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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 Eoétvés Lorand Geophysical
Institute, the Hungarian Geological Survey, the QOil 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 (Bérezi 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 300-400 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 Miuller. Both emphasize reconstruction of pa-
leogeographic settings, using models of sedimentation, including sources, path-
ways and sinks for the detritus. Senonian conglomerates of the Biikk 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 palynologie 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, R6nai 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-m(szaki egyuttmiikddési szerz6dés keretében végzett
kutatasi témak helyszinei
1 — Szeizmikus sztratigrafia, 2 — Uledékfoldtan/iledékfelhalmozodasi kérnyezetek,
3 — Magnetosztratigrafia, 4 - Kronosztratigrafia, 5 - Paleokdrnyezet.
6 — Kozettan/6sfoldrajz, 7 — Nehézasvanyok. 8 — Szén-geokémia, 9 - Olaj-geokémia,
10 — Paleoméagnesség. 11 —Szeizmikus modellezés. 12 — Vertikalis szeizmikus szelvényezés,
13 — Tranziens elektromagneses szondazas

MnaH pacnonoXxeHus paioHOB COBMECTHbIX WMCCNESOBAHWA B paMKax Hay4YHO-TEXHWYECKOro
cOTpyAHunyecTBa mMexay eonornyeckoin cnyxoéoi C. LU A. n LleHTpanbHbIM
reofiorMyeckum ynpasneHunem BHP
1— CeiicmocTpaTurpadus, 2 — CeanmMeHTonorus/cpeabl ocagkoobpasoBaHums,

3 — MarnutocTpaTurpadusa, 4 — XpoHocTpaturpadus, 5 — [Maneocpesa,

6 — Jlntonorus/naneoreorpagus, 7 — TsHKenble MUHepanbl. 8 — Feoxumnsa yrns,

9 — leoxummns Hedptw, 10 ManeomarHetnam, 11 — CelicMMYeCKoe MOAeNMpPOBaHue,

12 — BepTukanbHoe celicMuyeckoe npodunanpoBaHue, 13 31eKTpOMarHMTHOe 30HAMpPOBaHUe
METOLOM MepexofHbIX MPoLeccoB

TV.--F mC
. --- - .
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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*, Jdnos 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. 1). 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).

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 (Bi) and Apuseni Mountains (A). [Figure modified from
Burchfiel and Royden 1982, Fig. 1]

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

a DNy-Dunantuli- (TD), a K-Karpati (TC), és az Erdélyi (TS) részmedence alkotja a teljes.
Karpati iven bellli medencét. TDCR = Dunantlli kdzéphegység. Bi = Blkk hegység,
A = Erdélyi kozéphegység. [Burchfiel-Royden 1982, 1 abra utdn mddositassal]
| — feltolédas, flrészfog a felemelt oldalon; 2 a kompresszié iranya

Puc 1. MonoxeHune MaHHOHCKOro 6acceiiHa B KapnaTCKoM pernoHe. BHyTpu-kapnaTckuii
bacceiiH BKNtoYaeT B cebsi MaHHOHCKMIA, BeHckuii (V), 3anagHo-3agyHaickuii (TD),
3akapnarckuit (TC), n TpaHcunbBaHcKuiA (TS) YacTHble BNaguHbl. HU3MEHHOCTU pp.

[yHaii-Paba (DRL). TDCR = 3agyHaiickoe cpefgHeropbe, Bl = ropbl Blokk, A = AnyceHckue
ropbl. (Mo Burchfiel-R oyden 1982, Puc 1 ¢ mogudukayunei)
| —Hagsur, nunoobpasHoe 0603HaYeHNe Ha MPUMNOAHATON CTOPOHE;
2 — HanpaB/ieHUe CXXMMaIOLLEN Harpysku
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Fig. 2. Geographical place names. [Figure modified from Dank and Koékai 1969]
2. dbra. Foldrajzi helynevek. [Dank és Kékai 1969 utan modositassal]

Puc. 2. leorpagmyeckne Ha3BaHWsi MecTHocTel [no Dank-K ékai 1969, ¢ moandmkaumei]

In this paper, the principles of seismic stratigraphy [Vail et ai. 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 [Kilényi-R umpler 1985].

In figures and in the text, abbreviations are used in place of well names.
In Table //, 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 boundaries
(unconformities and disconformities) of seismic or depositional sequences. [Figure modified
from Vail et al. 1977]

3. abra. A szeizmikus, vagy Uledékes rétegosszletek also és felsé hatarain lehetséges
diszkordancia-dsszefiiggések. [Atvéve: Vail et al. 1977]

Puc. 3. BO3MOXHble CBA3M HECOTNAaCKsi Ha HUDKHEM W BEPXHEM pasfefiax CeACMUYecKuX Wm
0Cafl0YHbIX Cepuii (3p03MOHHbIE 1 yrioBble Hecornacus) [no Vail et al. 1977]
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20° 21° 22° 23°

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. abra. Jelen tanulmanyban értelmezett szeizmikus szelvények helyszinrajza. Az |. tablazat
tartalmazza az abraszamozas és az OKGT GKV szelvényszamozasa kozotti kapcsolatot. Az
abra szelvényszamozasa egyezik az egyes szelvények abra szamaival

Puc. 4. Cxema pacrnonoxeHus celicMUYecknx npoduneid, MHTEPNPeTUPOBaHHbIX B HAaCTOALLEN
pa6oTe. Tabnuua 1nokasbiBaeT COOTHOLIEHWE HYMepauuy PUCYHKOB M HymMepauuu paspesos, Ha
Mpeanpusatun Meodmsmueckoro Viccnegosanms FTHITI. Hymepauus npoduneil Ha pucyHke
COBMajaeT C HOMePaMmn PUCYHKOB OTAeNbHbIX Npodunei
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Fig. 5. Structure map of pre-Cenozoic rocks in Southeastern Hungary. Sedimentation patterns
within the three subbasins (Mak6-Hédmezd6vasarhely trough (A), Derecske basin (B), and
Békés basin (Q) are discussed in text. [Figure modified from Kilényi and Rumpler 1985]
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2. Seismic stratigraphy at Hod-1 well

The seismic stratigraphy in the vicinity of the Hod-1 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 [Bérczi-P hil lips this volume, Phil lips-B érczi
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 H6d-1 well site, the bottom boundary of sequence Vis 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 1V (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.

