEMBbIX €IMHHUIL TIPUCY-
11a Takas ynopsIO4EHHOCTb KJIACTHYECKOT 0 MaTepHaJsia, NPy KOTOPOH rajlbKi BbICTPOEHBI JIUHUS-
MH, T4dK, YTO KPATKHE OCH TaJIeK HANPABJICHbI TIEPTICHAMKYJIIPHO TUIOCKOCTH HaractoBaHus. Cyas
no Haubornee Ha/IeKHON OPUEHTALMH TPOJAOJIbHBIX OCEH U MO AaHHBIM PACNOJIONKEHUS 00JIOMKOB
BHAXJIECTKY (M3 CTPYKTYPHO MEHEE HapylIeHHOro paspe3a YOKBaOMaHb) MajeOTPAHCTIOPT ObLI
HanpaBJieH Ha CeBEPO-BOCTOK. TeKCTYPHBI XapaKkTep KOHIJIOMEPATOB W UX CTPYKTYpHBbIE OCOOEH-
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HOCTH CBUJIETEILCTBYIOT O TOM, YTO OOJIBIIMHCTBO KOHTJIOMEPATOB ObLIO NEPEOTIOKEHO MOTOKA-
MH, TIPOMEKYTOUHBIMHU 1O XapaKTepy MEKAy KOre3MBHbIMU OOJOMOYHBIMU NMOTOKAMH M BECbMA
TyCTbIMM MYTbEBBIMHM MOTOKaMH. [TpucyTcTBHE 00JOMKOB B JMTOTEKTOHHYECKOHW €AMHHMIIE rOp
BIoKK yka3bIBaeT Ha TO, YTO cONMkKeHHE (KOHBEpreHuus) cTpykTyp Brokkckoil M YTnoHbCKoH
eIMHHUIL HMEJIO MECTO MOCJIC OTJIOXKEHUS KOHIIIOMEPATOB (1K 4TO Brokkckas eauHuua He Oblia
00OHaXeHHOH BO BpeMsi OTJIOXKEHHS 0CaKkoB). Bosblioe KoinyecTBO 06710MKOB TIPOMCXOIHIIO U3
JIUTO-TEKTOHUYECKON eMHULbl ArrTesiek—Py1abaHs, KOTOpas B HACTOsILEE BPEMs IIMPOKO 0OHa-
KEHa K CEBEPO-BOCTOKY OT IUIOLIA/M PA3BUTHS BEPXHEMEJIOBBIX KOHrIoMepaToB. Hanpasnenue
MaJICOTPAHCTIOPTA YKA3bIBACT HA TO, YTO HA IyOMHe I100as MCXOAHAs MOPOJA B JAHHOM €IMHHULIE
PACTIPOCTPAHSACTCS AAJIEKO HA FOT U HCTOYHUK NIUPAHMUSE 0OJIOMOYHOr0O MaTepHaia Obll TEKTOHHYE-
CKH MEPEHECEH Ha CeBEpP B0JIb TEKTOHMYECKON JMHUU [JapHo.
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ECONOMIC HEAVY MINERALS OF THE DANUBE RIVER
FLOODPLAIN SEDIMENTS AND FLUVIOLACUSTRINE DEPOSITS
OF NORTHWESTERN AND CENTRAL HUNGARY

Andrew E. GROSZ*, Ferenc SIKHEGYI** and Ubul P. FUGEDI**

A cooperative pilot project designed to assess the feasibility for heavy-mineral-resource
identification in fluvial terrace deposits of the Danube River and in fluviolacustrine deposits of
Neogene and Quaternary ages in northwestern and central Hungary resulted in the discovery of gold
in southern Danube River sediments and indicated that garnet also occurs in significant quantities.
In addition, smaller concentrations of titanium minerals and zircon, have been found, but whether
these minerals have significant vertical and lateral distributions, is yet to be investigated.

Mineralogic analyses of panned heavy-mineral concentrates obtained from 26 fluvial sediment
samples of Holocene age from northwestern Hungary (Kisalfold) gave an average heavy-mineral
content of 0.79, of which about half consists of garnet, titanium minerals, and zircon. Gold was
found in six of the eight samples taken; one additional sample contained native silver. Fluvial
sediments on and south of Szentendre [sland contain concentrations of heavy-minerals comparable
to those found in the northwestern samples; however, gold is significantly more abundant and
occurs in coarser grains than that in the northwestern samples.

Mineralogic analyses of the heavy-mineral assemblages of fluviolacustrine sediments of Neo-
gene to Quaternary age, as well as of eolian sediments of northwestern and central Hungary showed
that on the average the heavy-mineral fraction is less than 0.5% in these sediments of which only
about 359 is garnet, titanium minerals, and zircon combined. Two of 11 samples analyzed contain
gold.

A test of the spectral gamma-ray radiation signatures of various deposit types suggests
measurable differences between sediments enriched in heavy-minerals relative to those that contain
trace quantities; however, additional data for the quantification of the differences are needed.

Keywords: heavy-minerals, placers, gold, garnet, zircon, titanium minerals, gamma-ray spectrometry

1. Introduction

Areally and volumetrically extensive deposits of sand and gravel, par-
ticularly those associated with the Danube River, in the Pannonian Basin of
Hungary are potential sources of economically valuable detrital heavy-minerals
such as garnet (used as an abrasive), aluminosilicate minerals (refractory ap-
plications), zircon (ore of zirconium and hafnium, abrasive and refractory),
rutile (ore of titanium), gold, and others.

This preliminary report is based on a limited amount of data that was
assembled under auspices of a pilot project conducted jointly by the U.S.
Geological Survey and the Hungarian Geological Survey in August 1983. The
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aim of the project was to assess the feasibility of identifying heavy-mineral
(henceforth HM) resources of economic value in fluvial terrace deposits of the
Danube River and in fluviolacustrine deposits of Neogene and Quaternary ages.

2. Previous work

Historical accounts relate that gold-bearing placers in the region have been
mined as early as the time of the Late Roman Empire, that is, at the end of the
4th century A.D. Economically valuable accumulations of detrital gold at
several localities in the western portion of the Carpathian Basin have been
known since the beginning of this millenium. Gold bullion with the marks of
Roman mints found in the region document this; trace element and silver
content of the bullion indicate placer origins from the western Carpathian Basin
[PANTO 1935].

The “golden age” of placer mining in the region is considered to have
occurred in the last century. The most famous placer gold mining localities in
northwestern Hungary are Asvany, Halaszi, Aranyossziget, and Acs along the
Danube River, however a number of localities occur on the Mura, Drava,
Maros, and Aranyos Rivers, where gold, thought to have originated in the Alps
and the Carpathians, has been mined. The end of the “golden age” came with
the onset of flood control engineering projects that interrupted the deposition
of surficial pay gravels. Nonetheless, small quantities of detrital gold continued
to be recovered by one-man operations in recent times.

The first systematic investigation of the economic potential of the auriferous
sediments in the northwestern portion of Hungary was conducted between 1932
and 1935 [PANTO 1935]. The objectives of the investigation were to appraise the
economic worth of previously known occurrences and to establish the vertical and
horizontal extents of gold-bearing gravels. Sampling procedures included shallow-
depth augering by hand, and surface grab-sampling. Screening, sluicing, and
hand-panning were used to concentrate the gold particles which are traditional
techniques used in northwestern Hungary. PANTO [1935] states these methods,
employed also in his studies, recovered 97 to 989/ of the gold present in a sample.
He further states that the recovered gold flakes were extremely fine-grained and
thin (averaging 100,000 flakes/gram); the largest flake recovered weighed slightly
less than 0.4 milligrams. The purity of the gold was measured to be about 950.
In light of the results of our reconnaissance study, and recovery rates from
similarly fine-grained deposits elsewhere in the world [MAacDONALD 1983], we feel
that a claim of 97 to 989, recovery is unreasonably high, perhaps by as much as
35%. In this context it must be noted that in his study Panté examined only
gravels. Not surprisingly, therefore, Pant6 concluded that gold accumulations in
fluvial sediments of northwestern Hungary had no practical importance for
industrial exploitation. It should also be noted here that, with the exception of
pyrite which was analyzed for gold and silver, and a few suspect grains associated
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with the platinum-group, the heavy-mineral assemblage was not evaluated for
byproduct, or coproduct potential.

More recently, a reconnaissance study of the heavy-mineral content of
sediments of the Danube-Raba Lowland (Kisalf6ld) was conducted by the
Mecsek Ore Mining Enterprise (MEV) in 1960. In that study 29 shallow auger
borings collected at 0.5 to 3.0 km intervals yielded 133 discrete samples. Analyses
of the samples yielded an average of 0.5 to 1.0 kg/m*® heavy-minerals, however
in the vicinity of Acs values as high as 12.5 kg/m® were found, but very little
mineralogic work was done on minerals other than gold and magnetite. The
report by MEV [CsaLAGoviTs 1962] stressed, however, that the data were not
sufficiently reliable, because of concentrating techniques used. The report men-
tions that garnet was present in the heavy-mineral assemblage.

A number of other reports of investigations related to geologic or strati-
graphic problems in Hungary include general information on heavy-minerals in
sediments, but the authors did not encounter any that referred specifically to the
the economic potential of the heavy-minerals either from the qualitative or from
the quantitative standpoint.

3. Field methods used in this investigation

Recent alluvial fills and terraces as well as fluviolacustrine deposits of
Pliocene(?) age were sampled along the length of the Danube River in Hungary,
to determine the heavy-mineral (HM) assemblages, by means of laboratory
petrologic analyses and by measuring their spectral emmisivity with a 4-channel
gamma-ray spectrometer.

Sediment samples were collected by a variety of techniques, selected mostly
to suit the types of exposures available for sampling. The principal type was the
channel sample collected along river bluffs, and along walls of sand and gravel
borrow pits. Other types of techniques used were trenching, power augering and
grab sampling. At most locations samples weighing 1 to 8 kilograms in bulk were
collected per meter of exposure, although at a few localities (specifically in very
coarse grained deposits) as much as 15 kilograms of sediments were collected per
meter of exposure. Large samples were needed because many of the deposits
contained large fractions of coarse sand and gravel; lesser quantities would have
yielded quantities of HM concentrates too small for deriving acceptable statistical
values on such high-value, low-concentration minerals as rutile, zircon, and gold.
Locations where samples were collected are shown on Figures 1 and 2, and
megascopic descriptions of the samples are given on Table I.

Field processing of the samples consisted of weighing the bulk sample,
followed by dry-screening with a sieve of approximately 2 mm aperture. The
gravel fraction (>2 mm) was discarded, and the sand fraction (<2 mm) was
weighed after a period of air drying. Subsequently the sand fraction was processed
for its heavy-mineral content by use of bowl-shaped enameled wash basins and
a gold pan. The washing and concentrating procedures were aimed at removing
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e Location of samples

Approximate scale

KOMAROM

Fig. 1. Map showing locations of samples collected in northwestern Hungary
(Danube-Raba Lowland)

1. abra. A Kisalfoldon vett mintak helyszinrajza

Puc. 1. Touku otb6opa npob B ceBepo-3anaaHoi Benrpuu

the clay content by decantation and by elutriation. These procedures produced
initially a 60 to 90%, heavy-mineral concentrate.

Inasmuch as these techniques are difficult to implement uniformly by a field
party of several members, significant variations in the quantitative and possibly
qualitative aspects of the HM assemblages obtained should be expected. For one,
it is well known that frequency estimations based on minerals separated by both
panning and heavy liquids methods are not comparable. When panning is used,
minerals such as staurolite, garnet, tourmaline, micas, and chlorite are lost, and
minerals such as zircon are proportionately concentrated. In addition, because
many of the samples were not thoroughly dry after screening, the reported weight
percentages of heavy-minerals are expected to be lower than had the samples been
completely dry, as they are a percentage of dry minerals in a wet sample.

Field investigations also included spectral gamma-ray radiation measure-
ments at a few sampling localities of Holocene age and on a number of deposits
of Pliocene(?) age. These measurements were made to test the gamma-ray radia-
tion emmisivity of the various sediment types as a possible guide to delineating
HM-enriched deposits.

Exploration for heavy-mineral deposits using gamma-ray radiometry is
based on the presumption that radioactive heavy minerals (monazite, zircon,
sphene) are concentrated with the non-radioactive heavy minerals (ilmenite,
rutile, leucoxene, and others). Previous studies on the applicability of spectral
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gamma-ray radiometric data to the exploration for HM deposits have shown
that such deposits have characteristic radioelemental spectra (dominated by
thorium) where radioactive mineral species are present in the heavy-mineral
assemblage that is exposed at, or within several centimeters of the surface
[RoBsSON—SAMPATH 1977, FORCE et al. 1982, MAaHDAVI 1964, Grosz 1983]. The
radioactive elements are present either in the crystal lattices or occur as in-
clusions in the chemically and physically stable minerals, or both, and therefore
secular equilibrium of the radioactive daughter products with the parent ele-
ment can be assumed. Where an anomaly is not caused by radioelements in
resistate heavy minerals, the assumption of equilibrium may not be valid. Clay
rich sediments contain potassium—40 in minerals such as muscovite, biotite, and
illite, and may contain uranium-series nuclides adsorbed on clay minerals; hence
areas where clay is common should be anomalous in radioactivity with respect
to sandy terranes.

At each locality a four channel spectral gamma-ray scintillometer contain-
ing a large volume (1900 cubic centimeters) Nal detector was used to measure
both the total field intensity as well as the components of the gamma-ray
radiation field. To achieve constant geometry at each locality the detector unit
of the instrument was suspended about 0.75 meter above the surface from a
tripod. After temperature equilibration and standardization against a bar-
ium-133 gamma-ray source, the count rate was measured at the following
gamma-ray energies: (1) 2.62 MeV (million electron volts) from thallium-208
in the thorium-232 series; (2) 1.76 MeV from bismuth-214 in the uranium-238
series; and (3) 1.46 MeV from potassium—40. The counting time at each locality
did not exceed 8 minutes. Field data were reduced to radioelement concentra-
tions using the method given by STRoMswoLD and KOSANKE [1978]. Results of
these measurements are shown in Tables II and II1.

4. Laboratory procedures

Laboratory procedures were directed at qualifying and quantifying those
HM species that would account for about 90%, percent of each assemblage. No
attempt was made either to investigate in detail or to document the full HM
assemblages, because the aim of this study was to establish the relative abun-
dances of broad mineral groups (garnet, sheet silicates, tourmaline, pyroboles,
etc.) and the general distribution of economically valuable mineral species in the
HM assemblages.

The 47 initial mineral concentrates (60-90% HM) prepared in the field were
air dried and subsequently subjected to a bromoform-based density separation.
This step was followed by removing the ferromagnetic and strongly paramag-
netic minerals using a hand-held magnet. The balance of the HM in each sample
was further processed into 3 magnetic subfractions on a Frantz Isodynamic
Magnetic separator* set at 15 forward and 20 degrees side slopes (0,0-0.5,

* Use of trade names does not constitute endorsement by the USGS
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0.5-1.0, and >1.0 Ampere fractions). In this manner, the HM assemblage of
each sample was fractionated into groups of 2 to 6 mineral species in each,
principally to facilitate the mineral identification process. The mineral species
in each magnetic subfraction were identified and quantified by use of petro-
graphic and binocular microscopes; the estimated percentage of mineral species
was summed across magnetic fractions. Density was not compensated for in the
tabulation given on Table II. The identification of a few of the minerals was
done by X-ray diffraction techniques (Beth D. Martin and Joan Fitzpatrick,
USGS, Reston).

Because the gravel (>2.00 mm) and the clay fractions were not examined
for their HM content, the data shown in Table II may not be fully representative
of the total assemblage; very fine-grained mineral species such as zircon, rutile,
and gold, for example, as well as sheet silicate minerals that tend to wash out
easily are likely underrepresented.

5. Results

Results of this initial investigation indicate that a wide range of HM
contents and a wide range of mineral species, including gold, are present in
sediments deposited and reworked by the Danube River. Sediments of flu-
violacustrine and windblown origins also have a wide range of HM species,
however quantities are smaller than in fluvial deposits.

Fluvial terrace deposits of the Danube River sampled in northwestern
Hungary average about 0.7%,. HM in a range of 0.02 to 3.95% on a bulk sample
basis. The HM content of the sand fraction (<2.00 mm) is about double that
of the bulk samples averaging about 1.5% in a range of 0.05 to 11.83%,. About
50%; of the HM assemblage in fluvial deposits of the northwest consist of garnet,
ilmenite, rutile, and zircon combined. Of the 26 samples 6 contained gold, and
one sample contained native silver.

Fluviolacustrine (Pliocene?) deposits sampled in northwestern Hungary
average less than 0.5%, HM of which less than 459/ are garnet, ilmenite, rutile,
and zircon combined. One sample of 7 contained visible gold.

Deposits of windblown sand sampled in nortwestern Hungary average
about 1.0% HM of which about 609, consist of garnet, ilmenite, rutile, and
zircon combined. None of the 3 samples contained visible gold.

Deposits of Pliocene(?) age sampled in central Hungary east of the Danube
River floodplain contain the lowest concentrations of HM averaging 0.04%, of
which 349/ consist of garnet, ilmenite, rutile, and zircon combined. One of the
two samples contained a small flake of gold.

Deposits of the Danube River on and south of Szentendre Island have
quantities of HM comparable to those found in the northwest, however, garnet,
ilmenite, rutile, and zircon combined account for slightly more than 609, of the
assemblages. Gold was visible in 6 of 8 samples.
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In regard to the grain-size distribution of the more abundant HM species
of economic interest, sieve analyses of the garnet-rich fractions (0.0 to 0.5
Ampere magnetic subfraction) of samples 31 and 43 indicate that the bulk of
the garnet is between 0.25 and 0.125 mm (fine sand). In sample 31 about 20%,
of the garnet is between 0.35 and 0.25 mm (medium sand), whereas in sample
43 only about 69 fall into this size class. In sample 43 about 119/ of the garnet
is between 0.125 and 0.044 mm (fine sand to coarse silt); only about 4% in
sample 31 fall into this category. Less than 29, of the garnet in both samples
are coarser than 0.044 mm (medium sand) and less than 0.044 mm (coarse to
very fine silt). These variations in the grain-size distribution of the garnet group
are thought to reflect on the comminution of the minerals due to transport; the
relative abundance of the coarser grained garnets in sediments on and south of
Szentendre Island are indicative of a source of garnet probably from the region
of the Danube River bend.

Zircon and rutile in both sets of samples are finer grained than 0.125 mm;
the <0.044 mm fraction of the samples is composed almost entirely of rutile,
zircon, and gold. However, gold occurring south of Budapest is generally
coarser than 0.044 mm at its coarsest. [lmenite in both samples is between 0.25
and 0.044 mm (fine sand to coarse silt).

A relatively important qualitative and quantitative change in the HM
assemblage occurs starting with sample 38 on Szentendre Island. At this locality,
and to the south, garnet, tourmaline, staurolite, and pyrobole group minerals
are coarser grained than those found in samples from Northwest Hungary, and
magnetite and ilmenite are significantly more abundant. This relative coarseness
of grain size suggests a nearby source area, probably the Pilis—Borzsony—Central
Slovakian mountain range at, and north of the bend in the Danube River.

A comparison of the spectral gamma-ray radiation characteristics of the
two principal sediment types investigated is given on Table III. The data are
suggestive of measurable differences in both total count and spectral radiometric
signatures of the deposit types, however the existing data are so far inadequate
to characterize the HM-enriched sediments. Additional measurements are ex-
pected to resolve this limitation.

6. Conclusions

Fluvial terrace deposits of the Danube River, fluvio-lacustrine deposits of
Pliocene(?) age, and deposits of windblown sand have a wide range of HM
contents and a large variety of mineral species.

Results of this reconnaissance study indicate a significant potential for
garnet and gold, and a smaller potential for titanium minerals and zircon,
although the sizes and numbers of samples preclude an accurate definition of
resource potential. Detailed mineralogic analyses coupled with chemical analy-
ses would likely show additional minerals and elements of economic interest.

In addition to documenting the discovery of detrital gold in sediments of
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the Danube River on and south of Szentendre Island, this investigation under-
scores the importance of collecting large-volume samples for assessment of
low-frequency/high value mineral (i.e. gold) resources.
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SAMPLE SAMPLE
LOCALITY SAMPLE SAMPLE INTERVAL
NO. NO. TYPEY IN CM DESCRIPTION
1 2 @ 100  gray poorly sorted sandy gravel
1 3 (64 30 gray sandy gravel
1 4 C 40  orange oxidized gravelly sand
1 5 C 30 gray gravelly micaceous sand
2 6 C 150  beige medium to fine sand (windblown)
2 7 C 650 gray-beige sandy gravel
2 8 & 50 gray gravelly medium to fine sand
2 9 G 30 gray and orange sandy gravel (from creoturbed pocket)
2 24 G N/A? gray gravelly sand (from bottom of creoturbed pocket)
3 10 C 100  buff gray very fine sand (windblown)
3 11 C 250  gray-beige sandy gravel
3 12 C 800 orange medium to fine sand, low angle crossbedded
3 13 C 350  orange medium to fine sand, low angle crossbedded
3 14 (@ 900 orange medium to fine sand, low angle crossbedded
4 15 C 100  buff gray very fine sand (windblown)
4 16 C 150  gray medium to fine sand, low angle crossbedded
4 17 C 500 gray sandy gravel
5 18 c 150  gray medium to fine sand
5 19 C 550 gray sandy gravel
6 20 C 600 beige—orange medium to fine slightly gravelly sand, high
angle crossbedded
7 21 C 400 gray sandy gravel
8 22 C 250 tan-beige medium to fine sand, low angle crossbedded
9 23 C 350 tan-orange medium to fine sand low angle crossbedded
10 235 A 250  orange very fine sand
10 26 A 150 gray-tan gravelly sand
11 27 A 50 dark gray medium to fine sand
11 28 A 60 dark gray gravel with medium to coarse sand
11 29 A 100 tan gray sandy gravel
11 30 A 100  light tan gray—tan sandy gravel
11 31 A 100 light tan gray—tan sandy gravel
12 32 A 50 light yellow—orange sandy gravel
12 33 A 150 light yellow—orange sandy -gravel
12 34 A 100 gray sandy and pebbly gravel
12 35 A 200 gray sandy and pebbly gravel
13 36 G N/A light gray-tan modern Danube River sandy gravel
14 37 Cc 100  tan—beige medium to very fine sand
15 38 G N/A gray modern Danube River floodplain sandy gravel
16 39 C 250 tan—orange sandy gravel
17 40 C 150  orange oxidized sandy gravel
L7 41 C 300 orange oxidized medium to very fine sand
18 42 G N/A gray-beige sandy gravel
19 43 G N/A  gray-beige sandy gravel
20 44 G N/A gray-beige sandy gravel
21 45 G N/A  gray medium to fine sand (natural concentrate)
22 46 G N/A dark gray medium to very fine sand (natural concentrate)
23 47 G N/A  light gray-beige sandy gravel (dredged Danube thalweg

sample)

1) C denotes channel, G denotes grab, A denotes auger samples
2) not applicable

Table I. Description of samples collected for heavy-mineral analyses
I. tablazat. A nehéz-asvany elemzésre vett mintak leirdsa

Tabauya 1. OCHOBHbIE XapaKTEPUCTHKH LIJTMXOBBIX MPOO
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2 53 47 0.02 005 10) 2 3 8 3 4 43 9 10 9 3 5 3 1 1.76+.04 3.34+028 10.17+0.38
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4 15 85 0.71 0.83 11) 2 3 7 4 3 30 17 P 3 17 10 4
5 27 73 223 304 10) P 4 3 4 P 10 5 54 2 1 12 5
6 0 100 230 230 11) 4 3 6 3 P 50 15 P 6 3 3 7 0.96+0.03 2.40+0.19 6.98+0.27
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20 6 84 0.07 0.07 100 2 2 20 2 2 33 6 7 4 3 12 7
21 60 40 0.16 042 11) 2 2 7 2 2 67 5 2 3 P 4 4 1.03+£0.02 1.33+0.13 3.34+0.18
22 0 100 0.31 031 11) 3 3 9 2 1 38 7 25 2 3 1 6 1.55+£0.04 296+0.24 7.14+0.32
23 0 100 0.71 0.71 1) 8 4 16 2 3 4 3 4 4 7 1 3 1 1.61+£004 3.79+0.28 10.16+0.37
25 0 100 0.31 031 100 5 3 13 2 3 31 7 6 5 6 12 7
26 34 66 051 078 10) 6 4 11 3 6 34 6 4 3 5 13 5
27 79 21 1.02 487 11) 4 3 6 P 5 50 6 7 4 3 5 7
28 54 46 0.80 1.81 11) 5 2 9 1 5 31 7 20 2 1 7 10
29 31 69 253 366 11) 3 2 8 P 3 23 4 31 5 4 11 6
30 52 48 0.75 1.57 11) 4 2 10 2 3 34 9 5 4 4 15 8
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33 60 40 024 0.60 10) 6 2 10 1 1 48 4 10 4 4 5 5 1
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35 58 42 0.16 0.39 10) 4 3 7 2 2 45 8 12 2 2 2 8
36 0 100 1.01 1.01 11) 5 2 P 2 3 67 2 3 3 3 3 7 10
37 0 100 0.09 0.09 10) 4 2 7 2 3 25 6 34 4 2 1 10
38 45 550.10'%0.18'2 7) 4 P 6 P 12 5 5 2 4 9 P 6 14 2044+0.05 4.53+0.33 11.83+043
39 60 40 0.10'20.25'2 4) 2 2 7 2 9 52 4 1 3 11 T 4 1.75+£0.04 2.99+0.25 8.19+0.35
40 77 33 0.02'20.06'? 11) 25 7 19 4 7 5 12 3 14 P ik 4 1.52+0.04 1.94+0.22 7.99+0.32
41 0 100 3.75'23.75'2 1) 16 6 34 3 6 2 13 2 7 2 T 6 15
42 ? 100 0.38!20.38!% 2) 5 8 10 3 3 43 10 4 5 4 P 9 1 1.174+0.03 2.05+0.17 4.12+0.23
43 65 350.1620.46'2 1) 8 2 8 2 2 64 4 P 5 3 P 4 30 1.30+0.03 2.20+0.19 5.38+0.25
44 65 350.05'20.16'2 4) 3 1 12 P 10 43 4 7 5 7 P 6 1.414+£0.03 2.76+0.21 5.91+0.24
45 0 100 0.55'20.55'» 2) 3 3 9 3 6 50 5 3 5 11 1 8 13 1.57+£0.04 3)52+0.26 8.71+0.34
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47 60 40 0.11120.28'» 3) 2 1 7 1 5 58 3 4 8 7 P 7 1

1) >2.00 mm fraction

2) <2.00 mm fraction, includes clay

3) initial weight

4) includes clinozoisite, pumpellyite, zoisite

5) includes kyanite, sillimanite, andalusite

6) includes calcite

7) includes amphibole, tremolite, actinolite, glaucophane, hypersthene, augite, diopside

8) includes chlorite, biotite, muscovite, and chloritoid

9) may include a variety of minerals including quartz, sulfides, clayballs, corundum?, unidentified opaques, xenotime?, limonite, polyminerallic grains, schist fragments, apatite, leucoxene,
phosphatic shell fragments, sphene, monazite, anatase, and others

10) <0.05%

11) 0.05+0.5%
12) estimate based on 2 kg/liter density of bulk sample
13) number of identified flakes, beads, or grains

Table I1. Screen and heavy-mineral analyses of samples from northwestern and central Hungary

II. tablazar. ENy- és Kozép-magyarorszagi mintak kavics- és homoktartalma, valamint nehéz-asvany elemzési eredményei

Tabauya I1. OTHOCHTEIBHOE CONEPXKAHHME TAJIKH U NIECKA B MPOGAX; MUHEPAIIbHBINA COCTAB TSKENOH DpaKuu

Total count

Sediment type No. of locations counts/second %K eU ppm eTh ppm eTh/eU eU/%K eTh/%K
Danube River deposits 11 197 1.33+.03 2.54+.20 6.38+.28 2.5 1.9 4.8
Pliocene(?) deposits 9 261 1.60+ .04 3.72+.27 9.92+.36 2.7 2.3 6.2

Table I11. Comparison of spectral gamma-ray radiation signatures of Danube River and Pliocene(?) sediments

III. tabldzat. Dunai iiledékek és pliocén képzédmények spektralis gamma-sugarzasi jellegének osszehasonlitasa

Tabauya III. CpaBHUTEIbHBIE XapDAKTEPUCTUKHU CIIEKTPA TAMMa-U3J1y4YeHHs] TEPPACOBBIX OTJIOXKEHUH U TIMOLEHOBLIX 0Opa3oBaHuil
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A DUNA ARTERI KEPZODMENYEINEK
VALAMINT ENY- ES KOZEP-MAGYARORSZAG FOLYAMI-TAVI ULEDEKEINEK
HASZNOSITHATO NEHEZASVANYAI

Andrew E. GROSZ, SIKHEGY]I Ferenc és FUGEDI P. Ubul

A nehézasvany-forrasok kimutatasara a Duna terasz iiledékekben, valamint ENY- és K 6zép-
Magyarorszag folyami-tavi liledékeiben kdz6s, amerikai-magyar program indult. A kutatas arany
kimutatasahoz vezetett a Dunanak Budapestt6l délre esé szakaszan, tovabba granat kiugré mennyi-
ségét is jelezte. Ezen kiviil kisebb mértékii titan-asvany és cirkon feldusulasok is jelentkeznek, de
eloszlasuk nem kell6képp ismert.

ENY-Magyarorszag (Kisalfold) 26 db, holocén koru, folyovizi mintajanak asvanytani analizi-
se 0,7%-os atlagos nehézasvany-koncentraciot adott, melynek mintegy felét granat, Ti-asvanyok és
cirkon teszi ki. A nyolc, aranyra szedett mintabol hatban talaltunk aranyat, tovabbi egy minta
termés eziistot tartalmazott. A Szentendrei-szigeten és tole délre, a folyovizi iiledékek az ENY-
Magyarorszagon talalhato nehézasvany-koncentraciokhoz hasonlé értékeket adnak: ugyanakkor
az arany lényegesen gyakoribb és durvabb szemii, mint a Kisalfoldrél szarmazé mintakban.

A neogén és kvarter folyami-tavi iiledékek valamint ENY- és Kdzép-Magyarorszag szélfttta
iiledékeinek nehézasvany egyiitteseit elemezve lathatd, hogy ezen iiledékek nehézasvany frakcidja
nem éri el a 0,59;-0s atlagot s a granat, Ti-asvanyok és a cirkon részaranya csupan 35%;-os. Tizenegy
vizsgalt mintabol kettd tartalmazott aranyat. A kilonbozé tiledéktipusok spektralis gammasugar-
zasi jellegeinek mérése azt sugallja, hogy a nehézasvanyokban viszonylag gazdagabb iiledékek a
kisebb tartalmiakhoz képest mérheté kiilonbségeket mutatnak, ugyanakkor kiegészitd adatok
szitkségesek e kiillonbségek szamszeri jellemzésére.

TAXKEJIBIE MUHEPAJIBI B IOMMEHHBIX OBPA3OBAHUSIX P. IYHAS
" BO O3EPHO-PEYHbBIX OTJIOXKEHUAX
CEBEPO-BOCTOYHOM U LIEHTPAJIBHOW BEHI'PMU

Buapy 3. I'POC, ®epenn ITMKXEU u Yoyns I1. PIOTEAN

B pamkax BEHIepCKO—aMEPHKAHCKOTO COTDPYAHMYECTBA OBbLI COCTaBJIeH pabouuil MpOEKT
C IIEJIbI0 YCTAHOBJICHHS! BO3MOXHOCTEM BBISBJICHHS HCTOYHHKOB TSDKEJIBIX MHHEPAJIOB B COCTaBe
TEPPACOBBIX OTJIOXEHHH . [lyHasi, a TAKXKE B HEOTEHOBBIX M YETBEPTUYHBIX 03EPHO-PEYHBIX 06pa3o-
BAHMAX CEBEpO-3ala/HON U LEHTpaltbHON BeHrpuu. B pesynprate paGoThl ObLIO BBISBIEHO OIHO
HENMPOMBIIUDKHHOE HAKOIUIEHHE 30JI0Ta B MOMMEHHBIX OTJIOXeHusx [lyHas k rory ot bynameuira,
KOTOPOE COMPOBOXAJIOCh MOBBIILIEHHBIM COIEPKaHUEM IpaHaTa B cocTaBe Tsxénon ppaxiuu. Kpo-
Me TOro, ObLTH yCTaBJIEHbI U HEOOJIbIINME CKOTUICHHSI TATAHOBBIX MUHEPAJIOB M IIUPKOHA, HO TIOKA HE
SICHO, MIMEIOT JI OHH 3HAYHMTEJIbHOE PACIPOCTHEHHE 10 BEPTHKAIH H JIATEPaJIu.

B 26 npo6ax, 0TOGpaHHbIX U3 YETBEPTHYHBIX peuHbIX oTsIokeHHH C3 Benrpuu, cpeasee coaep-
XaHue Tskenon ¢ppakuu — 0,7 Bec. %, npumepHO 509, OT KOTOPOro COCTOBJIAIOT I'PaHAT, HHPKOH
¥ MHHepasbl THTaHa. U3 8 mpo6, B3ATHIX C LEJIbIO BBISABJICHHS HAKOIUIEHUH 30JI0TA, €ro HaIM4Yue
ycTaHoBjeHo B 6. Kpome Toro, B 0Ol mpo6e 0TMeYeHO U caMopoHoe cepebpo.

KoHIEHTpaIMH THKEIbIX MUHEPAJIOB B IPO6ax, 0TOOpaHHbIX ¢ 0-Ba CeHTEH/PE ¥ HUXE MO
TOBBILIAETCS B HUX, ¥ CAMH 3€PHBILIKH CTAHOBATCS GoJiee KPYIHBIMH, Y€M B MPOOax ¢ TEPPUTOPHH
Hugmennoctu pp. yHaii—Paba.

PaccMaTpuBas HEOTEHOBBIE M YETBEPTHYHBIE, 03€PO-PEYHBIE, a TAKXKE, 30JIAYECKHE OTJIOKE-
Husg C3 ¥ neHTpasibHOM BeHrpuu BUAHO, YTO B AAaHHBIX OOpa3OBaHMAX CpEIHEE COAEpXaHHEe
Tsx€noi ¢pakuuu 0,5 Bec. 9, U OTHOCHTENIBHOE COMEPXKAHME IPAaHATA, LIMPKOHA M MHHEPAJIOB
THTaHa — Toubko 35%. M3 11 mpo6 npucyTCTBHE 30J10Ta 3aMeYaIOCh BCEro B IByX. B pesynbraTe
H3YYEHHS TIPHPOJBI TaMMa-H3JIy4eHHss 0Opa30BaHUil Pa3HBIX THIIOB MOXHO NPEINOJaraTh, 4TO
MOKa3aTe/Id TaMMa-H3JIyuYeHHsl OCAaJOYHbIX OOpa3oBaHMil ¢ OGONBLUIMMHU COJEPXAHUAMH TSDKETON
(dpakuuu AeHCTBATENLHO GOJIBILE, YEM B IPYTHX OTJIOXKEHUSAX, OHAKO JUIS YCTAHOBJICHHS KOJIHYECT-
BEHHBIX 3aKOHOMEPHOCTEH HEOOXOMMMBI TaJIbHEHIIINE UCCIIEOBAHHS.
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DETAILS OF A PLEISTOCENE COASTAL SUCCESSION,
GOLDEN GATE NATIONAL RECREATION AREA, CALIFORNIA

Géza CSASZAR*, H. Edward CLIFTON** and Ralph E. HUNTER**

The Merced Formation of the San Francisco Peninsula is a thick succession of shelf and
coastal deposits of Pliocene and Pleistocene age. In sea cliff exposures south of San Francisco in
the Golden Gate National Recreation Area, the Merced occurs in two extensive north-dipping
sections separated by a 2-km-long landslide under which the strata strike approximately parallel
"to the beach. This paper describes, in detail, the lowermost part of the northern segment and
documents its stratigraphic equivalence with the uppermost part of the southern segment. The strata
in the examined section of the Merced include two distinctive marker beds, a 400,000 year-old ash
bed and the “Upper Gastropod Bed” of ASHLEY [1895].

A variety of depositional environments are represented: tidal channels and flats, fluvial
channels, backshore flats, ponds and eolian dunes. The general pattern of deposition is: coastal
embayment — eolian dune — embayment — fluvial - embayment — backshore — open marine
nearshore. The succession records more of the sediment deposited during marine transgression than
is generally found in other parts of the Merced and in associated beds.

Keywords: depositional environment, stratigraphy, Merced Formation, San Francisco, California

1. Introduction

The sea cliffs that extend about 6 km southward from the Fort Funston
area of Golden Gate National Recreation Area, at the southwest corner of the
city of San Francisco, expose about 1,700 m of Pliocene and Pleistocene sedi-
ments. The strata at the northern and southern ends of this succession dip to
the north. About 200 m of the upper (northern) part of the section have been
measured in detail [HUNTER-CLIFTON 1982], as has about 720 m of the lower
(southern) part of the section [HUNTER at al. 1984, CLIFTON—STAGG in prepara-
tion].

The two measured sections are separated by a 2-km-long interval that is
disrupted by a large landslide. Exposures of strata above, below and within the
landslide indicate that they strike nearly parallel to the beach, and certain key
beds (especially a prominent ash bed) can be traced between the two stratigraph-
ically intact segments. The critical strata (about 70 m of section below the ash
bed) for establishing correlation between these segments present a special pro-
blem. They are exposed in an almost intact section just north of the landslide,
and in a broken section within the landslide on the beach just north of the
former (prior to the 1982 movement of the landslide) parking area at Thornton

* Hungarian Geological Survey, POB 106, Budapest, H-1442
** U. S. Geological Survey, 345 Middlefield Road, Menlo Park, California 94025
Manuscript received: 25 April, 1985
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Beach State Park. The lower part of this section is intact but very poorly exposed
on the upper part of the sea cliff south of Thornton Beach.

This report presents the results of a detailed study of this critical part of
the section just north of the large landslide. We compare the strata here to those
strata exposed to the south and demonstrate a basis for stratigraphic continuity
between the two intact sections. We also interpret the depositional environments
in which these strata formed and relate them to changes in shoreline position
with time.

Micropaleontological analyses and X-ray diffraction analyses were con-
ducted with the aim of improving the resolution of the facies and environmental
interpretation. We are thankful to P. Quinterno (USGS) for the micropaleon-
tological analyses and to L. Farkas (MAFI) for the X-ray diffraction analyses.

2. Background

Setting

The Pliocene and Pleistocene succession we address lies in a structural
trough that strikes obliquely NW-SE across the San Francisco Peninsula ( Fig.
I). On its southern side this succession is cut by the San Andreas fault. The
exposures described in this report are located on the western margin of the San
Francisco Peninsula near Lake Merced, for which the unit was named. The
shoreline here consists mainly of sea cliffs as high as 60 m, composed of relative-
ly unconsolidated sediment. Because the strata are tilted to the north, a com-
plete section can be followed at the base of the cliff. The exposure varies. Small
landslides commonly bury the section for short (100-200 m) distances, and a
large landslide obscures the succession for 2 km south of Fort Funston, the
location of the section described here. The exposure is further modified by the
seasonal movement of sand off and onto the beach. Typically, the best exposure
occurs in winter when much of the sand is removed by storms. The observations
presented here were made during January and February 1983, a period of
unusually intense storms along the California coast. This had a positive effect,
in that we could examine parts of the section that are generally unexposed,
moreover, the rocks at the base of the cliffs were particularly clean owing to the
storm activity.

Previous work

The unit in which our section occurs was first described by LAwsoN [1893]
under the name “Merced series”. On the basis of fossils, LAWSON determined
that the age of the unit was Pliocene. ASHLEY [1895] continued the examination
and named a distinctive fossiliferous bed in the formation the “Upper Gas-
tropod Bed.” GLEN [1959] made a comprehensive evaluation of the fauna of the
Merced and divided the formation into an upper and a lower member, the
contact being placed at the base of the “Upper Gastropod Bed”. From the
composition of the fauna he suggested that most of the type Merced Formation
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formed in a shallow sheltered basin. He also inferred from lignite and diatomite
in the upper member that some of the deposition occurred in a fresh-water lake
or pond. GLEN further interpreted the upper member of the Merced Formation
to have formed in the Early Pleistocene and the lower member in the Late
Pliocene.
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Fig. 1. Index map of Fort Funston area, San Francisco Peninsula.
A) Detailed map of the area between Fort Funston and Thornton Beach
1 — studied seacliff stretch; 2 — seacliff studied in detail; 3 — major sections reviewed in the
paper; 4 — landslide
B) San Francisco Peninsula with location of the area enlarged

1. dbra. Helyszinrajz a San Francisco félszigeti Fort Funston kornyékerol
A) Részlettérkép Fort Funston és Thornton Beach kozott
1 — a vizsgalt partszakasz; 2 — részletesen tanulmanyozott szakasz; 3 — a dolgozatban targyalt
fontosabb szelvények 4 — foldcsuszamlas
B) San Francisco félsziget a kinagyitott teriilet konturjaval

Puc. 1. Abpuc mectHocTH Popt PanctoH (n-oB Can PpaHUKCKO)
A) JleranpHas xapTa paiiona ®opt ®auncton — TopHTOH by
1 — Mccrie10BaHHbIA yyacTok Oepera; 2 — NeTanabHO M3YYEHHBIA (PAarMEHT y4acTKa;
3 — BaxHeHIIKe pa3pe3bl, 00CYXK/IaeMble B CTAThe; 4 — OMOJI3HH
B) MonyoctpoB Can ®@paHIHCKO C KOHTYPOM YBEIMYEHHOTO yYacTKa
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HALL [1965/a, 1965/b, 1966] made a sedimentologic analysis of the Merced
and concluded from the mineralogy that a major change in provenance is
indicated about 75 m below the “Upper Gastropod Bed”. He used this change
to define the boundary between the upper and the lower members. HALL also
noted that the “Upper Gastropod Bed” is actually composed of two separate
shelly layers. His paper presents an excellent cross-sectional sketch of the strata
in the sea cliffs.

ADDICOTT [1969] examined the paleogeographic implications of the mol-
lusks of the area and concluded that the type Merced embayment was a narrow
coastal feature that did not extend as far south as the present southern part of
San Francisco Bay. He noted a tendency for the Late Pliocene deposits in the
San Francisco-Monterey Bay area to develop in embayments that opened to
the northwest.

Another frequently noted distinctive bed in the Merced is a volcanic ash
[SARNA-WorcICKI 1976], typically 20 to 40 cm thick, which lies stratigraphically
about 40 m above the “Upper Gastropod Bed”. MEYER et al. [1980] assign an
age of 400,000 years to this ash based on radiometric dating.

HuNTER and CLIFTON [1982] present a detailed description and facies
analysis of the stratigraphic sequence above the ash bed. They show that-the
depositional record is characterized by a series of alternating transgression< and
regressions. Their methods guided our present analysis.

Fig. 2. Stratigraphic column of the Merced Formation studied at Fort Funston.
1 — tuff; 2 — gravel; conglomerate or pebbly sand; 3 — scattered pebbles in sand; 4 — bedded
or laminated sand or sandstone; 5 — crossbedded sand; 6 — convolute or lenticular bedding;
7 — structureless or poorely bedded sand; 8 — clayey and/or silty sand and sandstone; 9 — silt-
stone; 10 — sandy or silty mudstone; 11 — structureless mudstone; 12 — mudstone intercala-
tion; 13 — laminated mudstone; 14 — beds rich in organic material; 15 — plant remains; 16 —
roots; 17 — small-scale bioturbation; 18 — large-scale bioturbation; 19 — extra large bioturba-
tion; 20 — insect burrows; 21 — Bivalve beds; 22 — scattered Bivalves; 23 — scoured surface

2. dbra. A Merced Formacio rétegoszlopa Fort Funstonnal
1 — tufa; 2 — kavics, konglomeratum vagy kavicsos homok; 3 — kavics hintéses homok;
4 — rétegzett vagy laminalt homok és homokkd; 5 — keresztrétegzett homok; 6 — zavart
(convolute) vagy lencsés rétegzés; 7 — szerkezet nélkiili vagy gyengén rétegzett homok;

8 — agyagos és/vagy kozetlisztes homok és homokkd; 9 — aleurolit; 10 — homokos vagy
kozetlisztes agyagkd; 11 — rétegzetlen agyagko; 12 — agyagko betelepiilés; 13 — leveles
agyagko; 14 — szerves anyagban gazdag rétegek; 15 — novénymaradvanyok;

16 — gyokérnyomok; 17 — kis méretli bioturbacio; 18 — nagy méretii bioturbacio; 19 — extra
nagy meéretli bioturbacio; 20 — rovar jarat; 21 — kagylo tartalmu réteg; 22 — szorvanyos
megjelenési kagylo; 23 — kimosott felszin

Puc. 2. Paspe3s dopmanuu Mepcen npu mectHocTd Popt PancTOH
1 — Tydsl; 2 — rajeyHUKH, KOHIJIOMEPATHI HJIM TajIeYHbIE NECKH; 3 — MECKM C POCCHINSIMH
raabku; 4 — CIIOUCTHIE UM JJAMHHUPOBAHHMHBIE TIECKH U TIECYAHUKH; 5 — TECYAHUKH C KOCOH
CJIONCTOCTBIO; 6 — KOHBOJIFOTHAS MJIM JIMH30BAs CIIOUCTOCTD; 7 — TIECKH HECTPYKTYPHBIE HIIH
cnabo CIOMCThIE; 8 — JIMHUCTBIE /WK aJIEBPUTOBbIE TIECKH U TIECYaHUKH; 9 — aJIeBPHTHI;
10 — mecyaHble WM aJIEBPUTOBBIE TMHBL 11 — ryiMHbl 6e3 ciouctocTH; 12 — Mpocionka rJIuH;
13 — nucToBaThIE IIMHBL, 14 — ciou, GoraTbie OPraHUYECKUM BelllecTBaM; 15 — ocTaTku
pacTenuii; 16 — cienpl kopHeit; 17 — menkas 6uotypbanus; 18 — kpynnas 6uotypbaims;
19 — yuukanbHas 6uoTypbauus; 20 — XOIbl HACEKOMBIX; 21 — CJIOH C OCTaTKAMM PAKOBHH;
22 — peAKo BCTPEYaAIOIIMECS PAKOBHHBI, 23 — pa3MbITasi TOBEPXHOCTh

O




.. .Pleistocene coastal succession, Golden Gate National Recreation Area. . .

173

a

b

Ophiomorpha on the bottom

s

Bivalve

Barren of

]'nl“ U

AAMAAAMA A AAA AR A A

VWYY IRYIWW

=
A |
|
o
10.=]

/
Pebbles are subangUlar (mostly]
from Franciscan Formation onl

Buliminella elongatissima

Scoured surfoces laterally
disappearing

Rich in heavy minerals

Rich in heavy minerals
Climbing ripples

15 ¢ 2. ™

1. A 2.~

1. f ki

8. f 23~

19. v Microfossil investigations

made by Paula Guinterno

Grain size Grain size
u
Columnar | & o] San Columnar | 2, 3 Sand
=
section | 2 g elo|o Remarks section | 2 = ol & Remarks
2| 3. o282 2. 2. E
sc| §|8|=|£|8|8(2 2| §|e gl e
So| o |o|a|E|Z|8|d S5l w|o S|
1 T
Mudstone lenses
footprinted Limonite crust

Shell molds and casts
in the upper part .
Eiphidium excovatum
Radiolaria

Sponge oogonium

Dark grey-organic rich

ark grey-organic rich
Climbing ripples

e kot
‘mydstone cl
 Climbing ripples '
icoceous
~Yellow nodt

ltlu
— micaceousinlenses)
Yellow nodules

green beds with grey
inter bedding

Many shells in
living position




174 Csaszar-Clifton—Hunter

As a consequence of the present study, HUNTER et al. [1984] extended the
detailed analysis for an additional 200 m below the base of the section described
here. They considered the transgressive-regressive cycles that characterize the
Merced in the context of eustatic sea-level oscillations, tectonic events and
fluctuation in sedimentation rate. The estimated sedimentation rate for the
470 m of the section described by them is about 55 cm/1000 years.

The section considered in detail here extends stratigraphically down-section
from the ash bed to strata that lie about 14 m below the “Upper Gastropod
Bed”. Geographically, the exposures extend north from the large landslide
between Fort Funston and Thornton Beach to a position just north of the Daly
City sewer outfalls. These exposures are within the Fort Funston area of Golden
Gate National Recreation Area. The strata contained in this section are exposed
to the south as well—within the landslide block—just north of Thornton Beach
and in an undisrupted section high on the sea cliffs just south of the landslide.
The section within the landslide block is occasionally very well exposed by
winter storms, but the stratigraphic continuity is broken by numerous fractures.
South of the landslide the section is again continuous but exposures of the beds
considered in this report are very poor.

Field methods

A complete continuous section was not available because at various inter-
vals small slides and small-scale faulting covered the exposure. Accordingly,
overlapping sections were measured at different but nearby locations and cor-
related on the basis of lithology (Fig. 2). The section shown in Figure 2/a
includes the upper part of the succession, which was measured in continuous
exposure southward from the Daly City sewer outfalls. The other section (2/b)
represents the combination of several closely spaced sections to the south
immediately below the viewing platform and hang-glider port at Fort Funston
and includes the lower part of the succession. The overlapping parts of the two
sections are separated laterally by a distance of some 40 m.

3. Stratigraphic composition

The 68 m thick section analyzed in this paper consists of a variety of
sediment types: mud, silt, sand, gravel and volcanic ash. The degree of indura-
‘tion is variable—some beds are well-indurated, whereas others are almost
totally unconsolidated. In this report we employ both rock terminology (silt-
stone, mudstone, conglomerate, etc.) and unconsolidated sediment terms (sand)
depending on our qualitative evaluation of the degree of induration.

The sedimentary deposits within the section differ greatly in texture,
sedimentary structures (including biogenic structures) and fossils. These vari-
ations record changes in depositional environment that serve as the basis for
subdivision of the stratigraphic elements within the section.

We divide the section into two primary sequences, following the approach
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of HUNTER and CLIFTON [1982] and HUNTER et al. [1984]. These sequences are
designated R and S (Fig. 2/a and b) in order to remain consistent with the
terminology of HUNTER et al. [1984]. Each sequence represents a major cycle of
transgression and regression.

These are further subdivided following the approach of HUNTER and
CLIFTON [1982] and HUNTER et al. [1984] into subsequences (R, R,, R3, Ry, S
and S,) of generally uniform depositional environment. In this report we further
subdivide these subsequences into units (R}, R, etc.) that represent distinct
environmental elements. The complete subdivision is shown in Fig. 2.

Sequence R

Sequence R comprises about 60 m of the section presented here. In the
section at Fort Funston, the base of this sequence is not exposed. The base is
exposed only in the upper part of the sea cliffs south of Thornton Beach.
HUNTER et al. [1984] indicated a total thickness of 63 m for sequence R and
divided the sequence here into 4 subsequences which are described below.

The exposed part of basal subsequence at Fort Funston (R,) is about 30 m
thick (Figs. 3 and 4). It consists predominantly of silt or mudstone with numer-
ous intercalations of fine- or medium-grained sandstone. Fossils are common
and trace fossils and root structures are locally abundant. The upper part of the
subsequence crops out in the sea cliff, but its lower part is exposed only on the
beach where it is well-exposed only in winter when much of the beach sand is
stripped away.

Distinct textural trends exist within the subsequence. The basal units (R,
RS, RY) are quite sandy. The lowermost two units (R and R}) contain numerous
bivalves, many in growth position (Fig. 5). The concentration of shells is
missing from the equivalent part of the section to the south at Thornton Beach.
Unit Rq lacks fossils but is intensively bioturbated. It is overlain by a generally
structureless but locally laminated mudstone, R4, that has a scoured surface at
its top (Fig. 6).

Unit R{ is sharply overlain by a structureless sandstone of green to gray
color (Rf) which contains large fragments of carbonized wood. Mudstone
intercalations are common in the lower part. This unit is overlain by about 10 m
of predominantly fine-grained sediment (units R{—R9) in which plant remains
are common ( Fig. 7). Small channels are present in unit R} (Fig. 8) and ripples
occur in R} and R% (Fig. 9). Units R"* show numerous burrows 3—5 mm in
diameter, and root structures are evident in the top 5 m of these strata (in units
R°, Fig. 10). Fine lamination, defined by alternating light and dark layers,
characterizes units R," (Fig. 11). Units R? and R} are dark due to the high
content of carbonaceous material. Yellow-brown nodules occur in units R and
R} (Fig. 7). The top of unit RS is a scoured surface marked by large (6-10 mm)
borings.

The upper part of subsequence R, (units R} ") is rather poorly exposed in
the lowermost part of the sea cliffs at Fort Funston, where it is broken by
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micaceous 1

Fig. 3. Lowermost beds (units R{ to R]) exposed on the beach at the south end of Fort Funston
(section No. 5). For legend, see Fig. 2

3. dbra. Fort Funston D-i elvégzddésénél (5. sz. szelvény) a parton feltart legalso rétegek (R}-R/
egységek). Jelkulcs a 2. abranal

Puc. 3. CaMble HHXHME CIIOH ( R‘;—R{ ), oOHaXKeHHBIE Ha IUISKE B FOXKHOM YaCTH MECTHOCTH
@opt PaHCTOH. YCIIOBHBIE 0603HAYEHHS CM. HA PHC. 2

Sequence of the section No 3.

Fig. 4. Intertidal and supratidal mudstone beds (units R{™°) of section No. 3 at the hang-glider
stairway at Fort Funston. Embayment deposit. For legend, see Fig. 2

4. dbra. Arapaly ovi és e fol5tti agyagkd rétegek (R97°) a 3. sz. szelvényben a Fort Funstonnal
1év6 sarkanyrepiilé-1épcsénél. Obol iiledék. Jelkules a 2. Abranal

Puc. 4. Crnon MHTPaTHAAbHBIX U CYNPaTHAANBHBIX TIMH (RS™°) B paspese Ne3 y jecTHHLBI
ApakoHa B MecTHOCTH PopT PayHcToH. OTiIOKEHHS 3a/1MBa. YCIOBHBIE 0003HAYEHHS CM. Ha
puc. 2
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Fig. 5. Bivalve-bearing mudstone ( R}) with
some shells in living position (channel lag)

5. dbra. Kagylo tartalmi agyagké (Rj) benne
néhany él6 helyzetben meg6rz6dott tekndvel
(csatorna-lab iiledék)

Puc. 5. Tnunel (R]), conepxaiiue pakoBUHBI,
U HECKOJIbKO PAKOBHH, COXPAHEHHBIX B XHBOM
TOJIOXKEHUH (OTJIOXKEHHS TOJIHOXKbs KaHasa)

Fig. 7. Silty mudstone beds of intertidal zone
with yellow nodule horizons ( R{™").
Embayment deposit

7. dbra. Kozetlisztes agyagko az arapalyzonabol
novénymaradvannyal és sarga gumo-szinttel
(Re™"). Obol iiledék

Puc. 7. AneBpUTOBBIE IJIMHBI U3
NPHJIMBHO-OTINBHOM 30HBI C OCTATKAMHU
pacTeHuil ¥ MPOCIORKON XKENThIX KOHKPELUH

(RY*4). OTnoXeHUs 3a1MBa

Fig. 6. Contact betyween embayment cycles. Scoured surface between structureless mudstone (R4
unit) and highly burrowed sandstone ( R{unit)

6. abra. Obol iiledékciklusok kozotti érintkezés. Kimosasi felszin a szerkezet nélkiili agyagkd
{; R‘{ ) és az erdsen féregnyomos homokkd (R{) kozott

Puc. 6. KOHTAKT MeXIy OTACHbHBIMU LMKJIAMH 0CaJKOHAKOIUICHHs 3amuBa. [10BEpXHOCTH
pa3MbiBa MEX/Y HECTPYKTYPHBIMM IJIMHAMH ( R‘i ) ¥ cuJIbHO OMOTYPOMPOBaHHBIMH
necuaHukamu (RY)



Fig. 8. Run-off channels filled

with mudstone clasts (R}) of

intertidal zone. Embayment
deposit

8. abra. Iszaptormelékkel kitoltott
elveszté csatornak (R’)
az arapaly zénaban. Obol iiledék

Puc. 8. Kanansl norjaoueHus,
3anoJIHEeHHbIE WIOM (R))
B NPHJIMBHO-OTJIMBHOMN 30HE.
OTnoxeHus 3a1uBa

( R}). Embayment deposit
9. dbra. Aramlasi hullamfodrok
aleurolitban (R} ). Obdl iiledék

Puc. 9. BonnonpuboiHbie 3HaKH
TEUCHHUS B AJICBPOJIUTE.
OT10KeHUs 3a/IMBA

Fig. 10. Wavy and horizontal
lamination in mudstone with root
structures ( R}) deposited in
supratidal salt marsh

10. dbra. Hullamos és vizszintes
laminacié arapalyov folotti
s6s mocsarban képzdott
agyagkdben, gyokérnyomokkal ( R})

Puc. 10. Bonuucras
¥ FOPU30HTAJIbHAS JITAMUHAIIUS
B IJIMHAX, 00pa30BaHHBIX
B cosieHoM bostoTe npu
CYNpaTUAAJIBHBIX YCIIOBHUSX, CO
cienamu KopHei (R})

Fig. 9. Current ripples in siltstone
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numerous small faults and is fairly intensively weathered. This part of the
section becomes progressively sandier upward and contains two well-defined
concentrations of shells (R4 and RY). Similar concentrations occur in the equiv-
alent part of the section to the south at Thornton Beach—the “Upper Gastropod
Bed” of AsHLEY [1895]. Because of weathering and solution, intact shells are
found only in the lower part of the upper concentration at Fort Funston,
although numerous casts and molds attest to the original distribution of the
mollusks (Fig. 12).

At Thornton Beach, the lower shell concentration is overlain by gently-
inclined, large-scale cross strata in which numerous burrows are evident and
which contain shells in their lowermost part. Similar structures are not visible
at Fort Funston, perhaps due to the poor quality of exposure at this part of the
section. The first of the sandy intervals (R%) above the muddy middle part of
R, contains plant fragments near its base. Marine microfossils (Elphidium
excavatum, radiolarians and possible remains of sponges) occur in unit Rj
(Paula Quinterno, 1983, personal communication).

The uppermost units of subsequence R; (R} and R}) are compositionally
transitional into the overlying sandy beds of subsequence R, (Fig. 12). Both
units consist of fine-grained, non-micaceous sand, rich in heavy minerals (which
may be responsible for the greenish cast to the sand). The lower unit, RY, is
intensely bioturbated and contains somewhat more fine-grained sediment than
does the overlying unit. Units R} and R4 contain a combination of planar
lamination and ripple lamination. These occur in alternating sets in which the
base of the planar-laminated sand is sharp and typically marked by a concentra-
tion of heavy minerals that diminishes upward within the planar laminations.
These units differ slightly, and perhaps significantly, between the two measured
section at Fort Funston (Fig. 2). They tend to be muddier and more thoroughly
bioturbated in the northern section, and the planar-laminated intervals are
thinner and less frequent than in the southern section 40 m away.

Subsequence R, consists mostly of fine- to medium-grained, well-sorted,
non-micaceous sand in which large scale (> 1 m) crossbeds are common. The
subsequence is 14 m thick in the northern section and 17 m thick in the southern
section. The basal unit of R, at the northern section (R{) contains abundant
heavy minerals, resembling somewhat the underlying sand (R%) (Figs. 12, 13 and
14 ). This distinction could not be found in the southern section. The middle 4 m
of unit R} is somewhat mottled, probably by burrowing organisms; this feature
could not be found in the more poorly exposed southern section.

The upper part of R, contains two somewhat muddy intervals (RS and R3);
in the northern section, the lower of these, RS, contains small burrows. In the
southern section these units are manifested only as clay intercalations within the
sand (Fig. 15). The top units of subsequence R, (R% and R$) contain abundant
opaque heavy minerals that, in unit R4, defined fine laminations.

Subsequence R;, about 8 m thick, is lithologically more variable than the
underlying subsequence. The lower part of R; (units RS ) was identified in both




Fig. 11. Laminated tidal
mudstone (RT). Embayment
deposit

11. dbra. Arapalydvi laminalt
agyagkd (RT) 6bol iiledékbol

Puc. 11. JlamuHupoBaHHbIe
[JIMHBI, 0OPAa30BAHHBIE B 30HE
npunuBa. OTIOKEHHS 3a1BA

Fig. 13. Low-angle scours in heavy-
mineral-bearing cyclic sand.
Synsedimentary small-scale faults
(lower part) and convolute structure
(upper part). Eolian to backshore

13. dbra. Kis dolésszogii kimosasi
felillet a nehézasvany tartalmu
ciklikus felépitésii homokban,
kis méretii, liledékkeépzodéssel
egyidejii vetokkel (also rész)

és zavart szerkezettel (felsé rész).

Eolikustol a partszegélyiig

Puc. 13. ITonoras NoBEpXHOCTb
pa3MbiBa B TlECYaHUKaX C GOIbIIMM
COAEpKAHUEM TSDKEJION (ppakaiuu,

¢ HeOOJIbLUMMH COPOCaMU CHHCe-

JIMMEHTALIMOHHOTO XapakTepa

(HMXXHSS YaCTh) U KOHBOJIFOTHOM
CTPYKTYpO# (BepxHss 4acTb). O1i10-
XKEHHUS OT 30JI0r0 0 MPHOPEKHOro

Fig. 14. Cyclic heavy mineral
concentrarion of probable storm
origin (R4). Climbing-ripples
(lower unit) and wave ripples
(upper part) between major heavy

. mineral beds

14. dbra. Ciklikus felépitési,
valosziniileg vihar eredetii
nehézasvany koncentracio

(R3). Folfelé vandorlo (also

egység) és hullimzas eredetii
hullamfodrok (felsé rész)
a fébb nehézasvany tartalmu
rétegek kozott

Puc. 14. CxomieHne TsKeIbIX
MHHEDAJIOB, BO3HHUKILIEE, BEPOATHO,

B pe3ysbTaTe OYypH, ¢ IMKJIMYECKHM
cTpoenueM (Rj). BosHonpuboiinsie
3HAKH, MUTPUPYIOLIME BBEPX (HUKHSS
Y4aCTh) MJIM BO3HUKIIHME B PE3yJIbTATe
BO3/IEACTBUS BOJIH (BEPXHSS YaCTh),
HabJTI0JAIOIIMECS CPEIH OCHOBHBIX

TOJIIIL
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the northern and southern sections; the upper part was examined only in the
northern section.

The lower two units (R4 and R%) differ somewhat between the two sections.
In the southern section these units are primarily mudstone with some sand
intercalations; root structures and plant remains are more abundant, and much
of the sediment is well-bedded (flat lamination defined by alternating layers of
mud and fine sand). In the northern section these units are thinner, more sandy,
and display fewer sedimentary structures.

The thickest unit, RS, in the subsequence consists primarily of medium-
grained, non-micaceous sandstone. Stratification for the most part is obscure
at best, although heavy mineral lamination occurs in the upper part of the unit.
Small yellow—brown nodules locally concentrated in the unit consist mostly of
equal amounts of montmorillonite (34%) and quartz (34%,), and lesser amounts
of plagioclase (18%) and potassium feldspar (Laszlo Farkas, 1983, personal
communication). Two small paleo-channels, up to a meter deep, are visible in
the central part of the unit. The smaller is 1.5 m wide, whereas the larger one
can be traced for more than 10 m before the exposure is lost. Both channels are
best defined where they are deepest and lose their definition laterally as the
contact rises within the unit. Both channels are filled with sand that, near its
base, has strata that appear to be deformed and broken by soft-sediment
deformation.

Near the top of subsequence R;, vertical cylindrical structures of slightly
different color (gray-brown) and induration are abundant, and may represent
some type of root structure. The subsequence is capped by a thin gray silty clay
(R%) that is truncated to the north along an overlying erosional surface (Fig.
16). Although this clay superficially resembles an ash bed, X-ray diffraction
analysis shows that it is a sediment mineralogically similar to the other sample
analyzed (Laszl6o Farkas, 1983, personal communication). Unit R% appears to
be a marine or brackish-water deposit; a sample contained one specimen of the
microfossil Buliminella elongatissima (Paula Quinterno, 1983, personal com-
munication).

Subsequence R,, 2.5 m thick, grades from pebbly sandstone (R4) into a
pebbly sandy mudstone (R%). Unit R is mostly a light brown medium- to
coarse-grained sandstone (Fig. 16) that contains abundant subangular to sub-
rounded pebbles up to 10 cm in diameter. The sand is non-micaceous and
contains no evident concentrations of heavy minerals. The pebbles, mostly a
mixture of chert and sandstone clasts, appear to be derived entirely from local
Franciscan Formation sources. The abundance of the gravel is laterally vari-
able. At one place it composes nearly the entire unit (Fig. 17), whereas 50 m
to the south it occurs only in scattered lenses 15-20 cm thick (Fig. 16). The base
of the unit is an erosional surface of up to 30 cm of relief. Where sand lies at
the base, the contact is not easily discernible.

The upper unit, R} (Figs. 16, 18, 19 and 20), is greatly disrupted by large
borings (10 cm or more in cross-dimension and as much as 40 cm deep) that are



Fig. 12. “Upper Gastropod Bed” of AsHLEY [1895]
(mudstone at the bottom — RY), migrating tidal
channel fill (middle part — RY), and sand of eolian
to backshore (at the top — R%)

12. dbra. AsuLey [1895] féle ,,Felsé gastropoda réteg”
(a kép aljan agyagk6—Rs), migralo
arapaly-csatorna kit6ltés (k6zéps6 rész—RY,)
¢s az eolikustol a partszegélyiig (backshore) terjedd

homok (fels6 rész — R;)

Puc. 12. «BepxHuii racTponooBblii cioi» [ASHLEY
1895] (BHU3Y — aprummuT R}), OTJIOXKEHHS,
34MOJIHAIOLME MUTPUPYIOLIHUA
NPUJIMBHO-OTJIMBHBIA KaHaJ (CpeIHssA 4acTh —
R'), ¥ TIECKH ¢ XapaKTEPOM, MEHSIOIMMCS OT
90JI0BOTO /10 MPUOPEKHOrO (BEPXHSS 4aCTh — RY)

Fig. 15. Wavy mud laminae in well-sorted fine-grained
sand deposited in a lacustrine environment

15. abra. Hullamos iszap réteg a jol osztalyozott,
finom szemcsejli tavi homokban

Puc. 15. TIpociofiKu BOJTHUCTBIX HJIOB B XOPOLLO
COPTHUPOBAHHBIX TOHKO3EPHHUCTBIX O3EPHBIX MECKAX

Fig. 16. Paleosol with uneven scour (lower half — RY),

flat to lenticular bedding, fluvial sand and gravel with

small-scale crossbedding (R%) and large-scale burrows
at the top (R%)

16. dbra. Egyenetlen kimosasi felilletli dstalaj
(a kép alsé felén — RY), lapos és lencsés rétegzési
folyovizi homok és kavics, kis méretii keresztrétegzéssel
(RY) ésa tetején nagy méreti féregnyomokkal (Rg)

Puc. 16. VickonaeMblii TPYHT C HEPOBHOM
MIOBEPXHOCTBIO Pa3MbIBa (BHU3Y — Ré), PE4HbIE TIECKH
Y TaJIbKU C TIOJIOTOM U JIMH30BOM, a TakXKe,

B HE3HAYHMTEJILHON Mepe, U KOCOH CIIOMCTOCTBIO
(R),BBEpXy ¢ GosbLuO# OHOTYpOAIMEH (Rg)




Fig. 17. Two cycles of graded
fluvial gravel ( R%) located 30 m
from the site in Fig. 16
17. abra. Két, osztalyozott rétegzodést
mutat6 folyovizi kavics ciklus (R)
a 16. abran jelolt ponttol 30 m-nyire

Puc. 17. 1Ba nukna obpa3oBanus
PEYHBIX rajiek ¢ rpajaiuen (Rg)
HaxouTcs B 30 MeTpax or
TOYKH Ha puc. 16

Fig. 18. Borings by large clams in
pebbly sand (RE). The upper boundary
between the R4 unit and the
micaceous sand of the new trans-
gression is completely disrupted by

clams

18. dbra. Nagy testi furokagylok altal
létrehozott jaratok a kavicsos
homokban (R%). Az R} és uj transz-
gresszio csillamos homokja kozotti
hatart a kagylok teljesen elroncsoltak

Puc. 18. BuoTypbanuy BO3HHKIIIKE B
pe3yJibTaTe XH3HE AEATEbHOCTH
BOJIBIIMX MOJIJIFOCKOB, B TaJIEYHBIX
neckax (R). Kontakt Mexay Rbwm
CITIO/ISHBIMH TIECKAMM HOBOM TpaHC-
rpeccu ObL YHHUTOXKEH MOJHOCTBIO

Fig. 19. A detail of the previous
picture showing the secondary
discoloring of pebbly sand

19. dbra. Az el6z6 kép részlete,
amely a kavicsos homok
masodlagos elszinezodését jelzi

Puc. 19. ®parMeHT NpeblayLIei
KapTHHBI, HA KOTOPOM
HabJ1r01aeTCs BTOpUYHAsI OKpacka
rajieyHblX TIECKOB




Fig. 20. General view of
subsequences R, and S,
(sandstone with mudstone
intercalations)

20. dbra. Az R, és az S,
tagozat attekinté képe
(homokkd, agyagko
betelepiiléssel)

Puc. 20. O630pHBI#i BUA
TIOArPYMIIBI CJI0EB R, 1 S|
(c mpocIoHKaMH NEeCYaHUKOB
A TJIMH)

Fig. 22. Load structures of
vertebrate footprints in intertidal
embayment sand (S% bed)

22. dbra. Gerinces labnyomanak
terhelési szerkezete dbolbeli
arapaly6vi homokban (S% réteg)

Puc. 22. TIpUaMBHO-OTINBHbIE
TIECKH 3JIMBA CO CTPYKTYpaMu
HAarpysku OT CJIEAOB MO3BOHOYHBIX
(cnoii S%)

Fig. 23. Footprints on bedding
surface of an intertidal
embayment sand bed. Bilobate
structures are interpreted to be
hoofprints of split-hoofed
ungulates

23. dbra. Labnyomok az 6bdlbeli

arapalyovi homokréteg felszinén.
A ceruza hasitott kormi
patas labnyomara mutat

Puc. 23. Cnenpl XMUBOTHBIX HA
MOBEPXHOCTH CJIOS MECKOB
NPUJIHBHO-OTJIMBHOIO I€HE3HCA.
Kapaujau nokasbiBaeT Ha cies
NapHOKOTBITHOTO XHBOTHOTO
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filled by sand from the overlying unit (S%). Although the upper contact of R}
is much obscured by this biogenic mixing, the two types of sediment can be
distinguished, primarily by their mica content. The sand in unit R} is nonmica-
ceous, whereas the overlying sandstone contains abundant mica. The top of unit
RY locally is marked by a limonitic stain (Fig. 18). A few of the borings conform
to the shape of large bivalves at their base, and the molds of smaller (4 cm) clams
are present in the mixed sediment. No microfossils could be found in the
mudstone of unit R4 (Paula Quinterno, 1983, personal communication).

Sequence S

The upper sequence in our section, sequence .S, is only 8 m thick. It consists
of two subsequences present everywhere plus a third one locally present at the
top. The lower subsequence, S;, is slightly more than 3 m thick (Figs. 20 and
24) and consists primarily of structureless, medium- to fine-grained sandstone.
A few small scattered pebbles of Franciscan lithology occur at the base and in
the middle of the unit (S9). In the lower part of the unit a series of four mudstone
layers, 4-15 cm thick, are intercalated with the sandstone (Fig. 21). Numerous
circular tubes, that may resemble Ophiomorpha and Thalassanoides, mostly
1-2 cm in diameter and filled with sand, are visible within the mud layers and
indicate the highly bioturbated nature of the unit. Bivalve molds and Ophiomor-
pha-like trace fossils occur near the top of the unit.

The overlying subsequence, S, consists mostly of fine- to medium-grained
micaceous sandstone (Fig. 24) that locally is silty. In general, it is well-bedded,
although biogenic structures are abundant.

One unit, S%, is marked by much deformational structure (Fig. 22). The
origin of the deformation is evident on a bedding plane surface which is
presently exposed on the beach. There, on fresh exposure, the footprints of
numerous mammals [VAN DER LINGEN — ANDREWS 1969], including split-hoofed
ungulates and canids, can be seen (Fig. 23 ). This surface, unfortunately, almost
certainly will be lost by erosion within a few years.

The upper part of subsequence S,, especially units S% and S5, is marked
by numerous vertical tubes, 3-6 mm in diameter. Unit S% contains sand with
abundant heavy minerals; parallel lamination and climbing ripple structures
typical of eolian processes are also present in this unit [HUNTER et al. 1984].

Near the top of subsequence S, is a distinctive white ash bed, up to 40 cm
thick (Figs. 24, 25 and 26), that has been the subject of much study [MEYER et
al. 1980, SARNA-WoICICKI et al. in press]. The relative purity of the ash implies
an air-fall accumulation. At its top the ash is locally reworked, and climbing
adhesion-ripple structures (Fig. 25) composed of ash are present [HUNTER et al.
1984].

The part of subsequence S, above the ash bed consists of sand up to 2 m
thick. The lower part of this sand contains reworked volcanic ash and structures
formed by wind ripples. A subtle erosional surface exists a few tens of cen-
timeters above the ash bed. U-shaped tubular burrows extend into the sediment
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below this erosion surface, and, where the surface approaches the ash bed, the
burrows extend into the ash (Fig. 26). Such burrows, which are filled with sand
from the overlying bed, are particularly striking in their contrast to the sur-
rounding ash. In outcrops high on the bluff, subsequence S, is overlain by
subsequence S, a lens of indistinctly stratified mud or mudstone as thick as 0.5
m. Subsequence S5 is missing at beach level.

A pronounced erosional surface overlain by gravel ( Fig. 27) caps sequence
S. Above this surface lies pebbly sandstone assigned to sequence 7" by HUNTER
and CLIFTON [1982] and HUNTER et al. [1984].

4. Environmental interpretation

The depositional environments represented within this section (Fig. 28 ) are
mostly those of embayments and nonmarine settings. Open marine facies
(foreshore, nearshore and shelf) that occur in abundance elsewhere in the
Merced [HUNTER et al. 1984] are absent.

Subsequence R, consists mostly of the deposits of coastal embayments. The
lower part of the unit consists of two fining-upward successions, R{~? and R{™°.
The base of both successions is marked by lag deposits (shells in R}® and wood
fragments in R{). Both successions are interpreted to have resulted from the
lateral migration of ancient tidal channels and closely resemble those inferred
from the study of modern tidal embayments [CLIFTON-PHILLIPS 1980]. The
structureless or laminated mudstone (R%), and the units with small channels and
climbing ripples (R}¥) are interpreted as intertidal flats. The rooted laminated
mud (R'™") closely resembles that produced on modern supratidal flats above
the influence of normal astronomical tides [CLIFTON—PHILLIPS 1980)].

The upper part of subsequence R, cannot be so clearly interpreted where
we measured this section. To the south, however, this part of the section (which
contains the “Upper Gastropod Bed”) is also clearly composed of shallowing-
upward tidal channel-flat sequences. Unit R} is characterized by gently inclined
cross-strata and much burrowing, suggesting that it also represents the fill of
a migrating tidal channel. The uppermost unit of subsequence R,(RY) and the
lowermost unit of subsequence R,(R%) are particularly puzzling. Alternations
of planar-laminated and ripple-laminated sandstone, in which the basal part of
the planar-laminated sand is marked by concentration of heavy minerals,
suggest that this unit possibly represents the overwash of storms into a lagoonal
tide flat. The lateral variability of these two units suggests the postulated storm
overwash was of rather local extent.

Subsequence R, is interpreted to be mostly of eolian origin. The large-scale
crossbedding suggests migrating sand dunes. The clay-rich intercalations in the
vicinity of units R and R may represent interdune ponds. The burrowing
associated with these units (which may to a large extent be due to insects)
suggest that the water table stood fairly high at this time.



Fig. 21. Alternating bioturbated sand and Fig. 24. General view of bioturbated embayment
mudstone beds (lower part of S9). sandstone with mudstone intercalations (lower
Ophiomorpha-type burrows, among others half of the picture — subsequence S,)
and well-bedded intertidal and supratidal sand
(subsequence S,) capped with
white volcanic ash bed (S%)

21. dbra. Eletnyomos homok és agyag rétegek
valtakozasa (az 8 also része), tobbek kozott
Ophiomorpha tipusu jaratokkal
24. dbra. Az agyagkd betelepiiléses életnyomos
6bolbeli homokkd (a kép also fele — S, tagozat)
és a jol rétegzett, fehér vulkani hamu réteggel
(S tagozat) zarulo arapalyovi és efolotti homok
(S,) attekint6 képe

Puc. 21. YepenoBanue cioeB 6MOTYpOMPOBAHHBIX
MEeCKOB (HUXHSASA 4acTh S‘;) C pa3JIMYHbBIMH
6uotypbarmsamu (Hanpumep, Ophiomorpha)

Puc. 24. O630pHbI# BHL
6MOTYpOHPOBAHHBIX
3aJIMBHBIX NECYAHHKOB
C NPOCJOHKOH TJIMH
(HHXHSASA 4aCTb
KapTHHBI — MOArpynna
cjioeB S;) ¥ MHTpa-

M CyNpaTHIAIbHOM
CEpUH TNECKOB
noarpynna cioes (S,),
cojiepX)aluxcs
B Oesiom
BYJIKAHHYECKOM TMEIIe
¢ xopouie#
CJIOUCTOCTbIO (S‘;),

Fig. 25. White ash bed of air-fall accumulation — S% and reworked ash laminae. Climbing
adhesion ripples in the first lamina directly above the main ash body. The upper third of the ash
bed is mixed with other sediments
25. dbra. A levegobdl hullott fehér vulkani hamu réteg — S5 és athalmozott hamu lamindk.
A vandorl6 adhézios hullamfodrok kozvetleniil a f6 hamu réteg folotti elsé laminan lathatok.
A hamu réteg felsd harmada egyéb iiledékekkel keveredett
Puc. 25. Benbie ByJKaHHYECKHE TICTLIBI, BHINABIIMHE M3 BO3JyXa — S%, H NMEPEOTIOKEHHBIE
JIAMHHBI TIeT1a. MUrpHpyoLie afire3uoHHbIE BOJHONPHOOHHBIC 3HAKH BUHBI HA TEPBOi
JITAMHHE HEMOCPECTBEHHO HAJl OCHOBHBIM CJIOEM TMerJia. Bepxusist TpeTh cjioa nenna
nepeMelliaHa ¢ ApYruMH OCaJkaMu



Fig. 26. Vertical borings (or burrows) and a U-tube in ash bed (S%) filled by sand from the
overlying bed
26. dbra. Vertikalis farasi nyomok és egy U-csé a vulkani hamurétegben (S35 ), amelyet
a fed6bdl szarmazo homok tolt ki
Puc. 26. Cnenpl BepTHKaIbHON GHOTYp6aumu 1 oaua U-o6pa3nas Tpy6ka, 3anosiHeHHAs
TNECKaMH KPOBJIM B CJIO€ BYJIKAHMYECKHX METUIOB (S%)

Fig. 27. Erosional surface above the ash bed capped by pebbly sand of a new transgression
27. abra. Erdzids felszin egy 1j transzgesszid kavicsos homokrétegével zaruld hamuréteg folott

Puc. 27. DpO3HOHHAs TOBEPXHOCTH HAJ( CJIOEM TIETUIA, 3aKJIIOYEHHAS B TAJIEYHBIX NECKaX HOBOH
TPaHCTPECCHH
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Subsequence R, seems to have been deposited mostly under nonmarine
conditions. Paleosols are present and root structures occur at the base (R5) and
in the upper part (in units R%”). Thin channel-fills (unit R%) above erosional
surfaces suggest subaqueous deposition for part of the subsequence. The thin
fine-grained layer at the top of subsequence R; (unit R%) contains at least one
specimen of a foraminiferal species that suggests a renewed incursion of the sea.

Subsequence R, appears to be a fluvial deposit derived from the local
Franciscan Formation. The fine material of unit R may be part of a fining-
upward continuation of the underlying bed, but its iron content somewhat
reduced, possibly as a consequence of the subsequent transgression.

Sequence S records a new transgression of the sea. Subsequence S, is
interpreted to be an embayment (probably tidal channel to tidal flat) deposit
that developed atop the fluvial deposits of subsequence R,. Bivalves living in
the mud at the base of this embayment contributed to a mixing of sediment of
the two subsequences at their interface

The filling of the embayment represented by S, resulted in the development
of intertidal or supratidal flats on which Pleistocene mammals left their foot-
prints. Shortly thereafter an ashfall occurred, probably over a subaerial deposi-
tional surface. Not long after the deposition of the ash a new major trans-
gression of the sea began. The first effects of this incursion may be recorded by
the return to wet conditions, indicated by the “U-shaped” burrows in the
uppermost part of subsequence S,, and by the deposition of fresh-water or
estuarine mud of subsequence S;. The full onset of the transgression is recorded
by the erosional surface that terminates sequence S.

5. Correlative beds in area south of Fort Funston

Sequences R and S can be traced for 2 km along the coast south of the Fort
Funston area (Fig. 29). Their extent, which is more than twice as long as any
other part of the Merced Formation, results from the two sequences being
exposed in a wide structural terrace, where the beds are nearly horizontal. The
underlying and overlying beds, in contrast, are exposed in oblique sections
across monoclines, where the beds dip relatively steeply, or in relatively narrow
structural terraces. Because sequences R and S can be traced so far, lateral facies
changes are better known in these two sequences than in the rest of the Merced
Formation.

Outcrops of sequences R and S are found both in the head scarp of the large
landslide that occurs in the structural terrace and in the sea cliffs that have been
cut in the landslide mass. Unfortunately, the head scarp and the sea cliffs are
only 0.2 km apart, not far enough to furnish much information on facies
changes in a direction perpendicular to the shoreline. Although certain changes
in thickness and character of the subdivisions of sequences R and S can be noted
along the 2-km-long stretch of outcrops, the beds are more notable for their
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Fig. 28. Environmental interpretation
of the Fort Funston section

28. dbra. A Fort Funston-i szelvény
kornyezeti értelmezése

Puc. 28. VIHTepIIpETaMs OKPECTHOCTH
pa3pesa mectHocTH Popt PancTron
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Fig. 29. Profile of coastal cliffs between Thornton Beach State Park and Fort Funston area of
Golden Gate National Recreation Area. Profile is viewed looking eastward

29. abra. A Golden Gate iidiilékorzetbeli Thornton Beach Allami Park és Fort Funston kozotti
parmenti szelvény, Ny-fel6l (az 6cean feldl) nézve
1 — novényzet; 2 — kibuvas; 3— csuszasi feliilet; 4 — lejtoperem; 5 — rétegcsoportok kozotti hatar

Puc. 29. Paspes Mexay mectHocTbi0 PopT Dancton u [ocynapcrennsiM ITapkoM TopHTOH
Buu (xypoprHblii paiion Tonmsn [elT) ¢ 3anana (Co CTOPOHBI OKeaHa)
1 — Bererauus; 2 — o6HaXeHHs; 3 — MOBEPXHOCTh CKOJILXEHHS; 4 — Kpail CKJIOHE;
5 — raHuna Mexnay rpynmnamu cjioeB

relative uniformity than for their variations (Fig. 30). The most notable lateral
change is a local thickening of muddy embayment deposits, here assigned to
subsequence S, in the northwest corner of the Olympic Club, a country club
just south of Fort Funston. Subsequence S;, which is 3.4-6.7 m thick in
outcrops to the north and south, is 13-15 m thick in the Olympic Club outcrop.
In this outcrop subsequence S; erosionally overlies crossbedded eolian sand of
subsequence R, and gradationally underlies poorly exposed sand of subse-
quence S,; no outcrop of the volcanic ash bed in subsequence S, was found
here. It is not clear whether the unusually great thickness of subsequence S, in
the Olympic Club outcrop is due to (i) a facies change from the sand of
subsequence S, into mud; (ii) a facies change from the gravel, sand, and
paleosols of subsequences R, and R; into mud; or (iii) the cutting of a channel
into sequence R, followed by the deposition of a muddy channel fill.