5] 5. dbra. A kainozoos képz6dmények medencealjzatanak térképe DK-Magyarorszagon.
| - szeizmikus mérésekkel meghatarozott térés-, ill. diszlokaciés zénak (a nyil a levetés iranyat
mutatja); 2 - mélységi szintvonalak, értékk6z 1000 m (szaggatott vonal 500 m) tengerszint alatt;
3 - alaphegység magaslat; 4 - alaphegységi mélyzona; 5- A, B. C részmedencék (magyarazat
a szovegben) [Kilényi és Rumpler 1985 utan mddositassal]

9 Puc. 5. KapTa penbetha yHaameHTa KaliHO30MCKUX opmauunii Ha KOB uvactu BeHrpum.
1— 30HbI Pa3noOMOB ¥ AWC/OKaLA. ONpefeneHHbIe CEMCMUYECKMM U3MEPEHNSAMM (CTPEKaMM
NMoKa3bIBaeTCS Harpas/ieHne cOpacbiBaHWs); 2 — U30NHWN TYOUH C MHTepBanom B - 1000
M (MyHKTUP nokasbiBaeT 500 M) HuKe YPOBHA MOpsi; 3 — MOAHATUA (PyHOaMeHTa; 4 —
npornbbl gyHaameHTa; 5— A. B. C yacTUYHble BMadHbl 06CYyXaatoTcsa B TeKcTe [ro
Kilényi-R umpler 1985, ¢ mogudwvkaumei]
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Sequence 1V can be subdivided into subsequences IVA and IVB at the
Haod-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 H6d-1 well, subsequence 1VB is inferred to represent delta plain
facies; to the southeast, where the reflectors of subsequence IVB 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 IVB is placed
at a depth of 2,517 m, in agreement with the base of delta plain facies as
determined from lithologic analysis [Berczi-P hittips this volume, Prittips-
Bérczi 1985]

Subsequence IVA is inferred to represent delta front facies at the Hod-I
well site. Southeast of the HAd-1 well, where the reflection pattern in subse-
guence IVA suggests lesser dips, the facies probably grade to prodelta.

In general, seismic sequence 1V represents prodelta, delta front, and delta
plain facies. It will be shown, on seismic records from other parts of the basin,
that sequence 1V 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 111 (2.44-3.00 sec; 3,25074,285 m): The boundary between
sequences 1V and ///is placed immediately below the basalmost reflectors that
exhibit the progradational pattern characteristic of sequence 1V. 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 H&d-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 LM T 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 Héd-1 well site

6. dbra. A Hod-1 mélyfaras mellett regisztralt 6 sz. szeizmikus szelvény értelmezett valtozata,
melyen 5 szeizmikus rétegosszlet lathatd. A rémai szdmok a szeizmikus rétegdsszleteket jeldlik.
Az V. rétegsort a cikkben LMT-kénl is nevezziik. A szelvény helye a 4 sz. abran lathat6. A PZ

paleozots, az MZ mezozoos korli medencealjzati képzédményeket jeldl. A szelvény vertikalis

léptéke id6 (s), az egyes szekvenciak mélységét a Hod-1 mélyfaras szeizmikus sebességadatai
alapjan a szdveges részben adjuk meg

Puc. 6. BapuaHT nHTepnpeTauum ceiicMmyeckoro npoguns Ne 6, 3apeructpoBaHHOro 61u3
CKBaXXMHOM HOd-I, Ha KOTOpPOM BblfeneHbl 5 celicMUYecknx cepuid. PuMckumu umdpamm
0603HaueHbl ceicmuyeckne cepun. Cepus V B HEKOTOPbIX pasfenax CTaTbWM HOCUT Takxke
Ha3BaHue LMT. MonoxeHne npoduns nokasaH Ha puc. 4. bykBamu PZ 0603HayeHbl
naneosolickme gopmaymmn yHgameHTa 6acceiiHa, a 6ykBamu MZ - Me3030/CKue.
BepTukanbHbIi MacwTab paspesa oTpaxkaeT Bpema (S), ry6uHa 3aneraHus OTAeNbHbIX Cepuii
[laHa Ha OCHOBaHMM CEMCMMYECKMX CKOPOCTel CKBakKMHbl HOd-1 B TekcT
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Fig. 7. Typical seismic reflection patterns of five seismic sequences at the HA6d-1 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; 1V, downlap at basal boundary; Ill, concordant; Il, concordant and onlap, /, onlap
of basal boundary)

7. dbra. A Ho6d-1 mélyfarasnal 1év6 5 szeizmikus rétegdsszlet jellemzd reflexié-konfiguracioi, és
a hozzajuk tartoz6 uledékképzddési kornyezet és facies. A vastag vonalak rétegdsszlet-hatart,
a nyilak a bels6 reflexidknak a rétegdsszlet-hatarokhoz vald viszonyat mutatjak. A: reflexios
konfiguraciok, B: rétegdsszletek, ill. al-rétegosszletek, C: Uledékképzddési kornyezet, vagy facies:
1- sekély tavi, mocsari, folyami-szarazfoldi; 2 - delta siksagi (jobboldalt) - delta front
(baloldalt); 3 - deltafront (jobboldalt) - delta elétér (baloldalt); 4 - a fels6 részen tledék
rogyasok, az also részen delta el6tér facies; 5- finom szemcsés CaC03 és iszap lerakddas
- mélyvizi facies, turbidit rétegekkel; 6 - turbiditek és margak; 7 - paleozoos vagy mezozoos
aljzat

Puc. 7. XapakTepHble KOH(QUIypauuu oTpaxkeHWid ans 5 celiCMUUeCcKMX cepuii 613 CKBaXXUHOM
Hdd-1 n cooTBeTCcTBYIOWME UM Cpefbl 0CafKOO6Pa3oBaHMs U auun. XXUpPHbIMU NUHUAMA
nokasaHbl pasgesnbl MeXAy CepusiMu, CTPeNKaMy - OTHOLUEHUE BHYTPEHHUX OTPaXeHWi
K pazgenam cepuid. A: KOH(UIypaLum 0TpaXeHHbIX BOMH. B: cepumn v nopcepuun. C: cpefdpl
ocafikoobpa3oBaHus wan aumin: 1 MenKoBOAHO-03epHble, 60N0THbIE,
annoBnaNbHO-KOHTUHEHTANbHbIE; 2 — [eNbTOBLIX PaBHWH (CNpaBa) - AeNbTOBbIX ()POHTOB
(cneBa); 3— penbToBLIX (PPOHTOB (CMpaBa) - AeNbTOBbIX (hopnaHAoB (Cnesa); 4 — B BEPXHel
4acTu - mpocefaHWsi 0CafKoB, B HWXKHeN YacTu - auun LenbToBbIX OpnaHaoB; 5 —
TOHKO3EPHUCTbIE N3BECTKOBUCTbIE U UAUCTbIE OTNOXEHMUSA - TNy6OKOBOAHbIE (haLun
C NpocnoAMun TypbmanTos; 6 — TypbMANTbl 1 Meprenn; 7 — naneo30iCKuiA I Me3030MCKNi
hyHOAMEHT
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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 H&d-1 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
[Bérczi-P hillips this volume, Phillips-B érczi 1985]. The vertical position of
sequence 111 in the stratigraphic column, between a delta (sequence 1V) and a
deep-basin facies (sequence II), 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 111 lies at depths of between 3,250
and 4,285 m. Based on core analyses [Bérczi-P hillips this volume, Phil lips-
Berczi 1985], therefore, sequence Il 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 thafupdip from the HOd-1 well site, at least part of
seismic sequence |11 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
I11, therefore, apparently represents prodelta facies of the older, deep-water
delta system, and the upper part of sequence ///(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 H6d-1 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 [Bérczi-P hillips this volume, Phillips-Bérczi
1985] indicate that seismic sequence //correlates with deep basin facies at the
Hod-1 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 Il 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 | (3.69-4.05 sec; 5,576-6,150 m): The pattern of reflections within
this sequence is similar to that noted for sequence 1. except that most reflections
appear to terminate against the basal boundary (basement surface) in an onlap
configuration. At the HOd-1 site, correlation with core data [Bérczi-P hillips
this volume, Phillips-Bérczi 1985] and the seismic character (onlap pattern)
indicate that sequence | represents, for the most part, periodic influxes of
coarse-grained sediments into a deep basin where the precipitation of CaC03
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-1 well at a depth of 5450 m [Bérczi-
Phil lips 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. Seismic
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 area,
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 1D 6 mark sequences of the early supersequence, and dxd3 mark sequences
of the late stage. In the eastern area. BxB8and bt-b4 mark sequences of the
early and late stages, respectively. Roman numerals are used for sequences
identified at the HOd-1 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.



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 | 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 (Vextends furthest to the northwest and is located directly northwest
from the Hod 1well. 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 D4. At the southeast end of
the profile, reflectors within D4 onlap the horizon that represents the basement
surface. Sequence 2)5, which unconformably overlies 24 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 Db, 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 terrestrial soils).

The oblique to sigmoid progradation pattern of sequence Ds 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-1 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 LM T 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 1V 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 LMT 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 D6 is correlated tentatively with sequence 1, at least with its
upper part that contains slumped strata with a high sandstone content. The
absence of coherent reflections in 2)6 suggests that the sequence has a high
sandstone content or that it may represent slumped strata. On profile 8 sequence
D6 appears to have been deposited at the base of a slope formed by sequence
D5and older deltaic units. Basal reflectors of D6 are observed to onlap sequence
Ds. In contrast, the basal reflectors of sequences D5 and 24 (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 D6 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 Db thickens where the unit
overwhelmed the basement high at the Felgy6-1 well.

On profile 9 the deltaic character of sequence Ds and underlying units is
more pronounced. Although the correlation between sequence DA on seismic
profile 8 and T4(?) 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 D6
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 (i 5?) (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: 24(?), T3, D2, and DI. 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. D6, DsD4,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 Il. M Z 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. A&bra. 8. sz. szeizmikus szelvény. A rétegosszlet-hatarokat vastag vonalak jeldlik. D6, D's,
és LMT a szévegben részletezett szeizmikus rétegdsszleteket jeldlik. A rétegosszlet-hataroknal
lévé kérddjelek jelolik a legtavolabbi pontot, ameddig az ill. hatar kévethet6. A nyilak
a rétegosszleteken belili reflexiok kapcsolatat mutatjdk a hatarokkal. A furasok neveit, ill. ezek
roviditéseit a Il. tablazat tartalmazza.J1Z, ill. PZ a mezozoos, ill. paleozoos képz6dményeket
jelol. A rétegosszlet-végz6désekhez kapcsolt kérdGjelek pedig arra utalnak, hogy
a szekvencia-azonositas inkdbb a rétegtani helyzetre és egyéb kapcsolatokra alapozott, kevéshé
a keresztez6 szelvényeken végzett azonositasra. A TIE 13 megjel6lés mutatja
a szelvénykeresztez6dés helyét. A szelvények helyzete a 4. abran lathat6. A f6 medencesillyedés
a lehajlasi tengelytél (hinge line) DK-re tértént

Puc. 8. CelicMunyeckuii npodunb 8. Pasfenbl cepuii NpoBeAeHbl XUPHbIMU NnHMAMK, D6, D5, (14
N LMT o603HayaloT pacCMOTPEHHble B TEKCTE CelicMUyecKme cepun. BonpocnTenbHbIMA
3HaKaMu y rpaHuL, Ton, o6o3HavaoTCA Hanbonee yaaneHHble TOYKU, 40 KOTOPbIX faHHas
rpaHunua MoXxeT 6bITb nocnexeHa. CTpesikaMu nokasaHbl CBA3M OTPaXeHUI B npefenax
OTAeNbHbIX CEPUiA ¢ pasfenamn. HanmeHOBaHUSA CKBaXXWH WM UX COKPALLEHUS AaHbl B Tabnuue

1. MZ n PZ o603HaualoT Me3030/CKMe 1 Naneo3oiickne opmMmaLy cooTBETCTBEHHO.
BonpocuTenbHble 3HaKW Y rpaHuL, Cepun yKasblBalOT Ha TO, YTO OTOXAECTBJIEHME CEpUn
OCHOBAHO CKOpeW Ha CTpaTurpaduyeckoM MOMOXEHUN WAWN WHbIX COOTHOLUEHWUSIX, N B MeHbLLEN
CTENeHn Ha coBMNaZeHnn no nepecekawwmmes npopunam. Ob6o3HayveHrem TIE 13 nokasaHo
MecTo nepeceyveHus npodunein. PasmelleHre npogunein npusegeHo Ha puc. 4. OCHOBHOe
npormbaHue B npegenax bacceliHa nmeno mecto K FOB oT nuHum neperpuba (hinge line)
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profile No. 9. See Figure 8 for explanation of symbols and abbreviations. </,, d2,
and d3 designate further seismic sequences

sz. szeizmikus szelvény. Jelmagyarazat a 8. dbra szerint, du d2 és d3 tovabbi
4 K« Al ar ey e szeizmikus rétegdsszleteket jelol

Puc. 9. Ceiicmuyeckuii npogunb 9. YcnoBHble 0603HaveHus no puc. 8. d{, d2, n d} o6o3HavaT
fanbHeliLllne ceiicMUYecKme cepum
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deltaic sedimentation. These units, together with D5, 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
DI~Ds (supersequence) are inferred to be equivalent to sequence Il and the
lower part of sequence |11 mapped on profile 10 near the H6d-1 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 Il1). The thick turbidite deposits, represented by
seismic sequence / at the H&éd-1 well site, may be age equivalent to the basal
part of supersequence Di~Ds or they could represent still older turbidite-fronted
deltas located north of profile 9.

Three seismic sequences overlying sequence Db on profile 9 are labeled,
from oldest to youngest, dl, d2, and d3. Whereas the reflectors of sequence dx
are configured in an oblique progradational pattern, the reflectors of sequences
d2and d3show a sigmoid progradational pattern. The sigmoid progradational
sequences d2 and d3 are more likely to represent sediments deposited in a
low-energy environment [Sangree-W idmier 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 dlt fine-grained clastic sediments probably dominate in sequences d2
and d3 because of deposition in a low-energy environment and may represent
delta interlobe areas as reported by Berg [1982].

Sequences dy, d2, and d3, as well as sequence 1V mapped at the Hod-1 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 1V, 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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SECONDS

SECONDS

Fig. JO. 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. Celicmnyeckuii npothmnb 10. YcnoBHble 0603Ha4€HUS CM. Ha puc. 8 1 9
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HEHO

TIE9

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. Ceiicmuueckuii npogunb 11. YcnoBHble 0603Ha4YeHUs CM. Ha puc. 8 n 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 Ds, which
was mapped on profile s can be traced southwest along seismic profile 13 to
seismic profile 1., where the unit again is seen to represent deltaic sedimentation
from the northwest that built upward over a large basement high. Sequence Ds
is overlain by D6 which in turn is overlain by units ~ (?) and d2(I), which are
presumed to be equivalent to sequences dxand d2 mapped on seismic profile 9.