Another noteworthy lateral change in the 2-km-long stretch of coast is
significant variation in the thickness of subsequence R,, the alluvial sand,
gravel, and mud at the top of sequence R. This unit is locally absent but, where
present, may attain a thickness of 6 m. It tends to be thicker adjacent to the
Olympic Club. This, together with the fact that a marine or brackish-water
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Fig. 30. Stratigraphic cross sections of part of the Merced Formation (upper part of sequence R
and sequence S) and Colma Formation between Thornton Beach State Park and Fort Funston
area of Golden Gate National Recreation Area. A) Cross section along head scarp of landslide,
B) Cross section along sea cliffs
30. dbra. A Merced Formacid egy (az R és az S rétegesoport felsd) részének és a Colma
Formaci6 rétegtani szelvénye a Golden Gate 1idiil6 korzetbeli Thornton Beach Allami Park és
Fort Funston kozott. A) Szelvény a foldcsuszamlas peremén, B) Szelvény a meredek partvonal
also részén
1 — kavics; 2 — homok; 3 — iszap; 4 — vulkani hamu réteg; 5 — talaj, vagy Gstalay
Puc. 30. Crpaturpaduueckas cBoaka yacta ®opmanuu Mepcen (rpynmsi cioeB R u S —
BEpXHss 4acTh) U popmaumu Konma no obnaxennsm ot Iocynapcreennoro IMapka TopaTOH
Buu 10 MectHocTH ®opT Pancron. A) Paspes no kparo ononsms, B) Paspes mo HHU3Yy KPYTOro
6epera
1 — ranpky; 2 — 1eckd; 3 — Wbl 4 — BYJIKAHMYECKHE HEMJIBI; 5 — TPYHTHI WIH
TIAJIEOTPYHTIO

microfossil was found in a thin mud bed (unit R%) at the base of subsequence
R, at Fort Funston, suggests that the unit may be an estuary-bordering alluvial-
apron deposit that intertongues with the thick embayment mud (subsequence
S;) in the Olympic Club outcrop. Even if there is no intertonguing between
subsequences R, and S, both units may thicken toward the same paleovalley.

a
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Still another noteworthy change is the variation in the thickness of the
volcanic ash bed in subsequence S,. Although locally absent, the air-fall part
of the ash bed can be as thick as 0.3 m. The air-fall ash is locally overlain by
reworked ash and interbedded sand as thick as 2 m. Sedimentary structures
indicate that in places the reworked ash was deposited on dry to moist eolian
sand flats; where the reworked ash is thickest, however, the environment was
subaqueous, probably a shallow lake, marine embayment, or stream.

The Merced Formation in the 2-km-long structural terrace is overlain by
the Colma Formation, which in this area consists mostly of backshore sand and
pebbly sand, with a thin interval of beach sand and gravel locally at its base.
The youngest unit beneath the Colma is subsequence S5, a thin mud that occurs
at Fort Funston and at a few places between Fort Funston and Thornton Beach.
Locally the erosion surface at the base of the Colma cuts as much as 7 m deep
into the top of subsequence S;. In its coastal outcrops the Colma pinches out
toward both the north end and the south end of the structural terrace.

6. Conclusions

The depositional history of the section we describe differs from that of the
progradational sequences present in most of the Merced Formation [HUNTER
et al. 1984]. In those largely progradational sequences, transgressive intervals
are represented primarily by erosional surfaces overlain by a thin lag deposit
of gravel. The section presented here records transgressive intervals in much
greater detail. The lower part of the section (subsequence R,) records a trans-
gression that appears to have occurred in a series of steps, each marked by a
shallowing-upward sequence of a migrating tidal channel or filling embayment.
Apparent steps may result in part from the effects of migrating channels during
continuous, relatively uniform transgression.

Subsequences R,, R; and R, were mostly deposited under eolian or other
nonmarine conditions, probably during a regression of the sea. A short-lived
minor transgression is suggested by the microfossil in unit R, and subsequence
R, may have formed during the initial stage of the transgression that led to the
deposition of sequence S.

A new and more pronounced transgression is recorded by the embayment
(tidal channel-flat) facies in subsequence S,. An ensuing stable shoreline or
possibly limited regression is indicated by the nonmarine deposits (S5 ) that
overlie this deposit. The beginnings of a new transgression are suggested by the
presence of U-shaped burrows in sand above the ash bed, near the top of
sequence S, and by the mud (subsequence S,) that locally caps the sequence.

A subsequent significant transgression eroded the upper part of sequence
S and deposited nearshore sand and gravel of sequence T on the erosional
surface [HUNTER et al. 1984].

It cannot presently be established whether the fluctuations in sea level were
caused by eustatic changes, tectonic effects, or some combination of the two
processes.
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PART MENTI PLEISZTOCEN RETEGSOR A KALIFORNIAI
GOLDEN GATE UDULO KORZETBOL

CSASZAR Géza, H. Edward CLIFTON és Ralph E. HUNTER

A szerz6k a San Francisco félsziget jellegzetes self és part menti tdrmelékes pliocén—pleiszto-
cén képzédményének, a Merced Formacié felsd, pleisztocén rétegsoranak féként terepi makroszko-
pos megfigyeléseirdl adnak szamot, de felhasznilnak néhany mikrofauna és asvanykézettani vizsga-
lati eredményt is. San Francisc6tol D-re a Csendes-Ocean partjan a Szent Andras torés kozelében
(1. abra) 10-60 m magas, meredek, pusztul6 falban 1év6, tobbnyire csak kisebb-nagyobb lejtémenti
tormelékfolyasokkal takart feltaras-sorban az E-ra d6l16 Merced Formaciot egy 2 km hosszi, a
partvonallal pirhuzamos, ma is €16 foldcsuszamlés tagolja két szakaszra. Jelen munka a térképmel-
lekleten (1. abra) jelzett partszakasz E-i részének (a foldcsuszamlastol E-ra) részletes leirasa mellett
a D-i partszakasz legfels6 részével valo rétegtani azonossagat is igazolja. A Merced Formacio a
- vizsgélt szelvényszakaszban két kiemelkedd jelentéségii marker réteget, a 400 000 éves vékony
tufaréteget és az ASHLEY [1895] altal ,,fels6 gastropoda rétegként” leirt, kagylo és néha csigahazakat
tomegesen tartalmazo kozetlisztes agyagkd réteget tartalmaz.

Valtozatos iiledékképzddési kornyezeteket lehetett elkiiloniteni, amelyek az alabbiak: arapaly
csatorna, arapaly siksag, fluvialis csatorna, hattéri parti siksag, to, eolikus diine. Az iiledékkeépzodés
altalanositott, egyszeriisitett menete az alabbi: esztuarium jellegli 6bol, eolikus homok, 6bdl,
folyovizi, 6bol, hattéri parti siksag, nyilttengeri partkozeli. A rétegsorban gyakoribb a tengeri
transzgresszio eredményeként képzodott liledék, mint amennyi a Merced Formacioban vagy a vele
tarsult rétegekben altalanosan ismert. Az egyes iiledékképzodési kornyezettipusok jellegzetes képvi-
seloit szamos fénykép és a kifejlddések valtozasait néhany részletes szelvényrajz is szemlélteti.

MPUBPEXHBIA PA3PE3 IUIECTOLIEHA B KAJIM®OPHUIICKOM
KYPOPTHOM PAMIOHE I'OJIIEH FEAT

I'esa YACAP, I'. Oasapa KJIMPTOH u Pand 3. XAHTEP

ABTOpBI OTYHTBIBAIOTCA TJIABHBIM 00pa30oM O MOJIEBBIX MaKPOCKOTIHYECKUX HAOIIOAECHUX
XapaKTEPHOTO IIenbpa M NMPUOPEeXHBIX 06JIOMOYHBIX IUIHOLEH-IIEHCTONEHOBBIX 0Opa3oBaHHi
Mepcenckoi popManuu BEpXHe# YaCTH MJIEHCTOLEHOBOrO pa3pe3a, HO UCTIONB3YIOT TAKXKE PE3YJib-
TaThl AHANTM30B HEKOTOPBIX MHKPOGayH U MUHEpPAJIONEeTPOrpahUUECKUX UCCIEAOBaHUH.

K rory or Can ®pannucko Ha Gepery Tuxoro oxeaHa, B6iu3u pasioma Cesroro Anapes
(puc. 1) B cepun 06HaXEHHH, PACIIOJIOKEHHOU B KPYTOM 3pOMPOBIHHOMN CTEHE BRICOTO#H B 10-60 M,
B 60JIBIIMHCTBE CJIy4aeB MOKPHITON KOJUTOBHAILHO-/IE/II0BHATILHBIMU OTJIOXKEHUAMHU, Mepcenckas
¢dopmaius, majarolas Ha ceBep pacujieHeHa Ha [Ba OTPe3Ka XKMBYLIMM M B HACTOsILEE BpeMs
OIOJI3HEM, NApaJUIENbHBIM JIMHUH Oepera.

Hacrosmas pa6ora, kpoMe JeTaabHOrO ONUCAHUS CEBEPHOMN YacTH, 0003HAYE€HHOH! Ha NpH-
JI0XeHHOH kapTe (puc. 1) 6eperoBoro oTpeska (k ceBepy OT ONOJI3HSA), NOKA3bIBAET TAKXE €ro
CTpaTHrpadH4ecKyl0 WACHTHYHOCTh C CaMbIM BEPXHHM OTDE3KOM IOXHOJ Oepera. Mepcenckas
(opManus B pacCMaTPUBAEMBIX YaCTSX pa3pe3a COACPXKHT JBa MAPKUPYIOLIMX TOPU30HTA, HMEIO-
LMX BbIJAOLIEeCsd 3Ha4Ye€HHE, TOHKMM coi Tyda, umeronmii Bo3pact 400 000 seT ¥ onMcaHHBIA
ASHLEY [1895]xak «BepXHHH racTpONOJOBBIA TOPU3OHT» CJIOH CYNECHBIX aJIEBPOJMTOB, COAEpXa-
1M 60JIbIIOE KOJHYECTBO JBYCTBOPYATHIX PAKOBHH H TaCTPOIOJIOB.

Boinu BeiAeneHb! pa3HOOOpa3Hble (alMM OCaJKOHAKOIUIEHHS: KaHAaJl OTJHMBA, IJIOCKOCThb
oTJIMBa, (IIOBHANBHBIA KaHat, GoHOBas GeperoBasi paBHHHA, 03€PO, 30JIOBBIE AIOHBL. YTIPOIIEH-
HbIHA, 06001IEHHBI TpoLecc 0caaKkoo0pa3oBaHus CIEAYIOLIMIA: 3aJIMB THIIA 3CTYyapHid, 20JI0BbIE
TIECKH, 3aJIUB, QUIIOBHANIbHEIE, JIaryHHbIE, GoHOBast GeperoBasi paBHWHA U NMPUOPEXHBIA y4acTOK
OTKpBITOro Mops. B crpaTurpaduueckom paspese Hanbosiee 4acTo BCTPEYAOTCS OCAAKH, 06pa3o-
BaBIIIHECA B PE3YJIbTATE MOPCKO# TPaHCTPECCHH, YeM U3BECTHBIE 0OBIYHO B Mepcenckoi popmanuu
WM B CBSI3aHHBIX C HEH CIIOAX.

OTpenbHBIE XapaKTEepHBIE MIPEACTABUTEH TUNOB danuii 0caIKOHAKOTUICHHS NPEACTAaBIICHBI
Ha MHOTHX ¢oTorpadusx, 1 U3MEHEHHs Pa3BUTHI NIOKa3aHbl HA HECKOJIbKUX JIETAJIbHBIX Pa3pe3ax.
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GEOCHEMICAL ANALYSES OF 12 HUNGARIAN COAL SAMPLES

Laszlo G. SOMOS*, Peter ZUBOVIC** and Frederick O. SIMON**

Twelve channel samples of coal collected from coal beds in Hungary were analyzed in the U.S.
Geological Survey laboratories. The coal beds are Jurassic (Lias) and Tertiary age and are of lignite
to bituminous rank. Unusually high sulfur contents and high organic sulfur concentrations charac-
terize the coal from beds that are of Eocene and Miocene age. The coal and coal ash from coal beds
of Lias (Jurassic) age are high in many trace elements. These geochemical data suggest a need for
additional coal-quality data to resolve environmental concerns when coal from these coal beds are
burned in power plants.

Keywords: geochemistry, coal, environment protection, ultimate analysis, proximate analysis

1. Introduction

The geochemistry of Hungarian coal was investigated under a cooperative
agreement between the United States Geological Survey (USGS) and the Hun-
garian Central Office of Geology. The objectives of this study were: the inter-
laboratory comparisons of analytical data, increasing geochemical knowledge
about Hungarian coal beds, and supplementing the USGS coal data base on
world coal quality. Initially, twelve channel samples were sent to the USGS for
a variety of analyses as shown in Fig. 1. Six additional samples were received
by the USGS and are currently being analyzed. This paper reports on the
analytical data for the chemical components and physical properties of the first
12 coal samples.

2. Description of coal samples

The location and a partial description of the coal samples are given in
Table I. The coal beds sampled are Jurassic (Lias) and Tertiary in age and are
lignite to bituminous rank. The older coal beds (Jurassic) are bituminous rank;
the higher rank of these coal beds is caused in part by the thermal effects
produced by intrusions of ultrabasic magmas into the underlying strata during
Early Cretaceous time and in part by folding and faulting during Cretaceous
time.

The coal samples can be grouped into four chronostratigraphic units.
Samples H-11 and H-12 (Table I) are from the Mecsek coal basin in the

* Hungarian Geological Survey, POB 106, Budapest, H-1442
** U.S. Geological Survey, 956 National Center, Reston, VA 22092
Manuscript received: 14 March, 1985
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Fig. 1. Analytical procedures performed by USGS on Hungarian coal samples




Sampled

Hungarian sample USGS sample thickness
No. No. County Latitude (N) Longitude (E) Coal bed Age Rank " (cm)
H-10 W218560 Komarom 474500 184110 Ujebszény Eocene Subbituminous 350.0
H-11 W218561 Baranya 460800 181700  Mecsek Jurassic Bituminous 400.0
H-12 W218562 Baranya 460700 181800  Mecsek Jurassic Bituminous 800.0
H-13 W218563 Nograd 480200 195100  Makvolgy Miocene Subbituminous 200.0
H-14 W218564 Heves 475020 200200  Visonta Pliocene ¢ Lignite 1,000.0
| H-15 W218565 Heves 475100 200300  Visonta Pliocene Lignite 1,000.0
H-16 W218566 Borsod 481800 202600  Putnok Miocene Subbituminous 370.0
H-17 W218567 Komarom 474000 181100  Lencsehegy Eocene Subbituminous 400.0
H-18 W218568 Nograd 480400 195000  Szorospatak Miocene Subbituminous 250.0
H-19 W218569 Komarom 474500 184400 Dorog Eocene Subbituminous 300.0
H-20 W218570 Komarom 473500 182200 Tatabanya Eocene Subbituminous 400.0
H-21 W218571 Fejér 473200 181750  Oroszlany Eocene Subbituminous 250.0

Table I. Descriptions for 12 channel samples of coal from Hungary
I. tablazat. 12 db magyarorszagi szén résminta leirasa

Tab.auya I. Onucanue 12 BeHrepckux 60po3a0BbIX TIPOG

sa)dwvs [pod uvrpbungy 71 fo sasdjpup po1uayr0ax)
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southern part of the Transdanubian Region. These bituminous coal beds are
of Jurassic age and are from the oldest industrial black-coal field in Hungary.
The mined coal beds, in underground mines that extend to about 700 meters
below the surface, range in thickness from less than 2 meters to 15 meters. The
coal from the Mecsek coal basin generally has a high ash content and heating
value. The coal beds and enclosing strata were folded and faulted by tectonic
activity during Cretaceous time.

The second group samples (H-10, H-17, H-19, H-20 and H-21) are
from brown coal (subbituminous) deposits ot Eocene age. These deposits are
in the central Transdanubian Region of Hungary. The thickness of the mineable
coal beds ranges from 2 to 8 meters and the coal is recovered by underground
mining techniques. Faulting and erosional features affect the mining/extraction
process. The coal beds in this group have ash contents and heating values that
range from low to high.

The third group of samples (H-13, H-16 and H-18) are from brown coal
deposits of Miocene age. These deposits are located in the north and northeast-
ern part of Hungary and generally consist of 3 to 4 thin coal beds. The coal beds
are mined by underground methods and are located 50 to 200 meters below the
surface. Coal beds included in this group have low heat values and high ash
content.

The fourth group of samples (H-14 and H-15) are from lignite deposits
of Pliocene age. These deposits are located in the northern part of the Hungarian
lowland region. The coal is recovered by open-pit operation. The thickness of
the coal beds ranges from 5 to 50 meters and locally the beds are covered by
surficial material as much as 220 meters in thickness. Tectonic effects are not
evident in these coal beds. Lignites from these deposits have very low heat values
and a very high moisture content. Coal resources in these deposits are believed
to be extensive.

3. Discussion of the analytical results

The analytical procedures performed on the coal and coal ash are shown
in Fig. 1. Data on individual samples are listed in the tables. Interpretations
described in this discussion are tentative because of the small number of sam-
ples. Table II gives the data on proximate, ultimate, and other analyses which
are used to classify coal. Where there are two values given, the numbers on the
left are values obtained by Hungarian laboratories for the Hungarian Geologi-
cal Survey. Table I1I is a comparison of the average values of the data in Table
IT obtained by USGS laboratories with those obtained by the Hungarian
laboratories. In both tables, the largest analytical differences are found in the
moisture loss (by air-drying) and organic sulfur determinations. The smallest
average percentage differences are found in the total sulfur, ash, moisture- and
ash-free heat value, and moisture- and ash-free volatile matter and fixed-carbon
determinations. For individual samples, there are large differences for ash and




Eocene Lias Lias Miocene Pliocene Pliocene Miocene Eocene Miocene Eocene Eocene Eocene
H-10 H-11 H-12 H-13 H-14 H 15 H 16 H-17 H-18 H 19 H-20 H-21
(R) 349 361 230 155 122 136 159 66 94 163 94 117 200 114 95 260 370 224 57 178 79 53 145 92
Ash (MF) 40.2 15.9 138 8.6 23.0 15.3 153 28.7 253 19.7 6.0 11.3
(MAF)
(R) 130 103 23 14 298 235 514 445 510 492 256 150 95 133 116 150 97 137 121 195 189
Moisture (MF)
(MAF)
R (R) 34 265 095 278 1.08 2.42 0.75 0.75 2.58 591 033 47 336 2.28 297
s’im" (MF) 2.96 0.97 1.10 3.16 1.35 1.48 3.47 6.53 0.37 372 2.59 3.66
(MAF) 4.94 1.16 1.27 3.46 191 1.92 4.09 9.16 0.50 4.63 276 4.13
. (R) 73 22 314 21 32 32 1.2 09 20 30 70 73 0.4 8.1 25 3.0
s (MF) 8.2 22 22 4.1 22 7 * 40 8.0 0.4 9.0 29 37
(MAF) 13.7 26 25 45 3.1 22 4.7 113 07 06 112 46 3.1 42
Heatvalue (R 3251 3330 5728 6730 6768 7,150 3206 4,720 2,062 2490 2,010 2,470 3246 4,110 5112 4480 3,198 4,710 5459 5040 5398 6,720 4377 5,110
Kealkg) (MP) 3479 3,710 6,880 7,250 6,170 4,480 4,860 5,530 4,950 3,424 57330 5,580 5,709 7,130 6,310
calike)  (MAF) 6,671 6,210 8,190 8,410 6,750 6,330 6,310 6,530 6,940 6,888 7,130 6,950 7,280 7,580 7,110
Avedviod (R) 105 5.0 1.1 0.5 182 37.1 4255 16.9 5.1 6.5 59 53 8.9
(MF)
loss (MAF)
o (R) 27.5 29.3 275 2713 347 236 2238 330 358 366 229 261 378 350 475 40.6
i (MF) 278 30.7 29.9 219 453 426 449 43 40.4 29.6 388 54.0 50.0
matler (MAF) 514 330 356 314 324 49.6 60.2 58.3 523 56.7 39.6 483 57.4 56.4
Fied (R) 26.0 53.0 575 270 352 156 16.3 301 397 279 268 399 41.5 375 35.2 314
c:rbon (MF) 243 29.1 54.2 583 46.0 282 32.1 40.4 30.9 45.1 415 372 400 387
(MAF) 486 64.4 67.6 50.4 39.8 417 477 433 60.4 51.7 426 436

Table II. Classification data for 12 Hungarian coal samples (R, as received; MF, moisture free;
MAF, moisture and ash free)

II. tablazat. 12 db magyarorszagi szénminta technologiai jellemzo6i (R = nyersszén; MF = szaraz
szén; MAF = szaraz, hamumentes szén)

Tabauya I1. TexHOJOrHYECKHE XaPAKTEPUCTHILH 12 BEHrepCKUX yrojbHbIX Npod (R = ceipoi
yrosib, MF = 06€3BOXeHHBI| yroyib, MAF = 006€3BOXEHHO-0€330JIbHBII yroJib)
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Determination (content) HGS USGS Difference
7a

Ash (R) ) 16.6 16.0 37
Moisture (R) 24.6 21.0 7.1
Organic sulfur (R) 3.6 2.4 50.0
Total sulfur (R) 38 39 2.6
Heat value (R) 4,151 4,718 12.0
(MF) 4,204 5,390 22.0
(MAF) 6,949 6,973 0.3
Air-dried loss 10.5 5.0 110.0
Volatile matter (R) 31.0 33.1 6.3
(MF) 27.8 30.7 9.5
(MAF) 32.2 34.0 53
Fixed carbon (R) 33.8 35.1 3.7
(MF) 37.2 40.0 7.0
(MAF) 44.6 47.6 6.3

Table I1I. Comparison of USGS and Hungarian Geological Survey data for 12 samples of
Hungarian coal. Heat value in Kcal/kg, all other data in percent; R, as received; MF,
moisture-free; MAF, moisture- and ash-free

III. tabldzat. 12 db magyarorszagi szénmintin a USGS-ben és a MAFI-ban végzett
Osszehasonlito elemzéseinek eredményei. Fiit6érték Kcal/kg-ban, egyéb adatok szazalékos
formaban;R = nyersszén; MF = szaraz szén; MAF = szaraz, hamumentes szén

Tab.auya I1I. Pe3ynbTaThl CPaBHATENILHBIX aHANIU30B, BbinojHeHHbIX B [CA u BI'U Ha 12
BEHI'€PCKUX YroJjibHbIX Mpobax. TemnooTaaya B KKkaJ/Kr, Apyrue naHHbIE B %,%; R = ChIpoi
yross, MF = 06e3BOXeHHBI yronb, MAF = 06e3BOXeHHO-0€330JIbHBII yrojb

total sulfur contents. It is evident from Table II, that a systematic loss of
moisture occurred in the coal samples that were shipped to the USGS laborato-
ries. This moisture loss affected other analytical results reported on an “as-
received” basis. This effect is evident for heat value and volatile matter (Table
III). The differences between data from USGS and Hungarian laboratories are
smaller on a moisture- and ash-free basis compared to the “as-received” basis.

An evaluation of these analytical data by chronostratigraphic groups is
given in Table IV. The results in column 5 (“Composite”) are averages of
columns 1 through 4. The “Nat. Inv.” column gives the average data for ash
and heat values of coals enumerated in the Hungarian Annual National Inven-
tory of Coal Reserves. The high ash contents and low heat values in the National
Inventory reflect contamination of samples by incorporation of roof and floor
rocks during the mining process.

Figure 2 shows the correlation between the heating value and ash +
moisture. There are no characteristic differences among the chronostratigraphic
groups. By eliminating the moisture, better correlation functions are obtained
between ash and heating values as shown in Figure 3 and the following equa-
tions

Pliocene......ccoovvvvvvvveeeiieeieieeeeennnnn, Kcal/kg = 77(39-A) (1)

MIOCENE.....coiviiiiieeeeeeeeeeeeeeeenn. Kcal/kg = 91(54-A) ?2)
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Eocene........ccooeuvvvvveeeeeieeeccninnnn Kcal/kg = 63(80-A) 3)
| BT 1 Kcal/kg = 111(76-A) 4

where A is the percent ash.

Content Pliocene  Miocene Eocene Lias Composite Nat. Inv.
Ash (R) IL:2 18.9 16.7 16.1 16.3 229
(MF) 26.2 20.0 21.2 17.0 19.8
Moisture (R) 49.0 20.8 13.7 1.9 20.9
(R) 0.75 1.78 3.61 1.60 2.39
Organic sulfur (MF) 1.42 2.33 3.89 1.04 2.61
(MAF) 1.91 2.68 5.12 1.22 3.33
(R) 1.1 2.4 59 2.5 3.5
Total sulfur (MF) 2.0 2.8 6.4 22 4.1
(MAF) 2.6 3.3 8.7 2.6 4.9

(R) 2,258 3,865 4,783 6,594 4,435 2,592
Heat value (MF) 4,670 5,113 5,267 7,065 5,386
(MAF) 6,320 6,824 6,964 8,300 7,019

Air-dried loss (R) 39.8 13.9 6.8 0.8 12.6
(R) 23.2 28.8 37.3 28.4 31.8

Volatile matter (MF) 43.8 39.7 40.3 28.9 38.9
(MAF) 59.3 47.2 54.0 33.1 47.3

(R) 16.0 31.8 34.2 55.3 33.9

Fixed carbon (MF) 30.2 43.8 345 56.3 39.0

(MAF) 40.8 52.8 46.0 66.0 50.1

Table IV. Averages of classification analyses for the different chronostratigraphic groups. Heat
value in Kcal/kg, all other values in percent; R, as received; MF, moisture free: M AF, moisture
and ash free

V. tablazat. Kiilonbozd koru szenek technologiai elemzésének eredményei. Fiitéérték
Kcal/kg-ban, egyéb adatok szazalékos forméban; R = nyersszén; MF = sziraz szén;
MAF = szaraz, hamumentes szén

Tabauya IV. Pe3ynbTaThl TEXHOJOTHYECKMX aHAJIH3OB yIJle# pa3jIM4HOro BO3pacTa.
Tensootaaya B kkan/kr, Apyrue ganHsie B %%, R = chIpoil yroib, MF = 06e3BOXEHHbI
yroib, MAF = 06e3B0XeHHO-6€330JibHBIN YToIb

These functions are important to the evaluation of the level of contamina-
tion during mining. One of the principal problems of mining operations is the
high contamination rates. According to the National Inventory, planned dilu-
tion rates are: Pliocene coal beds, 4%; Miocene coal beds, 6%,; Eocene coal beds,
5%, and Lias coal beds, 18%. Real dilution rates can be obtained by using values
in Figure 3 and equations 1-4 for real heating values (Lias, 4783 Kcal/kg;
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Fig. 2. Ash+moisture—heating value relationship
2. dbra. Hamu + nedvesség — fiitdérték fiiggvény

Puc. 2. 3aBUHCUMOCTD: 30JILHOCTD + BJIAXXHOCTh — TEIJIOOTAa4a

</
& &,
C, 4,
&, s
i

: : i | : T . -
Kcal/Kg 1000 2000 3000 4000 5000 6000 7000 8000
Fig. 3. Ash—heat value relationship
3. dbra. Hamu — fitéérték fiiggvény

Puc. 3. 3aBUCHMOCTB: 30JbHOCTb — TEILUIOOTAAYA

Eocene, 3916 Kcal/kg; Miocene, 2908 Kcal/kg; and Pliocene, 1963 Kcal/kg).
Comparison of the real and planned contamination rates for coal beds of
Pliocene and Eocene age shows higher dilution rates than expected in the
National Inventory:

Age 9% Ash*
Pliocene 13.5
Miocene 22.0
Eocene 17.8
Lias 329

* Calculated from Equations 1-4.
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Figure 4 shows the relation between total sulfur and heat values; these
relations are important to making decisions about the environmental conse-
quences of coal mining. The coal beds of Eocene age are very high in sulfur and
the data indicate that the sulfur content increases as the heating value rises. Hence
measures should be implemented to control sulfur emission when these coals are
used in power plants.

Table V shows the major element concentrations in the ash of the different
coal groups and averages for each element. Coal beds of Tertiary age are lower
in Si0,, K,0, TiO,, and Al,O; and higher in CaO and MgO than coals of
Jurassic (Lias) age. These data suggest different environments of deposition for
the coal beds during the Jurassic and the Tertiary.

7 T . PR T T T T T 1
Kcal [Kg 1000 2000 3000 4000 5000 6000 7000 8000

Fig. 4. Total sulfur—heating value relationship
4. abra. Osszes kén — fiitéérték fiiggvény

Puc. 4. 3aBHCUMOCTB: 00lLee CONEPKAHUE CEPbl — TEMJIOO0TAa4a

Composite Pliocene Miocene Eocene Lias
Mean  disp%, ~ Mean disp%, ~ Mean disp%,  Mean disp),  Mean  disp},

SiO, 36.7 43.6 43.0 1.0 39.0 47.2 25.2 43.6 359 1.0
Al,O; 16.4 44.1 17.0 1.0 15.7 10.8 13.1 66.5 250 16.0
CaO 11.5 81.3 11.9 18.1 9.3 74.4 16.3 66.9 24 80.3
MgO 1.9 56.8 2.8 1.8 2.0 50.8 2.1 47.6 0.4 5.7
Na,O 1.1 80.9 0.2 7:3 1.9 33.6 1.3 64.3 0.3 4.4
K,0 1.4 67.2 1.0 2.1 2.0 55.3 0.8 69.2 23 43
Fe,0, 10.1 85.8 6.2 29.0 8.6 78.9 12.8 91.2 9.5 5.8
TiO, 0.5 56.2 0.4 7.5 0.3 7.4 0.5 58.6 0.9 83
P,0; 0.1 107.0 0 — 0.1 46.8 0.1 44.6 0.2 75.0
SO, 135 90.8 10.6 13.2 15.3 70.1 185 76.0 1.1 36.4

Table V. Averages (in percent) of major elements in the ash. Disp % = (standard
deviation x 100)/mean

V. tablazat. Foelemek atlagértékei a hamuban. Disp = (standard szoras x 100)/atlag

Tabauya V. CpenHue 3HaYCHHs TJIABHBIX 3JIEMEHTOB B 30Jie. Disp. = (craHmapTHOe
paccesinue X 100)/cpenHee 3HaueHue
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Table VI gives data on average trace element contents in the coal ash by
chronostratigraphic group. The coal beds of Jurassic age have higher concentra-
tions of 30 of the 36 elements tested than the Tertiary coal beds. B, Ba, Mn, Rb,
Sc, and Sr are lower in the Jurassic coal beds while Be, Ce, Hg, La, Mo, Nb,

Composite Pliocene Miocene Eocene Lias
Mean disp%  Mean disp%, Mean disp% Mean disp)%, Mean disp%

Ag 0.2 56.2 0.1 - 0.1 - 0.2 423 03 345
B 575.0 100.8 91.0 92 973.0 202 683.0 138.0 180.0 222
Ba 7380 113.0 210.0 9.5 790.0 553 9920 116.5 5550 513
Be 184 1674 11.8  36.2 39 378 2.6 63.0 860.0 10.5
Cd 0.3 76.6 02 16.6 0.1 450 0.3 64.6 05 673
Ce 181.0  135.0 60.0 1.7 84.0 218 71.0 68.5 7200 I11.1
Co 15.6 68.3 23.5 489 11.4 598 9.9 78.4 28.0 3.6
Cr 92.0 54.2 98.0 2.6 450 41.6  109.0 56.3 1140 145
Cs 12.6 70.0 7.8 3.8 16.1  79.6 9:1 59.7 21.0 9.5
Cu 56.0 42.8 51.0 235 450 31.1 50.0 313 940 283
Eu 3.0 70.6 2.0 5.0 1.2 55.6 3.4 64.9 57 132
Ga 21.0 58.1 18.0 2.9 170 29.2 18.0 68.7 40.0 24.1
Ge 10.0 110.0 9.0 505 5.0 3.9 6.0 52.6 300 533
Hg 8.8 159.1 33 9:1 29 149 2.1 43.2 40.0 5.0
La 92.0 139.8 30.0 1.7 37.0 489 37.0 56.2 3750 12,0
Li 65.0 64.3 36.0 8.3 550 143 72.0 72.9 89.0 46.9
Lu 1.0 108.5 1.3 385 04 288 0.3 478 33 3.0
Mn 282.0 67.7 5450 156 323.0 403  210.0 80.6 140.0 72.0
Mo 204 160.2 48 375 73 532 11.7  102.8 92:5 8.1
Nb 430 1723 9.0 17.6 120 236 10.0 224 2050 122
Ni 97.0 77.1 1180 53.2 49.0 65.1 81.0 96.1 190.0 0

Pb 141 117.5 5:5 9.1 11.0 708 5.2 7.7 49.5 71
Rb 128.0 76.2 65.0 3.1 1820 77.5 129.0 67.5 110.0 9.1
Sc 18.3 54.1 28.0 10.7 11.0 7.8 15.5 72.5 26.5 1.9
Sm 11.6 79.4 5.9 3.4 53 415 5.3 66.8 425 10.5
Sr 1,890 96.8 445 79 1,183 335 3,020 739 - 1,570 1719
Ta 0.7 117.3 02 415 02 479 0.6 116.0 2.1 73
Tb 2.6 85.2 1.9 189 20 376 1.4 50.1 73 103
Th 26.3 93.6 220 0 193 272 11.8 60.1  77.5 200
U 250 12238 5.8 3.4 122 80.5 243 1475 65.0 13.8
\4 120.9 60.6 130.0 7.6 60.7 452 1158 70.2  215.0 23
w 0.9 94.4 0.6 0 06 236 0.5 41.1 28 236
Y 58.2 91.8 60.5 25.6 31.0 225 28.8 66.4 170.0 59
Yb 8.2 100.6 9.7 340 39 179 33 48.2 255 59
Zn 60.1 72.6 79.0 7.6 35.7  57.1 50.0 68.4 103.0 65.0
Zr 346.5 1689 1235 214 1267 7.4 66.2 659 1,600 25.0

Table VI. Averages (in ppm) of minor and trace elements in ash. Disp%, = (standard
deviations x 100)/mean

VI. tablazat. Ritka és nyomelemek koncentracio értékei a hamuban. Disp = (standard
szoras x 100)/atlag

Tabsuya VI. 3HaueHHs] KOHLEHTPALMI PEKUX 3JIEMEHTOB U B cienax. Disp. = (crangapTHoe
paccesinue X 100)/cpeaHee 3HaueHue
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Sm, and Zr are four or more times higher. It should be noted that volatile
elements such as Hg are calculated from whole coal data to the ash basis; it is
doubtful whether any Hg (or other volatile elemgnts) survives the ashing
procedure.

On a whole-coal basis, the individual samples from coal beds of Jurassic
age exhibit higher trace element contents, but to a lesser extent than on an ash
basis. The high trace element contents in the ash and on a whole-coal basis is
additional evidence of a different depositional environment of these coals com-
pared to the others.

4. Conclusions

Data for twelve samples of coal from Hungary show some very unusual
concentrations of chemical components. These components range from high
organic sulfur content in coal beds of Miocene and Eocene age and the high
trace element content in coal beds of Jurassic age. To corroborate these preli-
minary findings, detailed studies of the depositional environments of the Hun-
garian coal fields should be undertaken and additional samples should be
collected and analyzed in order to relate depositional changes to geochemical
differences. Care should be taken to minimize moisture losses in the future
collection and shipment of additional coal samples.

12 MAGYARORSZAGI SZENMINTA GEOKEMIAI ANALIZISE
SOMOS Lészlo, Peter ZUBOVIC és Frederick O. SIMON

A MAFI — USGS kétoldali egyiittmiikddés soran 12 db magyarorszagi szénmintét vizsgaltak
meg az USGS kozponti geokémiai laboratoriumaban (Reston). A rendkiviil széles korii elemzések
soran a hagyomanyos technoldgiai és mindsitési vizsgalatokon tilmenden kornyezeti szennyezda-
nyag-tartalom és széles korli nyomelem, illetve ritkafém tartalom meghatarozasra is sor keriilt.

A kisszam( mintavételezés eredményénck MAFI — USGS kozds modszertani értékelése
els6sorban szénmindsitési és kornyezetvédelmi feladatokra ad konkrét megoldasi 6tleteket. A min-
tak kis szama miatt az eredmények csak kvalitative értékelhetok.

TEOXUMUWYECKHWI AHAJIU3 12-U BEHTEPCKHX YT'OJIbHBIX ITPOB
Jlacyo T. IIOMOI, IMetep 3YBOBUY u ®dpeaepux O. CAUMOH

B xoze IBYCTOPOHHEro COTPYAHUYECTBA MEXIY BEHrepCKHMM reojIOrMHYeCKMM MHCTUTYTOM
(BT'N) u I'eonoruueckoit ciayx60i CIIA (I'CA) 12 BeHrepckux obpa3LoB yriei UcCienoBaIuch
B LIGHTPaJIbHOU reoxumuyeckoit nabopatopuu ['CA (PectoH). B TeyeHHe HEOOBIYAMHO LIMPOKOro
KpYyra MCCJIeIOBaHHI TOMUMO TPAIUIMOHHBIX TEXHOJIOTHYECKHX U Ka4eCTBEHHbIX aHAJIN30B ObLIO
MIPOBEJICHO ONPEIEJIEHUE COACPKAHHS BEILECTB, 3arPS3HSIOILIMX OKPYXAIOIYO CPEy, U CoJepxka-
HHUSI MHOTOYUCIICHHBIX PEIKHX METAJUIOB U B Clie/1ax. .

CosmectHoe (BITYI—I'CA) MeToanYECKOE OLIEHHBAHHE PE3YJIbTATOB UCCIIEA0BAHUS HEOOID-
1II0r0 KOJIMYECTBA 0Opa3LlOB AA€T UAEH /JIsi BOBMOXHOTO pa3pelleHUs 3a1a4, B IEPBYIO O4YepEb,
B 00J1aCcTSX Ka4eCTBEHHOM OLIEHKHU YIJIel U 3allUThl OKpyXarollei cpebl. Pe3yapTaThl, BIEACTBUE
MaJIoro KOJIM4eCcTBa 00pas3loB, MOTYT ObITh OLEHEHB! TOJBKO KBAJHTATHBHO.
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ESTIMATION OF KEROGENE-TYPE BY TIME - TEMPERATURE
PYROLYSIS METHOD

Ivan FISCH* and Istvan KONCZ*

A simple time-temperature pyrolysis method is described, by means of which, or more
precisely by gas chromatographic examination of the pyrolysis products, kerogene types (H,-rich
or H, depleted) and their marine or terrestrial origin are determined.

The method appears to be successful in adding critical information to the quantitative
evaluation of the hydrocarbon resource potential of sediments in SW Hungary.

Keywords: gas chromatography, kerogene type, pyrolysis, hydrocarbon potentials

1. Introduction

Those constituents of the organic matter in sedimentary rocks that are
insoluble in common organic solvents are collectively called kerogene. During
the last decade several pyrolysis experiments have been conducted for the
purpose of estimating or determining the hydrocarbon-productivity of the
kerogene and by deduction, the resource potential of certain sedimentary beds
and deposits.

Numerous descriptions of pyrolysis methods can be found in the literature,
which differ from one another on the basis of the samples examined, the
analytical conditions, the measured parameters and components.

As it regards materials, pyrolysis experiments can be performed on organic
matters isolated from the inorganic matrix [HARwooD 1977], or on non-isolated
organic matters [GRANSCH-EISMA 1966, ESPITALIE et al. 1977]. The pyrolysis can
be made using total organic matter [CLAYPOOL-REED 1976] or using only the
part of the organic matter, which is insoluble in organic solvents. According to
the widely used Rock—Eval method the pyrolysis is performed on the rock
sample, that is on the non-isolated total organic matter. In this investigation
pyrolysis measurements were made on carbonate-free, extracted, non-isolated
organic samples.

As it regards the experimental conditions, pyrolysis methods commonly
used differ according to the variation in time, temperature and pressure applied.
For instance, the temperature can be increased gradually in step-wise increments
[LEVENTHAL 1976], continuously [BARKER 1976] or can be maintained at a
constant value. In this study the latter was applied.

* Hungarian Hydrocarbon Institute, POB 32, Szazhalombatta, H-2443 Hungary
Manuscript received: 15 March, 1985
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As far as the examined parameters and components are concerned, pyroly-
sis methods commonly applied can differ in that, the pyrolysis products [SOURON
et al. 1974, GirauDp 1970, JONATHAN et al. 1975, DE RoucHET 1978] or the
post-pyrolysis organic residue [GRANSCH-EIsMA 1966] or both are examined. In
this study, which describes time—temperature pyrolysis experiment, the pyrolysis
products were examined, using a glass-ampoule technique.

The glass-ampoule, time—temperature pyrolysis method had been de-
veloped in Hungary in 1978-79 for model compounds [FiscH et al. 1980],
however, its application to natural core samples was introduced for the first time
in the course of this investigation.

Before subjecting them to pyrolysis, the core samples were powdered,
acidized to eliminate the carbonates, extracted with chloroform and conse- -
quently with a mixture of benzene—acetone-methanol. As a result, the core
samples so treated contained organic carbon only in the form of kerogene.

The time-temperature pyrolysis experiments and the gas chromatographic
examinations of the produced gaseous and liquid hydrocarbons were conducted
at the Organic Geochemical Laboratories of the U.S. Geological Survey, in
Reston, Virginia.