The lateral continuity of units dt and d2 can be seen on seismic profile 14
which intersects profile 12. On profile 14 these units are combined into unit
did2Cl), 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. abra. 12. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. abra szerint

Puc. 12. Ceiicmuyeckuii npogunb 12. YcnoBHble 0603Ha4YeHNs CM. Ha puc. 8 1 9
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NE SW
TIE17 TIE16

Fig. 15. Seismic protile No. 15. See | igures 8 and 9 for explanation of symbols and
abbreviations

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

Puc. 15. Ceiicmuyeckuii npotmnb 15. YcnoBHble 0603Ha4YeHMst CM. Ha puc. 8 1 9

The uppermost sequence is presumed to be equivalent to sequence LMT
and, therefore, represents delta plain facies; depositional environments varied
from shallow lake, fluvial, and marsh to terrestrial soils.
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Fig. 13. Seismic profile No. 13. See Figures 8 and 9 for explanation of symbols and
abbreviations

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

Puc. 13. CeiicMuueckuit npodunb 13. YcnoBHble 0603Ha4YeHMst CM. Ha puc. 8 n 9
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Fig. 14. Seismic profile No. 14. See Figures 8 and 9 for explanation of symbols and
abbreviations

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

Puc. 14. Ceiicmnyeckuii npotmnb 14. YcnoBHble 0603HayYeHNs CM. Ha puc. 8 1 9
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N/
TIE15
KB KB-3 FUH

Fit). 16. Seismic profile No. 16. See Figures 8 and 9 for explanation of symbols and
abbreviations

16. dbra. 16. sz. szeizmikus szelvény. Jelmagyarazat a 8. és 9. dbra szerint

Pite. 16. Ceiicmmnyeckuii npotunb 16. YcnoBHble 0603Ha4eHMst 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. Ceiicmnyeckunini npounb 17. YcnoBHble 0603Ha4YeHMst CM. Ha puc. 8 1 9

33
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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, BA-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 B4 (B5 B8) 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 B5B 8
are interpreted as representing a younger series of southwest-prograding deltas
built over the basement high, against which the older system of stacked deltas
(Bt-Bfi) 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 Bxand 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 T 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 B8are 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. B8 would appear to represent slumped deposits. The strati-
graphic position of sequence B8suggests that it is equivalent (in time) to seismic
sequence D6 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. abra. 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 szoveget), a 18. abran 1év6 rétegdsszlet-jelolések
ezért eltérnek a 8-14. abran jelolt rétegdsszletekétdl és egyeznek a 6. és 19-23. abran lathatokkal

Puc. 18. Ceiicmuuecknii npotmnb 18. Heo6xoanmMo 0oTMeTUTb, 4TO Npodunb 18 nepecekaet KO3
1 B yactu nsyyaemoro paroHa (CM. puc. 4 1 TekcT), B CBA3M C YeM 0003HAYEHUs Cepuil Ha puc.
18 oTAnyaloTCA OT TakOBbIX Ha puc. 8-14. O603HaueHus cepuii Ha puc. 18, coBnagatoT
¢ 0603HaYeHMsmMKN Ha puc. 6 n 19-23
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Fig. 19. Seismic profile No. 19. Bl...Bs designate seismic sequences. For explanation of other
symbols, see previous figures

19. dbra. 19. sz. szeizmikus szelvény. B*. Bg tovabbi szeizmikus rétegosszleteket jel6l. Az dsszes

tobbi jelolés az el6z6 abrakéval azonos

Puc. 19. Ceiicmunueckuii npotmnb 19. Br ..Bg 0603HavaloT fJanbHeliLIne CeACMUYECKNE CEPUN.
Bce ocTanbHble YCNOBHbIE 0603HaYeHMs COBNAfAlDT ¢ 0603HAYEHUAMU Ha NpeabIgyLmnx
pUCYyHKax
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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 seisrgic 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 Bx-B8was 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 B5-B8, 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
s1-s4, Which are mapped near the center of profile 18 and on profile 22. These
sequences are similar in seismic character to sequences dx-d4 (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 .. they
appear to represent a continuation of sedimentation derived from the north or
northeast following deposition of the sediments represented by unit B8. Reflec-
tors in the undaform zones of these sequences appear to onlap sequence B8. 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. abra. 21. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint
Puc. 21. Ceiicmuuecknii npounb 21. YcnoBHble 0603Ha4eHNs CM. Ha puc. 19

Infilling of basinal areas during deposition of sequences Bx-B 8 is believed
to have occurred at a faster rate than basinal subsidence. This is evidenced by
the fact that delta system bx-b4 was deposited in water depths of 200-400 m
compared to water depths of 800-900 m for the deposition of BxB 8. 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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TIE 18

SECONDS

SECONDS

Fig. 22. Seismic profile No. 22. b,, b2, b3 designate further seismic sequences.
For explanation of other symbols, see previous figures

22. abra. 22. sz. szeizmikus szelvény. Jelmagyaréazat a 19. abra szerint. bu b2. b3 tovabbi
szeizmikus rétegdsszleteket jeldl

Puc. 22. Ceiicmmnyeckunini npounb 22. YcnoBHble 0603Ha4eHns cm. Ha puc. 19. b{. b2, b3
0603HavalT fganbHelwne ceiicMmnyeckme cepumn



N
TIE 18

SANOD3S SANODIS



Fig. 23. Seismic profile No. 23. c,, c2 designate further seismic sequences.
For explanation of other symbols, see previous figures

23. abra. 23. sz. szeizmikus szelvény. Jelmagyarazat a 19. abra szerint, c,, c2 tovabbi szeizmikus
rétegosszleteket jelol

Puc. 23. Ceiicmmnyeckunini npodmnb 23. YCnoBHble 0603HayYeHns M. Ha puc. 19. cy c2
0603HavaloT fanbHelilne celicMnYeckne cepumn
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Infilling of basinal areas by lacustrine deltas was widespread during deposi-
tion of sequences by-b4 as evidenced by seismic sequences cland c2, which are
mapped on profile 23. A comparision of the stratigraphic positions of sequences
by-b4 and Cy-c2 can be made on profile 23 where sequences by-b4 are shown
on the far right side at the intersection with profile 18.

Following deposition of sequences by-b4, 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 LM T 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 (TM)y. 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)y, sequence (TM)2
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)y. 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)2repre-
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)y, 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, Ay-A-,
and ay-a4. The former diagrammatically represents By-B-, (mapped on profiles
18 and 19) and D,-Ds (mapped on profile 9); the second represents by-b4 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)2 represent turbidites and marls; A,-J17, 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,-a4, delta system
deposited in water depths of 200-400 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 rétegdsszleteinek és dsszletcsoportjainak altalanositott
vazlata. A vastag vonalak rétegdsszlet-hatarokat jelolnek. A legmélyebben 1évé (B), (paleozoos,
vagy mezozoos) alapkdzetet jelol. Az egyes rétegdsszlet-hatarokon belili vékony vonalak a bels6
reflexiok altalanos képét jeldlik, a nyilak pedig diszkordanciakat jel6lnek a hataroknal. Az abra
nem meérethelyes, hanem szamos szelvény altalanositott kompoziciéja. (TM), és (TM)2 turbidit-
és marga-uledékeket jeldl, az A,-A7 egymasra rakddott delta rendszer 800-900 m-es
vizmélységben rakodott le, az S-el jeldlt lejt6-eldtéri rogyasos rétegdsszlet a medenceperemi
delta-el6renyomulas erdményeként rakédott le és valésziniileg vizmélység-csokkenéssel
kapcsolatos. Az a,-a4 jel( delta-lledékek 200-400 m-es vizmélységben keletkeztek, az LM T jelli
sekélytavi, mocsari, folydvizi és szarazfoldi lledékek akkor képz6dtek, amikor a té feltélt6dése
és kiszaradasa folytatédott

Puc. 24. O606LeHHas cxema CeACMUYECKNX Cepuii 1 Haacepuidi MaHHOHCKOro 6acceiHa.
XXVpHbIMK NHUAMK NpoBefeHbl pasgensl cepuii. Camasn rnybokas cepus (B) o6o3HauvaeT
(Naneo3oncKnin NN Me3030ACKNIA) PyHAAMEHT. TOHKUMU IMHUAMW B Mpegenax oTAeNbHbIX

cepuii NokasaHa 06Las KapTWHa BHYTPEHHUX OTpaxkeHwil. Cxema BHe macwwTaba, npefcTaBnas
coboit komnosununto paga paspeso. (TM), n (TM)2— Typbuantbl n meprenn; A-A, —
HarpoMOoXeHne AeNbTOBbIX OT/IOXKEHWUIA, HAKOPUBLLMXCA Npu rnybuHe Bogbl B 800-900 m; S —
0Mon3LWne CNomn, HaKOMMUBLLMECA BO BPeMSs MPOLBUKEHMA Le/IbTOBON CUCTEMbI CKBO3b OKpanHy
6acceiiHa W, BEPOATHO, CBA3aHHbIe C 0OMeneHMeM 03epa; a-a, — [eNbTOoBas CUCTEMA,
HakonuBLwasca npu rnybuHe sogbl B 200-400 m; LM T— MenKoBOAHO-03epHbIe, 60N0THbIE
1 peYHble OT/IOXKEHUA, & TaK)Ke Ha3eMHble MOYBbI, MpejnonaraeTcs, YTo TOALA HAKONUNach
B CBA3W C NPOAO/MXaBLINMCA 06MeNeHWeM 03epa BMAOTb O ero NosHOro OCyLUEHMA
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1/,-<73 (mapped on the same profiles). The older supersequence (AMA-j) 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,-a4) 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{ Bnand O, Z)sare approximate
time-equivalent units (with a similar inference for supersequences b{-bA and
o/<73), 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, Kérossy [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 Mako6-Hod-
ntezOvasarhely trough (H6d-I 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 H6d 1well is not convincing. He states that there is good evidence of
Badenian strata in the Hoéd -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 Massari 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 AL A 1and al- &4 are separated by sequence S.
This sequence diagrammatically represents sequence B8 mapped on profiles 18
and 19 and, possibly, the upper part of sequence 111 (slumped strata) mapped
at the Hod-1 well site and sequence Db mapped on profile 9. On seismic profiles,
sequence B8 appears as a thick massive unit with a chaotic reflection pattern;
whereas, sequence D6, 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 Bs is composed chiefly of clays and siltstones (personnel commun-
ication, Istvan Bérezi, SZKFI). Sequence Dbhas not been penetrated by drilling.
Sequences Bs and D6 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 B8 and D6 suggest that they were associated
with a destructive depositional phase. Although sequences B8 and D6 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, Massari [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 An(Fig. 24), would have exposed the steep
slope associated with constructional sequences Al-A 1. 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 'mfigure
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 [Bérczi-P hillips this volume, Phillips-Bérczi
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.I.).
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 LMT, 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 Mak4-Hod-
mez6véasarhely trough, the Derecske basin, and the Békés basin (Fig. 5), were
analyzed.

Mako6-Hdodmezovéasarhely 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 H6d—+
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 H6d-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 11; but
the upper part of unit |, as well as the lower part of I11, also may be equivalent
in age.
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Fig. 25. Four stages of deposition in the Mako-Hodmez6vasarhely 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. abra. A Maké-Hodmezévasarhelyi arok négy uledékképz6dési allapota. A) Korai
mély-medencebeli turbiditek lerakddasa. B) A delta-képz6dés elsé szakasza. C) Uledék rogyasok
és zagyarak kialakulasa. D) sekélyvizi delta-képz6dés és a beltd feltdlt6dése
| - aljzatkiemelkedés; 2 - mélyvizi tledékek; 3 - deltafront; 4 - szeizmikus vonal;

5 - homokfolyam (rogyasok); 6 - folyérendszer

Puc. 25. YeTblpe cTagmm ocagkoobpa3oBaHua B rpabeHe Mako-Xoamesépallapxei.
A) OTnoxeHne TypbmanToB B paHHeM rny6okoBogHOM 6acceliHe. B) lMepBblil 3Tan
o6bpasoBaHus fenbTbl. C) OnonsaHne 0CafKoB W CTAHOBMEHWE TYPOUANUTHLIX NOTOKOB. D)
O6pa3oBaHMe MeNKOBOAHOW AeNbTbl W 3anofiHeHWe BHYTPEHHEro o3epa
1— BO3BblllEHME (yHAAMEHTA; 2 — ryOO0KOBOAHbIE OTNOXEHUS; 3 — (POHT fAenbT; 4 -
NnHUA Npodmnsa celicMopasBefku; 5 - necyaHble NblBYHbI (ONON3HW); 6 — pekn
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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 H6d-1 well. The upper
part of sequence Ill, 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-1 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 H6d-1 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-Hodmez6vasarhely
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. abra. A Derecskéi medence feltdlt6désének harom allapota. A) Korai mély-medencebeli
turbiditek lerakddasa. B) A delta-képz6dés els6é szakasza és zagyarak kanyonok mentén.
C) A delta-képz6dés DNY-i elérenyomulasa
1- aljzat-kiemelkedés; 2 - mélyvizi margak; 3 - deltafront; 4 - szeizmikus vonal; 5 - turbidit
lledékek; 6 anyagszallitas; 7 - foly6rendszer

Puc. 26. Tpu cTagum 3anonHeHus 6acceiiHa Jepeyke. A) OTnoXeHWe TYpOUANTOB B PaHHEM
rny6okoBogHoM bGacceliHe. B) MepBas cTagus GopmMnpoBaHUa AensT U TypObuaUTHbIE NOTOKK
BAOMb KaHbOHOB. C) MpogswkeHne hopmmnpoBaHna genbtbl K KO3

1 BoO3BblleHWe (hyHAaMeHTa; 2 - rny60KOBOAHbIE Meprenu; 3 — (PPOHT AenbThl; 4
NHUK npodumneii ceiicmopassefkn; 5 — TypbuanTbl; 6 — HanpaBneHne CHOCa 0CafO4HOro
marepuana; 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. abra. A Békési medence feltoltésének két allapota. A) Az lledékképzbdés kezdetén
a medencealjzati magaslatok és mélyedések helyzete. B) A mély-medencebeli turbiditek és
margak lerakodasa. C) Sekélyvizi delta-fazis tledékeinek lerakddasa és a medence feltoltédése
1- aljzat-kiemelkedés; 2 - aljzat-bemélyedés; 3 - mélyvizi tledékek; 4 - deltafront;
5- szeizmikus vonal; 6 - anyagszallitas

Puc. 27. [ige cTaguu 3anonHeHus b6acceliHa bekew. A) MofoXxeHNe NPUNOAHATLIX
1 NOTPYXXEHHbIX Y4acTKOB (hyHAameHTa B Hayane ocagkoobpas3osaHus. B) OTnoxeHue
TypbuanToB 1 mepreneii B rnybokoBogHom 6GacceitHe. C) OTnoXeHne 0cagkoB MeKOBOAHONA
[1eNbTOBOW (ha3bl M 3anofiHeHWe GacceiHa
1 BO3BblWeEHME PyHAAMeHTa: 2 — npormb B yHAaameHTe: 3 — ryBOKOBOAHbIE OTN0XKEHUS;
4 — (pOHT fenbT; 5 — nnHMM npodunenn ceiicmopassefku; 6  HanpasfieHWe cHoca
0Calo4yHOro matepuana
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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 (200-400 m), which are probably
equivalent in time to the last stages of delta construction in the Maké6-Hod-
mezdvasarhely trough.