2. Location of samples and experiments

The rock samples used in this study were obtained from the Drava Basin,
which is a sub-basin of the greater Pannonian Basin (for its geologic and
sedimentologic description, see SZALAY-KoNcz 1981). The Neogene basement
consists of Mesozoic and Paleozoic sedimentary rocks with varying subsidence
and thermal history. The geothermal gradients in the Drava Basin, calculated
from the present temperature values, measured in deep oil exploration wells, are
in the range of 35-55 °C/km. Lower than average geothermal gradients are
commonly observed at the middle of the basin, where the Neogene sediments
are thick. In contrast, the higher geothermal gradients can be found at the edges
of the basin, where the Neogene basement is closer to the surface. In the fringe
areas of the basin, characterized by very thick Miocene sediments, signs of oil
genesis were found on the basis of the vitrinite-reflectance values and bitumi-
nological parameters at a depth interval of 2.5—3.0 km, corresponding to a
temperature range of 110-140 °C. The very intensive primary migration of the
crude oil can be assigned to a depth interval of 3.0-3.5 km and to a temperature
range of 140-180 °C [SzaLAay-Koncz 1981].

Pyrolysis experiments had been performed on sixteen drilled core samples.
Two of the core samples were obtained from very young (recent) sediments
(Barnegat Bay (BB) and Cedar Creek (CC), Atlantic Coastal Region, USA). All
of the other core samples were collected from exploration wells, drilled in the
SW part of Hungary. Their location are shown in Fig. I.

Before pyrolysis the two recent core samples were treated with chloroform
and the other core samples were acidized with HC1 and were then subsequently
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subjected to an extraction with chloroform and then with a mixture of ben-
zene—-acetone—methanol.

From these prepared core samples | g size subsamples were extracted and
placed into glass ampoules, which were made of high melting-point glass. After
inserting the 1 g subsamples, the ampoules were sealed in flame and the pyrolysis
tests were made in laboratory oven at a maximum temperature of 280 °C for
a duration of 3 hours. The temperature in the oven was gradually increased to
280 °C during 2 hours, then was maintained at 280 °C during 3 hours followed
by cooling during the next 2 hours. Hence the total heating time was about 7
hours. From each initial rock sample two subsamples were pyrolyzed for the
determination of the gaseous products and the extractable liquid hydrocarbons.

For determination of the gaseous products the ampoules were placed into
200 ml volume glass jars. The jars were filled with a saturated NaCl solution
with the exception of a 15 ml headspace, which was flushed with helium before
sealing. After sealing the jars, the ampoules were shattered by vigorous shaking
and the released gaseous hydrocarbons were collected into the headspace.
Subsequently, gas samples were extracted 1 ml each with a gas syringe through
the rubber seal below the sealing cap. In every case, the breaking of the
ampoules was successful.

The gaseous or light hydrocarbon products (as high as C¢ carbon number)
were separated on Porapak R and HHKel F columns. Quantitative analyses
were made on the basis of data obtained using the Porapak R column. The
measurements were made on two different gas chromatographs using Porapak
R and HHKel F columns.

For determination of the higher carbon number (liquid) hydrocarbon




208 Fisch-Koncz

products, the ampoules were shattered in empty glass jars and the pyrolysed
rocks were extracted with chloroform in Soxhlet equipment during a 24 hour
period. After extraction, the chloroform was distilled off by rota distillation and
the pyrolysis products were dried using a nitrogene evaporator. Before gas
chromatographic examinations the extracts were dissolved in 0.5 ml n-hexane
and from these solutions 1.8 microliter samples were injected on to SCOT OV
101 and FS OV 101 capillary columns.

3. Results and discussion

Results of these tests showed that the organic carbon content of the rock
samples (C,,, ) fell in the 0.006-0.021 g/g,,, interval with the exception of three
carbonate-type rock samples. These carbonate-type samples have characteristi-
cally low organic carbon content (0.001-0.002 g/g,...), therefore their bitumoid
coefficients, that is the chloroform-soluble bitumoids organic carbon ratios on
a g/g basis, are not authentic.

The important geochemical parameters of the rock samples and of the
extracted bitumoids are listed in Table I. In the tables the following symbols are
used:

Sk —chloroform soluble bitumoids g/100 g rock

Sy —benzene—acetone-methanol soluble bitumoids; g bitumoids/100 g
rock

Cr  —organic carbon in the bitumoid-free and carbonate-free rocks;
g C/100 g rock (free)

C,, —total organic carbon (bitumoid C+ kerogene C); g C/100 g rock

By —bitumoid coefficient; g bitumoid carbon/g rock
M —HC insoluble residue; g residue/100 g rock

R, —vitrinite reflectance, %,

LP —Lower Pannonian

Mioc. —Miocene
U.Cr. —Upper Cretaceous
Tr.  —Triassic

Based on the concentration values of the chloroform-soluble bitumoids
(Sk), the bitumoid-coefficient and the ratio of the chloroform-soluble/
benzene—acetone—methanol soluble bitumoids (Sg/Sp), migrated bitumoids
were thought to be present in the Cse—1/3 and Be-20/45 rock samples.

Low bitumoid coefficients, which remained after the primary migration of
the chloroform-soluble bitumoids, were observed in the rock samples having
relatively high vitrinite-reflectance values, such as those below:

By Ro (%)
Cse-1/3 0.035 0.88

Cse-1/12 0.027 1.37
Mu-1/5 0.006 3.01




Well No Depth Age Rock type Sk AYS Cy Coiz: By M Ry Pyrolysis products
Core No (m) (W/wo)  (W/wyg)  (W/wyg)  (w/wYg) (w/w) FAC, €3 (C,+Cy)
S+
;; g/g
Barcs Ny-1/1 3011-3016 LP  clay-marl 0.081 0.013 1.300 0.611 0.166 41.3 0.55 0.578 0.579
Barcs Ny-1/2 3344-3351 Mioc. clay-marl 0.087 0.016 1.461 0.841 0.083 52.0 0.65 0.388 0.608
Csesztreg
Cse—1/2 3419-3420 Mioc. siltstone 0.185 0.016 1.137 0912 0.162 66.0 0.78 0.338 0.863
Cse-1/3 3579-3580 Mioc. siltstone 0.035 0.017 1.185 0.791 0.035 63.2 0.88 1.027 0.398
clay-marl
Cse—1/8 3799-3802 Mioc. dolomite 0.059 0.099 2.893 0.108 0.437 1.9 - 0.065 0.029
Cse—1/11 3817-3824 U.Cr. dolomite 0.030 0.005 -2.243 0.174 0.138 6.5 - 0.089 0.017
Cse—1/12 3824-3832 U.Cr. dolomite 0.021 0.007 1479 0.617 0.027 40.3 1.37 0.507 0.348
lime-marl
Patro—1/6 1434-1442 LP  limestone 0.099 0.007 1.176 0.754 0.010 63.0 - 0.195 0.907
siltstone
Patro-1/7 1521-1527 LP  clay-marl 0.039 0.028 1089 0.770 0.041  65.7 0.62 0.920 0.310
Belezna '
Be-20/45 2418-2435 Mioc. siltstone-marl 0.591 0.041 3.356 2.112 0.224 479 0.58 0.184 0.632
Gyékényes
Gyék-1/6 2913-2921 Mioc. claystone 0.093 0.023 1.223 1.087 0.068 81.3 0.67 0.371 0.972
Murakeresztar
Mu-1/5 3345-3350 Tr.  dolomite—
claystone 0.011 0.011 1.579 1.481 0.006 92.6 3.01 0.060 0.970
Liszo-4/7 2315-2318 Mioc. claystone 0.100 0.030 1.017 0.903 0.089 78.5 - 0.014 0.410
Magyarszentmiklos
Mszm-1/17 41304136 Tr. claystone—
limestone 0.012 0.006 1.215 0.120 0.080 8.7 1.00 0.208 0.686
(3090)
Mioc.

Table 1. Organic geochemical parameters of the rock samples

I. tdblazat. A kdzetmintak szerves geokémiai paraméterei

Tabauya 1. Keporennptii nuponu3. Onpe/esieHAe JIErkMx NPOIYKTOB YrIeBOAOPOIA
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On the basis of the stable carbon isotope measurements made from the
kerogene of the rock samples, marine organic matter was found in the Cse—1/2
and Cse—1/3 Miocene samples, while terrestrial organic matter was found in the
Cse—1/11, Cse—1/12, Barcs Ny—1/1 and Barcs Ny-1/2 samples. The results of
the GC-based measurements of the gaseous or light hydrocarbons generated
during the pyrolysis are shown in Table I1.

Maximum gas production was observed from the CC-37 sample (USA).
Fifty per cent of the total gas products was methane. In comparison, the
proportion of the methane is smaller in the gas mixtures generated from the
other core samples. Maximum light hydrocarbon production was found to
occur in the clay—marl type rocks. Minimum light hydrocarbon production was
noted to occur in dolomitic rocks.

Considering these preliminary results, an exact relationship between the
generation of the light (gaseous) hydrocarbons and the geologic age and burial
depth of the rock samples can not be ascertained. It seems to be very likely,
however, that—in the case of the Mu—1/5 and Mszm-1/17 samples—the mini-
mum light and liquid hydrocarbon production is caused by overmatured
kerogenes which have a high alteration degree (R,=3.01 and 1.00 in Table I.).

In examining the possible relationships between the bitumoid-coefficients
and the kerogene pyrolysis products, it can be stated that prior to the primary
migration of the bitumoids, in the core samples of the same drilling, the
bitumoid-coefficients and the unit values of the kerogene pyrolysis products
show relationship (Table I11.).

According to this relationship, higher amounts of hydrocarbon mixtures
were formed during the pyrolysis from those kerogenes which had higher
bitumoid-coefficients. The maximum liquid hydrocarbon production (generated
during the pyrolysis) is shown to contain a very complex hydrocarbon mixture,
in which the carbon number range of the components is broad, usually between
Cg and C,..

Similarly, in the generation of the C,—C¢ hydrocarbons, the maximum
liquid hydrocarbon production (yield) appears to be related to the clay—marl
type rocks (Table IV.).

As characteristic examples, the pyrograms of the Cse—1/11 and Barcs
Ny-1/2 samples are shown in Figs. 2 and 3.

The average or medium liquid hydrocarbon production shows a predomi-
nance of the n-alkanes in the range of C4—C, 4. The pyrograms do not exhibit
relationship with the rock types. It can be stated, however, that in the case of
the Cse—1/8 and Cse—1/12 samples, the presence of isoprenoid-type hydrocar-
bons is also indicative of dolomitic type rocks besides the predominance of
n-alkanes (Table V.).

Minimum liquid hydrocarbon production can be related to those rock
samples in which the kerogenes are obviously overmatured. As a characteristic
example, the pyrogram of the Mszm—1/17 sample is shown in Fig. 4. Minimum
liquid hydrocarbon yields were observed in the two recent samples, BB-25 and
CC-37 too, in which the original organic matter content were high. In these




Wells and Depth Rock type Y, C;—Cs C, Ethylene C, Cs Y.C, Y.Cs Y. Cs Benzene

Core Numbers (m) (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)  (ppm/g)

BB4#25 sed.—water — 4,940.7 1,470.4 365.7 322.9 790.7 971.3 447.3 566.3 0.38

interface
CC#37 sed.—water — 30,226.6 15,510.5 2,391.6 1,694.5 4,211.8 3,580.5 11,3479 1,489.7 8.68 B
interface @
Barcs Ny-1/1 3011 clay-marl 7,515.0 1,065.6 1,352.4 337.5  1,232.0 2,542.2 576.6 407.1 3.75 )
Barcs Ny-1/2 3344 clay-marl 5,670.0 6619 11,2433 2245 1,163.8 11,7959 291.6 2515 - Y
Csesztreg S
Cse—1/2 3419 siltstone 3,843.6 788.4 788.8 203.5 558.3 11,0314 218.0 254.9 - &
Cse—1/3 3580 clay-marl, 12,173.0 1,377.5 1,619.8 466.1 11,7443 5,016 1,266.0 676.8 3.29 X
siltstone é
Cse—1/8 3800 dolomite 1,869.4 429 4.9 4.7 140.3 593.8 332.1 750.8 0.45 g
Cse-1/11 3817 dolomite 1,990.2 26.9 1.6 4.8 220.3  1,249.8 323.5 163.2 0.30 iy
Cse—1/12 3824 dolomite, 7,503.6 911.8 800.5 232.4 485.1  3,098.5 984.3 991.0 22.20 =
limestone =
Patro—1/7 1521 clay—marl 10,018.5 1,290.9 770.8 306.6 1,184.0 4,198.1 1,409.3 859.0 0.15 =
Patro-1/6 1434 siltstone 2,292.3 481.0 537.7 73.9 317.1 402.6 75.8 404.1 4.95 §
Belezna P
Be-20/45 2418 marl with 6,180.4 1,448.8 512.5 433.3 813.2  2195.1 469.0 308.5 3.00 §
siltstone S
Gyékényes N
Gyék-1/6 2913 claystone 4,542.6 813.6  1,200.0 2249 6749 1,352.5 165.4 111.2 - g
Murakeresztar e
Mu-1/5 3345 dolomite— E
claystone 952.8 302.2 145.0 22.0 354 52.1 55.2 341.0 - <
Magyarszentmiklos g
Mszm-1/17 4130 clay-lime- 2,530.3 415.3 553.9 60.3 272.4 433.0 207.9 587.4 - 3
stone =
Lisz6—4/7 2315 claystone 141.4 41.1 - - 9.8 65.8 24.6 - - S
Table II. Kerogen pyrolysis. Determination of the light hydrocarbon products
II. tabldzat. Kerogén pirolizis. A konnyil szénhidrogén termékek meghatarozasa
Tabauya II. TlapaMeTpsl 06pa3LOB MOPO/ IO OPraHAYECKON TEOXUMHUU
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samples the kerogenes are obviously far from the so-called “maturation win-
dow”, that is their maturation is in a very early stage or, in other words, their
alteration degrees are very low. According to the experiments, these recent
samples (very young sediments) could produce only methane in any significant

quantity.

. e Relative liquid
Hsll T Depth Vite: vefl Bitumoid coeff. By M hydrocarbon
Core No (m) Ro b production
Barcs Ny—1/1 3000 0.55 0.106 0.578 very high
Barcs Ny-1/2 3100 0.65 0.083 0.388 high
Patro-1/6 1400 - 0.010 0.195 minimum
Patro-1/7 1500 0.62 0.041 0.920 minimum

Table I11. Relationship between the bitumoid coefficients and the unit values of the kerogen
pyrolysis products

1I1. tabldzat. Osszefiiggés a bitumoid koefficiens és a kerogén pirolizis termékek egységértékei

kozott

Tabauya I11. 3aBUCHMOCTb KO3(DHUIMEHTOB GUTYMOHUIA OT €AMHHUYHBIX 3HAYECHHI POIYKTOB
IOPOT€HHOTO MHPOJIH3a

Well No Depth
Core No (m) Age Rock type Remarks
Lower clay—marl Complex mixture
Cse-1/3 3580 : . P
/ Miocene siltstone Carbon number range: C9—C25
‘Cse-1/11 3820 Upper dolomite Complex mixture
Cretaceous Carbon number range: Cg—C,g
Barcs Ny—1/1 3015 Miocene clay-marl Complex mixture
Carbon number range: Co—C,;
Barcs Ny—1/2 3350 Miocene clay—marl Complex mixture

Carbon number range: Cg—C,5

Table IV. Kerogen pyrolysis. Maximum liquid hydrocarbon production

IV. tablazat. Kerogén pirolizis. Maximalis folyékony szénhidrogén termelés

Tabauya 1V. KeporeHHsiil muponus. MakcuMmaibHas 106bIMa KUIKOTO yriiesogopoaa
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Well No Depth

Core No ) Age Rock type Remarks
Cse-1/2 3420 Lower Miocene siltstone n-alkane predominance;
Range: Co—C,
Cse—1/8 3800 Miocene dolomite n-alkane +isoprenoid predom.
Range: C;o—Cys
Cse-1/12 3830 Upper lime—marl, n-alkane +isoprenoid predom.
Cretaceous limestone, Range: Co—C, 3
dolomite
Gyek-1/6 2920 Miocene claystone n-alkane predominance
Range: Co—C,g
Be-20/45 2430 Miocene marl with n-alkane predominance
siltstone Range: Co—C,4

Table V. Kerogen pyrolysis. Medium liquid hydrocarbon production
V. tabldzar. Kerogén pirolizis. Kozepes folyékony szénhidrogén termelés

Tabauya V. Keporennsii muponu3. Cpeansis 100bIYa XKHIKOTO YIJIeBOAOPOaA

Fig. 2. Pyrogram of the kerogen from
the Cse-1/11 core sample

2. dbra. A Cse-1 furas 11. sz.
magmintdjabol szarmazo kerogén
pirogramja

Puc. 2. TluporpaMma keporeHa kepHa
Ne 11 cxBaxunbl Cse—1

Fig. 3. Pyrogram of the kerogen from the Barcs l ’ | |‘ ‘ ‘
Ny-1/2 core sample !i H |
\ by,
3. dabra. A Barcs Ny-1 furds 2. sz. magmintajabol '\ ‘l :\|i l § P
szarmazo kerogén pirogramja | ‘

TR | ‘
LU ‘ b
Puc. 3. TInuporpaMma keporeHa kepHa Ne 2 CKBaXHHbI WNWUMM WWJM aM‘J U;\v M M,,M.AJ/M

Barcs Ny-1
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The primary purpose of the time—temperature pyrolysis method described
herein is to show a means to determine the character of the kerogene-type
compounds without specifically isolating them. Hence, concerning the gener-
ation of the C,—C4 and C4—C, s range hydrocarbons, the following observations
can be made:

i) Hydrogen-rich, oil-prone kerogen type compounds can be presumed to exist
in the Cse—1/3, Cse—1/11, Barcs Ny-1/1 and Barcs Ny-1/2 rock samples.

ii) Hydrogen-depleted, very poor hydrocarbon-producing kerogen type com-
pounds can be presumed to exist in the Cse—1/2, Cse—1/8 and Patro—1/6 rock
samples.

Based upon these preliminary results, the estimation of the quantity and
character of the hydrocarbons that may be generated, that is the potential
hydrocarbon-productivity of sediments and rocks, based on the glass-ampoule,
time—temperature pyrolysis method, using simple equipment, is promising.

Fig. 4. Pyrogram of the kerogen from the
Mszm-1/17 core sample

4. dbra. Az Mszm-1 furas 17. sz.
magmintdjabol szarmazo kerogén
pirogramja

Puc. 4. TIuporpamma keporesa kepaa Ne 17
CKBaXxMHbI Mszm-—1

HMNJ\‘M‘“LL“LAAVL.MJJAW

4. Conclusions

The time—temperature pyrolysis method seems to be useful in the estima-
tion of the kerogene type without its specific isolation.

The vertical, log—like examination of the cores of exploratory drillings by
the time—temperature pyrolysis method would probably be a successful ap-
proach in the quantitative evaluation of the hydrocarbon resource potential of
sedimentary deposits.
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KEROGEN TIPUSANAK BECSLESE IDO-HOMERSEKLET
PIROLIZIS MODSZERREL

FISCH Ivan és KONCZ Istvan

A szerzok ismertetnek egy egyszeril, un. id6—hémérséklet pirolizis modszert, melynek segitsé-
gével, pontosabban a keletkezett pirolizis termékek gazkromatografias vizsgalataval becsiilni lehet
a kozetmintak kerogénjének tipusat (H,-ben gazdag, jo olajképzé, ill. H,-ben szegény, gyenge
olajképzd), ill. annak tengeri vagy szarazfoldi eredetét.

A modszer alkalmazhatonak latszik az tiledékes kdzetek szénhidrogén potencialjanak becslé-
sére. Mas geokémiai modszerekkel kapott informaciokkal egybevetve novelheti a szénhidrogén-
prognozis pontossagat.
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OLEHKA THUITIA KEPOTEHA METOJAOM «BPEMS-TEMIIEPATYPHOI'O
TMAPOJIN3A»

Usan ®UII u UmrBan KOHILJ

IMpocThIM METOJOM «BpEMSA—TEMIIEPATYpa NUPOJIM3a» HA OCHOBE Ia30-XHIKOCTHOM Xpo-
MaTorpa@uu NpoayKTOB MHUPOJIM32 MOXHO MPOU3BECTH OLIEHKY THNA KeporeHa mopon (6oraTeix
BOJIOPOJIOM, € Xopolueil HepTeobpasyroweid cnocobHOCThI0, GeaHBIX BOIOPOAOM, O ciaboii
HeTeoOpasyoLIel CIOCOGHOCTBIO), @ TAKXKE UX MOPCKOE HIIM TEPPUTEHHOE TIPOMCXOXKICHHE.

MeTon npuroseH A OLEHKM TOTEHLHMANa TPOMCXOXACHHS YIJIEBOAOPOIOB OCAI0YHBIX
nopoa. CpaBHMBas pe3yJbTaThbl, MOJIyYEHHBIE ITUM METOAOM, C MH(POpMALMEH, MOJTy4YeHHIH
JPYTMMH T€OXMMHYECKHMH METOAAMH, JAHHBI METOJ MOXET MOBBICHTh HaJEXHOCTh MPOTHO3a
yIJ1I€BOIOPOIOB.
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STRUCTURAL ROTATIONS FROM PALEOMAGNETIC DIRECTIONS
OF SOME PERMO-TRIASSIC RED BEDS, HUNGARY

Em6 MARTON* and Donald P. ELSTON**

Oriented samples of Permo-Triassic red beds were collected at five localities in the Balaton
Highlands, one locality in the Bilkk Mountains, and two localities in the Mecsek Mountains. The
objective was to obtain paleomagnetic directions, and poles calculated therefrom, for the evaluation
of possible structural rotations for these different tectonic blocks.

Statistically well defined paleomagnetic directions were obtained following stepwise thermal
cleaning and the analysis of measured and removed remanence at each step for four localities in
the Balaton Highlands (normal polarity) and for two localities in the Mecsek Mountains (reversed
polarity).

The directions depart significantly from the present field direction indicating an ancient
remanence. However the carriers of the magnetization appear complex and may contain post-fold-
ing as well as pre-folding components of magnetization. Nonetheless, tilt-corrected directions that
support the results of an earlier paleomagnetic study indicate that Balaton Highlands are rotated
about 50° in a counter-clockwise sense with respect to the Mecsek Mountains (Mecsek Mountains
Decl. 177.4°, Incl. —5.0°, reversed polarity; Balaton Highlands, Decl. 307.2°, Incl. 11.0°, normal
polarity).

Comparison is made with paleomagnetic results from rocks of comparable age in the Mediter-
ranean area.

Keywords: palaeomagnetism, complex magnetization, thermal demagnetization, structural rotation,
central Mediterranean

1. Introduction

From the viewpoint of plate tectonics, Hungary belongs to the tectonically
complicated Mediterranean region. Paleomagnetic measurements have already
shown that even a small area, such as that of Hungary, can be subdivided into
terranes that have had different rotational histories arising from Alpine or-
ogenesis [MARTON-MARTON 1978, 1980].

In view of the lack of fully oriented drill cores, paleomagnetic studies for
tectonic analysis have been restricted to the sampling of outcrops. Results of
this work have shown that minimum two units lie west of the River Danube

* Eotvos Lorand Geophysical Institute of Hungary, POB 35, Budapest, H-1440
** U.S. Geological Survey, 2255 North Gemini Drive, Flagstaff, AZ 86001
Manuscript received: 24 April, 1985
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(Transdanubia), one including the Transdanubian Central Range*, and the
other including Southeast Transdanubia comprising the Mecsek Mts. and Vil-
lany hills.

East of the Danube River, we have only a very limited knowledge of the
subdivision and the history of rotations. Outcrops of rock older than Pannonian
age are found in the North Hungarian Mountain Range. The paleomagnetic
directions known from that area [MARTON 1980/a, MARTON 1981, MARTON
1983] lead to the conclusion that at least certain parts of the North Hungarian
Mountain Range were rotated in a counter-clockwise sense prior to occupying
their present position. Thus the North Hungarian Mountain Range could have
moved in coordination with the Transdanubian Central Range, but the estimate
of the duration and the degree of the coordination cannot yet be made.

The paleomagnetic technique has been most commonly applied for con-
tinental-scale tectonic studies. Each continent has a unique apparent polar
wandering path (successive determinations of the position of the magnetic poles
relative to a continent), which represents its movements relative to the Earth’s
axis of rotation. Because the paths represent the movements of continents with
respect to one another, the past positions of the continents can be reconstructed
by matching polar wander curves. This principle can be applied across all levels,
because not only the major continents, but even small tectonic units can have
unique polar paths. Eventually, we should be able to reconstruct the relative
motions of the Mediterranean fragments, aithough the recognition of the paleo-
magnetically different units and the construction of their respective polar paths
will be a long process. Nevertheless, each new determination contributes to the
general solution, and at the same time places new constraints on any plate-
tectonic reconstruction model.

Paleomagnetically, the Permian Period is poorly defined in Hungary. We
decided to attack the problem of determining paleomagnetic poles from fine-
grained clastic red beds by joining forces. The method developed in the United
States on collecting suitable semples and isolating the remanence residing in
detrital hematite [for example, ELSTON-PURUCKER 1979], was integrated with
experience accumulated in Hungary on analyzing complex magnetizations in
general [MARTON 1980/b, MARTON 1984], and unraveling of multi-component
remanence of red limestones in particular [MARTON et al. 1980].

2. Sampling and laboratory treatment

In 1982, we collected samples at five localities in the Balaton Highlands
(part of the Transdanubian Central Range), one locality in the Bitkkk Mountains
(North Hungarian Mountain Range), and two localities in the Mecsek Moun-
tains (Southeast Transdanubia, Fig. I).

* In an attempt to unify geographical names, the editors use “Transdanubian Central Range” in
accordance with former usage of Geophysical Transactions. The authors used “Transdanubian
Central Mountains”, and in some references it appears as “Transdanubian Middle Mountains”
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Fig. 1. Sampling localities in Permo-Triassic red beds of Hungary
Balaton Highlands: BP — Balatonalmadi, Vadvirag utca;
BQP — Balatonalmadi, quarry; BAP — Balatonaracs; BFP — Balatonfiired; KP — K&vagoors
Mecsek Mountains: EPZ — Egédpuszta; EPRB — Boda
Biikk Mountains: SBP — Szilvasvarad, Bacsovolgy

1. dbra. Permo-tridsz voros tiledékek mintavételi helyei Magyarorszagon
Balatonfelvidék: BP — Balatonalmadi, Vadvirag utca; BQP — Balatonalmadi, kéfejté;
BAP — Balatonaracs; BFP — Balatonfiired; KP — K&vagoors
Mecsek hegység: EPZ — Egédpuszta; EPRB — Boda
Biikk hegység: SBP — Szilvasvarad, Bacsovolgy

Puc. 1. MecTa B3aTHs 006pa3I0B NEPMO—TPHACOBBIX KPACHOLBETHBIX OTJIOXKEHHA B BeHrpuu
[TpubanaTtoncke ropsl: BP — c. Banatonanmasl, yauua Baasupar; BQP — c. Banaton-
anMansl, kapbep; BAP — c. banatonapay; BFP — r. Banarougropen; KP — c. Késaroépur
Meuexckue ropel: EPZ — Dreanycta; EPRB — c. bona
TCopsl Brokk: SBP — Cunsamsapan, noi. bavo

The remanence and the susceptibility of each sample was measured in the
natural state. Pilot samples, selected to represent each of the localities, were
partially cleaned by stepwise heating and cooling in a magnetically field-free
space. The remanence and the susceptibility were measured after each step.

The pilot studies indicated that the natural remanence cleans readily, i.e.,
the plot of the vectors trace as lines that project to the origins of orthogonal
demagnetization diagrams at an early stage of the demagnetization analysis
(Figs. 2a, 2c, 3a, 3¢, 4a, 4c). All pilot samples exhibited decreases in susceptibil-
ity at moderate temperatures ( Figs. 2b, 2d, 3b, 3d, 4b, 4d) due to the conversion
of maghemite to the stable mineral hematite. In some pilot samples, the suscep-
tibility remained unchanged on further heating ( Figs. 2b, 2d, 3b, 4b), whereas
in other samples the susceptibility increased abruptly (Figs. 3d, 4d) indicating
the formation of a new magnetic phase. Increases in susceptibility were ac-
companied by the onset of spurious magnetizations (Figs. 3c, 4c), i.e., the end
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points of the magnetic vectors that formerly plotted as straight line traces (slight
deviations from a line being permitted), became erratic.

1unit: 10" A/m
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Fig. 2. a) and c). Orthogonal plots of the change in direction and intensity of the natural
remanence on stepwise heating: D, declination; /, inclination
b) and d). Change of the intensity (solid circle) and the susceptibility (open circle) on stepwise
heating, both normalized with respect to initial values

2. dbra. a) és ¢). A természetes remanens magnesezettség iranyanak és intenzitasanak valtozasa
lépcsozetes hokezelésre: D, deklinacio, 1, inklinacio. Ortogonalis vetiiletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli kOrok) és a szuszceptibilitas (lires korok)
valtozasa lépcsozetes hokezelésre

Puc. 2. a) u ¢). I3MeHeHHe HANpaBJICHUsI U HHTEHCHBHOCTU €CTECTBEHHOW OCTAaTOYHOM
HaMarHMYaHHOCTH NPHU CTYNEHYATON TepMooOpaboTke: D — CKJIOHeHHE, ] — HAKJIIOHEHHME.
OpToroHanbHbIe TPOEKIUA
b) n d). VI3MeHeHHe OTHECEHHBIX K MCXOHbIM 3HAYEHUSAM WHTEHCHBHOCTH (TIOJIHBIE KPYI'H)
U BOCHIPUMMYHUBOCTH (IIYCThI€ KPYTH) NPH CTYIEHYATONH TepMOOoOpaboTke
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Fig. 3. a) and c). Orthogonal plots of the change in direction and intensity of the natural
remanence on stepwise heating: D, declination; 7, inclination
b) and d). Change of the intensity (solid circle) and the susceptibility (open circle) on stepwise

heating, both normalized with respect to initial values

3. dbra. a) és c). A természetes remanens magnesezettség iranyanak és intenzitasanak valtozasa
lépcsézetes hokezelésre: D, deklinacid, I, inklindcio. Ortogonalis vetiiletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli korok) és a szuszceptibilitas (lires korok)
valtozasa lépcsdzetes hokezelésre

Puc. 3. a) u c). N3MeHeHne HanpaBJIeHUsI © HHTEHCHBHOCTH €CTECTBEHHON OCTaTOYHOM
HaMarHWYeHHOCTH NPH CTyNEeH4YaTo# TepMoobpaborke: D — ckjIOHEHHE, ] — HAKJIOHEHHE.
OpToroHanbHble MPOEKIUH
b) u d). I3MeHeHHe OTHECEHHBIX K MCXOAHBIM 3HAYEHMSIM MHTEHCHMBHOCTH (TIOJIHBIE KPYTH)
M BOCIIPHMMYHBOCTH (TIyCThbIe KPYrH) NPH CTYNEH4YaTOH TepMoobpaboTke
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Fig. 4. a) and c). Orthogonal plots of the change in direction and intensity of the natural
) remanence on stepwise heating: D, declination; Z, inclination
b) and d). Change of the intensity (solid circle) and the susceptibility (open circle) and the
degree of susceptibility anisotropy (small dots in Fig. 4d) on stepwise heating, all normalized
with respect to initial values

4. dbra. a) és c). A természetes remanens magnesezettség iranyanak és intenzitdsanak valtozasa
lépcsdzetes hokezelésre: D, deklinacio, 7, inklinacio. Ortogonalis vetiiletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli korok) és a szuszceptibilitas (iires korok),
valamint a szuszceptibilitas anizotropia fok (pontok a 4/d abran) valtozasa 1épcsbzetes
hokezelésre

Puc. 4. a) u c). VI3MeHeHue HAaNpaBJIeHUsl U MHTEHCUBHOCTH €CTECTBEHHOH OCTaTOYHOM
HaMarHM4eHHOCTH IPH CTYNEHYaTO! TepMoobpaboTke: D — CKJIOHEHHE, ] — HAKJIOHEHHE.
) OpToroHaibHbIE TPOEKIHU
b) n'd). I3MeHeHME OTHECEHHBIX K UCXOHBIM 3HAYEHUSIM MHTEHCHBHOCTH (TIOJIHbIE KPYI'H)
W BOCTIDHHMYHMBOCTH (IIyCThI€ KPYTH), @ TAKXKE CTENEHH aHU30TPONHH BOCTIPHHUMYHBOCTH (TOYKH
Ha puc. 4/d) npu crynenuatoit TepMoobpaboTke
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Optimum cleaning temperatures for the individual collections were selected

based on the behavior of the pilot samples. The following criteria were used:

1) the remanence becomes single-component, with intensities adequate for
measurement;

2) magnetization residing in undesirable magnetic minerals, such as maghe-

mite and hydrated iron oxides, is removed;

3)new mineral phases with high susceptibilities are not formed.

All samples were cleaned at the optimum temperatures selected for the
individual localities, and commonly at lower and higher temperatures than
optimum, as well.

Stable directions: Partial demagnetization of the samples at the optimum
temperatures yielded statistically well-defined directions for two sample groups
from the Mecsek Mountains (EPZ and EPRB, Fig. 1) and for one group from
the Balaton Highlands (BP, Fig. 1 and Table I). These groups are designated
as reliable in the traditional sense.

Sites BQ P from the Balaton Highlands and SBP from the Biikk Mountains
(Fig. 1) exhibited large scatter at all cleaning temperatures. Thus, they are
useless for tectonic evaluation.

The traditional approach of isolating a stable direction failed for three
sample groups from the Balaton Highlands. We found, however, that the
remanences of sites BAP and BFP (Fig. 1) are statistically well defined and plot
away from the present field direction at lower than optimum temperatures
(Fig. 5). We could even improve the statistics of the groups by calculating the
locality means from subtracted vectors (removed remanence) instead of the
measured ones (Table I). The demagnetization analysis indicates that the
“meaningful” signal in these rocks resides in the metastable mineral maghemite
rather than in hematite.

Subtracted vectors proved to be extremely useful for locality KP. The
measured vectors here exhibit a great-circle distribution throughout, i.e., the
overprint along the present field direction could not be removed. Examination
of the subtracted vectors, however, revealed two components of the composite
magnetization: one plotting close to and the other plotting well away from the
present field direction (Fig. 6). The locality mean direction, of course, was
calculated from the directions that lay well away from the present field (Table I).




Sampling location Code N/N, D° b k 0o D> P Cleaning Remarks

Balaton Highlands
Balatonalmadi BPI  20/20 323 49 21 78 319 9 500 °C red siltstone + with marl, mag-
hemite decays below 500 °C

Balatonfiired BFPI  9/9 308 29 15 138 295 0 400 °C scatter too large abowe 400 °C,
BFPI 9/9 301 24 53 7.1 293 —8 subtracted vectors 400-500 °C maghemite decays below 400 °C

Balatonaracs BAPI 29/29 327 55 14 73 309 21 NRM subtracted vectors scatter too large at 525 °C
BAPI 29/29 322 53 25 57 307 18 NRM — 525 °C no explanation for the scatter

Kovagoors KPI 8/12 309 47 113 49 310 24 subtracted vector 400-500 °C maghemite decays at 525 °C

Mecsek Mountains
Egédpuszta EPZI 11/11 167 —-20 35 6.1 185 —10 525°C maghemite decays below 525 °C
Boda EPRBI 17/17 188 —31 25 98 170 0 500 °C maghemite decays at 500 °C

N, — number of samples collected
N- number of useful samples

D°- mean paleomagnetic declination in the present system of coordinates
I°- mean paleomagnetic inclination in the present system of coordinates
k— Fischer’s precision parameter

a45— radius of circle of confidence at 95 9, probability level

D°- mean paleomagnetic declination after tilt correction
I°- mean paleomagnetic inclination after tilt correction

Table I. Summary of paleomagnetic results on Permo-Triassic red beds, Hungary
I. tablazat. A magyarorszagi permo-triasz kézeteken meghatarozott paleomagneses iranyok Osszefoglalasa

Tabauya I. CBo/Ka ManeOMarHATHBIX HANPABIIECHHUI, ONPE/IE/IEHHBIX Ha NIEPMO-TPHACOBBIX Nopoaax Benrpuu

(44
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Fig. 5. Stereographic plot showing locality means after tilt correction (enclosed by circles drawn
at the 95 percent confidence level). Sites from the Balaton Highlands without confidence circles
are directions before correction for tilt. For labels refer to Fig. 1. An earlier result from
Egédpuszta (same locality as EPZ) is show for comparison. Although the confidence circles are
similar, the new result is an improvement, because the k value, indicating the degree of

divergence of the vectors, is better for EPZ than for Egédpuszta, 1968

5. dbra. A mintavételi helyek dolés-korrigalt kdzépiranyai ags-tel. A konfidencia korok nélkiili
kozépiranyok a Balaton-felvidéki mintavételi helyek kozépiranyai tektonikai korrekcid el6tt.
A jeldlések magyardzatara lasd 1. abra. Osszehasonlitisképpen egy korabbi meghatarozas
eredményét is abrazoltuk Egédpusztarol (EPZ-vel azonos mintavételi hely). Bar a konfidencia
korok hasonloak, az uj eredmény mégis jobb mindségii, mint a régi, mert k értéke, amely
a vektorok parhuzamossagat jellemzi, jobb EPZ-re, mint az Egédpuszta 1968-as meghatarozasé

Puc. 5. CpenHue HampaB/IeHHs] MECT B3siTHsI 0OpPA31[0B 1OC/Ie BHECEHUS MOMPABKH 32 HAKJIOH
¢ a,,. Cpennue HanpaBieHus 6e3 Kpyros JA0BepHs MPEACTABIAIOT cO00i CpeJHHE HANpaBJICHHUS
MecT B3aTHs 06pa3ios ITpubanaToHCKUX ropax mepea BHECEHHEM TEKTOHHYECKOH MOTPABKH.
YcnoBHble 0603Ha4YeHUs JaHbl HA puc. 1. [lis conocTaBiieHus U300paXKeHbI TAKXKE PE3yJIbTAThI
MIPEXHETO ONpe/esIeHus ¢ dreanycra (Mecto oauHakoBoe ¢ EPZ). X0oTs Kpyrd A0BepHs
TIOXOXH, HOBBI PE3y/IbTAT BCE-TAKHU OTJIMYAETCS MO Ka4YeCTBY MO CPABHEHHIO CO CTAPhIM
pe3yIbTaTOM, TIOTOMY 4TO 3HAYE€HHE K, KOTOpoe 0003Ha4aeT NapaielbHOCTh BEKTOPOB, JIyYlle

s EPZ, wem onpeaenenue Ha Jreamycra B 1968 r
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Fig. 6. Balaton Highlands, site KP. Stereographic plot showing measured vectors at 500 °C
(solid circles) and removed vectors between 500 °C and 400 °C (points encircled)

6. dbra. Balaton-felvidék KP jelii mintavételi hely. Az 500 °C-os tisztitasi Iépésben mért (teli
korok) és az 500 és 400 °C kozott elveszitett (bekarikazott pontok) magnesezettség iranyai
szOgtarto vetiileten

Puc. 6. MecTto B3sTust o6pasua ¢ o6o3nauennem KP B [Tpubanatorckux ropax. [IpuseaeHs
HATpABJIEHUS] HAMArHMYEHHOCTH, 3aMepeHHOHU B miary ouuiieHus B 500 °C (MOJHBIMU KpyramH)
1 notepernon Mexay 500 u 400 °C (o6BeieHHbIE KPY)KKOM TOYKH), HA cTepeorpaduyeckon
MIPOEKIIUH

3. Discussion

The locality mean directions for the statistically well defined groups are
shown in Figure 5. The directions, corrected for local tilt, are plotted with their
confidence circles at the 95 per cent probability level. As seen in Figure 5, all
directions depart significantly from the present field direction, indicating high
stability and an ancient age for the remanence no matter what the carrier of the
magnetization is. Moreover, the locality mean directions from the Mecsek
Mountains plot in a different part of the sphere than directions from the Balaton
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Highlands. This latter observation supports the earlier conslusion of MARTON
and MARTON [1978, 1980] that the Transdanubian Central Range and the
Mecsek Mountains have undergone different rotations.

The foregoing conclusions are not influenced by the actual age of the
magnetization, which we cannot demonstrate to be older than the tectonic phase
responsible for the local tilts.

Unfolding, i.e. correction for local tilts, is one of the most powerful tests
for establishing an early age for remanent magnetization. When the scatter in
directions significantly increases on unfolding, the characteristic remanence
postdates tilting of the strata. In contrast, if the scatter decreases significantly,
the remanence is older than the folding. When a magnetization is sufficiently
stable to survive a tectonic episode, there is a reasonable chance that the
magnetization was acquired early, either during or shortly after accumulation
of the strata.

The fold test was not conclusive for the sampled localities because neither
a significant decrease nor an increase in scatter was observed on application of
tilt corrections. One reason is that the differences in the local positions are small
with respect to the uncertainty of the individual mean directions (as expressed
in the value of a5, see Table I). Alternatively, some of the localities may exhibit
pre-folding remanences, whereas others may exhibit postfolding remanences.

Although a better control on the actual ages of the statistically well defined
magnetizations is desirable, results from the present study are not inferior to
results obtained from rocks of similar age elsewhere in the Mediterranean area.

Rotations of areas relative to their present positions, and with respect to
other tectonic units, are best shown by declinations. The mean declination for
the Balaton Highlands points to the western-southwestern connection of the
Transdanubian Central Range, whereas the mean declination of the Mecsek
Mountains points to an eastern-southeastern connection (Fig. 7), similar to
declinations for other than Permian rocks [MARTON 1984, 1985].

The actual age of the magnetization is not critical for the analysis of
rotations because the declinations, corrected and uncorrected for tilt, are very
similar. However, inclinations are more of a problem. The tilt-corrected inclina-
tions fit the overall picture (Fig. 7), i.e., they are low and indicate that, as in
other parts of the Mediterranean, the units sampled in Hungary accumulated
at a near-equatorial latitude.