Table 1. 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. tAblazat. A 4. abran hasznalt szeizmikus vonalszamozas és a megfelel6 OKGT szamozas
Osszefliggése. A masodik oszlop utolsé négy szamjegyébdl az els6 kett6 a mérés évét, a masodik
kett6 a fedésszamot jeldli

Tabnuua |I. Homepa ceiicMmnyeckux npoduneldi Ha puc. 4 NprBeAeHbl B NepBOli KONMOHKe. BTopas
KOMOHKa MOKa3blBaeT COOTBETBYIOLLYI HyMepauuio CeCMUYECKUX NPpOoguneid, NpUMeHseMY0
Mpeanpusatuem eotmsmueckoro Vccnegosanms F'THIT. MepBble aBe UMgpbl NocnegHero
yucna B KOMOHKE 2 yKasblBalOT Ha rof, B KOTOPOM ceiicMorpamma 6bina 3anucaHa. BTopble gge
LMdpbl NOKa3blBAKT KPaTHOCTb OKOHYaTe/lbHOM HAaKOMEHHOW 3anucu, Hanp., 7824
NOKas3bIBaeT, YTO CelicMMYecKnii Npodunb 6bin NpopaboTaH B 1978 r. 1 6bINO0 NPUMEHEHO
24-KpaTHOe HakonneHue

NUMBER IN THIS REPORT OKGT NUMBERING SYSTEM

6 A-l 1-7824

8 VA-Il/c-7924

9 A-12/B/C/D. VA-12/E-7824

10 A-12/A-7712

n OR-24-7824

12 A-10/A-7924, VA-10/B-7824

13 A-19/D/E/FIG/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/FIG-7624-
8024

19 K 6-16-7824, Ka-32-7612,

20 Ka-67-8024, Ka-35/a-7912,
Ka-35-7912, Ka-105-8124

21 Ko0-44-8024

22 Ko0-14-7824

23 A-16/A/LIMIN-7612
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Table Il. Well names and corresponding abbreviations used in this paper

Il. tablazat. A mélyfarasok roviditése és a megfelel6 helységnevek

Ta6nvua Il. ByKBeHHble LUM(PbI CKBAXXUH W COOTBETCTBYIOLLME HA3BaHUsA HACENEHHbIX MYHKTOB

Abbreviation Well name
Ab-1 Abony
Algy6-19. 64, 162, 176 Algy6
Algy6-K-1 Algy6-East
As-1, 23 Asotthalom
Bés-1 Békéssamson
Bihu-NY-2 Biharugra
Do-2, 4, 5 Dorozsma
Der-1 Derecske

Er-7 Ereszt6
Felgyo-1, 2, | Felgy6

F.kut-6 Forraskut
Fu-1, 10 Flrta

Hod-1 HdédmezGbvasarhely
Kb-1, 3 Kaba

K-9 Ké&rdsszegapati
Kun-1, 3 Kunszallas
Kom-1, 12 Koméadi
Kiha-D-2 Kiskunhalas-South
Lasz-2, 3, 4 Jasszentlaszlé
Mako-2 Makéd

Mar-1 Martfi
Mbéra-1, 4 Moérahalom
Mp-3 Mez6peterd
Nk-2, 4, 20 Nagykdros
Nsz-2 Nagyszénas
Palm-1, 2 Palmonostora
Pf-40, 142, 155, 173 Pusztafoldvar
Sark-I Sarkadkeresztir
Szk-91, 95 Széank

Szr DNY-1 Szarvas-Southeast
Tif-1 Tiszafoldvar
Tir-1 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.l.).

(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 200-400 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 SZTRATIGRAFIAL VIZSGALATA
DK-MAGYARORSZAGON

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

A szeizmikus sztratigrafiai vizsgalatok, valamint harom mélyfaras magmintainak részletes
analizise arra utalnak, hogy a Pannon medence ENY, E és EK-i iranybdl delta-iiledékekkel tolts-
dott fol.

A medencefeltdlt6dés egyetlen szedimentacids ciklusban zajlott le, melynek kezdete a szarma-
ta, vagy a legkorabbi pannon id6északra tehetd, amikor a vizmélység 1000m-nél nagyobb volt.
A medence ezt kovetd fejl6dése a pannon és kvarter folyaman a vizmélység fokozatos csokkenését
tikrozi. Ezt a csdkkenést az Giledékbehordas mértékének a medence siillyedést uralkodéan meghala-
dé mértéke eredményezte.

A delta-feltdlt6dés két, egymastdl jol elkilonithetd fazisra oszthatd. A delta-képz6dés 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 kapcsol6do iledékbe-
hordasi sebesség nagy volt. A nagy delta tledéksorozat egymasra rakodasa és D-i iranyu el6renyo-
mulésa soran feltoltotte a forrasteriiletekhez kozeli részmedencéket, s athaladva az Gtjaba es6
lokalis magaslatokon a Magyarorszag D-i részén lév6 részmedencékben rakta le tledékeit. A delta-
liledékképz6dés kés6bbi szakaszaban a fokozatosan el6renyomuld sekélyvizi delta-képz6dmények
mintegy 200-400 m-es vizmélységben keletkeztek. Ezek Magyarorszag D-i részén Iévé mélyteriilete-
ken olyan folyami rendszerekbdl rakodtak le, amelyek a korabbi delta ciklus Gledékeit mintegy
100 km-el D-i iranyban talhaladtak.

A szeizmikus vizsgalatok arra is utalnak, hogy a Pannon medence bizonyos részein a két
delta-képzd6dési ciklust képvisel6 iledékes kbzeteket olyan uledékképzddési egység valasztja el
egymastol, amely valoszindileg egy destruktiv fazisnak felel meg. Ez az egység képzddhetett révid
idejli transzgresszios ciklus soran, vagy esetleg felgyorsult vizmélységcsdkkenési ciklus eredménye-
ként.

Az Uledékképzbdés legfiatalabb és egyben befejezd ciklusat delta-siksag faciesu ledékek
képviselik, melyben az lledékképzddési kornyezet sekélytavi, folydvizi, és mocsaritdl szarazfoldi
kornyezetig valtozott. Ez az egység egy Kiterjedtebb tavi kdrnyezetet jelentett, mely a Pannon belto
fokozatos elsekélyesedésével és elt(inésével parosult. Az ledékképz6désnek ebben a periddusaban
a medence sillyedés mértéke és a kapcsolodo lledékbehordasi mérték kisebb volt, mint a korabbi
szakaszban, és minden bizonnyal egyensilyban volt egymassal.
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CEMCMOCTPATUIPA®NYECKOE NCCNEAOBAHWE MAHHOHCKOIO BACCEWHA
B OB HACTW BEHIPUN

Po6ept 3. METUK, AHow PYMMJEP n P. lopeHc ®UNNNMC

CeiicmocTpaturpagmyeckme MCCNefoBaHWS, a TaKKe [eTalbHblii aHannM3 KepHOB U3 Tpex
rny6oKMX CKBaXWH MPUBENN K 3aKNHOYEHUIO O 3ano/siHeHWW MaHHOHCKOro 6acceiiHa MaTepuanom,
npueHocuswmumcs ¢ C3, C n CB.

bacceiiH 3anonHunACa B pe3ynbTaTe OLHOrO LMKNa 0CafKOHAKOMMIeHWs, HavaBLleMca B cap-
MaTCKOM BeKe, HO B /1l060M CNny4yae He paHee NaHHOHCKOro Beka, Npw rny6uHe BoAbl, NPeBbILLaB-
Wweid 1000 m. lMocnefylowmin xo4 UCTOPUM pasBUTUA GaccellHa B TeueHMe MAHHOHCKOMO Beka
1 4eTBEPTUYHOIO MEPMNOAa OTPaXKAEeT MOCTENEHHOE YMeHbLUeHWe rNy6uHbI BOAbl. ITO YMeHbLUEHNe
6b1/10 BbI3BAHO TEM, YTO CKOPOCTN OCa4KOHAKOMNIEHWA B LLeNIOM MPEBbILIAN CKOPOCTU MOrPY>XKeHUs
6acceliHa.

B 06wux uyepTax, B popmupoBaHum!! aenbTbl MOXHO HameTUTb ABe cTaguu. B 6onee paH-
HIOK M3 HUX FNY60KOBOAHbIE AeNbThbl C TYpOuanTaMun Ha paHTe (HOpMUPOBaNUCL NpU rNy6rHax
BoAbl B 800-900 M. Bo Bpems 3TOl paHHelt cTagum hOpMMUPOBaHMUA CKOPOCTM OMYCKaHMS U COOT-
BETCTBEHHO CKOPOCTW MOCTYM/AEHUA OCafKoB OblNM BbICOKMMW, TaK 4TO HafACTpauBaroLivecs
1 NPOABUraloLLMecs K Kry KpynHble KAUHbS AeNbTOBbIX 0CALKOB 3anOfHUAN YaCTHble BNaguHbI
B6AM3M OT UCTOYHUKOB CHOCA, NEPeBaIMBANNCL Yepes N0KaNbHbIe NOAHATUSA (yHAAMEHTa 1 [OCTU-
rann YacTHble BNaAuHbl Ha tore BeHrpuu. Bo BpeMs No3gHei cTagum NpoaBuratoLLnecs MenkoBoa-
Hble AenbTbl (hopmmpoBanucb npu rny6uHe Boabl B 200-400 M, M NOHMXEHHbIE 06N1acTy Ha tore
BeHrpun 3anonHANUCb ocagkamu, NpUBHOCUBLUMMUCA PeKaMu, NPOABUraBLIMMUCS NPUMEPHO Ha
100 KM K 10Ty 4Yepe3 OTIOXKEHWS paHHel cTaguu.

[aHHble ceiicMopa3BefiKv CBUAETENLCTBYHOT O TOM, YTO B HEKOTOPbIX paiioHax MaHHOHCKOro
bacceliHa ocafKu ABYX CTafgMin POpMUPOBaHNS AeNbTbl pa3feneHbl 0Caf04HON NavKol, BO3MOXHO,
oTpaxarlolleil pasmMbiB. 3Ta Nayka, BOSMOXHO, BO3HWKNA B TeUeHWe KPaTKOBPEMEHHOM TpaHCcrpec-
CUM UAn, MOXeT BblITb, BC/e 3a NepuoAoM YCKOPEHHOro obMeneHns o3epa.

Hanbonee monofas v 3aknoumTenbHas CTagua npefcTaBneHa OTN0XKEHUAMU [efibTOBbIX
paBHWH; 06CTaHOBKM 0CafKOHaKOMIeHWs BapbupoBanu 0T MeNKOBOLHO-03€PHbIX, Yepe3 peyHbIX
1 60N10THLIX A0 HaseMHbIX. lNpeanonaraeTcd, YTO COOTBETCBYIOLLAA TONLWA OTpaxaeT 6o/bLuee
pacnpocTpaHeHne O03epHbIX 06CTAHOBOK B COBOKYMHOCTM C MpoAo/mkatlowumcs o6MmeneHnem
N C COOTBETCTBEHHbIM MCYe3HOBeHMeM [TaHHOHCKOro o3epa. B aTy cTaguio ocafkoHakonieHus
CKOPOCTW OMNyCcKaHus 6acceliHa U CONYTCTBYIOLLME CKOPOCTN MOCTYN/EHNS 0CaAKOB Oblnn, BEPOAT-
HO, HWXe, W NpefnonaraeTcs, YTo 0CagKoHaKoMAeHne B LLEeIOM KOMMEHCMPOBAIO OMYCKaHUs.



GEOPHYSICAL TRANSACTIONS 1985
Vol. 31 No. 1-3. pp. 55-74

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 Mako6-Hodmez6vasarhely 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 Mako6-HodmezG6vasarhely trough, located directly east of the Algy6 structural high and oil field.
The Maké-Hodmezdvasarhely trough is a NNW-SSE trending depression containing over 6 km
of Neogene and Quaternary sediments [Kérossy 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) Hédmez6vasarhely-1 (H6d-1), 5842 m; and 3) Békéssam-
son-1 (Bés-1), 2886 ni.

The basement rocks underlying the Neogene sediments consist mainly of Paleozoic melamor-
phic rocks and locally Triassic dolomite [Bérczi-K 6kai 1976, Magyar Révész 1976, Ké&rossy
1981]. The Neogene sediments filling the basin represent lacustrine marls, turbidites, and deltaic to
fluvial marls and elastics. A geophysical profile of the Mak6-Hddmez6vasahely trough, including
the HA6d-1 well section, shows at least 3 distinctive seismic units one of which contains inclined
southeast prograding strata [' 'arga-P ogacsas 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
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1 Introduction

The Makd-HodmezG6vésarhely trough contains more than 6 km of lacus-
trine-fluvial sedimentary rocks ranging in age from Neogene to Quaternary.
The deepest borehole in Hungary (HAd-1) terminated in Badenian sediments
in this trough at a depth of 5842 m b.s.I. (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; HdAdmez6vésarhely-1; and Békéssamson-1 (Fig. 1).