However, the inclinations obtained for the Balaton Highlands disagree
with inclinations obtained from somewhat younger Hungarian strata to an
extent that it appears to contradict their supposedly close geologic ages (late
Permian and early Triassic). Moreover, even the highest corrected inclination
(KP1, Table 1) is much lower than the inclinations obtained from Triassic
marine strata (+38°, +41°, +35°, +35°, +33°, oldest Scythian, youngest
Carnian) [MARTON—-MARTON 1983]. In order to solve this problem, studies need
to be continued in two directions. On the one hand, additional work is needed
on red beds that display significantly different tilts. On the other hand, the
possibility of the existence of an inclination error in the red beds will have to
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be investigated (and eliminated?) and the reason(s) for the existence of markedly

different inclinations between the red beds and the somewhat younger gray
marls elucidated and resolved.

oy,
A A — 1- AFRICAN-ARABIAN FORELAND
4 ‘_.“/AI' y, = m ETHYAN CONTI
- SOUTHERN TETHYAN -
PR 12 po) 24 —\ 2m NENTAL MARGIN COMPLEX
— ‘gy 44 P A%:Q ONIAN = (External patforms end
2 == S
,/: N C— 4\‘ e = 3@ AUSTROALPINE DOMAIN
g N 177 = =
! - OCEANIC REMNANTS
i Illl,tl‘.'l‘" SIN 4 [Ophiolites] INCLUDING

= CONTINENTAL ELEMENTS

16§15 = —— 5@ PIENINY KLIPPEN BELT

- NORTHERN TETHYAN
6| CONTINENTAL MARGIN
COMPLEX

‘.‘tllll|g:§|l|“|
J
6 7

- PO BASIN
7

\}

— ’
= / 1“.,..3“‘.
. W [
S NN

S

% %,

Fig. 7. Declinations measured on Carboniferous, Permian, and Triassic rocks of the Central

Mediterranean.

References: 1. EDEL et al. 1981; 2. ZUDERVELD et al. 1970 a, WESTPHAL et al. 1976; 3. HORNER—Low-

RIE 1981; 4. VANDENBERG 1979; 5. VANDENBERG-WONDERS 1976; 6. HEINIGER 1979; 7. HEINIGER

1979; ZuUDERVELD et al. 1970/b, FORSTER et al. 1975; 8. ZUDERVELD et al. 1970/b; 9. MaNzoni 1970;

10. MAaNZzoNI 1970; 11. MANZONI 1970; 12. MARTON 1984; 13. Present paper; 14. MARTON-MARTON

1983; 15. MARTON 1984; 16. Present paper; 17. MARTON, unpublished; 18-23. Krs et al. 1982;

24. MARTON, unpublished; 25-27. NozHAROV et al. 1980

7. dbra. A k6zéps6 Mediterran teriiletrol karbon, perm és triasz kézeteken meghatarozott deklinaci-
ok iranyai
1 — Afrikai-Arabiai el6tér; 2 — a Tethis déli kontinentalis szegély iiledékei; 3 — Ausztro-alpi
teriilet; 4 — 6ceani maradvanyok (ofiolitok), kontinentalis elemekkel; 5 — Pieniny szirtdv;
6 — a Tethis északi kontinentalis szegély iiledékei

Pyc. 7. HanpaByieHUs CKJIOHEHHS], OTPE/ieIeHHbIE HA TIOpoAax kapboHa, mepMa u TpHaca co
cpenHeii yactu 6acceitHa Cpean3eMHOro MOps
1 — Adpo-Apabekuit popran; 2 — ocaaku KOXHO-KOHTHHEHTaIbHOro 6opta Teruca; 3 —
ABCTpo-anbnuiickas TeppUTOPHUS; 4 — OKEAHUYECKHE OCTATKH (O(PUOIUTHI)
C KOHTHHEHTAJIbHBIMH JIEMEHTAMH; 5 — 30Ha [TbeHMHCKHMX yTecoB; 6 — ocaaku
CeBEpO-KOHTHHEHTaIbHOro 6opra Teruca
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MAGYARORSZAGI PERMO-TRIASZ VOROS ULEDEKEK PALEOMAGNESES
VIZSGALATA

MARTONNE SZALAY Em6 és Donald P. ELSTON

Iranyitott mintdkat gyujtottink ot permo-tridsz vordos homokké feltarasbol a Balaton-
felvidéken, egy feltarasbol a Biikk hegységbdl és két feltarasbol a Mecsek hegységbdl. Célunk az
volt, hogy paleomagneses iranyokat és polusokat hatarozzunk meg, amelyek alkalmasak a kiilonbo-
z6 tektonikai egységek lehetséges rotacidinak kiértékelésére.

Statisztikusan jol definialt irinyokat sikeriilt meghatarozni a Balaton-felvidék négy, a Mecsek
hegység két feltarasabol szarmazo kozetein tobb lépésben végzett termikus tisztitds és a mért és
eltavolitott remanencia elemzésének eredményeként.

Az irdnyok szignifikinsan eltérnek a mai tér irdnyatol és ez a remanencia idds korat bizonyit-
ja. Ennek ellenére a magnesezettség hordoz6i komplexek és egyarant lehetnek gyiirédés eldttiek és
utaniak is. Mégis, a helyi d6léssel korrigalt iranyok, amelyek a korabbi paleomagneses eredmények-
kel dsszhangban vannak, azt mutatjak, hogy a Balaton-felvidék kb. 50°-ot fordult el a Mecsek
hegységhez képest (Mecsek hegység: deklinacio: 177,4°, inklinacio: — 5,0°, forditott polaritas; Bala-
ton-felvidék: deklinacio: 307,2°, inklinacio: 11,0°, normal polaritas).

A meghatarozott irdnyokat sszehasonlitjuk a Mediterran teriletrél ismert hasonlo koru
paleomagneses eredményekkel.

MMAJIEOMATHUTHOE UCCJIEJOBAHHME MMEPMO-TPUACOBBIX KPACHOLIBETHBIX
OTJIOXKEHUM B BEHI'PUA

OMé MAPTOH u Houana IT. 9JICTOH

OpuelTupoBaHHble 00pa3ibl 66l COOPaHbl U3 MATH OOHAXEHHH NEPMO-TPUACOBBIX Kpac-
HOIBETHBIX necyaHukoB B [IpubanaToHcKux ropax, U3 oHOro ob6HaxeHus B ropax BIOKK H IBYX
obHaxeHHit B ropax Meuek. Haiua 1iesib 3akiiro4anach B ONpeIe/ieHHH aJIEOMATHUTHBIX HAaNpasJie-
HHI 1 TIOJIIOCOB, KOTOPBIE MO3BOJISAIOT OLIEHHTh BO3MOXHBIE BPAIIIEHHS PA3JIMYHBIX TEKTOHHYECKHX
€IMHMIL.

Vanocek onpeaenuTbh CTaTUCTHYECKH HaIEXHbIE HATIPABJICHUS HA OPOAAX, E3AThIX U3 YEThI-
pex obHaxenuii [IpubanaToHckux rop u AByx obHaxeHu MeuekCKux rop, B pe3ybTaTe CTyIeH-
4aTOM TEPMHMYECKOH YHCTKH M aHAIN3a 3aMEPEHHON U yJaJICHHON NPH YHCTKE OCTATOYHOH Hamar-
HHYEHHOCTH.

Hanpassienus XxapakTepHO OTKJIOHSAIOTCS OT HalPaBJICHAS HACTOSLLETO TIOJISA, YTO MOATBEPXK-
JIaeT ABEPHOCTb OCTATOYHOM HaMarHW4eHHOCTH. HecMOTps Ha 3TO, HOCHTENIM HAMAarHUYEHHOCTH
SIBJISFOTCS. CJIOXKHBIMH M MOTYT NPOMUCXOJUTHh M3 JOCKJAAYaTOW HIJIM TOCJIECKIaA4aTON 3IMOXH.
Bce-Taku, HanpaBJeHHs, IONPABJICHHbIE 32 MECTHBIE HAKJIOHBI, KOTOPBIE COTJIACYIOTCS C IPEXHUMH
NaJIEOMarHUTHBIMH pe3yJIbTaTaMH, MOKa3bIBAalOT, YTO paifoH [TpubGanaTOHCKHX rop COBEpIIHI
noBOpoT Ha oK. 50° mo cpaBHeHMIO ¢ Meuekckumu ropamu (ropel Meuek: ckioHeHue: 177,4°,
HakjIoHeHHe: — 5,0°, o6paTHas nmoaspHocTs; [IpubanaToHckue ropel: ckioHenue: 307,2°, HakJIOHe-
nue: 11,0°, HopManbHas NOJAPHOCTB).

Onpenenennbie HANPaBJIEHUs ObLIH CONOCTABJIEHBI C ITAJIEOMATHUTHBIMH Pa3yJIbTaTaMBbI JUIs
nopoJ NoAo6HOro Bo3pacra, KOTOpbie U3BECTHBI B Gacceiine Cpean3eMHOr0 MOps.
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SEISMIC MODELING IN A COMPLEX TECTONIC ENVIRONMENT

John J. MILLER*, Myung W. LEE*, Eva KILENYI**,
Ilona PETROVICS**, Laszl6 BRAUN** and Gabor KORVIN**

The only known cokable hard coal occurrence of Hungary is found in the Mecsek Mountains
of southern Hungary. ELGI has been trying since 1955 to apply the seismic technique to hard coal
prospecting and in 1977 began to use the seismic reflection method.

The complex tectonic style of the area, seismic horizons of short lateral extent cut by near
vertical normal faults and some thrust faults, have caused the processing and interpretation of the
recorded data to be extremely difficult.

A cooperative effort involving ELGI and USGS scientists began in 1982 involving the use of
two-dimensional modeling to create synthetic seismic sections from interpretation of the recorded
data integrated with geologic information from boreholes.

The first model showed the initial interpretation to be erroneous and resulted in the reprocess-
ing and re-interpretation of the seismic line. The second model was calculated using ray-trace and
wave-equation methods and confirmed some parts of the new interpretation.

This study shows the value in using modeling in an iterative manner to aid the processor and
interpreter. In addition, the limitations of both modeling and the CDP method of exploration are
pointed out.

Keywords: seismic modeling, coal exploration, reflection seismics, complex tectonism, Mecsek Mts

1. Introduction

The single known cokable hard-coal occurrence in Hungary is found in the
Mecsek Mountains, in southern Hungary. The Jurassic (Lias) hard coal has
been intensively and continuously mined since the middle of the last century in
the Pécs—Komlo territory and, as shown by increasing demands, is still of
economic significance. A new region, considered to be prospective, is the east-
ward continuation of the present-day mining area. The first exploratory bore-
holes were drilled in 1976, and the available data suggest that the coal deposits
are comparable in economic significance to those of the Pécs—Komlo district.
In the Mecsek Mountains, the E6tvos Lorand Geophysical Institute (ELGI) has
applied seismic techniques to hard coal prospecting since 1955. It was found that
refraction surveys could successfully be used to map the relief and depth of the
Middle Triassic carbonate structures, additionally, these techniques provided
information about the thickness of the Miocene formation. Nonetheless, all of
the information gained from the refraction surveys proved insufficient to resolve

* U. S. Geological Survey, Denver Federal Center, P. O. Box 25045, Denver, Colorado 80225
** Eotvos Lorand Geophysical Institute of Hungary, POB 35, Budapest, H-1440
Manuscript received: 5 March, 1985
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the tectonic pattern even in an approximate fashion. Therefore, during the
gradual development of seismic reflection methodology, ELGI has repeatedly
needed to return to the study-site armed with novel geophysical techniques.

Among the techniques tested, dynamite surveys, first applied in 1977,
proved that reflection seismics may be the proper method. But they also revealed
serious obstacles to reflection surveying, caused by rough and covered top-
ography, absence of roads, and difficult drilling conditions. Therefore VIBRO-
SEIS® measurements, carried out since 1980, were specially designed for the
topography and the roads by making the track of the vibrators curvilinear and
deviating from the line of geophones

The main exploration problem is the complex tectonic environment: the
seismic horizons are dissected by normal and thrust faulting into blocks of short
horizontal extension. This has required, first of all, increasing the lateral resolu-
tion of the seismic method.

2. Geological background

The location of the experimental profile is shown in Figure I with the
surface geology indicated. Surface geology and drilling data provided the fol-
lowing stratigraphic information: the deepest formation encountered in the
South Maza area is dolomite of the Anisian-Ladinian stage of 'the Middle
Triassic, (7%"), known from borehole V-21. This is overlain by a limy marl
deposit of the Ladinian stage (T%), followed by alternating fluvial, deltaic,
lacustrine and lagoonal layers of Carnian ( 7%), Norian ( 7%) and Rhaetian (7T%)
ages. The last member of the Triassic is a 500-600 m thick sandstone layer of
varying grain size and induration which is overlain by the Early Jurassic (Lower
Lias) coal-bearing formation (of the Hettangian J%'). The coal-bearing forma-
tion consists of two rhythmic sedimentary cycles. The lower one reveals fluvial,
tidal, marshland, deltaic and even littoral sedimentation cycles; in the upper one,
littoral and mud-flat sedimentary cycles repeat one another. The Triassic—
Jurassic boundary can only be drawn by means of pollen assemblages. The
estimated thickness of the coal-bearing formation is 350450 m. It is made up
of coal seams of varying thickness and quality, of shales, aleurolite, sandstone
layers and tuffite. Within the coal measures, one frequently encounters Late
Cretaceous diabase instrusions which decrease coal quality.

The overlying sandstone group (of lower Sinemurian substage, J3') was
deposited without unconformity. It consists of limy sandstones, aleurolites,
marls, and shaly marls; its average thickness is 250 m. The marl group of the
cover, belonging to the upper Sinemurian substage (J$?), was also created by
continuous sedimentation, it mainly consists of marl, subordinately of clayey
marl. Its thickness is 150-200 m. It is followed by a group of spotty marl layers

® The use of trade names does not constitute an endorsement by the E6tvos Lorand Geophysical
Institute or by the U. S. Geological Survey.
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O Nagymdnyok

Fig. 1. Geologic map of the study area with locations of the seismic profile and boreholes
1 — borehole; 2 — seismic profile; 3 — fault; 4 — overthrust; 5 — axis of anticline; 6 — axis of
syncline; 7 — boundary of geological formations; 8 — brook; 9 — road

1. dbra. A kutatasi teriilet foldtani térképe és a kisérleti szeizmikus vonal helyszinrajza
1 — mélyfuras; 2 — szeizmikus vonal; 3 — vetd; 4 — feltolddas; 5 — antiklinalis tengelye;
6 — szinklinalis tengelye; 7 — képzédményhatar; 9 — ut

Puc. 1. T'eonoruyeckas KapTa paiioHa pa3BeJKH U IUIAH JKCHEPUMEHTAJIbHOH ceHCMHUYECKOM
JIMHUU
1 — raybokas ckBaxkuHa, 2 — ceiicMuueckas a1uHus, 3 — cObpoc, 4 — HagBur, 5 — OCb
AHTUKJIMHAJH, 6 — OCb CHHKJIMHANHW; 7 — pa3aen ¢popmauuu; 8 — pyueit; 9 — mopora
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(JP) of a thickness of about 300 m, consisting of marl and limy marl. These
sediments (J{' —J}’) can be comprehensively termed as a marl formation of
sublittoral-neritic facies. On the study site there is no information about the
thickness of Middle Lias (/%) sedimentary series or its relation to the overlying
unit, in other places the thickness can reach 1000 m. Their material is clayey
marl, marl, limy marl, sandy marl, and limy sandstone. Upper Lias and Dogger
age layers (J, —J,) were only found in two boreholes. Their estimated thickness
is 40 m. The Bajocian (J%') is represented by marl and limy marl, its thickness
is 70 m. The steeply dipping Malm formations (J;) consist mainly of different
kinds of marls; their penetrated thickness is 120 m.

Younger Mesozoic age is represented by the Lower Cretaceous diabase
intrusions found in all boreholes, as well as the 150-m thick formation found
in the V-11 hole, consisting of volcanic sedimentary breccia and volcanogenic
sandstone successions.

The eroded Mesozoic surface is covered by Miocene ( M) lacustrine rocks,
followed by fluvial and volcanic rocks. The youngest Pleistocene—Holocene
formations (P-H) of the site are the loess, the clayey loess, erosional detritus,
and Holocene soil uncomformably overlying the Miocene layers or the Meso-
zoic rocks.

It is far from easy to sum up briefly the tectonic framework of this area.
partly because of the intricate tectonic pattern, and partly because of the
differing opinions expressed in the literature. In general though:

(a) The folding mechanism of the easily traceable Austrian orogenic phase
(mid-Cretaceous epoch) created the folds with NE-SW oriented axes, having
broken flanks and transverse faults.

(b) The folded structural elements are joined by SE-dipping overthrusts of
NE-SW strike. The displacement along these planes of motion is NW-directed.

(c) In the epoch following folding, with the decreasing compression, SE-
ward dipping faults of 300400 m throw occurred in the Northern Nappe Belt,
and parallel with it to the SE. The Northern Nappe Belt (A) and its southeastern
edge, the Northern Overthrust Line (BB’), delimit the study area from the north.

(d) Subsequent to (or possibly simultaneously with) the formation of the
longitudinal faults, transverse (WNW-ESE directed), SSW-ward dipping faults
appeared.

(¢) The ENE-WSW and the NE-SW-directed faults are of Tertiary age.
The southward dipping large fault of 800-1200 m amplitude, parallel with the
Obénya Valley, represents the southern boundary of the site.

(f) The structural forms of the Mesozoic formations have affected the
denudation following elevation, the beginning of Neogene sedimentation, and
the initial phase of the development of the new structures as well. Consequently,
folded structures of ENE-WSW strikes are rather frequent.

(g) Within the Neogene basin, longitudinal and transverse faults can be
traced—some of them indicating the reactivation of earlier faults—with ap-
proximate displacements of 30-100 m. How far to the east the area extends, has
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not been clarified to date. In some parts of the area, the hard coal group had
been denuded as far down as the uplifted Triassic formations.

3. The model

A common technique used in the interpretation of complex structures is to
make a geologic model from interpretation of available borehole and seismic
data, calculate the two-dimensional (2-D) seismic response of this model, and
compare the results to the original seismic data. A good match between the
model response and the original data gives confidence in the geologic interpreta-
tion. A poor match necessitates reinterpretation of the available data. A theor-
etical discussion of seismic modeling is given in the AIMS® (Advanced Inter-
pretive Modeling System) Users Reference Manual, published by Geoquest
International, Inc. [1983], together with an extensive bibliography. A case
history on the use of ray-trace modeling for avrefined delineation of a complex
salt dome structure is given in MAY and Covey [1983]. The first attempt to use
AIMS modeling package, to calculate two-dimensional seismic models from
borehole data in the area of interest, was made in May 1982. Unfortunately,
the seismic data for the area were not processed adequately for this purpose at
that time.

A renewed attempt was made in November 1982, based on a copy of the
seismic section processed with the routine package (Fig. 2), a geologic model
interpreted from the borehole data along the line, and a preliminary interpreta-
tion of the seismic line defined in terms of two-way seismic travel time. These
data were used in model calculations in 1983.

The results generated by the first model proved that the original standard
processing of the line (performed using the SDS-3 program package [TIMAR
1984] on the RYAD-35 computer) had not yet achieved the definition of an
acceptable model, as shown by the poor match beetwen the input model and
the synthetic results. In the next, refined processing cycle, a more definitive,
high-resolution, noise-free time section was sought, by means of true amplitude
preservation, proper deconvolution, and thorough editing of the field records
(records with too large lateral offsets were left out). The correlation of seismic
horizons was further enhanced by automatic static corrections and coherency
filtering.

The following were the main deviations from the standard scheme of
processing:

(a) use of floating point results after demultiplexing (previously: fixed
point),

(b) true amplitude recovery (instead of the previously applied digital Auto-
matic Gain Control), and

(c) a special Vibroseis deconvolution (VIBRODECON) on the original
field seismograms (previously: spike deconvolution) followed by a post-stack
zero-phase deconvolution. The resulting time section is shown in Figure 3.
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Wave equation migration was applied next (Fig. 4). The main difficulty
in processing was proper determination of the velocity functions to be used for
migration. As indicated by the low signal-to-noise ratio, steeply dipping fault
planes, and the short lateral extent of the layers seen in Figure 4, made delinea-
tion of clearly identifiable reflectors, necessary for a proper velocity analysis,
difficult to achieve. The velocities used in the second modeling effort were
approximated in successive steps: the velocity functions applied for the com-
putation of the rough stack were checked again by means of a velocity scan after
automatic static corrections, and the derived velocities were used to obtain the
final time section. These velocity functions were plotted, corrected according to
the available well-log and geologic data, and the variation of the velocities along
the profile was constructed. The v(x, ¢) function formed the basis of the depth
transformation after migration. During the geologic interpretation, the veloci-
ties of the given layers were determined on the basis of a joint interpretation of
the computed interval velocities and the acoustic logs; care was taken that only
negligible deviations would occur between the velocities accepted in the model
and the RMS velocities obtained from seismic velocity determinations.

For the better enhancement of the tectonic planes, pie-slice filtering was
applied (7 channels, 2040 Hz frequency bandwidth, 1000 m/s boundary veloc-
ity). The pie-slice filtered time section is shown in Figure 5. The depth section
before and after pie-slice filtering is shown in Figures 6 and 7, respectively.
Although the section clearly reveals the position of the NW-ward rising tectonic
planes, the seismic events of opposite dip are almost completely suppressed. In
the definition of the final model, both versions of the depth section (with and
without pie-slice filtering) have been utilized.

The model is shown in Figure 8. The eroded Miocene surface was not too
difficult to identify, as the reflection-free zone shows good agreement with the
subsurface position of the Miocene formation known from boreholes. The fault
structure was determined mainly on the basis of the layered nature of the upper
part of the coal formation. The layered structure is an alteration of sandstone
(subordinately: marl) and the coal seams. Acoustic velocities in sandstone
increase with depth to a maximum value of 4500 m/s. On the other hand,
velocities through coal layers barely change. In places where a trachydolerite
intrusion has penetrated the coal, contact metamorphism induced a coking
effect. At such sites velocities in the coal seam decrease (to 2000-2400 m/s), while
the trachydolerite itself shows high velocities (5000-5800 m/s). Studies on core
samples and acoustic logs prove the presence of both faults and overthrusts
where the acoustic velocity abruptly drops (to 2000-2200 m/s). The overthrust
planes crossing the coal-bearing formation seem to screen the deeper lying
layers, as indicated by the deterioration of reflection quality; for example, note
that the Triassic erosional surface interpreted at 200 m depth on the left side
of Figure 7 and hit at about 800 m depth in the V-24 borehole is practically
untraceable on the seismic data SE-ward from the overthrust plane subcropping
at 2000 m horizontally.

The seismic character of the left side of Figure 7 is completely dissimilar
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Fig. 5. Migrated time section with pie-slice filtering
5. abra. Migralt idészelvény sebességsziiréssel
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Fig. 6. Migrated depth section
Early Paleozoic: dark blue; Triassic: purple; Jurassic: Hettangian coal-bearing formation — brown, Sinemurian — green, Pliensbachian —
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6. abra. Migralt melysegs7elveny
Opaleozoikum: sotétkék; tridsz: lila; jura: hettangi széntelepes Osszlet — barna, szinemuri — z0ld, pliensbachi — vilagoskék; miocén:
narancssarga

Puc. 6. MurpupoBaHHbI# rTyOMHHBIA pa3pe3
JIpeBHHI MAIE030ii: TEeMHO-CHHHMI 1IBET, TPHAC: JIWJIOBbIH, FOpa: YIJICHOCHAS TOJIIA reTTaHra — KOPHMYHEBbIH, CHHEMYPCKHI — 3€JIEHBIH,
TUIMHCOAXCKUI — CBETJIOCHHHHIA; MHOLICH: OPAHXEBBIH
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Fig. 7. Migrated depth section with pie-slice filtering
Early Paleozoic: dark blue; Triassic: purple; Jurassic: Hettangian coal-bearing formation — brown, Sinemurian — green, Pliensbachian —
light blue; Miocene: orange

7. abra. Migralt mélységszelvény sebessegszuressel
Opaleozoikum: sotétkék; triasz: lila; jura: hettangi széntelepes Osszlet — barna, szinemuri — z06ld, pliensbachi — vilagoskék; miocén:
narancssarga

Puc. 7. MUrpupoBaHHbIH TJ1yOMHHBIH pa3pe3 ¢ CKOPOCTHOM (HIIbTpalHeii
JpeBHu# naneo3on: TEMHO-CUHMI LIBET, TPHAC: JIMJIOBbIN, I0pPA: YIJICHOCHAS TOJIA T€TTAHIa — KOPUYHEBbIH, CHHEMYPCKHil — 3€JICHBIi,
TUIMHCOAXCKUI — CBETJIOCHHMI; MUOLIEH: OPAHXKEBBIN
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8. dbra. A foldtani modell a firasi adatokkal és a szeizmikus- és akusztikus szelvénybdl megallapitott terjedési sebességértékekkel (m/s)
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to the pattern after the appearance of the coal-bearing formation. Here, the
presence of Middle and Lower Triassic strata can be assumed, the unconform-
ably appearing deepest reflector of great interval velocity very likely corres-
ponds to the surface of the early Paleozoic. If the modeling results show a fair
agreement with the original seismic section, i.e. confirm the validity of the
interpretation, all reflection profiles measured on the area will be reprocessed
as this experimental one.

4. Calculation of the seismic response of the model

In the AIMS modeling package the interfaces between each layer must first
be digitized in terms of horizontal distance and depth, and the physical proper-
ties of the rocks (i.e. rock velocity and density) must be defined for each layer.
Figure 9 shows a computer plot of the digitized model referenced to depth. Each
layer boundary is defined to be a horizon and numbered. Next, normal-
incidence ray tracing is performed. A ray perpendicular to each horizon is traced
upward, refracting through horizons above until it emerges at a surface point.
Those rays which emerge at a user-specified surface interval (analogous to a
Common Depth Point interval) are saved and their two-way travel times and
amplitude characteristics are calculated. Diffracted rays were not included in the
model at this point.

Figure 10 shows all the rays emerging on the surface at 100-meter intervals.
The raypath-sort phase of the modeling package will collect all the rays emerg-
ing at a common surface point. In order to demonstrate this as well as the effect
of complex geology on the seismic response, Figure 11 shows those rays emerg-
ing at surface position 3100. The seismic trace recorded at this position will be

omposed of reflected energy from layers 6, 7, 8, 14, 18, 19, 20, 21, 22, 37, and
9. Their horizontal positions at depth range from approximately 2700 to 3200
1eters. Hence the time image is horizontally distorted.

Figure 12 is a plot of travel times of the rays from Figure 10 beneath their
urface emergence point. Chevrons are plotted at the positions of the rays and
1dicate either negative (<) or positive (> ) polarity of the reflection coefficients.
Jote that horizon 27 in time is mapped under position 2600 to 3000 meters,
/hereas its true lateral extent is from 2450 to 2800 meters (see bold lines on Figs.
0 and 12). The greater the dip of a reflecting interface, the greater will be its
patial distortion.

The spike-generation phase creates traces composed of spikes having the
ppropriate amplitude positioned at the two-way travel time of each ray. The
mplitude is the reflection coefficient of the originating interface modified by
ransmission and spreading losses through the medium. These spike traces are
hen convolved with a user-defined wavelet (such as a Ricker, Klauder, or
randpass wavelet), the result being the two-dimensional seismic response of the
nodel. In order to simulate the appearance of real seismic data, random noise
an be added to the model (see Figure 15) at any time after spike trace gener-
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1008

15208

Fig. 11. Rays emerging at surface position 3100
11. dbra. A 3100 felszini ponthoz érkezé sugarak

Puc. 11. JIyun, npuxopasiuue k Touke 3100 Ha JHEBHO#H NMOBEPXHOCTH

ation, as well as gain function application or any other processing technique
desirable. ;

Figure 13 is the seismic response of a 20 Hz Ricker wavelet convolved with
spike traces at a 10-meter surface interval. The effects of transmission losses and
spherical spreading on the reflection amplitude have been ignored; thus Figure
13 is the true amplitude response and can be considered to approximate an
unmigrated, stacked section without diffractions. .



Fig. 12. Travel times of rays from Fig. 10

12. dbra. A 10. abra sugaraihoz tartozo terjedési idok

Puc. 12. BpemeHna pacnpocTpaHeHHs, OTHOCSLIMECS K Jy4aM Ha puc. 10
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5. Discussion and interpretation

Comparing Figure 13 to Figure 5 (the migrated time section with pie-slice
filter) and to Figure 3 (the time section after refined processing) reveals areas
of similarity and dissimilarity. In the horizontal range of 800 to 2,000 meters,
the modeled response and the real data generally match. This is the area of the
simplest geological conditions along the line. The layered, dipping, and faulted
events between 2,100 m and 3,300 m horizontally, and 200 to 700 msec also
show a good match. However, there are dissimilarities which cause some ques-
tion as to the validity of the model.

One problem concerns the shallowest horizon, which outcrops at the
surface position 3,100 and represents the erosional surface truncating the faul-
ted, dipping coal beds. This shows a distinct reflection in the model but does
not appear in the real data. Similarly, the fault plane interpreted as horizon
No. 37 appears as a dipping reflector on the model but not on the data. Finally,
horizon No. 39 was interpreted from borehole data to be a discontinuity in
velocity and input to the model as such. It also appears as a dipping reflector
on the model but cannot be found on the real data.

The discontinuous and segmented appearance of the reflection events
shown in Figure 13 might be caused by the discontinuous normal gradient of
the subsurface model, such as the fault boundaries. In this case, the normal-
incident ray theory would not provide adequate seismic response because the
reflection comes from an area, not simply from a single point source as assumed
in ray-tracing. In an attempt to resolve some of these problems, we decided to
calculate the wave-equation solution to the seismic response. The main dif-
ference between the wave-equation and ray-trace solution is that all diffracted
energy is included in the wave-equation solution. The wave-equation solution
to the model is shown in Fig. /4. The erosional surface mentioned earlier as well
as the fault plane defined as horizon No 37 are both still present. However, the
match between this solution and the original data is now much better, par-
ticularly in the area of the segmented reflecting events between 2,000 m and
3,500 m horizontally and 200 and 500 msec. Also, the strong reflector between
3,500 and 4,000 m horizontally, and 600 to 800 msec has lost its segmented
appearance. This improvement is evident in other areas of the model also.
Figure 15 is the wave-equation response with random noise added in an attempt
to match more closely the appearance of the original data.

6. Conclusions

The fact that erosional surfaces and fault planes appear as reflections in the
model but do not appear in the original data is caused by a limitation in the
modeling. The model requires that each change in physical property (e.g.
velocity and density) be defined as a distinct layer boundary (called a horizon).
Velocity transition zones, like those which sometimes appear in a highly faulted
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Fig. 13. Ray-trace response using 20 Hz Ricker wavelet
13. abra. Sugaritvezetéssel, és 20 Hz-es Ricker wavelettel szamitott szintetikus szelvény

Puc. 13. CuHTETHYECKUI paspes, BBIYMCJIEHHBIH TIO METOAY MPOBE/ICHUS MO TPACKTOPHH K MCIIOJIb30BAHUEM MMITyJIbCa Pm(lcepa 4acCToT
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Fig. 14. Wave-equation response using 20 Hz Ricker wavelet
14. dbra. Hullamegyenlettel, és 20 Hz-es Ricker wavelettel szamitott szintetikus szelvény
Puc. 14. CHHTeTHYECKHii pa3pe3, BHIYMCIICHHDIH IO BOJHOBOMY YPAaBHEHHMIO C HCTIOJIb30BAHMEM MMIlyJIbca PHKKepa 4acTOTOM 20 I'n
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Fig. 15. Wave-equation response using 20 Hz Ricker wavelet with noise added
15. dbra. Hullamegyenlettel, 20 Hz-es Ricker wavelettel és zaj hozzaadasaval szamitott szintetikus szelvény

Puc. 15. CuHTeTH4ECKUH pa3pe3, BHIYUCIIEHHBIN 10 BOJHOBOMY YPaBHEHHIO C HCIIOJIb30BaHHEM MMMysibca Pukkepa wactoToit 20 I'm
u nobaBiieHHEM IIyMa
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area, are extremely difficult to simulate in a model. Erosional surfaces, although
having a distinct velocity discontinuity, are usually rough, highly irregular
surfaces which occasionally give rise to no-reflection zones, because of their
energy scattering properties. This type of surface is also difficult to model.

The model and geological knowledge showed excellent correlation in the
coal-bearing area which has normal faults, as well as in the area to the northwest
in which the rock units are not as deformed. The wave-equation solution shows
that much of the energy dipping from right.to left on the processed time section
(Fig. 3) are diffractions. This confirms the validity of the migrated time section
(Fig. 4) and gives credibility to the decision to use pie-slice filtering to aid in
structural interpretation. Therefore, we conclude that the model is a reasonable
geologic interpetation of the seismic cross section.

The geology of the study area is extremely complex, whereby a combina-
tion of reverse and normal faults truncate continuous layers. To be successful,
the CDP method needs strata of reasonably continuous lateral extent and any
fault intersecting the layer can violate this requirement. Figure 16 shows the
result of ray tracing a CDP gather (i.e. an assamblage of traces belonging to the
same Common Depth Point) centered at surface position 2,700. To give it more
clarity, only rays of horizons 16, 24, 27, 30 and 39 were traced. The complexity
of this CDP gather is immediately obvious. Although the strata dip but slightly,
the refraction of the rays through the fault planes cause a large scattering in the
reflection points. This could give rise to errors in stacking velocity analysis, and
can be compounded when migrating the data and converting to depth. Figure 17
shows the synthetic CDP gather calculated from the raypaths shown in Fig-
ure 16. The travel times for horizon 39 are nearly equal for all source-receiver
offsets and would, therefore, need an unreasonably high velocity in order to
properly stack this reflection. This could be another reason why this fault plane
does not appear on the real data. We see from this example that we are
approaching the limits of the conventional CDP method. We therefore suggest
that if further seismic reflection work is to be done in this area, great care be
taken in the selection of recording and processing parameters.

F
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Fig. 16. Rays traced from CDP gather centered around surface position 2700, from layers 16,
24, 27, 30 and 39

16. dbra. A 2700 szelvénykard kornyékéhez tartozé sugarak a 16, 24, 27, 30 és 39 sz. rétegrél

Puc. 16. Jlyuu, oTHOCSIMECS K OKpYXHOCTH nuketa Ne 2700 ¢ mnacros 16, 24, 27, 30 u 39
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Fig. 17. Synthetic CDP gather from rays shown in Figure 16. Left: Spikes at the appropriate
travel times. Right: Spikes convolved with 20-80 Hz bandpass wavelet

17. dbra. A 16. abra sugarainak megfeleld szintetikus csatornagyijtés. Baloldalt csticsok,
jobboldalt a csucsok 20-80 Hz savsziirés utan

Puc. 17. C6Op CHHTETHYECKHX KAaHAJIOB, COOTBETCTBYIOLIMX Jiy4yaM Ha puc. 16. Haneso — nuku,
HaInpaBo — MMKH MOCJIe N0J10CoBOH ¢unbTpauun 20-80 'y
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APPENDIX

For the experimental seismic profile the field geometry was chosen as
follows: an unusually short geophone-base distance (12.5 m instead of 25 m) and
the minimal possible offset of 112.5 m that can be used in the presence of the
vibrator-generated noise on the rocky ground (the exploration depth range was
1,500 m). The vertical resolving power was increased by the wide band of the
input sweep (20-80 Hz). Although the coverage had originally been planned as
twelve-fold, this could not be uniformly achieved along the whole profile be-
cause of the rough terrain. The low-velocity-layer also shows rapid changes: its
average velocity is 600—1,000 m/s, its thickness is varying between 7-65 m. The
layer below the low-velocity-layer is still variable, with a boundary velocity of
1,000-2,400 m/s. As referred to the 170 m datum plane (a.s.l.) static corrections
range between 8-70 ms.

Steps of the refined processing of the VA-4/7 line:

1. Demultiplexing of the field material into 4-byte floating-point SDS-3 trace
sequential format.

2. True amplitude recovery (RAMP) and VIBRODECON on the primary
records with subsequent bandpass filtering (20-70 Hz) and normalization
(NORM) based on total record length.

3. Rough stack after EDIT and STAT and normal moveout (KIN) with a priori

velocity information.

. Automatic improvement of the static corrections.

. Velocity determinations after the automatic statics, by means of velocity

scanning. Improved stack using updated velocity functions.

6. Zero-phase deconvolution on the refined stacked section with subsequent

filtering (in 2040 Hz, 30-60 Hz and 20-60 Hz bands).

. Wave-equation migration, followed by the same filtering as in 6.

. Pie-slice filter applied to the migrated time section (7 channels, 2040 Hz

frequency band, 1,000 m/s velocity cut-off).

9. Depth transformation with the determined velocity functions.
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SZEIZMIKUS MODELLEZES BONYOLULT TEKTONIKAI VISZONYOK KOZOTT

John J. MILLER, Myung W. LEE, KILENYI Eva, PETROVICS Ilona, BRAUN Lészl6 és
KORVIN Gabor

A mecseki fekete kdszén kutatasat az ELGI 1955 ota szeizmikus refrakcios modszerrel, majd
1977 ota szeizmikus reflexios mddszerrel végzi. A teriilet bonyolult tektonikaja, a rovid tavon
kovethetd hatarfeliiletek, amelyeket kozel fliggbleges vetdk és feltolodasi sikok szabdalnak igen
megnehezitik a szeizmikus anyag feldolgozasat és értelmezését.

Az ELGI és a USGS egyiittmiikodése 1982-ben kezd6dott a kétdimenzios modellezés haszna-
latira a Mecsekben. Az elsd modell nem eredményezett megfeleld egyezést a valodi szelvénnyel,
ezért az anyagot Gjra feldolgoztuk és értelmeztiik. A masodik modellezés soran mind sugarut-vezeté-
ses, mind hullamegyenletes modellezést alkalmaztunk a feladat megoldasara. Ezattal mar lényege-
sen jobb egyezést kaptunk, de még mindig maradtak ellentmondasok.

A tanulmany bemutatja, hogyan lehet a modellezést hasznositani a feldolgozas és értelmezés
eldsegitésére, iterativ iton. Ugyanakkor ramutatunk a modellezés és a k6z6s mélységpontos szeiz-
mikus eljaras korlataira az adott foldtani viszonyok kozott.

CEACMUYECKOE MOJAEJWPOBAHUE IMTPU CJOXHBIX TEKTOHUYECKUX
YCJOBUAX

Hxon x. MUJIJIEP, Mrour B. JIU, 3sa KUJIEHU, Unona [IETPOBUY, Jlacno BPAYH
u N'abop KOPBUH

Pa3Be/ika MECTOPOXIEHUS YEPHOTO Yrjs B ropax Meuek npoBoautcst uactutyToM DJITN ¢
1955 r. ¢ noMol1IbIO CEHCMHYECKOTO METO/1a MPEJIOMIIEHHBIX BOJIH, a ¢ 1977 r. — MeToa OTpaxeH-
HbIX BOJIH. CJI0KHOE TEKTOHHYECKOE CTPOCHHE PaliOHA, KOPOTKHE PACCTOSIHUS MPOCIIEKHBAHUS
pas3fesoB, MEpeceKaeMbIX MOYTH BEPTUKAJIbHBIMHM COpOCaMU M HaJABMIaMH, BECbMA 3aTPYAHSIOT
00paboTKy U HHTEPNPETALHUIO MAaTEPUATIOB CEHCMOPA3BEAKH.

Cotpyauuuectso Mexay DI JIN u [eonornyeckoit cinyx6oit CIIA navanock B 1982 r. no
MPUMEHEHHUIO IByXMEPHOTO MOJEIMpOBaHus B ropax Meuek. lepBas Mozaesb He najna COOTBETC-
TBYIOILIETO COBMA/EHHsS C MCTUHHBIM pa3pe3oM, I0ITOMY MaTepual Obl1 3aHOBO 0O6paboTaH u
MOJABEPrHyT HOBOM MHTeprpeTauuy. B mpouecce BTOPOro MoaeInpoBaHUs ObLIM HCHOJIb30BAHbBI
cnoco0 MpoBe/IeHUs 110 TPAEKTOPHH, & TAKXKeE CIIOCOO BOJIHOBOTO YPABHEHHS [T PEIICHUS 3a1a4H.
[Tpu 3TOM 6BLIO MOTYYEHO 3HAYUTEILHO JIYUIllee COBNAJEHHE, HO BCE-TAKU OCTAJIMCh HEKOTODbIC
MPOTHUBOPEYHUS.

B paboTe moka3aHo, KaK MOXHO HCNOJIb30BATh MOEIMPOBAHKE 115 IPOABIKEHUS 06paboT-
KU ¥ HHTEPIIPETALMHU ITyTEM NIOBTOPEHHUS. B TO e BpeMs 0TMe4eHbl OrpaHHUYEHUS MO/IEIAPOBAHHUS
u ceficMopaspefoyHoro meroga O.I.T. npu AaHHO# reosloruyeckoi 06CTaHOBKE.
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HIGH RESOLUTION INTERVAL VELOCITIES

Istvain KESMARKY*

The principal limit of the resolution of physical methods in the presence of random com-
ponents (i.e. noise) is well known in statistical theory. However, there has been an increasing
demand for a higher resolution of the physical parameters for exploration purposes. Therefore, an
important research aim is to achieve a reasonable compromise between the two controversial
requirements.

As demonstrated in this paper, the estimated interval velocities become very unrealiable and
highly correlated if resolution is increased. To find a compromise, the reliability of interval velocity
estimates must be increased to an acceptable level while ensuring that the estimates stay close to
physical reality. This process should result, more or less, in smoothing the original rough estimates.

This paper consists of three parts. In the first part, the statistical description of interval velocity
estimation errors is outlined. In the second part, the possibility of decreasing estimation errors is
discussed by taking into consideration the highly correlated nature of interval velocity estimates via
the computation of statistical residuals. In the third part a few synthetic examples of the application
of the method is shown.

Keywords: interval velocity, Dix-formula, statistical estimation

1. Statistical behaviour of the interval velocity estimates

First let us look at the statistical description of the estimated interval
velocity errors, the mean, the standard deviation, and covariance between
various layers. Suppose that seismic measurements are made above a half space
containing horizontal homogeneous layers. The spread parameters can be
chosen arbitrarily. As a result of standard velocity analyses, we may have a great
number of arrival time and stacking velocity pairs (¢,, v,) corresponding to
primary reflections spaced arbitrarily close to one another. All these hyperbolic
parameters are supposed to contain statistical errors.The independence of the
errors corresponding to each horizon is also assumed to be present. This is a
realistic approach after a successful automated static correction.

The standard deviation and covariance of reflection hyperbola parameters,
t, and v, can practically be deduced on the basis of the standard deviation, a,,
of the random time shifts after the automatic static correction (see APPENDIX A).
Thus, in the case of a known standard deviation, o,, the mean, standard
deviation and covariance of hyperbola parameters, ¢, and v, can directly be
estimated. These parameters can be regarded as secondary measurement data
of known statistical behaviour.

* Geophysical Exploration Company, POB 213, Budapest, H-1391, Hungary
Manuscript received: 9 April, 1985
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Now, the estimation of interval velocities by the well known Dix formula
can be discussed. The formula is expressed by the error terms of each quantity:

(V+AV) = V(Us.-+Avsi)z(t0i+At0.-)_(US.-—| +Avsi—l)2(16ifl +Atoi-l)
' ' (to, +Ato)— (to,_, + 4to,_,)

(D

where: V; is the interval velocity of the i-th layer
A4V, is the error term of V
v, and ¢, _is the stacking velocity and the zero offset arrival time of the
n-th reflection, respectively.

The mean, standard deviation and covariance of interval velocity error
term, AV,, can be expressed after expanding the expression into Taylor series,
retaining the linear terms and computing the expected values (see APPENDIX B).

In essence, it may be said that the interval velocity estimates are unbiased
but, may have very large standard deviations in the case of small layer thick-
nesses or high noise level. The considerably large negative correlation between
interval velocity estimates of the adjacent layers is of further complication.

For example a stacking velocity error of a certain reflection affects two (the
upper and lower) interval velocity estimates in the opposite sense.

For a quick impression, an example of the standardized form of covariance
matrix C of 4V is:

100 —047 000 . . 0.0
—047 100 —0.61 0.00
0.00 —061 100 .  0.00
0.00 000 000 . 1.00

It shows that, the covariance can be characterized by a tridiagonal matrix.
Because of the large negative correlation, the interval velocity estimates show
non-minimum standard deviations. Evaluating these statistical parameters, the
interval velocity estimates can also be regarded as secondary (or tertiary)
measured data at a later stage.

2. Correction of correlation terms

A tridiagonal matrix, whose off diagonals contain negative elements, des-
cribes an alternating, oscillatory stochastic process. It is also known that actual
interval velocities vary systematically as sediment compaction varies therefore,
interval velocities of different layers are not quite independent.

The residual computation method, well known from statistics, offers means
to remove the correlation terms. The principle of the method is that terms
predicted from all other estimation errors AV, (k #1i) are subtracted from each
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estimation error 4V,. The prediction can be carried out on the basis of a linear
regression model, similar to the predictive deconvolution.

Let us introduce the variable &; which is the difference of the interval
velocity estimate, V;, computed by Dix’s formula, and an ideal estimate, v;, to
be determined later:

¢i=Vimu (= 4V )

(The statistical behaviour of ¢; is the same as that of AV, described in APPENDIX B.)
The residual #; can be expressed by the inverse matrix D of the covariance
matrix C (see APPENDIX C):

1 M
— 2 &Du 3)

n =
D;; =4

where, D,; and D;; are elements of matrix D (=C~ ') and M is the number of
sedimentary layers. The values #; are free from the correlation effect. The
covariance of the residual has the following form (see APPENDIX C):

E{’?i’?j} = Dy;- det (D)/(DiiDjj) 4)

This expression depends on the covariance matrix, C (and v;) only. Equation
(4) serves as the theoretical lower limit of the correlation between residuals, #;

and ;. To achieve an estimate of minimum standard deviation, the sum square
M

of the actual residuals N = ) 7, must be minimized or decreased to the
i=1

theoretical minimum formulated by eq. (4), where " denotes the actual value

during the iteration. Substituting ¢&; into the expression of #; and norm N, a

simple equation can be deduced, by equating the partial v; derivates to zero:

oN
B 2 Bjp;—Y ByV;=0

J J

where, B;; = Y D\D,;/Di. ©)
k

Trivial solution: v;=V;
M
Practical solution: ) (77/E{nmn;}) = M

i

In spite of the meaningless trivial solution, the gradient vector can easily
be used to decrease norm N step by step, starting from an arbitrary smooth
velocity function v{?.

At the n-th step, N can be computed from &, and D. The direction of the
steepest descent of N can also be found varying the components v{™. Thus, v{"* !
(i=1,2, ..., M) can simply be reached by a displacement of a certain length,
within the direction mentioned above.

To start the iteration, a reasonable choice for a smooth velocity function
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is a simple stepwise function, which exactly obeys the local compaction trend
and best fits to the interval velocities computed by the Dix formula.

To find a reasonable solution, a technique can be applied that is similar to
the white noise addition method. All elements of covariance matrix C outside
the main diagonal are multiplied by a constant «, with values between zero and
one.

The case o =0 is equivalent to the application of the Dix formula without
modification. If « is equal to I, the result generally is a strongly smoothed
stepwise function. An intermediate solution can be achieved by using a between
0 and 1.

3. Examples

A model example containing a velocity anomaly is shown in the next
figures.*

Standard deviation, g,, of the random time shifts with which the original
arrival time data were corrupted is 2 ms. (The source offset is 120 m, the
geophone interval is 120 m and the coverage is 12 fold.) The solid line always
shows the assumed noise-free model. The white lines (in the center of the grey
zones) show the estimated velocities computed from noisy synthetic data. The
grey areas show the standard deviations of the estimates. Fig. I is the case of
Dix’s formula (x=0). The interpretation and decision on the existence of one
(or more) low velocity anomaly are no easy tasks due to the large standard
deviations.

Let us regard now the practical use of the resultant interval velocity
estimate against the parameter « in the case of the given model (Fig. 2). In the
case of low noise level** the improvement is not significant, but in the case of
high noise or small layer-thickness the improvement is considerably better
expressed by the r.m.s. difference between the original noise-free interval veloci-
ties and estimates computed from synthetized noisy (z,, v,) pairs. The ideal
solutions are represented by the absolute minima of the curves. The range of
the curves (the relative improvement) is certainly greater in the latter case. In
most cases, the value a=0.9 results in nearly optimum fit.

In the case of a=1 the result is always an extremely smooth (biased)
stepwise velocity function. These solutions are very similar to one another, even
when the noise levels are quite different. This is the reason why the curves
converge in the case of a=1.

* The situation represented by this model is similar to that of the interval velocity problem of
marine gas hydrates where the aim is to estimate the interval velocity of the free gas bearing layer
under the gas hydrate layer.

** Decreasing the noise level (o,= 0.5 ms instead of g, = 2 ms) is equivalent to increasing the spread
length or the coverage, according to APPENDIX A.
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INTERUAL VELDCITY (KM/S)
0.00 1.00 2.00 3.00 4.00 5.00 6.00

0. 00

TWO-WAY TIME (5)

Fig. 2. Estimated interval velocity versus o

2. dbra. Becsiilt intervallumsebesség-értékek az
o paraméter fiiggvényében

Puc. 2. OueHrBaeMble 3HaY€HUs] HHTEPBaJIbHbIX
CKOpOCTEH B 3aBUCHMMOCTH OT NapaMeTpa o

Fig. 1. Velocity function, computed by Dix’s
formula, for a model containing a velocity
anomaly

1. abra. Dix-formulaval szamitott
sebességeloszlas sebesség-anomaliat tartalmazo
modellre

Puc. 1. BriuucaenHoe 1o dopmysie
Jlukca pacrnpezieieHue CKOPOCTER ISl MOJCIIH,
BKJIIOYAOIIIEH B ce0s aHOMAJIMIO CKOPOCTH

HIGH NOISE
Gz‘ =2ms

LOW NOISE
+
Gt=0'5 ms

—

1 oG
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Figures 3. and 4. show the results of the algorithm in the case of «=0.9 and
a=1.0. The bulk of the large alternating errors was removed on the former and
the anomaly is better recognizable. The latter result is rather smooth. The place
of the anomaly is visible but its amplitude is rather small. Therefore, choosing
«=0.9 is a compromise between an unbiased but inefficient estimate and an
efficient but biased estimate. The estimate is biased because short interval
velocity anomalies appear as gradual changes.

For example, if the noise level is high, the outstanding feature of short
interval velocity anomalies may be completely smoothed out. This draws the
attention of the interpreter, that the given quality of the available seismic data
is not sufficient for certain conclusions.

It is worth noting that the whole process is in close analogy with the
standard predictive deconvolution. In the predictive deconvolution process
there is an oscillatory shotpoint wavelet to be removed from the trace. The
autocorrelation function (acf) of the wavelet can be estimated from the trace
itself. The inverse operator is computed from this acf.

In the interval velocity estimation, there is also an oscillatory term to be
removed. The acf of this term and the prediction operator can be computed
theoretically. The smooth function, v;, to be determined should be that, from
which the result of Dix’s formula can be predicted with a given (minimum)
variance. '

INTERVUAL VELODCITY (KM/S)

- 0o 1.00 2.00 3.00 4. 00 5.00 6. 00
0. 00

Fig. 3. Velocity function using the algorithm proposed (x=0.9)
3. dbra. Sebességeloszlas a javasolt algoritmus alkalmazasaval, «=0,9 esetén

Puc. 3. PacnipeaenieHue CKOpPOCTeii Mpu MPUMEHEHUH MPEIaraeMoro ajropurma,
B ciyyae o = 0,9
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INTERUAL VELOCITY (KMsS)
.00 1.00 2.00 3.00 4.00 5.00 6.00

TWO-WAY TIME (S)

Fig. 4. Velocity function using the algorithm proposed («=1.0)
4. dbra. Sebességeloszlas a javasolt algoritmus alkalmazasaval, a=1,0 esetén

Puc. 4. PacnipesiesieHne CKOPOCTEH TpM NPUMEHEHUH MPEAIaraéMoro ajaropuTma,
B caydae o = 1,0

4. Conclusions

— In the estimation of interval velocities no local maxima of the velocity

spectrum have to be rejected in order to get small enough deviations. Such
type of information loss can be avoided. Due to this feature, the method can
comfortably be used for interpretation of automatically picked peaks on
velocity spectra.

The method retains the simple physical model during the interpretation.
Some smoothing methods result in smooth curves or splines instead of such
simple stepwise interval velocity functions.

The method automatically assures that resolution increases, if the measured
data are more reliable.

The method is a useful tool to find efficient estimates in the case of highly
correlated data.

The display of standard deviations of the estimated physical parameters
(interval velocities and depths) are especially useful for quick visual reckon-
ing of the reliability of the interpretation.
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APPENDIX A
Statistical description of the estimated reflection hyperbola parameters ¢, and v,

A simple model of a reflection hyperbola located on a set of traces has the
following form:

Xi

Jii(4, v, 1) = Ag <li_ 5~ _2> (A.1)

Us

where f}; is a discrete element of a trace of a CMP (Common Mid Point) set,
k is the “offset” index (k runs from 1 to the actual coverage number),
i is the “time” index
A is the amplitude factor of the wavelet
¢(7) 1s the known wave shape
t; is the time variable
X, s the offset variable
t, is the zero offset arrival time
v, 1s the stacking velocity.
In the case of a regular spread, x, can be expressed in the following simple form:

x, = &+ (k—1)G (A.2)

where, @ is the actual spread offset and G is the geophone spacing within the
given type of CMP set. So, the statistical model of the correspondent traces yy;
can be written:

Vi = St i (A.3)

where, n,; is the correlated random noise component of zero mean and standard
deviation, o.

The statistical interpretation theory gives means to the optimal estimation
of parameters, , and v, in the presence of noise. As a by-product, the standard
deviations and covariances also can be estimated [HoLTZMAN 1971, SALAT et al.
1982].

The effectiveness of the (pure quantitative) interpretation can be charac-
terized by the information matrix I, which is the inverse of the covariance matrix
of the estimated parameters in the above case.

The general element of the information matrix is:

B _, 0f1.(P) 0f (D)
fin = ;;;R”" op1  OPm

where, R;; is the covariance matrix of the noise component, 5 = {py, p3, ---, P}
is the vector of unknown parameters.
Substituting (A.1) into (A.4), and applying indirect partial derivatives

(A.4)
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6 _ 00y 1) Xk
o where 4 = |/ 5+ — (A.S5)

o ot dv’ v;
and, using the spectral representation of quadratic forms, we get:

A% 1 x5
I, =—W-—) —

S L o
A? 1
Iy = — Wiy y: (A.6)
ag k tk
A 5 s
= - Wsr—o
Us & k
1 mo 2 ¢ 2
where, W = — @ |P(w) dw (A.7)
2n r(w)

—wWo

wo = m/A4t, At is the time spacing, @(w) and r(w) are the Fourier transforms of
the normalized autocorrelation functions of the wavelet ¢, and the noise,
respectively.

Inverting the 2 x 2 information matrix we obtain the covariance matrix of
the estimated parameters:

2

5 o 1
D(US)_AZWUSG;E/D

(A.8)
o? X
Elvto) = 3,03 1 25(0D)
4 2\ 2
Xi 1 Xi
Wm&D=Z7§b—<ZT>
K bk ki ki

Fortunately, very similar expressions can be derived from the case when
a hyperbola is fitted by the least squares method to the arrival times corrupted
by random time shifts of standard deviation o, [AL-CHALABI 1974, KESMARKY
1976, MARSCHALL 1978].
The only difference is that the factors a2/(42W) and ¢, in egs. (A.8) are
replaced by o7 and ¢,, respectively. Thus
2
= O, (A.9)

o, can easily be estimated at the final step of the automated static correction.
This latter approach is much more simple for practical use.
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APPENDIX B

Statistical description of the estimated interval velocities, V;

Expressing the error term, 4V, from eq. (1), expanding it into Taylor series
according to dvg,, dv,,_, Aty and 4t,_ , neglecting higher than first-order terms,
we obtain (omitting the subscripts s and 0):

2 2

1 v; — i
4%, = m{vitidvi_vi—lti—ldvi—l+ z—til[tiAli—l_ti—lAti]}

The expected values of significance are as follows (assuming “non static type”
random time shifts):

Akl = VVTT[+UUJ[J1E(AU Av)—vp;_tit; | E(dvdv; )+
| B Bt |
v} —v?_,
+ %[U,,,E(Av At;_ ) —vitit;_ E(dv, At )] -

U1Vt - ltE(Av, 1 Av)to vt E(dv;_Av;_ )=

v? —v?

U;_
B JT'I:J—I (Vi s ti— 1 1;E(Av;_ 1 485 1) — Vgt gt 1 E(Av;_ 4t )]+

J

v?—v,—z_

% _ s
+ T [t:t;E(At;_ At ) — tit;_  E(At;_ 1 4t))]

J
o — v 4

—T{[vl i IE(AvjAti)—Uj—ltj—lti—lE(Avj—IAti)+

U;—u?_l
+ %[ti-lt,.E(At,-Atj_l)—ti_ltj_lg(A,iA,j)]}]
J
where T, = t,—t,_,

APPENDIX C

Linear prediction of correlated random variables

Let us determine the coefficients a,; which satisfy the following condition
[ViNnczE 1968]:

E{(éx_auéz_”‘_aleM)z} = min. (C.1)
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Equating the partial a,; derivates with zero, we get:
Cipa12t Cayz+ -+ Cyayy = Gy, (=1,2,.., M) (C.2)

where, C;; = E{&¢)}. o
Rearranging of eq. (C.2) yields (completing the system (C.2) with its first
row):

— a4y

c| -a,, (C.3)

Ay K =1o%)

—ay] |0
where S is a constant. Eq. (C.3) is the same as the system used at the desigp of
prediction error (optimum spike deconvolution) operators, although, matrix C
does not exhibit the so-called Toeplitz symmetry.

The solution can simply be written as:
Dy;

= = C4

al] l)1 5 ( )

The general solution has the form:

D,
where D;; is the ij-th element of matrix D (=C™1).
Now, the residual #; can simply be expressed:
M M D;;
']izéi_zaijéjz Z D fj (C.6)
i j=1 Vi
The covariance of #; can be written in the same way:

| |
E{”i’?j} =k <D_ Z D&, - D‘ﬂZI:Dﬂfl> . ‘

ii k

ii

1
= D.D ZZDiijlel =

il k1

=——D;" G
D.D,, D;; - det (D) (C.7)

because of ) D;C,, = J;, det (D)
1
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NAGYFELBONTASU SEBESSEGFUGGVENY-BECSLES
KESMARKY Istvan

A szeizmikus sztratigrafiai kutatas fontos célja, hogy az intervallumsebességeket minél ponto-
sabban, minél nagyobb felbontassal lehessen becsiilni. Az intervallumsebességeket a Dix-formuldval
becsiiljilk. A formula alkalmazasanal problémat okoz, hogy minél vékonyabbak a figyelembe vett
rétegek, a becsiilt paraméterek szorasa és korrelaltsaga annal nagyobb. Egy lehetséges megoldas,
hogy csupan egy bizonyos korlatnal nagyobb rétegvastagsagokat vesziink figyelembe.

A szomszédos rétegek becsiilt intervallumsebességei kozti nagy negativ korrelacio figyelembe-
vételével az ilyen informacioveszteségeket csokkenteni lehet. Az eljaras kisebb szorasi és kevésbé
oszcillalo sebességfiiggvény-becsléseket eredményez, egyezésben a megfigyelheté kompakcios tren-
dekkel. A kapott fuggvények a paraméterek szorasaival egyiitt abrazolhatok, tomor formaban. Az
eljaras jol szemlélteti az anomalis sebességli vékony rétegek detektalasanak elvi korlatait.

OLIEHKA YPABHEHUS CKOPOCTHU C BBICOKOM PA3PEMIAIOIIE
CITOCOBHOCTBIO

Umrsan KENIMAPKHU

JIns celicMUYeCKMX CTPAaTUrpadMuecKuX MCCIIEOBAHMI OUYEHb BaXKHO KaK MOXHO C 60JbLIOkH
TOYHOCTBIO M C BBICOKOH pa3pelaroniei CiocOGHOCTBIO OLIEHHTh CKOPOCTh MCCIIEAYEMOTO HHTEP-
Baja. MHTEpBaIbHBIE CKOPOCTH OLIEHHBAIOTCS C MOMOIIbIO Gpopmyssl [lukca. [Ipu npuMeHeHHH
3TOH (opMyJIbl, BO3HHKAET MpobiieMa, CyThb KOTOPOH 3aK/IIOHAETCs B TOM, YTO YEM TOHBILE
HCCJIElyEMBIE CIIOH, TEM C MEHBLIEH TOYHOCTbIO MOXHO ONPEAEIUTh OLEHUBAEMBIE TIAPAMETPBI,
TeM Gostbilie MX Koppensuus. s paspenieHus 3Toi Npo6JieMbl, MOXHO BBIOUPATDb JUI H3YYEHHUS
TaKHe CJIOM, MOIHOCTh KOTOPhIX 60JIbIIIe HEKOTOPOH NMpe/IEIbHOM MOIIHOCTH.

Hcnonb3ys 3HaYMTENbHYIO OTPHUATEIbHYIO KODPEJSLMIO OIIEHHMBAEMBIX HHTEPBAJIbHBIX
CKOPOCTEH COCETHUX CJI0EB, MOXKHO YMEHBILHMTh TAKOr0 poja notepu uHbopmauuu. B pesynbrare,
MPHU MCTOJIb30BAHMH 3TOrO METOJa, MOJIy4aeM TAKHE OLIEHKHM YPaBHEHHMsS CKOPOCTH, KOTOpbIE
uMeroT Gosblunii pa3bpoc M kosiebaHHs, MO OTHOIUCHHIO K HabJI0JaeMBIM KOMIIAKIHOHHBIM
TpenaaM. [MonyyaeMsle ypaBHEeHHsS BMeCTe ¢ pa3bpocoM napamMeTpoB MOXKHO H300pa3uTh B KOM-
nakTHOH (opme. [Ipu NMpUMEHEHHH 3TOro METOAA XOPOILUO INPOCJIEKHUBAIOTCA TEOPETHYECKHE
IPaHHULbl AETEKTHPOBAHUS TOHKUX CJIOEB C aHOMAJIbHON CKOPOCTBIO.
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MEASUREMENT AND PROCESSING OF SHORT-OFFSET VERTICAL
SEISMIC PROFILE DATA

Myung W. LEE*, John J. MILLER* and Gabor GONCZ**

During the past years, the Geophysical Exploration Company (GKV) developed a method
of recording Vertical Seismic Profiles using small explosive charges in a shothole by loading the hole
through a Y-shaped tube. This method allowed re-using of the shothole many times and ensured
the waveshape of the downgoing pulse to be similar from shot to shot.

Two VSP data sets were processed by the U.S. Geological Survey (USGS) into kinematically
interpretable sections. The processing algorithms were adapted to the hardware of the GKV.

This paper presents the results of VSPs recorded in Hungary and processed by GKV using
this adapted software. The results are promising and further development of this field technique
warranted.

Keywords: short-offset VSP, wave shaping, signal consistency, repetitive explosive source

1. Introduction

Within the last few years, the Geophysical Exploration Company of Hun-
gary (GKYV) has developed a successful vertical seismic profile (VSP) field
procedure based on an explosive energy source. This procedure has become a
standard method in GKV’s seismic activity. However, GKV did not have
sufficient capability to process VSP data. Concurrently, the U.S. Geological
Survey (USGS) had considerable success in VSP data processing for similar field
configurations [LEE and BALcH 1983], but lacked success with explosive energy
sources. Therefore, these mutual interests resulted in a cooperative program in
the field of vertical seismic profiling, whereby a few short-offset VSP measure-
ments obtained by the GKV were analyzed and processed by the USGS. The
primary aim of this processing was to obtain VSP sections that were easy to
interpret kinematically. This paper outlines the VSP field procedure, data
processiag, and results of three examples of the VSP measurements: the wells
of Szeghalom-15, Kismarja—30 and Endréd-E-5 (for location see Fig. I).

* United States Geological Survey, Denver Federal Center, Box 25045, Denver, Colorado 80225
** Geophysical Exploration Company (GKV), POB 213, Budapest, H-1391, Hungary
Manuscript received: 16 April, 1985
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Fig. 1. Location map of the wells where VSP measurements were made
1. dbra. A cikkben szereplé VSP mérések helye a térképen

Puc. 1. Yyactku, rae npoBoanuch Habonenus BCII, # KOTOpbIe yNOMSAHYTHI B JaHHON
cTaThbe

2. The field procedure

The principle of VSP measurement is quite simple. The wavefield generated
by a surface or near-surface energy source close to a wellhead is recorded by
a downhole geophone which is clamped to the borehole wall. The geophone in
the well detects the first arrival and the various downgoing and upgoing primary
and multiple waves reflected in a layered earth. The wavefield is recorded in
sequence at a given interval over the depth range to be investigated. Figure 2
shows an idealized version of this configuration and the data set to be expected
from such a configuration.

For the data sets presented in this paper, the measurements were carried
out in cased, cemented wells using Geospace® WLS-1100-type downhole geo-
phones and a DFS-IV® recorder. The wavefield was generated by explosive
charges, and 6 to 7 channels were recorded per shot.

The shot and receiver-pattern geometry is illustrated in Figure 3. The upper
part of the figure is a plan view and shows the shot holes; the lower part is a
cross-sectional display showing the well and the geophones. The actual values
of the various distances, shown in Figure 3, vary depending on the field circum-
stances. The shotpoint-to-well distance (that is, the offset L) should be as small
as possible; in practice, it is 5060 meters. The distance /is about 10 meters. The

® The use of trade names does not represent endorsement by the U.S. Geological Survey or
the Geophysical Exploration Company of Hungary.
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shot depth 4 is fixed by on-site test measurements in which a series of shots are
recorded by the downhole geophone at a fixed depth and the shot generated
from different depths. The shot depth generating the most concentrated first
arrival is selected. The shot holes are drilled and prepared in advance.

The VSP Method Fig. 2. 1dealized VSP configuration [after
Surface BALCH et al. 1982]
Top: Typical VSP field configuration
Bottom: Idealized data set from the top
configuration

Source 2. dbra. ldealizalt VSP mérési elrendezés
[BALCH et al. 1982 nyoman]
Fenn: Tipikus VSP mérési elrendezés
Lenn: Idealizalt mérési adatok

Puc. 2. CxeMa uieau3sMpoBaHHbIX
usmepenuit BCIT [mo BALCH et al. 1982]
Beepxy: Pacnosioxenne TUNIHYHBIX
usmepenuit BCIIT
Buusy: JlaHHbIE HIEaTH3MPOBAHHBIX
U3MEpEeHUH

R7 Reflector
VSP Section
0 Time=»
Direct arrivals Reflected arrivals
R1- —& Ay
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In order to obtain consistent wavelets from the different shots, small
charges are used to maintain the condition of the shot hole for as long as
possible. Usually explosive charges of 0.1 to 0.25 kg are used.

y
{ L
o O
© & @ X
o O

O SHOTHOLES

A GEOPHONES

Fig. 3. The field geometry employed by GKV
Top: Plan view showing shot holes and borehole
Bottom: Cross-sectional view showing downhole geophone, shot hole, and monitor geophone
locations

3. dbra. A GKV terepi mérési elrendezése
Fenn: Feliilnézet, mely mutatja a mélyfarast és a robbantdlyukakat
Lenn: Keresztmetszet a geofonok elhelyezkedésével (kor: robbantépont, haromszog: geofon)

Puc. 3. Cxema noJsieBbix uzMmepenuii B 'KB
Baepxy: ITonesas cxema B IUIaHe, Ha KOTOPO#H MOKA3aHBI CKBAXHHBI [1yGOKOTO 6ypenus u
B3pBIBHbIE CKBaXHHbI
Buusy: Pasmeluenue npuéMHHKOB B paspese
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The charges are loaded through a Y-shaped junction of the drilling tube
which is lifted a few meters before shooting to avoid damaging the tube. After
shooting, the hole is flushed. The number of shots that can be made in a single
shot hole is determined by how long the generated wavelet shapes remain
similar, or until the charges can no longer be loaded safely. It has been our
experience that 50 to 60 shots can be fired in one hole with a frequency of 1 shot
every 3 minutes.

The geophone pattern is also shown in Figure 3. The downhole geophone
is lowered to the depth H, and locked to the wall by a mechanical arm,
controlled at the surface, providing a good coupling to the side of the borehole.
The geophone detects the vertical component of the wavefield and records it on
channels 1 and 2 with a 2 msec sampling rate. A near-field geophone is placed
under the weathered zone at depth H,, (about 50-60 m) in a hole drilled in the
center location of the shotholes. This geophone is recorded on channel 3. Other
control geophones are planted on the surface. The one placed at the top of the
near-field geophone hole is recorded on channel 4. The uphole geophone is
recorded on channel 7. Two more geophones are located close to the wellhead
and are recorded on channels 5 and 6.

To avoid distortion of the total wavefield, filters are not used, with the
exception of a notch filter if necessary. The preamplifiers are set carefully and
the sources of surface noise are eliminated or attenuated as much as possible.
We have found this field procedure to be quite productive and it allows consider-
able energy in a broad frequency band to be generated and transmitted deep
into the earth.

3. Processing

The processing philosophy and some algorithms were furnished by the
USGS. These algorithms were adapted to GKV’s computer system and were
used to process the data presented in this paper. Traces from the downhole,
uphole, and near-field geophones were used in the processing. The main purpose
of the processing was to obtain easy-to-interpret kinematics on VSP sections.
It was not our intention to study wavelet attenuation or variation of signal
shape. Our main interest was in analyzing direct arrivals and upgoing primary
reflections which can be used to support structural interpretation of the surface-
recorded seismic data.

Trace selection, editing

The raw field records are displayed in large-scale format after demultiplex-
ing. The objectives of this display are to edit unusable traces, choose between
repeated shots, check polarity, etc. In addition, the approximate arrival times
of the downgoing direct waves are measured. These approximate arrival times
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are used later in automatic determination of the first arrival times. In this phase
of the processing, the raw data are edited for the purpose of further processing.

Time corrections

The aim of static corrections of surface reflection seismic data is to compen-
sate for the kinematic effects of the variation of shot depth and surface eleva-
tion. In short-offset VSP measurements, such effects are usually not significant.
The positions of the downhole geophone are assumed to be correct; thus,
geophone point corrections are not performed. Another source of the static time
shifts is the variation of the shot depth, even though efforts to avoid this are
made in the field. '

To compensate for this effect, the downhole geophone traces are shifted
with the average of the uphole times. Static time shifts could be introduced from
shot to shot by the time difference between the zero time of the trace and the
actual explosion time of the charge. The existence of this error can be seen from
the records acquired from the same shothole and the same depth. In these
records, the uphole times are different and the times of the first arrivals on the
near-field traces are also different; these two differences are correlated.
Therefore, a well geophone is corrected with the time difference between the
time of the actual near trace and the average arrival time of the near traces.

Because the actual offset is not zero, a dynamic time shift is also present.
On short-offset VSPs, this can be significant on shallow depth traces. Presently,
this is corrected by approximation and for direct arrivals only. After time-shift
corrections, the arrival time of the downgoing direct wave is known as a
function of depth. From these arrival times, the average velocity function can
be computed and an interval velocity model may also be constructed using
statistical estimation techniques. One of the objectives of the short-offset VSP
is to obtain the average velocity function in finely spaced intervals, and this
function can be a valuable tool in the processing and interpretation of surface
seismic measurements close to the well.

Wavelet shaping

The interpretive value of VSP data would be greatly increased if every shot
emitted the same type of wavelet, whereby the wavelet variations recorded could
be attributed to geologic conditions. However, the energy sources create vari-
able wavelets, even when appropriate field procedures are carried out carefully.
When shot holes are changed, this wavelet variation is especially striking. Nu-
merical wavelet shaping, therefore, is required in order to convert variable
wavelets to a standard waveshape. In this study, the near-field traces for wavelet
shaping were used. One of the near-field wavelets is considered to be the
standard, reference wavelet.
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For each near-field trace, a deterministic shaping filter was designed using
the selected reference wavelet as the desired output. These filters were applied
to the appropriate downhole traces and produced rather similar wavelets on
different traces.

The effectiveness of the shaping filters is shown in Figures 4, 5, 6 and 7.
Figures 4 and 5 show VSP data from the Szeghalom-15 well; Figures 6 and 7
show data from the Kismarja—30 well. Figures 4 and 6 display the data before
shaping; Figures 5 and 7 show the results after shaping. The effectiveness of
shaping depends greatly on the assumption that the near-field wavelets recorded
are similar to the source-generated wavelets at the wellphone.
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Fig. 4. Raw VSP data from Szeghalom-15 showing variation in signal shape
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Amplitude processing

The amplitudes of the signals of a raw VSP section vary as a function of
time and depth also. The geometrical spreading of seismic energy is the domi-
nant physical process that causes reduced amplitudes. It is desirable to recon-
struct this energy spreading. A gain function, balancing the downgoing direct
wave, is computed in an experimental way. For the Szeghalom-15 well, G =
T/250)%, where G is the gain function and T represents the one-way travel time.
Further physical processes which affect the amplitude of the propagating seismic
wavelet are not compensated for in our existing program package.

Velocity filtering

The well geophone detects both the downgoing and the upgoing wavefields,
therefore, the VSP section is an interference of many different primary and
multiple reflections. Both the downgoing and upgoing wavefields contain in-
formation, but it is desirable to separate these two types of waves. The basic
tool to remove unwanted energy modes with different apparent velocities is the
velocity filter.

The tube wave, shear waves, and converted waves also can be attenuated
in this way; hence, the velocity filter may improve the signal-to-noise ratio too.
The velocity filter used operates in the frequency—wavenumber (F-K) domain.
The downgoing and upgoing events are separated by passing the dppropriate
quarter of the F-K plane, and applying a bandpass filter with an 80-Hz cut-off
frequency simultaneously. There is a significant dynamic difference between the
separated downgoing and upgoing wavefields. In the downgoing wavefield, the
strongest event is the direct wave with downgoing multiples of lesser energy. The
weaker upgoing wavefield consists of primary and multiple reflections.
Therefore, the downgoing direct wave was attenuated by 10 dB, after which the
two wavefields were combined to produce a well-balanced section. This VSP
section was corrected for two-way travel time, which aligns the upgoing events.

The VSP data from the Kismarja-30 well, processed in this manner, can be
seen in Figure 8. The upgoing wavefield of this section corrected to two-way time,
can be seen in Figure 9, and the downgoing waves corrected to zero time are
shown in Figure 10. Different types of waves can be seen clearly, for example,
a downgoing direct wave, a strong upgoing reflected wave at 1,150 m, and their
first surface multiples. A few weak reflections can be observed on the upper part
of the upgoing wavefield. Similar VSP data from the Szeghalom-15 well are
shown in Figures 11, 12 and 13, respectively.
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Fig. 8. VSP data obtained in the Kismarja—30 well after velocity filtering, attenuation of
downgoing wavefield by 10 dB, and merging upgoing and downgoing wavefields. Data have
been shifted to align upgoing events
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8. dbra. A Kismarja-30 VSP szelvénye sebességsziirés ¢és a lefelé halado hullamtér 10 dB-lel valo
csillapitasa, majd a le- és felfelé halado hullamok Gsszeadasa utan. A lefelé halado hullamokat
statikus tolassal fazisba hoztuk
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Fig. 10. The aligned, downgoing part of the wavefield from Figure 8
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Fig. 11. VSP data from the Szeghalom-15 well processed as in Figure 8
11. dbra. Szeghalom—15 VSP szelvénye a 8. abrahoz hasonléan feldolgozva
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Fig. 12. The upgoing part of the wavefield from Figure 11
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Puc. 12. Tlepemernaromiuecst BBEpX BOJIHBI, H300paxenubie Ha puc. 11



285

ical seismic profile data

ing of short-offset vert

and process

..

=== ]
e ——
]
==
= e
ey
= ety
et
et
e s s
== e
e
]
— = ]
= e
et S
= e ]
== N ]
—— e =
S e T
e S e e
e === e ]
===
= == ===
T T B === e e = e
s e = S e
e == A =
——— = = P
e = e
=== == et e
== ===
== = e s e
==== = e b e e
=== ]

e = e =
=t e e e
et s —
B e e e
e T e e R e e e e T S e e
==== e e S e e
e e e ] e e
— e e e e s R e e
== S == e e e e e
S==== e e S e e e e e e e
=== e e e e e
—— e T T e e e e
S=So=ee = e e e
===== et B e e e
S=== S oo e e = P e e e
=== s —

e et e ==|
=== = E——x e
e ] — =
] e
== ] === e e
e e ] = =
e == EE==ca e
S, e e s n === e
Somansress e e e =
Eesemimes e e =E=—mmmet e
P == mneen e e e e e
e === Een e Soos s e
e e = e e ]
e e e}
—— et e e
e ey e e ]
et o P = e s
—— g ———— e e e Sy S e e Mo |
et = =
= = e e e e e
=== === e e
=== T e T e e e e e e e e e e e e
ey =
e e e e ST e ==

Fig. 13. The downgoing part of the wavefield from Figure 11

13. abra. A lefelé halado hullamok a 11. abrabol

Puc. 13. IlepeMeniaronfecs BHU3 BOJIHBI, H30

OpakeHHbIE




Lee—Miller-Goncz

Deconvolution based on the downgoing wave

The previous illustrations show that, the downgoing direct wave separated
by a velocity filter is neither a spike nor a well-defined wavelet; it is a com-
plicated wave train. This long wave train is reflected from the boundaries
producing multiples and making the interpretation a complicated task.
Therefore, it is desirable to apply spiving deconvolution to contract signals. The
deconvolution operator is designed from a time window containing the down-
going direct wave. The advantage of using the direct wave to design decon-
volution operators is that the signal strength is greater than that of the usual
wavefield used to calculate deconvolution filters. The deconvolution increases
the resolution of the VSP wavefield as can be seen in Figures 14 and 15, which
are the deconvolution of Figures 8 and 11, respectively. Figures 16 and 17 are
the deconvolved, upgoing wavefields from Figures 9 and 12, respectively.

Cumulative vertical stacking

A simple and effective procedure that emphasizes upgoing reflections is the
vertical summation of VSP traces which have, in phase, upgoing reflections
along equal time lines. This procedure positions the traces at their proper
two-way surface arrival times. The cumulative stacking of the deconvolved,
upgoing wavefield at Kismarja—30 is shown in Figure 18. The good resolution
of the reflections and the improved signal-to-noise ratio is apparent in this
section. Figure 19 shows the top few traces of the cumulative stacking of the
upgoing wavefield at Endréd-E-5 displayed next to the conventional surface
data recorded near this well. The good correlation between the two data sets
gives a high degree of confidence in reflector identification on the surface data.

4. Conclusion

VSP field procedure, employed by GKV, using explosive energy sources
proved to be adequate, but should be improved to produce better quality data.
The processing of the VSP data, based on the techniques and algorithms
obtained from the USGS, is promising but should be further developed in order
to better interpret the dynamics of the wavefield.
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Fig. 16. Deconvolved, upgoing wavefield from Figure 14

16. abra. Dekonvolvalt felfelé halado hullamtér a 14. abrabol

Puc. 16. JlekOHBOJIIOPOBAHHOE, MIEPEMELLAIOILEECS BBEPX BOJHOBOE T0JIE, H300paXeHHOe Ha
puc. 14
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Fig. 17. Deconvolved, upgoing wavefield from Figure 15
17. dbra. Dekonvolvalt felfelé halad6 hullamtér a 15. abrabol
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Fig. 19. Correlation between cumulatively summed VSP data and conventional surface reflection
data near the Endrod-E-5 well

19. dbra. Kummulativan sszegzett VSP reflexios csatornak illesztése az Endréd-E-S firas
kozelében felszini reflexios id6szelvényhez

Puc. 19. CoejuHEHME KaHAJIOB OTPAXEHHBIX BOJIH KyMMYJISTHBHO npocymMMupoBanHoro BCIT
BOM3HM ckBaxuHbl Endrod-E-5, k mOBepXHOCTHOMY BPEMEHHOMY pa3pe3y OTPaXXE€HHBIX BOJIH
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LYUKKOZELI VSP MERESEK ES FELDOLGOZASUK
Myung W. LEE, John J. MILLER és GONCZ Gabor

Az elmult években a GKV Kkifejlesztett egy hatasos modszert kis toltetek alkalmazasara,
melyeket egy Y alaki cso segitségével juttatnak le a robbantdlyukba. A modszer lehetévé teszi, hogy
egy robbantolyukat sokszor felhasznaljunk, mikozben a lefelé halado jelalak alig valtozik. &

1983 elején a GKV két VSP mérési anyagat a USGS altal kifejlesztett programrendszerrel
feldolgoztuk Denverben, ¢s kinematikailag jol kiértékelheto szelvényeket kaptunk. A feldolgozo
algoritmusokat a GKV beépitette a sajat feldolgozo rendszerébe.

A dolgozatban Magyarorszagon mért VSP adatokat mutatunk be, melyeket az adaptalt
programrendszerrel dolgoztunk fel. Az eredmények biztatoak, és a terepi mérési modszer sikeresnek
bizonyult.

TEXHMKA U3MEPEHU U CITOCOBBI OBPABOTKH JAHHBIX BCII ITPHU
MUHUMAJIBHOM PACCTOSSHUU MEXAY [TYHKTOM B3PbIBA 1 CKBAXKUHON

Miour B. JIU, dxon Jx. MAJIJIEP u Ta6op T'EHL]

B npouubix rogax B [peanpusmun [eopusuueckoro Uccienosauuss FTHITI (GKV) 6bin
pa3BUT oaMH 3P HEKTUBHBIN CIOCOO, 3aKIHOYAIOLIMIACS B TPUMEHECHUH HEOOJBILNX IO Macce 3ap-
710B, KOTOPBIM 3QNOJIHSIOT CKBAXHHBI NIPU MOMOLIM Y-00pa3Hoit TpyObl. DTOT MeTOx cnocobe-
TBYET TOMY, YTO MOXHO HCIMOJIb30BATh OJIHY B3PbIBHYIO CKBaXKMHY HEOJHOKPATHO, B TO BpEMs KaK
nepeMellaroIascs BHU3 popma curHaa e/iBa u3MeHsetcs. PaHee B3pbIBHOH MeToa He O6bLI 10C-
TaTOYHO pa3paboTaH, XOTs U ObUTa MOTPEOHOCTb M B AHAJIM3UPOBAHMU 3TOTO METOJA, U B COOT-
BETCTBYIOLIMX criocobax ero o6paboTku.

B Hauane 1983 r. nBa matepuana no BCII 6s11u orBe3enst B USGS. [11s MX MHTEPIIPETALIUH
Obls1a MCTIOJIb30BAHA TEXHHKA 00paboTky, koTopas Oblia pazpaborana B USGS, ucnone3sys koTo-
PYIO MbI MOTJIM Obl NMOJIyYUTh KMHEMATHYECKH XOPOIIO MOHHUMAeMble NPOGUIH. AITrOpUTMbI
00paboTkU ObLIH MPHCIOCOOIIEHBI K COOCTBEHHBIM criocobam obpabotku B GKV.

B nanHOM oTyeTe npeacTaBieHbl pe3ysbTaThl W3MepeHuit BCIT B Benrpun, koTopsie obpaba-
ThHIBAJUCh HAMH Ha COOCTBEHHOM arjOPUTMHYECKOM NPOrpaMMHOM obecrnieyeHuH. Pe3ynbTaTel
00paboOTKH TOJTYYUIHCh OOHANEKHMBAIOIIUMH, KPOME TOrO CHOCOO HM3MepeHHi xopoio cebs
3apeKOMEH/I0Bal.
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TRANSIENT ELECTROMAGNETIC SOUNDINGS—DEVELOPMENT
OF INTERPRETATION METHODS AND APPLICATION TO BAUXITE
EXPLORATION

Kristof KAKAS*, Frank C. FRISCHKNECHT**, Jozsef UISZASZI*,
Walter L. ANDERSON** and Ern6 PRACSER*

Under a cooperative program between the U.S. Geological Survey and the E6tvos Lorand
Geophysical Institute, central loop and single loop time-domain electromagnetic (TDEM) sound-
ings were made at a number of localities in Hungary. The primary objective was to test the usefulness
of the method in exploration for bauxite. The results of the soundings were interpreted by use of
a nonlinear least-squares computer algorithm which fits the data with one-dimensional models.
Interpretation of the data was generally complicated by the fact that most of the soundings were
distorted due to lateral changes in the conductance of the overburden or other causes. Direct
evidence of known bauxite deposits was not found. However, the results indicate that TDEM
soundings can provide structural information useful to locating bauxite deposits indirectly. In two
areas, evidence of a deep conductor beneath a bauxite deposit was found. The central loop or single
loop techniques were found to be rather slow for routine exploration where a dense set of soundings
is needed, therefore, in the future, fixed source or large loop configuration will be tested in bauxite
exploration.

There are two serious problems in interpretation of TDEM sounding curves by computer
inversion; the required computer time is excessive for inversion of all the data acquired in a routine
survey and satisfactory results cannot be obtained when the sounding curves are highly distorted
by lateral changes in resistivity. Anomalous zones can readily be identified by plotting the data in
the form of pseudosections with time along the vertical axis. To produce quantitative information
on the variation of resistivity with depth or the depth to interfaces between layers, methods termed
TSH and TRH are being developed. The TSH method is based on an approximation for the
response of a thin conductive sheet in a resistive half space and it yields apparent conductance versus
apparent depth curves. The TRH method is based on the rate of diffusion downward of the eddy
currents in a half-space and it produces a resistivity versus depth curve.

Keywords: transient electromagnetic sounding, bauxite prospecting, Marquardt inversion, time-domain
electromagnetics

1. Introduction

Many of the principles of transient electromagnetic depth sounding have
been understood for more than 30 years. Until the past several years, transient
or time-domain electromagnetic (TDEM) soundings were generally made with
heavy equipment and large offsets between source and receiver to sound to
depths of up to several kilometers. In the last few years, highly portable

* Eotvos Lordand Geophysical Instiute of Hungary, POB 35, Budapest, H-1440
** U. S. Geological Survey, Denver Federal Center, P.O. Box 25046, MS 964, Denver, Colorado
80225
Manuscript received: 3 January, 1985
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equipment, which was developed primarily for exploration for conductive mi-
neral deposits, has been employed for sounding to shallower depths using short
times and short offsets between the source and receiver. Time-domain methods
have a number of advantages over other geoelectrical sounding methods.
Generally, TDEM soundings are more sensitive to the presence of conductive
layers than other geoelectrical measurements. Most TDEM techniques are
relatively insensitive to topography and high precision in surveying is not
required. Measurements made with short offset configurations are not as likely
to be distorted by lateral variations in resistivity as measurements made with
long offset configurations, and it is much easier to make high-resolution TDEM
measurements than frequency-domain measurements using short offsets.

The development and application of TDEM methods for high-resolution
sounding to dcpths of 0.5-1.0 km is of great interest to the Eotvos Lorand
Geophysical Institute (ELGI) and the U.S. Geological Survey (USGS).
Cooperative studies between these two organizations have included an evalua-
tion of short offset TDEM methods in sounding and as applied to bauxite
exploration in Hungary, the development of mathematical tools for computer
inversion of data taken about large loops, and the development of rapid techni-
ques for interpreting TDEM soundings.

2. Field studies

During November 1982, experimental TDEM measurements were made
jointly by USGS and ELGI personnel at a number of locations in Hungary. The
objectives were to test the usefulness of the method in bauxite exploration and
in shallow sounding for other purposes. The basic equipment was a Mark II
SIROTEM® desinged by CSIRO [BUSELLI-O’NEILL 1977]. An auxiliary high
power switcher developed by the USGS was used for some of the work. Most
measurements were made using the central loop configuration in which a small
vertical-axis, multi-turn loop is placed at the center of a much larger square
transmitter loop. By means of an electronic switch at the input of the receiver
the SIROTEM instrument can also be used with a single loop for both transmit-
ting and receiving; a few such measurements were made. Transmitting loops
with sides having dimensions at 50, 100, 200, and 400 meters were used. The
system transmits a train of bipolar nearly-square pulses with an off-power
interval between pulses. Measurements can be made at up to 32 times (channels)
after the end of the current pulse. Results from a minimum of 512 and a
maximum of 4096 pulses can be stacked. Typically the results from two or more
individual runs, using 2048 stacks were averaged. The number of channels of
useful information depended on the signal-to-noise ratio which, in turn, depend-
ed on the resistivity of the earth, the transmitter current, and cultural back-
ground noise, which in Hungary, was generally noise from 50 Hz mains. Av-

® Use of trade names does not constitute endorsement either by ELGI or USGS
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eraged values of the transient voltage were transformed to apparent resistivity
using microcomputer programs developed by RaAB and FRISCHKNECHT [1983].
Apparent resistivity, as defined in their algorithm, is the resistivity of the
homogeneous earth which would produce a response equal to the observed
response. Apparent resistivity data were inverted using nonlinear least-squares
programs developed by ANDERSON [1982/a, 1982/b], which fit data to one-
dimensional models.

In Hungary, bauxite deposits typically occur in structural depressions or
in sinkholes on the surface of high-resistivity Triassic carbonate rocks [BAR-
Dossy 1982, 1984]. The bauxite is covered by Quaternary and Tertiary deposits
of sand, clay, marl, and sometimes limestone of high resistivity. The other
materials generally have resistivities ranging from about 5 to 100 Qm. The
resistivity of bauxite is generally similar or a little higher than that of the
overburden, excluding the limestone. Thus, the bauxite does not constitute a
good target for direct detection by electrical methods. However, it is often
possible to detect depressions on the surface of the Triassic carbonates. Ideally
one could detect such depressions using a series of central or single loop
soundings. Apparent resistivity curves calculated for a hypothetical 3-layer
model in which the thickness of the bauxite layer is varied are shown in Figure
1. The curves do not exhibit a pronounced feature characteristic of the bauxite
layer, nevertheless, it should be possible to resolve these various cases in the
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Fig. 1. Theoretical curves for a model containing a bauxite layer

1. dbra. Elméleti tranziens szondazasi gérbék bauxitréteget tartalmazo modell felett

Puc. 1. TeopeTuueckue KpuBble 30HAMpoBaHus MIIIT Haq MozENbIO, COMEPX)ALIEH GOKCHTOBBIM
cJoi
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field. Of course, the effect of an actual bauxite deposit would be somewhat
smaller than indicated in Figure 1 because such a deposit has finite lateral
dimension usually on the order of 50-200 m.

Measurements were made at one site where the earth was known to be
rather uniformly conductive to a depth of several hundred meters, and at five
sites where bauxite deposits exist. Single- and central-loop measurements were
made between the Gerecse and Buda hills, SE of Zsambék, where it is known
from resistivity soundings that there is a thick section having a rather uniform
resistivity. A good fit to the observed data was obtained with the model in-
dicated in Figure 2. Parameters for the conductive layers are generally well
resolved. Parameters for the thin upper layer and the depth to the resistive
basement are not well resolved. The indicated depth in Figure 2 is less than the
actual depth of about 550 meters. However, another, somewhat poorer fit to
the data was obtained with a model in which the depth to basement is 600
meters. [t is interesting to note that in this example, where a conductive overbur-
den overlies a resistive basement, the effective depth of investigation was on the
order of the loop dimensions (400 meters) using a current of about 2 amperes.
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Fig. 2. Sounding curve and interpretation for nearly homogeneous half-space

2. dbra. Szondazasi gorbe és kiértékelése kozel homogén féltér felett

Puc. 2. KpuBasi 30HAMPOBAHHS M €€ WHTEPIPETALMs Ha/| MOJIYIPOCTPAHCTBOM, GIM3KOM
rOMOTEHHOMY

For the opposite case of an insulating layer over a conductive basement, the
depth of investigation under the same conditions can be 3 or 4 times the loop
dimension.

Results obtained from the SE Gerecse coal basin, NW of Zsambék, are
shown in Figure 3. Most of the parameters are fairly well resolved, although for
the second layer the resistivity and thickness are not well resolved but its
conductance. The resistivity of the basement is not well resolved and the depth
to resistive basement is less than that given by a nearby borehole (380 m). The
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calculated TDEM apparent resistivity curve fails to rise as sharply as the
observed curve at late times. It was not possible to find a layered earth model
which would produce a suitable fit to this part of the observed curve; in fact,
the results in Figure 3 were obtained by neglecting the last four points on the
curve in the inversion process. Failure to find a 1-dimensional model which will
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Fig. 3. Sounding curve and interpretation for the locality in the SE Gerecse coal basin
"™ = Miocene rhyolite tuff; ™E = Eocene marl with coal seams; “"T5 = Upper Triassic dolomitic
marl; Ty = Upper Triassic dolomite
3. abra. Szondazasi gorbe és kiértékelésének Osszehasonlitasa furasi rétegsorral (Gerecse DK-i
elotere)

Puc. 3. KpuBasi 30HAHPOBAHUS U CONOCTABJICHHE €€ MHTEPIPETALMH C PE3YJIbTATaAMHU DypeHus
(FOB npenropse rop I'epeue)

"™ = pHOJUTOBBIHA Ty MHOLEHOBOrO Bo3dpacTta; ™E = 301eHOBBIR Mepresib ¢ yrjiepoAHbIMH
CJIOSIMH; d'“T3 = BEpPXHE-TPUACOBLIH TOJIOMUTOBBIN MeEprelb; dT3 = BEpXHE-TPUACOBBIN
JIOJIOMUT

fit the data indicates that the sounding curve is distorted by lateral variations
in resistivity. In this case, abrupt thinning of the conductive layer in the vicinity
of the sounding is the most likely cause of distortion and may account for the
difference between the depths from the borehole and the sounding.

Three sounding curves obtained near Csabpuszta, the models obtained by
computer inversion, and results from boreholes are shown in Figure 4. All three
curves were fitted to a 5-layer model, although the presence of this many layers
in not very obvious in sounding S-1. Good fits were found for S-1 and S-2.
A layered earth model having a resistivity curve duplicating all of the details of
S-3 was not found, indicating that S-3 is badly distorted by lateral variations
in resistivity. This is not surprising considering the large differences observed
between the three soundings. The values for the third and fifth layers, which
have high resistivities, are not well resolved. The top of the third resistive layer
coincides approximately with the top of middle Eocene sediments intersected
by the boreholes. The top of the fourth conductive layer coincides rather closely
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Puc. 4. Pe3ynbTaThl 30HAUPOBAHHUS B OKpecHOCTH Yabmnycra
| — compoTuBIICHHE CII0SI U 2 — TPAHUIE MEX/Y CIOSMH 110 JaHHbiM MIIII, 3 — noBepxHOCTH
M3BECTHSAKOB BEPXHEMEJIOBOTO BO3pacTa (yrojckas CBHTa M3BECTHSKOB) MO AaHHBIM OYpeHHH,
MOB # 4aCTOTHOTO 3JIEKTPOMArHUTHOTO 30HAMPOBAHUSA

O-M = onurouen-muonen; ™E, = cpeaHes0ueHOBbIN Meprenb; "E, = cpeIHeI0neHOBbIH
u3BeCTHSAK; “E, = cpenHejoleHoBbIi apruIMTOBbIH Mepreib; bx = OokcuT
™K, = BEpXHEMEIIOBbIH U3BECTHSK

Puc. 5. Pesynabtatsr MIIII Ha MecTopoxaeHnu 6okcuToB bakoHbocnon
a) Kpusble 30H1upoBanust MITIT u ux npubanxenre TpexCcAONHOU (CIIOUIHAS JTHHUSA)
M 4ETBIPEXCIONHON (MYHKTHPHAS JIMHUS) MOJCIIAMH
b) Ieonorudeckuit paspes ¢ pesysnbraTaMu 3oHaupoBannii MITIT
| — TpexcnoiHbIM, 2 — YeTBIPEXCIONHBIM MPUOTHKEHHEM [>

c) OcTaToYHbIC BEJUYHHBI KPUBOWN 3aTYXaHHUS B 3aBHCHMOCTH OT BPEMEHH
(MOpsSAKOro HOMEpa KaHasa)

d) Kaxyieecst yiejibHOE CONPOTHBIICHHE B 3aBUCHMOCTH OT BPEMEHH
 (MOPSIKOro HoMepa KaHasa)
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Fig. 5. Results of TDEM soundings from the Bakonyoszlop bauxite-prospecting area
a) TDEM sounding curves with 3-layer (solid line) and 4-layer (dashed line) model curves
b) Geologic section based on drillholes and electrical section interpreted from TDEM soundings
1 — result of 3-layer inversion; 2 — result of 4-layer inversion

c) Pseudosection of the residual decay curve as a function of the measurement time
(channel number)

d) Pseudosection of the apparent resistivity as a function of the measurement time
(channel number)

5. dbra. Tranziens eredmények, bakonyoszlopi bauxiteléfordulas
a) Tranziens szondazasi gorbék haromréteges (folytonos vonal) és négyréteges
(szaggatott vonal) modellillesztéssel
b) Foldtani szelvény a tranziens szonddzasok eredményeivel
1 — a haromréteges; 2 — a négyréteges kozelitésbol
c) Lecsengési gorbe maradékértékei az id6 (csatornaszam) fiiggvényében
d) Latszolagos fajlagos ellenallas az id6 (csatornaszam) fuggvényében
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with the top of the Cretaceous sediments as found in the boreholes and by other
geophysical measurements [KAkas 1983]. The fifth layer appears to dip to the
north in disconformity with the other layers. We might expect this layer to
represent the Triassic carbonate basement but the interpreted depth for resistive
basement at S-3 is too shallow according to the borehole. Nonetheless, resistive
layers could be present in the Cretaceous section of this sequence.

Results of five soundings, made over a bauxite deposit in the Bakonyoszlop
region are shown in Figure 5. The initial parts of all five soundings are very
similar. The late time parts of soundings Bl and B2 rise too steeply to be fit with
a layered earth model. Sounding B3 was fitted using a 4-layer model with a very
conductive fourth layer and B4 and BS were fitted approximately to a similar
model. Since, with the possible exception of B3, the latter part of all of the
soundings appears to be distorted, they were all fitted using 3-layer models and
using only the first 6-8 points on the sounding curves. The results of this
procedure are indicated by the solid lines and resistivity values shown on the
cross section. The results obtained by fitting B3, B4, and BS to 4-layer models
are shown by dashed lines. Although the thicknesses and resistivities of the
upper two layers are somewhat different for the two models, the conductances
of the second layer are nearly the same suggesting that fitting only the first part
of the sounding curves is a valid procedure. Values for the conductance of the
second layer, as determined from the TDEM measurements, are a little higher
than those obtained from interpretation of unpublished resistivity soundings
made along the same profile. In a general way the 3 layers determined by TDEM
measurements coincide with the lithology obtained from the borehole measure-
ments. The conductive layers tend to correspond with sandstone and clay and
the resistive layers with limestone and marl.

Data collected along a profile may be presented in a number of ways which
emphasize qualitatively changes in the electrical section, such as those caused
by faults or pinch-outs. To prepare the pseudosection shown in Figure 5/c, the
difference between each decay curve and the average of all five curves were
calculated, and the results were plotted and contoured with station position
along the horizontal axis and time along the vertical axis. Since penetration
depth increases with time, this pseudosection bears some resemblance to a true
section. The principal anomaly coincides approximately with the known bauxite
body. However, this simple procedure does not provide quantitative depth
information and, with little doubt, the anomaly shown in Figure 5 is due to a
conductive zone below the deposit rather than the bauxite deposit.

Similar pseudosections can be prepared by plotting and contouring ap-
parent resistivity values as in Figure 5/d. In this pseudosection, a depression in
the contours appears approximately beneath the bauxite deposit. Again let us
emphasize that it is not the effect of the small bauxite deposit which is seen here,
but rather a zone of low resistivity in the basement which has not been detected
by other methods.

There is no independent evidence at this site to confirm the presence of a
deep conductor as indicated by B3 or to suggest the cause of such a conductor.
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Most likely, the conductive zone is a two- or three-dimensional feature rather
than a layer and it may be displaced laterally from the profile. It is known from
other localities in Hungary that fracture zones in dolomite, which are filled with
water and sometimes clay, constitute conductors in the resistive basement. In
fact, it has been suggested that structural depressions which may contain
bauxite may sometimes be associated with such conductive zones in the base-
ment.

The results for two soundings made near Bicske are shown in Figure 6. The
soundings are very dissimilar, C—1 indicating the presence of 4 layers and C-2
indicating 3 layers. The conductances of the upper layer, as found from the two
soundings, are quite similar and agree well with results of Slingram profiling.
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Fig. 6. Results of soundings from a locality near Bicske
a) Geological and electrical section
40 = Oligocene dolomite debris; ‘T; = Upper Triassic Hauptdolomit
b) Sounding curves with the best-fit inversions

6. dbra. A szondazasok eredményei Bicske kornyékén
a) Foldtani-geoelektromos szelvény
b) Szondazasi gérbék a legjobban illeszkedé megoldasokkal

Puc. 6. Pe3ynbTaThl 30HIMPOBaHUH B OKpeCHOCTH buuke
a) ['eos0ro-reosieKTpuuecKuii paspes
40 = n0IOMUTOBBIE 0GJOMKH OJIUTOLEHOBOTO BO3PACTA; T, = BEpPXHETPHACOBBIH OCHOBHOM
JOJIOMUT
b) KpuBbie 30HAMPOBaHUS ¥ TEOPETUYECKHE KPHBbIE, COBMECTHMBIE JIyYIIHM 06pazom
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The resistivities of the second layer are unrealistically high and are a result of
fitting distorted curves. Other than the first layer, the models differ markedly
from each other and do not correspond to known geologic features. Several
attempts were made to fit the observed data with a model in which the upper
layer was fixed to the depth to the Oligocene dolomite debris (C-1) or the depth
to the Triassic basement (C-2); however satisfactory fits could not be obtained
using these constraints. The resistivity for the deep conductor, as indicated by
C-2, is unreasonably low. Likely, C-2 is badly distorted or contains some
erroneous data points. However, the fact that C-1 indicates the presence of a
conductive layer in the basement lends some support to the possibility of the
existence of a conductor of unknown configuration in the basement.

The results given above indicate that the central-loop or single-loop TDEM
methods can be used for sounding in the bauxite producing regions of western
Hungary. However, the electrical sections there, which basically consist of
conductive layers over a resistive basement, are not as easily resolved as in the
opposite case when resistive rocks overlie conductive layers. Many of the
sounding curves obtained are distorted; one of the primary causes is probably
sharp lateral changes in the conductance of the conductive sediments. Previous
experience with this method indicates that sounding curves taken near fairly
pronounced lateral changes in resistivity can be fitted well to one-dimensional
models even though the soundings are distorted [FRISCHKNECHT-RAAB 1984].
Thus, it is apparent that, lateral changes in resistivity in the localities studied
in Hungary are very severe.

3. Fixed-source TDEM measurements

The central-loop and single-loop techniques are examples of moving-
source methods in which the source is moved for each new station. Moving-
source methods are very suitable for reconnaissance work where measurements
are made at widely separated sites. They also have some advantages in that the
geometrical relationship between source and receiver is constant. However,
when a high density of stations along a profile is needed, the single- and
central-loop techniques are very slow. Much higher rates of production can be
achieved if the source loop is left in a fixed position for a series of measurements
and the only receiver is moved for each new station. Besides being faster,
fixed-source techniques offer an advantage over central- or single-loop techni-
ques in that the horizontal component, as well as the vertical component of the
field can be measured. While galvanic or “current gathering” effects are sup-
pressed in the central or single loop techniques, they are enhanced at large
source—receiver separations. The absence of galvanic effects simplifies inter-
pretation but galvanic currents often identify the location of weak conductors
that do not carry significant vortex currents due to direct induction. This
phenomenon may be useful in bauxite exploration. Probably, the chief disad-
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vantage of the fixed-source method for bauxite exploration is the changing
geometry between source and receiver.

The USGS and ELGI have been working on interpretation techniques in
anticipation of making TDEM soundings using the fixed-source method. AN-
DERSON [1984] has developed a very efficient computer program, using lagged
convolution for computation of the horizontal and vertical frequency-domain
fields inside and outside a large loop on a horizontally layered earth. A time-
domain version of the same program is being evaluated. Following the general
approach used by RaAB and FRISCHKNECHT [1983], Pracser has developed
suitable expressions for calculation of apparent resistivity when a large loop is
used. It appears that development of an inversion program for fixed-source
soundings will not be a major task.

4. Development of other interpretation methods

Development of alternatives to interpretation by computer inversion is a
major concern. In some areas, TDEM sounding curves can be interpreted easily
but ﬁnding good fits to the data from the Csabpuszta, Bakonyoszlop and Bicske
sites using four- and five-layer models requ1red computatlon of many forward
models for guidance, and many inversion runs using different starting par-
ameters and constraints. The effort both in terms of personnel time and com-
puter time was far too great to be practical in routine exploration. Furthermore,
to achieve good results with the inversion technique used here, the sounding
curves must not be seriously distorted by the presence of sharp lateral changes
in the electrical section. Therefore, interpretative techniques which do not
require large computer resources and which are stable and yield useful results
when applied to distorted sounding curves are needed.

Pseudosections are useful in qualitative interpretation but they do not
provide estimates of the depth to anomalous zones. A rapid means of making
approximate depth estimates is needed for efficient conduct of field surveys as
well as to provide final results when curve matching using one-dimensional
models fails. What is needed is a simple and direct transform between time and
depth; equivalent transforms exist for other methods such as magnetotellurics.
The following two methods represent attempts to devise such transforms for
time domain methods.

If a highly resistive half-space contains a thin, conductive layer, the tran-
sient response depends on an elementary algebraic expression [WAIT 1956]. For
the case when the depth to that layer is of the order of the loop dimensions or
greater WAIT’S expression may be simplified to obtain a procedure for ap-
proximate inversion of sounding data. From the transient response we compute,
at each time instant, the “apparent depth of investigation” and the total conduc-
tance of the section. The results of applying this procedure to a theoretical curve
are plotted as a function of time (Figure 7/a). In this diagram the effect of the
conductive layer at 300 m is observed as a sharp feature at about 800 microsecs.
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Fig. 7. Application of the TSH method for a theoretical model
a) Apparent conductance versus time and apparent depth versus time curves
b) Apparent conductance and interval resistivity versus apparent depth curves

7. abra. A TSH kiértékelés vizsgalata elméleti gorbéken
a) Latszolagos vezetoképesség—ido és latszolagos mélység—ido gorbe
b) Latszolagos vezetOképesség- €s intervallum-ellenallas—latszolagos mélység gorbe

Puc. 7. Ananu3 untepnperauuu “TSH” Ha TeOpeTHYECKHX KPHUBBIX
a) KpuBble kaxylieics TpOBOAUMOCTH-BPEMEHH M KaxyILeHcs rilyOHHbI-BpeMEHH
b) Kpusbie kaxy1ieicss TpoOBOAMMOCTH—KaXyIIEHCs [JIyOMHbI B HHTEPBAJILHOTO CONPOTHBIIEHUS—
KaXXYLLEHCs: TTyOHHbI

We can produce a more descriptive and clear display if we plot the total
conductance as a function of the apparent depth (Figure 7/b). From this plot
the layers can be identified and the depths of the layer boundaries can be
estimated. We have plotted also what we term the “interval-resistivity curve”;
it is computed from differences in the apparent conductances and depth. This
plot is also useful in preliminary interpretation. This method might be called
the TSH method because we established a transformation between the time, T,
and depth, H, using the conductance, S.

The second method is based on the velocity with which transient eddy
currents move downward and outward from the transmitter loop in a homo-
geneous half-space [NABIGHIAN 1979]. The effective depth of the currents, or
“smoke ring”, is a function of time and half-space resistivity. For the central-
loop configuration a short formula can be used to transform the apparent
resistivity versus time function to apparent resistivity versus apparent depth
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function. We can call this technique a TRH method because it is a transforma-
tion between the time, T, and depth, H, using the resistivity, R. We are testing
this technique on theoretical and field results. In this simplest form it seems to
work well for a conductive layer over an insulator, but not for the opposite case.
Work is continuing to try to find a suitable modification which will make the
technique more useful. The TSH and TRH methods require little computer time
and can also be applied to distorted sounding curves, but improvements must
be made before these techniques will be useful in routine work.

Efficient application of TDEM soundings in a large exploration program
requires an integrated program of data acquisition and interpretation. A block
diagram illustrating proposed relationships between data acquisition, rapid
methods of interpretation, and interpretation based on curve fitting is shown
in Figure 8.

5. Conclusions

Direct evidence of the bauxite deposits at two of the locations (Bakonyosz-
lop and Bicske) where transient field measurements were made cannot be
discerned from the data. This is not surprising considering the size and resistivity
of the deposits and the complexity of the electrical section of these sites. It
appears that such deposits can be detected only indirectly by mapping their
structural settings. The central-loop time-domain method can provide needed
structural information in areas where lateral changes in resistivity are gradual,
but sounding curves which are badly distorted by sharp lateral changes in
resistivity cannot be fully interpreted using existing techniques. If the central-
loop configuration is applied in areas similar to the sites at Csabpuszta and
Bicske, we recommend using a station spacing of one-half or possibly one-quar-
ter of the side of the loop to help cope with lateral variations. We also recom-
mend making measurements at earlier times to define better the near-surface
part of the electrical section. To increase productivity, we suggest use of large-
loop TDEM techniques.

Existing inversion or curve fitting techniques using one-dimensional models
are too slow and too sensitive to distortions in the data to be adequate for
routine interpretation of data, such as would be acquired in bauxite exploration.
Some success was achieved in developing more rapid and robust methods of
interpretation but substantial improvements must be made before these meth-
ods will be useful in routine interpretation.




FIELD OPERATIONS FIELD PROCESSING FINAL PROCESSING

WITH DESKTOP COMPUTERS WITH LARGE COMPUTERS
I 1
LAYOUT PLANNING THEORETICAL
PSEUDOSECTIONS MODELLING
FIELD TIME TO DEPTH SPECIAL MASTER
INSTRUMENT TRANSFORM CURVES
RESISTIVITY NON-LINEAR LEAST
| INVERSION ~ | SQUARE  INVERSION
LAYOUT AND
PARAMETER CONTROL CURVE FITTING - OUTPUT GRAPHICS
v !
DEPTH'SECTION LAYER P/-‘\RAMETERS
INTERPRETATION FINAL INTERPRETATION
¥ ¥
PRELIMINARY RESULTS REPORT

Fig. 8. Block diagram for acquisition and interpretation procedure of TDEM data

8. dbra. A tranziens mérések adatgyujtési és kiértékelési rendszerének vazlata

Puc. 8. bnok cxema cucteMbl c6opa JaHHbIX M MHTepnpeTamus MITIT

80¢

49S9D4J ~UOSIIPUY —1ZSDZSI[) ~1YIIUNYISILT~SDYDY




Transient electromagnetic soundings. . .

REFERENCES

ANDERSON W. L. 1982/a: Nonlinear least-squares inversion of transient soundings for a coincident
loop system (Program NLSTCO). U.S. Geological Survey Open-file report 87-1064, 34 p.

ANDERSON W. L. 1982/b: Nonlinear least-squares inversion of transient soundings for a central
induction loop system (Program NLSTCI). U.S. Geological Survey Open-filc report 82-1 129,
34 p.

ANDERSON W. L. 1984: Fast evaluation of H, and H, field soundings near a rectangular loop source
on a layered earth (Program HRZRECT). U.S. Geological Survey Open-file report 82-1 129,
34 p.

BArDOSSY GY. 1982: “Karst bauxites™: Elsevier, 441 p.

BArDOssY GY. 1984: European bauxite deposits: Proceedings of the 1984 Bauxite Symposium, Los
Angeles, California, February 27 — March 1, 1984, Society Mining Engineers, pp. 412-435

BuseLil G., O'NEILL B. 1977: SIROTEM: A new portable instrument for multichannel transient
clectromagnetic measurements. Australian Society of Exploration Geophysics, 8, 3, pp. 82-87

FRISCHKNECHT F. C., RAAB P. V. 1984: Time-domain electromagnetic soundings at the Nevada Test
Site, Nevada. Geophysics, 49, 7, pp. 981-992

Kakas K. 1983: Electromagnetic measurements for bauxite deposited on Upper Cretaceous car-
bonate rocks (in Hungarian). ELGI 1982. évi jel. (Annual Report) pp. 26-27

NABIGHIAN M. N. 1979: Quasi-static transient response of a conducting halfspace — An approximate
representation. Geophysics, 44, 10, pp. 1700-1705

RaAB P. V., FRISCHKNECHT F. C. 1983: Desktop computer processing of coincident and central loop
time-domain electromagnetic data. U.S. Geological Survey Open-file report 83-240, 43 p.

Wait J. R. 1956: Shielding of a transient electromagnetic dipole field by a conductive sheet.
Canadian Journal of Geophysics, 34, pp. 890-893

A TRANZIENS ELEKTROMAGNESES SZONDAZASOK KIERTEKELESI
MODSZEREINEK FEJLESZTESE ES A SZONDAZASOK ALKALMAZASA
A BAUXITKUTATASBAN

KAKAS Kristof, Frank C. FRISCHKNECHT, UJSZASZI Jozsef, Walter L. ANDERSON és
PRACSER Ernd

Az USGS és az ELGI egylittmiikodésének keretében kisérleti tranziens szondazasokat végez-
tiink tobb bauxittarolo szerkezet felett a Dunantuli-k6zéphegységben. A szondazasokat egydimen-
zi6s Marquardt-inverzioval értékeltiik ki. A kiértékelést megnehezitette, hogy a szondazasok nagy
része (foleg a feddellenallas inhomogenitasa miatt) torzult volt. Bar a bauxittelepeket kozvetleniil
nem lehetett kimutatni, az eredmények azt mutatjak, hogy a tranziens szondazasokbol kapott
szerkezeti kép a bauxittestek indirekt detektalasara alkalmas. Két bauxiteléfordulason a bauxittest
alatt jolvezetd mélyzona volt kimutathatod. Nagy tertletek halozatos felmérésére akar a kdzépponti
vevotekercses, akar az egyhurkos elrendezés alkalmazésa lassu, ezért gazdasagtalan; errea TURAM
(nagykeretes) elrendezést tervezziik hasznalni.

A szamitogépes inverzios kiértékelésnek komoly hatranya egyrészt, hogy sok szamitogépidot
igényel, masrészt, hogy torz gorbék kiértékelésére nem alkalmas. Kvalitativ kiértékeléshez (anoma-
lis zonak kijeloléséhez) az adatokat pszeudoszelvények formajaban, az id6 figgvényében abrazol-
hatjuk. Az ellenallas-mélység fiiggvény, vagy a hatarfelilletek mélységének kvantitativ meghatéro-
zasahoz a TSH és a TRH eljarast kivanjuk alkalmazni. A TSH eljards a nagyellenallasu félterben
telepiild vékony vezetd réteg feltételezésén alapul, és vezetOképesség-mélység fliggvényt eredmé-
nyez. A TRH eljaras a szondazasi gorbe mélységtranszformaciojat végzi el, az 6rvényaramok
maximumanak mélység-ido Osszefiiggése alapjan.
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PA3ZBUTHUE CITOCOBOB MHTEPIIPETALIMU JAHHBIX 3JIEKTPOMATHUTHBIX
30HAUPOBAHMI MO METOAY INEPEXO/JIHBIX ITPOLIECCOB Y ITIPUMEHEHHUE
30HAUPOBAHUU NJIsl PABBEAKH BOKCUTOB

Kpuwtod KAKAII, ®penx L. PPUIIKHEXT, Moxed YUCACHU, Banstep JI. AHAEPCOH
u Opué [TPAYEP

B pamkax cotpyanuuectBa Mexay ['eonoruueckoit cinyx6oit CIIA u DJIT'U 6111 nposene-
Hbl 9KCIIEPHUMEHTAJIbHbIE 30HIMUPOBAHUS MO METOMY MEPEXOAHBIX MPOLECCOB NMOJA HEKOTOPBIMH
6OKCUTOHOCHBIMH CTPYKTYPaMH B paiioHe 3a/[yHalCKOro CpeiHeropbsi. 30H1upoBaHus ObLIH 06pa-
60TaHbl OJTHOMEPHOH MHBepcuei Mapkapra. MHTepnperanus JaHHbIX Oblia 3aTpyIHEHA HCKa-
XeHHEM OOJIbIIOH 4acTH KPHUBBIX (TJ1aBHBIM 00Pa30M M3-32 HEOJHOPOAHOCTH CONPOTHBIICHHH B
nokpoBe). XOTs Hesb3si ObLIO NPSAMO BBISBUTH OOKCHTOBBIE 3aJI€XKH, PE3yJIbTAThl YKA3bIBAIOT HA
TO, YTO NOJIy4YEHHAs B Pe3yJIbTaTe 30HAMPOBAHUS IO METO/TY NMEPEXOAHBIX POILIECCOB CTPYKTYpHAs
KapTHHA NO3BOJISET BbIAEIATH OOKCHTOBBIE TeJla KOCBEHHBIM myTeM. Ha nByX MecTOpOXICHHSX
60oKkcHTa B MOAOIIBE OOKCHTOBOTO Tea Oblila BbIAEJEHA XOPOLIO MPOBOAsAIIAs [NTyOMHHAs 30HA.

JIns chbeMKH OOLIMPHBIX PAaOHOB 110 CETH PUMEHEHHE YCTAHOBOK KaK CO Cpe/IHe mpueMHON
KaTyIUKOM, TaK M C OJHOW METJIOH OKa3bIBAaeTCS MEMJICHHBIM, U TOITOMY HEIKOHOMHYHBIM
crmocoboM; I TAKOH LENH MpeaycMaTpuBaeTCs npumeHuHe yctaHoBku TYPAM (c Gonbiioi
pamoit).

Cepbe3HbIM HEOCTATKOM HHBEPCHOHHOM MHTeprnperanun Ha DBM sBisercs BbICOKas 1o-
TpeOHOCTh B MAILIMHHOM BPEMEHH, C OJHOW CTOPOHBI, H HErOJHOCTb €€ AJIS HHTEPIpPETALHH
HCKaXXECHHbIX KDUBBIX C APYroi. [IJisi kKaueCTBEHHOW HHTEPIPETALMH (BbIAEJICHHS aHOMAJIbHBIX 30H)
JIaHHBIE MOTYT H300paxaTbCs B BHJE INCEBIO-pa3pe3oB B 3aBUCHMOCTH OT BpeMeHH. Jlus
OINpe/IEJICHHH 3aBUCUMOCTH CONIPOTHBJICHUS OT IJTyOUHBI, WIIH [IJIS1 KOJIUYECTBEHHOTO ONpPECIICHUS
riyGHHBI 3ajI€raHus pa3pe3oB B HacTosilee BpeMs padpabatsiBatorcs cnocobsl TSH u TRH.

Cnoco6 TSH ocHOBaH Ha NPEANOJIOXEHHH HAJIUYUS TOHKOTO MPOBOJISLLIETO CJIOS B BHICO-
KOOMHOM TIOJIYIPOCTPAHCTBE U B pe3yjbTaTe AaeT (YHKLUUIO 3aBUCHMOCTU NPOBOAMMOCTH OT
ray6unbl. Cioco6 TRH BeinosiHsieT npeoGpa3oBaHie KpUBO# 30HIMPOBAHHS 1O TTyOHHE Ha OC-
HOBaHMH 3aBHCHMOCTHU TJTyOMHBI MAaKCHMyMa BHXPEBBIX TOKOB OT BPEMEHH.




GEOPHYSICAL TRANSACTIONS 1985.
Vol. 31. No. 1-3. pp. 311-330

COMPARISON OF INTERPRETATION METHODS FOR TIME
DOMAIN SPECTRAL INDUCED POLARIZATION DATA

Laszld6 VERO*, Bruce D. SMITH**, Walter L. ANDERSON#**
and Jozsef CSORGEI*

Two approaches to the interpretation of time-domain induced polarization (TDIP) are: the
use of an exponential power series model and the use of generalized complex impedance (resistivity)
or the Cole-Cole model. The exponential model is demonstrated to fit observed decay curves well
and produces parameters describing changes in curve shape. Parametric changes can, in some cases,
be correlated with changes in rock type or mineral texture, but they lack clear physical significance.

The Cole-Cole model can be used to fit decay curves with the same accuracy as the exponential
model. Advantages in its use to interpret time-domain induced polarization are; 1. putting time- and
frequency-domain measurements on a common basis, 2. the model can be related conceptually to
certain polarization mechanisms, 3. it can predict the variation in decay curve shape caused by finite
pulse times of different lengths, 4. the model provides a stable numerical approximation to electro-
magnetic coupling. In addition simultaneous inversion of decay curves with different short pulse
times can be used to obtain information available from long pulse times.

Keywords: induced polarization, time domain, Cole—Cole model, interpretation, inversion

1. Introduction

Time domain (TD) and frequency domain (FD) measurement of induced
polarization (IP) processes has had a long history of successful applications to
metallic mineral exploration [SUMNER 1976]. More recently IP methods have
been used in exploration for non-metallic minerals (hydrocarbons, coal), geo-
thermal resources and increasingly for ground water resources [WASHBURNE
1982]. Expanded applications of the IP method to define more subtle anomalies,
require advanced interpretation methods. To a certain extent this has been
accomplished for FDIP [PELTON et al. 1978, 1983, 1984]. However, similar
advances have not been made in TDIP. This paper briefly reviews some of the
existing methods to interpret TDIP data, and introduces a new method of
interpretation that bridges the gap between TD and FD induced polarization
applications.

* Eotvos Lorand Geophysical Institute of Hungary, POB 35, Budapest, H-1440
** U.S. Geological Survey, Denver Federal Center, P.O.Box 25046, MS 964, Denver, Colorado
80225
Manuscript received: 14 January, 1985
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2. Basic principles

A brief review of the IP method is warranted because of the geologic
orientation of other papers in this volume. Excelient more technical summaries
are given by SUMNER (1976), and WASHBURNE (1982). In field IP surveys, current
is injected into the earth through current electrodes and a resulting voltage (V5)
is measured across potential elec..odes (Figure 1/a). For TD surveys, the
current is turned on for a length of time (termed pulse or on-time) then turned
off (termed off-time). The transmitted waveform is then repeated with current
flow in the opposite direction. The pair of positive and negative on-off
waveforms constitutes a cycle. If the target in Figure 1/a is polarizable, then the
voltage at the potential electrodes may have a form such as shown in Figure 1/b.
The polarization of the target creates a transient decay voltage and correspond-
ing charging response as observed in the received waveform. The cycle of
transmitted pulses is repeated with successive measurements of the received
waveform averaged until the desired signal-to-noise ratio is obtained (if poss-
ible).

In TD measurements the most commonly measured parameter is the
chargeability m, which is defined as the ratio of the received voltage just after
the turn-off (V;, Figure 1/c) to the voltage (V,) just before turn-off [SEIGEL 1959,
DoLAN 1967, MCLAUGHLIN 1967]:

m =V, )

However, because most transmitters are less than ideal and because there are
electronic limitations in receivers, only the apparent value of m is measured:

m' = V[V, 2

This parameter neglects the shape of the decay curve, which contains informa-
tion about the polarization process [WAIT 1959, BERTIN—LOEB 1976, ERKEL et
al. 1979, and HALVERSON et al. 1979]. Clearly, the shape of the decay curve must
be-described by sampling the transient voltage at several time points along the
decay curve. Previous work on the analysis of decay curves has demonstrated
that variations in its shape can in some cases be attributed to differences in rock
types [PELTON et al. 1978]. However, the approach to curve shape analysis and
its interpretation is far from uniform or standard [WaAIT 1959, KoMaRroV et al.
1979, ERkEL et al. 1979, JoHNsON 1984].

In contrast, analysis of multifrequency IP data (analogous to measure-
ments of many points along the TD decay waveform) has become much more
standardized through the use of the Cole—Cole model of IP processes [PELTON
et al. 1978, 1983, 1984]. We will discuss this model in a subsequent section. The
applications of this method to TD data, or more specifically, spectral TDIP
data, has been debated in several papers. For example, ToMss [1981] suggests
that IP instruments with short pulse times cannot be used to discriminate rock
types by curve shape analysis. Recently, SOININEN [1984] has claimed that TD
curve shape characteristics are not interpretable in terms of frequency domain
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Fig. 1. Principles of time domain induced polarization: a) example of arrangement of
transmitter (current) and receiver (voltage) electrodes, b) conceptual shape of the received
waveform, ¢) measured voltages (V' and V') and theoretical values (Vp, V)

1. abra. Az id6tartomanybeli gerjesztett polarizacié alapelvei: a) példa az ado (aram) és vevd
(fesziiltség) elektrodak elrendezésére, b) a mért jel elvi alakja, ¢) a mért fesziiltségek (V' és V')
¢s az elméleti értékek (Vp, V)

Puc. 1. OCHOBHBIE IPUHLMIIBI BEI3BAHHOMN MOJISPU3AIMM BO BPEMEHHOM 061aCTH: a) mpuMep
PACIOJIOKEHUS 3aJalOLIHUX (TOKOBBIX) M MPHEMHBIX (IIOTEHIHATbHBIX) 3IEKTPOLOB;
b) npuHIMNUHaNbHAsA HOPMa U3MEPEHHOTO CHTHAJA; ¢) U3MEPEHHbIE HATIPSKEHHS
(V' u V§') u ux teopetudeckue 3Hauenus (Vp u Vi)
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models. However, JOHNSON [1984] has demonstrated compatibility between TD
and FD curve shape analysis. The following discussion will hopefully lead to
a unification of TD and FD intepretation.

A final interpretation issue concerns inversion, the process of determining
parameters of a model from the measurement data. A basic consideration in the
inversion of IP data is to define an appropriate model to describe the measure-
ment data. Once the model is defined, then the inversion technique must be
chosen. Two methods of data inversion are by curve matching using an album
of forward model curves, or by using a computer to find model parameters that
best fit the measurement data in a least-squares sense. Curve matching methods
have been used or proposed by Tomss [1981] and JAIN [1981]. We favor the
least-squares computer inversion methods using a linearized form of the for-
ward model. PELTON et al. [1983, 1984] have described in detail some of the
fundamentals of this type of inversion method for FD data.

3. Exponential model

Derivation and application of the exponential model for the interpretation
of time domain IP data has been described in detail by ERKEL et al. [1979] and
CsORGE!I et al. [1983]. The following discussion summarizes this work in order
to demonstrate its application to TDIP data analysis.

The general form of the exponential equation is

N
Vi= W+ ) W™ 3)
i=1
where
V, = decay voltage at time ¢ (volts)
t = time after turn off (milliseconds)
N = number of exponential terms
W, = amplitude of ith term (volts)
7; = time constant of ith term (milliseconds)
W, = constant value (volts)
Though this equation is not particularly justified by induced polarization
theory, it may fit the observed decay waveform quite well. The amplitude terms
can be directly related to the chargeability since they describe the instantaneous
drop in voltage at the turn-off time (=0 in Figure 1/b). This equation can be
used to fit observed decay curves by the inversion methods mentioned previous-
ly. Experience with fitting several thousand decay curves has demonstrated that
for normal decay curves the data can be easily fitted within a predicted observa-
tion error. Consequently equation (3) is an adequate mathematical (as opposed
to physical) representation of the TDIP decay waveform.
One major consideration in the implementation of equation (3) is the
number of components required to obtain a good data fit. Figure 2 shows the
effect of using 3, 4 and 6 components of the series to fit a TDIP decay waveform.
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The computer program, written for a Hewlett Packard 9845® desktop com-
puter, automatically increases the number of components, until the least-square
error reaches either an asymptotic value or reaches the estimated data error.
Generally at least four components or nine parameters are required.

3 components
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=] ‘x % X X g2 X
sl xxxx " X X xx xxxx X X X
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E | x
&0
ﬁ 01 1 0 100
a 4 or 6 components
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: b o
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042200 g0 © 009 ,9%0° o °%0 00000
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N q
-10
0 3 10 100
TIME [s]
Fig. 2. Difference between observed and computed voltages using 3, 4 or 6 éxponential
components

2. dabra. A 3, illetve 4 vagy 6 exponencidlis dsszetevd alapjan szamitott és a mért fesziiltségek
kozti kiilonbsegek

Puc. 2. Pacxox/ieHie U3MEPEHHBIX M PACUYETHBIX HANPSDKEHHH Ha OCHOBE 3-X, 4-X U 6-U
JKCIOHEHIHA/IbHBIX YJIEHOB

Interpretation of resulting values of the time constants presents another
problem since the mathematical model does not have any physical meaning in
terms of induced polarization processes. To some extent the laboratory IP
response of samples from a given geologic setting can be used to establish trends
associated with certain types of mineralization, alteration, or mineralogy. Figure
3 shows typical results from laboratory measurements of different types of
sulfide-bearing rocks. This figure demonstrates that each type, depending on the
nature of the sulfide distribution, is associated with a different set of amplitude
values (W,/W)).

One limitation of the exponential model is that the distribution of am-
plitude values may change as a function of the pulse duration. The general trend
of the distribution of Wj/W, is preserved for long pulse times (Figure 3/b).
However, there are distinct differences at different pulse times even though the

® Use of trade names does not constitute endorsement either by the Eétvés Lorand Geophysical
Institute, or the U.S. Geological Survey




316 : Veré—Smith-Anderson—Csirgei

10

T=38s
| —  coarse grained

/ or veinlets
% % % w5
= 1 W
—
disseminated
\bcarren
01
1 10 100 "

T =960s

A
t\\\\
N\
\

¥

/
\
A

\o\ disseminated
\

\,__ barren

1 0 100
Tlsl]

Fig. 3. Normalized amplitude (W;/W)) plotted as a function of time constant (z;) for different
textures of sulfide-bearing rocks: a) charging time of 38 seconds, b) charging time of
960 seconds

01

3. dbra. A t; id64lland6 fiiggvényében 4brazolt normaélt amplitado (W;/W)) kiilonbozé szulfid
tartalmu kézetekre a) a gerjesztési idé 38 masodperc, b) a gerjesztési id6 960 masodperc

Puc. 3. 3aBUCHMOCTb HOPMHUPOBAHHOU aMIUTUTY Il (W;/W)) OT NOCTOSHHOM BpEMEHH T, LIS
TOPHBIX MOPOJ C Pa3HBIMHU COAEPXAHUAMH CYIb(OHIOB. BpCMSl BO30YyXACHHS:
a) 38 cex; b) 960 cex

physical polarization process presumably remains the same. This point will be
discussed in the subsequent section on the interpretation of field measurements.

General conclusions from use of the exponential model are:

1. It can be used to fit adequately observed decay curves within the
tolerance of measurement errors.

2. The inversion of the model is computationally efficient and can be
implemented on a desktop computer system for routine interpretations.

3. The model cannot account for changes in the shape of the decay curve
as a function of different pulse durations.
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4. Changes in the decay waveform can be correlated with mineralization
type, based upon laboratory sample measurements of different types of sulfide
mineral distribution within the rock (massive, disseminated and barren).

4. Cole-Cole model

Development of the fundamental equation describing IP behavior in the
FD using the Cole-Cole model is given by PELTON et al. [1978, 1983, 1984]. This
model is an attempt to bridge the gap between electrochemical models with
rather complex equations [e.g., WONG 1979, OLHOEFT 1982] and the more
qualitative methods such as the previously described exponential series model.
Polarization of a medium reflects its capability to store and release electrical
energy. The mechanisms which create the polarization process are varied and
complex. However, one easily understood mechanism is interface polarization,
shown graphically in Figure 4/a. Current can pass directly through the media
via the unblocked pore path. In the partially blocked pore path, the conductive
(metallic) particle impedes the flow of current which creates a net electrical
charge at the interface between the particle and electrolyte. When the current
source is turned off, the net charge around the particle discharges. The charge
and discharge is termed a polarization process.

The Cole-Cole model can be used in a qualitative way to describe this

CL) b.)

mafrix

Ro

R W

metallic partice

Fig. 4. Principles of Cole-Cole model applied to induced polarization: a) conceptual model of
the induced polarization process, and b) an electrical circuit which describes the electrical
behavior

4. dbra. A gerjesztett polarizacioban alkalmazott Cole-Cole modell: a) a gerjesztett polarizacios
folyamat elvi modellje, b) az elektromos viselkedést megado helyettesité aramkor

Puc. 4. Monens Kon-Kou, ucnob30BaHHas B METO/IE BHI3BAHHOM MOJIAPU3AIMY: a)
NPUHIMIMAJIBHAS MOJIEJIb TIPOLIECCA BBI3BAHHOM MOJIApU3aIMK; b) SKBHBAJIEHTHAS CXEMa,
OIHUCBIBAIOLIAS 3JIEKTPUYECKOE TOBEACHUE
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polarization process. The electrical circuit shown in Figure 4/b is an analog to
the schematic polarization process shown in Figure 4/a. Resistance of the open
pore path is given by the resistance R, while the blocked pore path is represented
by a series combination of a resistor and a complex impedance element (like a
capacitor) termed the Warburg impedance. The Cole—Cole model expresses the

variation in complex resistivity or impedance as a function of frequency:

1
Z(w)=RO{1—m|:l—m]}. 4

Each of the parameters of the model, above, can be expressed in terms of the
electrical circuit as shown in Figure 4/b and are defined as follows

= dc resistivity (Qm)
chargeability (volts per volt)
- the time constant (seconds)
frequency dependence (dimensionless)
= ;@lar frequency (radians per second)
=

The time constant given in the Cole-Cole model is not the same as time
constants in the exponential model (equation 3). When m= 1.0, the Cole—Cole
model becomes approximately an exponential with time constant 7, but there
is no strict mathematical relation between the two models. What is important
here, to recognize that the Cole-Cole model can be related to a physical
polarization mechanism, such as shown in Figure 4/a. Other polarization mech-
anisms, that can be related to the Cole-Cole model, include double layer
interface polarization [KLEIN et al. 1984], packing of conductive spheres with
a resistive coating [WAIT 1959], and some electrochemical processes [WONG
1979].

The electrical nature of the earth or even a rock sample is clearly more
complex than a simple electrical circuit (Figure 4). A much more realistic model
is a collection or distribution of electrical circuits. Both theory and controlled
experimentation (Figure 5/a) have shown that the grain size of polarizable
particles can be directly related to the time constant (z in equation 4). This
observation leads to a basis on which rock types can be discriminated through
use of the Cole—Cole model. A classical example is discrimination of graphites
and sulfides which have different effective grain sizes leading to markedly
different time constants (Figure 5/b) [PELTON et al. 1978, SmiTH et al. 1983].
Another example is discrimination of economic and non-economic sulfides in
some porphyry copper deposits because of a difference in the texture of the
sulfide minerals [OSTRANDER—ZONGE 1978].

The Cole-Cole model has been used to interpret many different types of
FDIP data. From the previous discussion advantages of using the Cole—Cole
model are:

1) It can be related to certain polarization mechanisms.
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tig. 5. Time constant variations: a) versus grain size, and ) versus chargeability for graphites
and massive sulfides

5. dbra. Az id6éallandé kapcesolata a) a szemcsemérettel, és b)a gerjeszthetdséggel, grafit
¢€s massziv szulfidok esetében

Puc. 5. CBAi3b NOCTOSHHOM BPEMEHH @) C MAMETPOM 3€peH U b) ¢ BO3OYXIaeMOCTBIO
11 rpadUTOB U MACCHBHBIX CYJIb(QHUIOB

2) Variations of the model parameters can be related to textural variations
leading to possible rock type discrimination.

3) The model has a minimum number of parameters to describe most FDIP
data, and

4) The variations in pulse shape for different pulse times can be predicted.

A closed form of equation (4) does not exist for the time domain. This has
lead to some problems in adapting its use to TDIP investigations. In solving the
forward problem we wanted to duplicate as closely as possible the actual
waveform used in field measurements. The particular method presented here is
described in detail by ANDERSON and SMITH [1984] and only summarized below.
The step function response (e.g. infinitely long pulse time) is computed using
a convolution approach described by GurTASARMA [1982]. Under certain cir-
cumstances the convolution method does not provide numerically accurate
answers. In this case (automatically detected by the program) an integral
equation [LEE 1981] is numerically solved to yield greater accuracy. Numerical
solution of the integral equation, though, is too slow for routine use.

Having found the solution of equation (4) in time domain for an infinitely
long pulse (step function) the next step is to compute the response for a series
of finite positive and negative pulses (Figure 1/b). The response is computed by
summation of the step function response over appropriate time intervals deter-
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mined by selected positive and negative on-off times [WAIT 1982]. The resulting
program can be used to compute voltages at specified times on the decay
waveform for any on-time (TPI), off-time (TP2) or number of cycles (NP).
Summation over a number of cycles is analogous to the stacking procedure in

field measurements.
TD-IP BEHAVIOR: T=VAR  TP=4

T T T T T T T

MODEL=1(TP=4 NP=8)
m=05
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FEEWRETT:|
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Fig. 6. Forward Cole—Cole model solutions for variable time constants: a) 4 second pulse time,
b) 30 second pulse time

6. dbra. A Cole—Cole modell alapjan, kiillonb6z6 idéallandokra szamolt lecsengési gorbék: a) a
gerjesztési id6 4 masodperc, b) a gerjesztési id6 30 masodperc

Puc. 6. KpuBble 3aTyxaHus, pacCiuTaHHble Ha ocHOBe Mozenu Kon—Koun ans pasHbix
MOCTOSHHBIX BpeMeHHU. [{uTensHoCTh BO30yxaeHus: a) 4 cex; b) 30 cex
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One of the applications of the forward problem is to examine characteris-
tics of the TDIP response as determined by the Cole—Cole model. Figure 6
illustrates a set of curves generated for two different pulse times with the time
constant variable. The other parameters of the model have been held to constant
values (Ry=1, m=.5 and c=.4). A few interesting observations can be made
from these curves.

The theoretical value of m, the chargeability, for all of the curves is .5. This
represents the value of voltage at the instant of voltage turn-off. In practice the
finite pulse m is measured at some time after turn-off which is seldom less than
1 millisecond, the earliest time in Figure 6. Even though more than eight decades
of values for the time constant have been used the estimated value of m at
1 millisecond will always be less than the true value, for both long and short
time constant polarization processes. In the case of short time constants, most
of the decay occurs before measurements begin, leading to an underestimate of
m. The measured values of the long time constant curves for 4 and 30 s pulses
show that the longer pulse time yields an asymptotic voltage value that is closer
to the true value of m, but is still a considerable underestimate. The case where
the time constant is longer than the pulse time (curves 4 and 5 in Figure 6/a and
curve S in Figure 6/b) presents a different problem in estimating the true charge-
ability. The voltage value for this curve at 1 millisecond is an asymptotic value
which is practically the same as would be observed at the shut-off time. How-
ever, the observed value of m will never be the same as the theoretical value
because of the difference in the IP process time constant and the pulse duration.
Only in the limiting case of an infinitely long pulse would the true value of m
be observed.

This discrepancy between the true and observed value of m for long time
constant processes is the reason that Tomss [1981] concluded that only long
charging times could be used to discriminate between long and short time
constant IP processes. However, a complete analysis of curve shapes, partially
indicated in Figure 6, can provide the missing information. This point is discuss-
ed in more detail in the following section, but obviously use of the Cole—Cole
model in inversion of field TDIP allows the true value of m to be estimated.

Effects of varying the other Cole-Cole model parameters can be studied
in a similar way as was done for the time constant given above. The general
conclusion from the above discussion is that the forward problem computations
are an effective way to evaluate the behavior of time domain induced polariza-
tion.

5. Applications

In the following discussion we compare applications of the exponential
model (equation 1) and the Cole—Cole model (equation 4) to interpretation of
spectral time-domain IP data. An example of data from a well-digitized decay
wave form is shown in Figure 7. The computed curve (solid line in Figure 7) is
the same for both the Cole—Cole (C—C) and the exponential model parameters
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HUNGARY DATA SET #1
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SOLUTION:
RO = 5591
m = 0676
T =622
C 0.38

LA O

. el
10°
TIME [s]

=
o|

Fig. 7. Decay curve showing observed values (circles) and computed least-squares fit (solid line)
using Cole-Cole model

7. dbra. Mért lecsengési gorbe (korok) és a hozza a legkisebb négyzetek elve alapjan illesztett
Cole-Cole modell (folytonos vonal)

Puc. 7. ismepenHas KpuBasi 3aTyxaHus (Kpyxku) u Mozens Kon—Kou, cornacoBannas no
NPUHLMIY HAMMEHBILUX KBaJpATOB (CILUIONIHAS JIHHUS)

given in Table I. Seven parameters were required for the exponential model
whereas only four are needed for the C—-C model. In general we have found that
the C-C model is a simpler parameterization of most decay curves because less
parameters are required for a_good fit to the data.

As discussed previously there is no simple relationship between parameters
of the two models. However, we have found empirically that, generally the
average time constant of the exponential model is most closely related to the
C-C model time constant for decay curves free of problems discussed below.

Exponential
Amplitudes (uV) Time constants (s)
W, 48
W, 840 7, 11.9
W, 648 7, 1.64
Wi 456 73 0.31
m'=0.165 Average 1=4.6
Cole—Cole
Ry 559 Qm T 62s
m 0.676 c 0.38

Table I. Comparison of exponential and Cole-Cole parameters
I. tablazat. Az exponencialis és Cole-Cole paraméterek sszehasonlitisa

Taba. I. CpaBHEHHE TapaMETPOB IKCIIOHEHIMAIBLHOM Moaenu u Moaenu Kon-Kon
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Consequently, presentation of interpretations using the exponential model
might best use the average time constant value as indicated in Table I.

Three types of problems can be encountered in interpretation:

1) Discrepancies between the true and observed value of chargeability,

2) Effects of electromagnetic coupling, and

3) Determination of model parameters for long time constant decays using
short or finite pulses.

The problem of discrepancies between observed and true values of charge-
ability, illustrated schematically in Figure 1/c, has been discussed previously.
The second problem is illustrated in Figure 8.

As shown in Table I the value of chargeability (m’) estimated from the
exponential model is about a factor of four smaller than the true value (m)
predicted by the C-C model. The forward problem solutions shown in
Figure 6/b demonstrate why there is a discrepancy between values of m’ and m.
The charging time for field measurements shown in Figure 7 is 32 seconds and
the C—C model parameters are intermediate between curves 3 and 4 of Figure
6/b. Considering that the first voltage sampling time for this example is 160

EM COUPLING
TRANSMITTER TRANSMITTER
N o
. .‘/IP decay curve
resulfing
signal —

VOLTAGE
o

TIME
/
/~negative EM coupling

I

Fig. 8. Electromagnetic coupling can produce strong negative response near beginning of decay

8. dbra. Az elektromagneses csatolds nagy negativ fesziiltségeket okozhat a lecsengés kezdeti
szakaszaban

Puc. 8. B HauanbHOM CTaMM 3aTyXaHHUs 3JIEKTPOMArHUTHAs CBS3b MOXET BbI3BaTh OoJbLINE
OTpHILIATEIbHbIE HAMPSKEHHUS.

milliseconds (.160 seconds), the general difference between m’ and m is compat-
ible with the forward solutions.

The problem of electromagnetic (EM) coupling (Figure 8) is a complicated
question that has been widely debated [e.g. PELTON et al. 1978, and WYNN—
ZONGE 1975]. Without going into details, EM coupling is caused by electromag-
netic wave propagation produced when either initiating or terminating galvanic
current flow into the ground. The switching of galvanic currents in turn causes
inductive currents to flow within confined conductors. In addition, some EM
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coupling is due to currents induced between the wires connecting the transmitter
and receiver electrodes (Figure 1/a). Cases where the EM coupling acts to
oppose the polarization process is termed negative EM coupling. This negative
EM coupling is schematically shown in Figure 8 where the transient decay curve
has a negative component, causing its amplitude to increase and then decrease
as a function of time. The general effect of EM coupling is to obscure the
polarization process. Hence, a major interpretational proolem is to identify the
EM and IP components in order to separate them.

The exponential model has been applied to the data shown in Figure 9
which have a strong negative coupling component. As described by CSORGEI
et al. [1983], inversion of data with negative EM coupling is numerically very
unstable using the exponential model. In the case of these data, the time
constant of the first term had to be held to a fixed value in order to obtain
realistic model parameters. The exponential model parameters (Table II),
consist of two exponential terms. The first term can be interpreted to be
associated with the negative coupling (note negative amplitude) and the second
term with the IP effect. However, data interpretation along the complete profile
demonstrates that the second exponential term is also influenced by EM coupl-
ing [CsORGEI et al. 1983]. Thus the exponential model does not lead to a clear
separation of EM and IP effects.

HUNGARY DATA SET #2

SOLUTION :
RO = 578

o
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Fig. 9. Decay curve with negative electromagnetic coupling at beginn'mg of decay (observations
are circles and least-squares theoretical solution is solid line)

9. dbra. Lecsengési gorbe negativ elektromagneses csatolassal a lecsengés kezd'eti szaka§zéban
(a mért értékeket a korok jelentik, a legkisebb négyzeteken alapulo elméleti megoldas a
folytonos vonal)

Puc. 9. KpuBasi 3aTyXaHHs C OTPUIATENILHOMN 3JIEKTPOMATHUTHO#M CBSI3bIO B HA4YaJIbHOM CTaMH
3aTyxaHusl (KPYXKH — M3MEPEHHBIE 3HAYEHHUS; CIJIOIIHAS JIMHUS — TEOPETHYECKOE PELLICHUE Ha
OCHOBE HAMMEHBILIMX KBAIPATOB)
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Exponential
Amplitudes (uV) Time constants (s)
W, 29
W, —29% EM 7, 0.06
w, 56 IP 7, 143
m'=—0.18 m5=0.035
Cole—Cole
EM m; —094 (P m, 0.403
Ty 0.063 7, 0.068
¢y 0.94 ¢, 0.439

Table I1. Comparison of exponential and Cole-Cole parameters for decay curves with EM
coupling

II. tablazat. Az exponencialis és Cole—Cole paraméterek dsszehasonlitasa EM csatolast is
tartalmazoé lecsengési gorbére

Taba. II. CpaBHEHHE TAPAMETPOB IKCTIOHEHIMAIBLHOM Mojien U Mozenu Koa-Koo s kpusoi
3aTyXaHus, BKJIroYaromias B cedbs 1 DM cBs3b

The C-C model parameters, given in Table 11, show that two models, i.e.
sum of two terms (equation 4), must be used. As discussed by PELTON et al.
[1978], the EM coupling effects can be represented by the C—~C model. However,
there is only an empirical basis for its application in this case. In practice, the
C-C model was found to be numerically much more stable than use of the
exponential model in data inversion. The component with negative chargeabil-
ity (Table II) is the presumed negative coupling. Analysis of other examples
along the same profile as examined by CSORGEI et al. [1983] generally indicates
that the spatial variation of the presumed IP parameters is less influenced by
the strong EM coupling than the corresponding variation using the exponential
model.

Comparison of parameters determined for each type of model (Table II)
demonstrates the following. The C—C model parameters for the EM coupling
are typical of values observed in frequency-domain measurements. Interesting-
ly, the exponential and the C—C model yield the same general value of the time
constant for EM coupling. This is due to the fact that the m, and ¢, parameters
yield very nearly an exponential decay waveform when they have near-unity
values (PELTON et al. 1983, 1984). However, there is not as good an agreement
between the two IP time constants, because the intermediate value of m does
not approximate an exponential decay. Addition of another exponential term
might improve agreement between averaged 7 values, as in the case of the first
data set analysis. Again there is a difference between the predicted m values
(voltage at time = 0).

Conclusions from the brief analysis of negative EM coupling are:

1) The C-C model yields numerically more stable and realistic results for
strong EM coupling problems,

2) Time constants for both models are similar for the EM coupling,

3) The C—C model provides better estimate of the IP process in the presence
of EM coupling, and

4) Neither model has a theoretical basis for approximating EM coupling.
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The final interpretational problem to be discussed is the interpretation of
long time constant IP processes with short pulse times. This problem was
discussed previously in terms of forward model computations, where it was
shown that the exponential model cannot predict variations in decay curve
shapes due to different pulse times.

When short pulse times are used with long time constant processes, the
interpreted time constant is always much shorter than the true time constant.
The traditional solution to this problem has been to use long pulse times
(HALVERSON et al. 1979). However, a new alternate approach is possible through
use of the Cole—Cole model.

The variation in decay curve shape for an IP process with a 1,000 second
time constant is shown in Figure 10 for different pulse times. Differences in curve
shapes as a function of different pulse times indicate that a long time constant
polarization process is present. If the time constant is much shorter than the
pulse time, then there would be no difference in the curve shape for different
pulse times.

An alternate method to using a long pulse time, proposed here, is to use
two or more short pulse times. Differences in the resulting decay curve shape
can be interpreted with the C—C model by simultaneous inversion of the dif-
ferent decay curve shapes. This interpretational method has obvious practical
advantages. For the example, shown in Figure 10, a pulse length of 600 seconds
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Fig. 10. Forward model results for a Cole-Cole model having a long time constant for different
pulse times (7P)

10. dbra. Hosszu id6éallandoju Cole-Cole modellre vonatkozo elméleti lecsengési gorbék
kiilonbo6zo gerjesztési idok (TP) esetén

Puc. 10. Teopetuyeckue kpusble 3aTyxanus ais Mozaenu Kon—Kou ¢ 6osbioit noctosHHO#M
BPEMEHHU B Cllyyae pa3HbIX BpeMeH Bo30yxnaenus (TP)
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is needed to determine accurately the 1,000 second time constant. For one
complete cycle of positive and negative pulses 40 minutes would be required.
Of course, even more time would be needed for signal stacking of repeated
cycles.

A practical application of this interpretation method is shown by data in
Figure 11. The example is taken from TDIP measurements made over a zone
of carbonaceous rocks which have a long time constant based on laboratory and
field FDIP measurements. TDIP measurements were made with both two- and
four-second pulses, which had one set of common time points along the decay
curve. Interpretation of the data from a single pulse yielded an estimated time
constant of the order of 20 seconds. This is markedly shorter than the minimum
time constant of 500 seconds determined by an FDIP measurement using the
same electrodes. The data shown in Figure 11 are somewhat noisy but the
difference in waveforms clearly indicates that a long time constant process is
present. A simultaneous inversion of both sets of data yields a time constant of
900 seconds. This is much more compatible with FDIP results. Thus, use of two
short time pulses in simultaneous inversion can provide information equivalent
to a single long pulse.

COMBINED INVERSION FOR CARBONACEOUS ROCK (Saudi Arabia)
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Fig. 11. Simultaneous inversion of time-domain induced polarization measurements (circles
and x’s) over a carbonaceous rock unit with a long time constant

11. abra. Hosszl .idéélland()val jellemezhetd szén tartalmu koézeteken végzett idétartomanybeli
gerjesztett polarizacids mérések (korok és x-ek) egyidejii inverzidja

Puc. 11. OnHOBpEMEHHAs HHBEPCHSI H3MEPEHHH BBI3BAHHOM MOJISAPU3ALUU BO BPEMEHHOR
061acTH ¢ pa3sHBIMH BpeMeHaMU BO36YxkaeHUs (KPYXKH U X-bl) HaJl YIIHCTBIMH TOPHBIMH
MOPO/IaMH, XaPAaKTEPU3YIOLIUMHUCS OOJIBIINM MOCTOSHHBIM BPEMEHH
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6. Conclusions

The application of the Cole-Cole (C-C) model in a generalized inversion
of time-domain IP data is a new approach to interpretation. This model has
certain advantages and disadvantages over the use of an exponential series
model. A major advantage of using the C—C model is that time- and frequency-
domain interpretations can be put on a common basis. The exponential model
is a purely mathematical representation in contrast to the C—C model, which
is, at least conceptually, based upon certain polarization mechanisms. The
computations for a completely generalized time domain C-C model, however,
are at least an order of magnitude more complex (slower)than for the exponen-
tial model.

Both C—C and exponential models can be used to characterize TDIP decay
curves to an arbitrary degree of accuracy. The parameters of either model can
be correlated with variations in decay curve shape that, in some cases, indicate
specific rock types or mineral textures. However, exponential model parameters
cannot be related easily to existing studies done in the frequency domain. In
addition, different exponential parameters are required to fit curves measured
with different pulse times. The C—C model application does not have either
limitation.

Electromagnetic coupling effects can be approximated numerically by eith-
er model. Neither model is related by theory to EM coupling. The Cole-Cole
model does offer numerically stable solutions that have a clear separation of EM
and IP effects in many cases.

Simultaneous inversion of different short pulse time decay curves with the
Cole—Cole model allows long time constant IP processes to be identified. This
application is not possible with the exponential model.
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lDOTARTOMANYBELl _SPEKTRALIS GERJESZTETT POLARLZ[\CI(’)S ADATOK
ERTELMEZESI MODSZEREINEK OSSZEHASONLITASA

VERO Laszlé, Bruce D. SMITH, Walter L. ANDERSON és CSORGEI Jozsef

Az idétartomanybeli gerjesztett polarizicios mérések értelmezésének két utja lehet: az expo-
nencialis hatvanysor modell, illetve az altalanositott komplex impedancia (ellenallas) vagy Cole-Co-
le modell segitségével. Bebizonyosodott, hogy az exponencialis modell jol illeszthetd a mért lecsengé-
si gérbékhez és igy olyan paramétereket kapunk, amelyek leirjak a gorbealak valtozasait. A paramé-
terek valtozasait ugyan néha kapcsolatba lehet hozni a kdzettipus, vagy ércesedési szovet valtozasai-
val, de lényegében nincs vilagos fizikai jelentésiik.

A Cole-Cole modellel ugyanolyan pontosan lehet a lecsengési gorbéket kozeliteni, mint az
exponencidlis modellel. Az idétartomanybeli gerjesztett polarizacios mérések értelmezésében vald
hasznélata a kovetkez6 elonyokkel jar: 1) Az id6é- és frekvencia-tartomanybeli méréseket kzos
alapra helyezi. 2) A modell elvileg kapcsolatba hozhato bizonyos polarizaciés mechanizmusokkal.
3) Megadja a kiilonbo6z0, véges hosszusagl gerjesztd impulzusok hatasara bekovetkezd valtozaso-
kat a lecsengési gorbe alakjaban. 4) A modell az elektromagneses csatolasra is stabil numerikus
kozelitést ad.

Ezen feliil kiilonbo6z6 rovid idejl gerjeszté impulzusokhoz tartozo lecsengési gorbék egyideji
inverzidja arra is felhasznalhatd, hogy olyan informdaciét kapjunk, amely egyébként csak hosszl
gerjesztési idokkel kaphato meg.

CPABHEHHME METOJOB UHTEPITPETALIUU IlAHHle“CHEKTPAJleOﬂ
BbI3BAHHOM MOJIAPU3ALIMM BO BPEMEHHOM OBJIACTH

Jlacno BEPE, Bpyc [I. CMUC, Banstep JI. AHJEPCOH u Moxed UEPTEU

W3mepenust METO10M BbI3BAHHOM MOJIAPU3ALMU BO BPEMEHHOMN 00J1aCTH MHTEPIPETHPYIOTCS
ABYyMsl CMOCOOaMH: 1O MOJEJH CYMMBI 3KCIIOHEHIIMAIbHBIX 4JICHOB; P MOMOILLH 06001IEHHOrO
KOMIIJIEKCHOT O COnpoTHBJIeHUs uau Mojenn Kon—Kon. JlokazaHo, YTO 3KCTIOHEHIMAIbHOM MO/Ie-
JIbIO XOPOIIO ONHUCHLIBAIOTCS M3MEPEHHBIE KPUBBIC 3aTyXaHHs, M TaK INOJYYalrOTCS MapaMeTphl,
XOPOILIO ONKCBIBAIOLINE H3MEHEHHs! HOPMBI KpUBOI. VI3MEHEHHs TapaMeTPOB HHOT 1A CBA3BIBAIOT-
Csi C UBMEHEHHUSIMH THUIIA TOPHBIX IOPOJ MJIM TEKCTYPbI OPY/ICHEHH S, HO OHHM IO CYTH JeJIa HE UMEIOT
SICHOTO (PU3MYECKOTO 3HAYEHHUS.

IMpu nomomu mozenu Kon—Koun kpuBble 3aTyxaHHst aNiNPOKCHMUPYIOTCS € TAKO#H JKe TOYHO-
CTbIO, KaK W TpH TOMOLIM 3KCHOHeHIHanbHO#. Mcnonb3oBanue monenn Kon-Kos B uHTEp-
NpeTalMU U3MEPEHHH BbI3BAHHOM MOISAPH3ALUH BO BDEMEHHOMN 00JIaCTH UMEET CIIEAYIOLIME TIPEU-
myuiectsa: 1) Jlaetcs obuiasi ocHOBa AJ M3MEPEHUI BO BPEMEHHOW M 4aCTOTHOH obinacTsx. 2)
HanHas MOJeNb B MPUHIMIE MOXET OBITH CBSI3aHA C ONPEACICHHBIME MEXaHH3MaMH TOJISpU3a-
uuu. 3) OHa OnMHCHIBAET U3MEHEHHS! (OPMBbI KPUBOH CIaja, BbI3bIBAEMbIE PA3HBIMH UMITYJIbCAMHU
BO30YX/IEHUS KOHEYHO MIMTENbHOCTH. 4) MoJenb AaeT yCTOMYMBOE YHCIIEHHOE MPUOIIMKeHHe
TaKXe M 3JIEKTPOMAarHMUTHOM CBSI3H.

Kpome Toro, ogHOBpeMeHHAsi MHBEPCHS KPUBBIX Claja OT Pa3HbIX KOPOTKHX MMIIYJIbCOB
B030YX/IeHHs TIO3BOJISET TOJTYYHUTh HHOPMALIMIO, KOTOPAs B UHBIX YCJIOBUSAX JOCTYIIHA JIMILb IPH
MCTIOJIb30BAHMH JUTHTEJIBHEIX BO30YXAAOIMX MUMIIYJIbCOB.
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APPLICATION OF THE GEOLOGIC RETRIEVAL AND SYNOPSIS
(GRASP) PROGRAM AT THE EOTVOS LORAND GEOPHYSICAL
INSTITUTE OF HUNGARY

Roger W. BOWEN*, Ferenc CSERCSIK** and Laszl6 ZILAHI-SEBESS**

The GRASP system was implemented and applied to various data management tasks at the
Eo6tvos Lorand Geophysical Institute (ELGI) including a mineral resources data base, and a
computer based catalogue of ELGI’s library.

In addition to the large-sclae GRASP system a scaled-down version named MICRO-GRASP,
written in BASIC, has also been implemented. Further development for geological applications pose
some special problems, in particular, how to establish logical connections between different GRASP
data bases. A solution, based on a new version of GASP is proposed.

Keywords: GRASP, mineral resources, DBMS, data retrieval, information system

1. Introduction

The GRASP (Geologic Retrieval and Synopsis Program [BOWEN-BOTBOL
1975], developed by the U.S. Geological Survey) was installed on the RY AD-35
computer of the E6tvos Lorand Geophysical Institute (ELGI) in 1981. On
account of limitations of the hardware-software environment, the original
implementation had no conversational capabilities. In 1982 the system was
converted to run in a conversational mode. '

Our experiences with GRASP have been very favorable. In the following
sections we review these experiences to show some of the uses to which GRASP
has been applied at ELGI.

2. Catalogue of mineral resources

At present, the computerized recording of the mineral resources of Hun-
gary is produced in batch mode in ELGI’s computer center. The required
reports of typical data are collected once a year. Summaries are created giving
the status as of the January 1, the yearly changes in mineral resources, and the
causes of the changes. Data entered for processing is based on information
obtained from three types of questionnaires [Somos 1982]:

* U.S. Geological Survey, 920 National Center, Reston, Virginia 22092
** Eotvos Lorand Geophysical Institute of Hungary POB 35, Budapest, H-1440
Manuscript received (revised form): 1 August, 1985
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— data of the mining district (41 different data fields)

— data of the block group (21 different data fields), and

— data of the block (71 different data fields).

From these records, reports are produced for all geographic blocks, mining
districts and companies according to both in situ and industrially economical
mineral resources. Further reports are produced on the changes based on
different geological categories and on the various utilizations of raw materials.
Without striving for completeness, let us only mention a few of them: different
reports are computed on the economical-, reserve-, and non-économical mi-
neral resource data sets for all categories [PRUZSINA 1976]. A tabulation of
changes is prepared showing the sets from the beginning of the year to the end,
the type of changes according to their origin (e.g. geological-geophysical re-
search, mining, research for mineral objects, modification of the economic
environment, change of expense limits, etc.). Special uses can be made of the
specific qualitative means, the geographical distribution of the economical
minerals, and for other reasons.

This recording method (i.e. processing once a year) cannot answer ques-
tions which arise during the course of a year. Therefore, the application of
GRASP becomes particularly useful, as our experience has shown for data from
several mining districts. Data’sets, derived from the computed mineral resour-
ces, are checked and processed by the software-interface program CONVERT.
Once the data base has been generated by CONVERT, various queries can be
quickly answered by GRASP. These queries are answered by using the ‘CON-
DITIONS’, ‘LOGIC’ and ‘SEARCH’ commands in GRASP. A type code
defines the type attribute of the data collection (e.g. mining district, block group,
or block). Note that different data structures mean different GRASP data bases.
Special codes are used to differentiate those mining districts, which are under
exploration, from those which are producing. ‘FUNCTION’ command is used
for statistical analysis of numeric data fields. Also, one can separate records on
the basis of quantitative parameters which fall between given limits. Important-
ly, the user does not need to predefine his queries.

The capability to update the GRASP data bases, according to the current
changes, permits new geological data to be quickly integrated into the data
bases. These data bases can subsequently be used as input to the next yearly
computation. Since informational reports on the mineral resources are
produced at different levels, correspondingly different levels of GRASP data
bases can be generated. Individual levels can be defined by the application area,
and by the purpose of use. These include:

— Raw data (original measurements)

— Mining district data

— Summaries.
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3. Library information system

The computer-based catalogue of ELGI’s Geophysical Library provided
another opportunity to apply GRASP. Its form is based on standard biblio-
graphic information supplemented with relevant references. The record struc-
ture is as follows:
ITEM/SOURCE/TITLE/AUTHORS/FIRM/JOURNAL/VOL/NO/PAGE/
YEAR/DESCR/REF
SOURCE — The library where the publication is available
DESCR — Descriptors (keywords)
REF — References
The data in the REF field are values of ITEM which correspond to other records
in the same data base. Incompletely described data are flagged. For instance,
if the library, where a certain publication is available to users, is unknown, “R”
is entered in the SOURCE field. In such a case, of course, other fields will also
be left incomplete until the required information is obtained.
Let us show by an example, how to make a separation by means of
references. Suppose that we would like to collect the publications which refer
to the works on seismic refraction written by Oliver J. and/or Ewing M.
First, search criteria are established by the ‘CONDITIONS’ command:
ENTER COMMAND: ‘CONDITIONS’ (or ‘COND’) — the apostrophe in-
dicates the user’s
input’

A. ‘AUTHORS CS OLIVER J.” (CS means “contains substring”)

B. ‘AUTHORS CS EWING M.’

C. ‘DESCR CS SEISMIC REFRACTION’

D. <cr> — (empty line to terminate the current GRASP function).

In the second step the conditions are combined by means of the ‘LOGIC’
command:
ENTER COMMAND: ‘LOGIC’ (or ‘LOGTI’)
ENTER LOGIC: ‘(A +B)*C’ (or‘(A. OR. B). AND.C’)

The next step is the separation:
ENTER COMMAND: ‘SEARCH’ (or ‘SEAR”)
INPUT FILE: ‘PUBL” — (Logical name of data base)
OUTPUT FILE: OUT1 — (Logical name of the output file, arbitrarily defined

by user)
The ‘LIST’ command is then used to generate a listing of item numbers in OUT1
file. Thus, GRASP has provided the item numbers of those papers by Oliver J.
and/or Ewing M. whose subjects is the seismic refraction technique. Let us
suppose, for example, that these numbers are: 1015,226,4832,12. The following
step is the actual search for the publications which refer to these items:
ENTER COMMAND: ‘COND’
A. ‘REF CS,1015, (item numbers are embedded in commas to provide a
unique value)

B. ‘REF CS ,226,
C. ‘REF CS ,4832;
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D. ‘REF CS ,12;
ENTER COMMAND: ‘LOGIC’
ENTER LOGIC: ‘A+B+C+D’
ENTRE COMMAND: ‘SEARCH’
INPUT FILE: ‘PUBL’
OUTPUT FILE: ‘OUT2’ — (for storing the selected records)
After the search command has terminated, the OUT2 file contains the informa-
tion on the publications which refer to the seismic refraction works of Oliver J.
and/or Ewing M., completing the retrieval by references.

This method has certain limitations:

— The number of conditions are limited by the number of letters in the

English alphabet.
— The rcading and manual entry of all generated item numbers, that a
user has to perform, is time-consuming and mistake-prone.

These limitations can be overcome by adding a new GRASP command which
allows selection based on matching values from a separate file of keys instead
of selection based on the ‘COND’ and ‘LOGIC’ commands. A temporary file
containing the item numbers (i.e. the keys) would be created using the ‘LIST’
command. This temporary file is used by the new command to complete the
selection. This command can be implemented similar to the ‘LINK’ command,
which is a feature of GRASP on USGS computers. Collaboration on the
implementation of this command on ELGI’s computer is currently under pro-
gress.

4. Further development

In addition to the large-scale GRASP system there is a smaller version
named MICRO-GRASP which is written in the BASIC language. The charac-
teristics of MICRO-GRASP and the expanding use of personal computers
stimulate further development in the real-time updating of records and a possi-
bility to employ floppy drives.

Geologic applications pose a further problem: namely, how can a logical
connection be established between different GRASP data bases without the
need of storing all original and secondary data together? In other words, how
can inevitable redundancies, storage, and access-time problems be eliminated.
GRASP has a very favorable feature which suggests the solution: it can access
up to 10 data bases during a single execution. However, they cannot be accessed
simultaneously. The LINK command will provide a partial solution by means
of pseudo simultaneity, which must be extended to effective simultaneity in
order to connect/combine data bases with different structures. There are many
suggestions, both in literature and in practice, but original criteria of GRASP,
namely portability and data/machine independence should be preserved. Cer-
tainly, these require further consultations and should be a joint venture of the
interested specialists.
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A GRASP ADATBAZIS KEZELO PROGRAMRENDSZER ALKALMAZASA AZ
ELGI-BEN

Roger W. BOWEN, CSERCSIK Ferenc és ZILAHI-SEBESS Laszlo

A cikk bemutatja a GRASP rendszer néhany alkalmazasat az ELGI-ben, és az azokkal
szerzett tapasztalatokat. Ezek a teriiletek:

— asvanyvagyon adatbazis,

— az ELGI szakkonyvtaranak szamitogépes informacios rendszere,

A nagygépes GRASP verzié mellett a BASIC nyelven irt MICRO-GRASP programot is
hasznaljuk. A geologiai alkalmazasok folvetnek néhany tovabbi problémat, mint pl.: hogyan lehet
kiillonbozé6 GRASP adatbazisok kozott logikai kapesolatot létesiteni. A cikk a GRASP 1j verzioja
alapjan megoldast is javasol a kérdésre.

MPUMEHEHHUE CUCTEMbBI ITIPOT'PAMM YITPABJIEHUS BA30M JIAHHBIX
B BEHTEPCKOM I'rEO®U3MYECKOM UHCTUTYTE um. JI. 3TBEIIA

Pomxep B. BOEH, ®epcunn YEPUUK, Jlacno 3UJIAXU-LIEBEII

B cTaTbe 1eMOHCTPUPYIOTCS HeKOTOpble npuMenenns cucteMbl GRASP B DJITU, 1 nonyyes-
Hble onbIThl. O01ACTH TPUMEHEHHUS:

— 0a3a JaHHBIX MUHEPAJIbHBIX PECYPCOB,

— KOMIIbIOTEPU3OBAHHBINH KaTasor reopusnyeckoi o6ubaunoreku IJII'A,

Pagom c¢ Bepcueit GRASP-a Ha Mommoit DBM, Takxe NpUMEHsETCs MNporpamMma
MICRO-GRASP, 3anucannas Ha s3bike BASIC: IMpumeneHueM ynpasiieHus 6a30i AaHHBIX B
00J1aCTH reoJIOrH BO3HUKAIOT HOBBIE MPOOJIEMBI, HAIPUMED, KAKMM 00pa3oM CO31aTh JIOTHYEC-
KYIO CBSI3b MEXAy pa3HbIMU 0asamu naHubix GRASP-a. Ha ocnoBe HOBoi Bepcun GRASP-a
CTaTbsl MpPEAJIAraeT pelieHHe BOIpoca.
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