A

Fig. 1 A) Map of Hungary with location of
study area. The two lines, 1and 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
Mako6-Hbodmez8vasarhely trough

1 abra. A) Magyarorszag térképe a kutatasi

teriilet fellintetésével. A két vonal a 13. és

14. abra regionalis tledékfdldtani szelvényét

jeloli

B) A paleozoos aljzaton telepiil6 neogén és
fiatalabb tledékek vastagsagtérképe (a
neogén Uledékek vastagsadga km-ben van
megadva) a Makd-hodmezdvasarhelyi

arokban

Pue. I. A) KapTta BeHrpuu ¢ y4acTkom
nccnefoBaHuii. [1se nMHUM 0603HaYaloT
pervoHasnHble cTpaturpaguyueckne paspesbl
puc. NeNe 13 n 14
B) KapTa 13011MHUIA MOLLHOCTU HEOreHOBbIX
N YeTBEPTUUHBIX OT/I0XKEHbIW, 3anerarLmx
Ha Naneo3onckoM (hyHAameHTe
B Mako-Xoame3éBallapxelickom rpabeHe
(MOLLHOCTN AaHbl 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-1 well

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

Puc. 2. leonornyecknii Bo3pact oTAeNbHbIX CBUT MaHHOHCKOro 6acceiiHa 1 cTpaTurpaguueckoe
MONOXEHNE OTAENbHbLIX CNOEB CKBaXWUHLI Hod-1

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 H6d-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

Fig. 3. Composite section of the depositional

elements of the basal facies. Turbidites, some

conglomeratic, interbedded with marl form the
dominate bedding structures

3. abra. Az alapkonglomeratum uledékképzdédési
egységeinek tipusszelvénye. Az uralkodd
rétegzettséget turbidit (némelyike
konglomeratumos) és marga valtakozasa épiti fel
1 - konglomeratum; 2 — homokkd; 3 — marga;
4 deformalt rétegek

Puc. 3. TunnuHbIli paspe3 nUToCTpaTUrpadmyecknx
efiMHML, 6a3aNbHOr0 KOHrnomepara.
Mpeobnagatowwnii TN CAOUCTOCTH
XapakTepusyeTcs uyepefoBaHueM Typb6uanMTos
(HekoTOpble M3 HUX cofepXaT KOHromeparbl)
n Meprenei
1 —kKoHrnomeparbl; 2 — necyaHuku; 3
meprenu; 4 [ehOpMUPOBaHHbIE CNOU

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, Th, 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
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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

depositional elements of this facies

4. abra. A mélyvizi facies tledékképzddési
egységeinek tipusszelvénye. A margak
a vékonyan rétegzett6l a rétegzetlenig, és
a mészmargatdl az agyagmargaig
valamennyi valtozatot feldlelik
1— agyagmarga; 2 — mészmarga

Puc. 4. TunuuHblii paspes
NUTOCTpaTUrpaUUecKnX eauHuL,
rny6okoBofHoOM (auyun. Cpean meprenei
NPUCYTCTBYIOT BCE PasHOBUAHOCTU OT
TOHKOCNOUCTbIX 40 HECNOUCTOCTLIX U OT
N3BECTKOBUCTbIX A0 MMHUCTBIX
1— rAMHNUCTbIE Meprenun; 2 —
N3BECTKOBUCTbIE Meprenu

The prodeltafacies

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, PRODELTA FACIES, Fig. 5. Composite section of subfacies B of the
subfacies B prodelta facies. Slumped and deformed strata
interbedded with marl represent deposition
from repeated debris flows derived from the
delta front slope

5. abra. A delta el6tér B alfaciesének
tipusszelvénye. Az iledékrogyasos és deformalt
rétegek valtakozasa margaval a delta front
(lejt6rél szarmazo) ismételt tormelékfolyasok
liledék lerakodasait képviseli
1 marga; 2  homokk&-marga feltépett
sajat anyagu térmelékkel; 3 — deformalt
rétegek; 4 — elvetett rétegek

Puc. 5. TunnyHblin paspe3 cybdayun B
npeasfensToBO dhaumn. YepegosaHue
0MON3HEBbLIX Ae(hOPMUPOBAHHBLIX OT/IOXEHMIA
1 mepreneii sBNsieTcs CNeACTBMEM OCaXKAEHUS
B pe3y/bTaTe MHOTOKPaTHO MOBTOPSOLLMXCS
00/10MOYHbIX MOTOKOB (MOABOAHbLIX OMOM3HEN)
1 wmeprenu; 2 — mnecuaHuku - Meprenmu
C NepeOTNIOKEHHBIMW 0610MKaMK
COGCTBEHHOrO cocTaBa: 3 — AethOpMUPOBaHHbIe
cnou; 4 — OTNOXEHWUS, HapyLUEHHble
KOHCEAMMEHTALMOHHbIMK cbpocamu

Composite section, PRODELTA FACIES,
subfacies A

Fig. 6. Composite section of subfacies A of
the prodelta facies. Sandstone, interbedded
wath marl, exhibits an increasing bed
thickness tow'ard the top of the sequence

6. abra. A delta el6tér A alféciesének
tipusszelvénye. A homokk6-marga
valtakozas felfelé haladva egyre ndvekvd
rétegvastagsagokat mutat
| —marga; 2 — homokkd; 3 kozeli
turbiditek (térmelékkipok); 4  tavoli
turbiditek

Puc. 6. TunuuHblii paspe3 cybdaumm A
npesaensToBoi daumn. Mpu yepesoBaHMu
NecyaHMKOB W Meprefnieli MOLHOCTH
OTAENbHbIX LWK/IOB B HaMpaBieHWn CHU3Y
BBEPX NOCTEMEHHO YBEMYMBAOTCA
1— meprenun; 2 — necyaHUKu,

3 6nuskue TypbuanTbl (KOHYCbl BbIHOCA);
4 — panbHue TYp6UANTBI
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The deltafront - 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.

DELTA FRONT FACIES 7. abra. 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

Composite section,

sandstone
vith marl
ip-up clasts

Fig. 7. A delta front tledékképz6dési

e m ed

strata egységeinek tipusszelvénye. Deformalt
rétegek—az Uledékképzddéssel kozel egyideji
faulted strat vetGkkel—és vékonyan rétegzett margak,
homokké betelepiilésekkel, a jellegzetes
burrows felépités
Acrossbedded 1 - marga; 2 — homokk&-marga feltépett
Asandstone sajat anyagu tdrmelékkel; 3 — deformalt

rétegek; 4 — elvetett rétegek;
5 — féregnyomok; 6 - keresztrétegzett
homokkd

Puc. 7. TunnyHbIin paspe3 nMTOCTpaTUrpapuyueckmx

efuHUL, (poHTa fenbTbl. [edopMupoBaHHble Cou

co cbpocammn 61M3KMMK MO BPEMEHW 06pa3oBaHuUsA

K 0CafIKOHaKOMMEeHWNIO N TOHKOC/MIONUCTbIE Mepresm
C NOAYMHEHHbIM KOMNYECTBOM MECYaHUKOB
1— meprenu; 2 — necyaHUKuU-meprenu

C MEepeoTNIOKEeHHbIMN 06/10MKaMy CO6CTBEHHOTO

cocTaBa; 3 — fethopMupoBaHHbIe cnou; 4 ciowm,

HapyLUeHHble KOHCeAMMEHTALMOHHbIMU copocamu;

5 — Xxofbl YepBei; 6 — KOCOCNOMCTbIE MECUYAHUKM
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The delta plainfacies

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

8. d&bra. A delta siksag Uledékképz6dési 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. TunnyHbIli pas3pe3 NMTOCTpaTUrpaPuyeckmnx
eMHWUL, [eNbTOBOM paBHWHbI. Paspe3 cnoxeH
YyepeAyOLWMMUCS NecyaHnKamm, CoAepXalumm
MCKOMaemble OCTaTku, n Meprenamu. CnomcTocTb
napannensHas
1— meprenun; 2 — necyaHNKM C UCKOMaeMbIMu
ocTaTKaMmu: 3 - MecyYaHWKu ¢ KOCOM CIIOUCTOCTbIO;
4 nethOpMUPOBaHHbIE CNOW; 5 — NIUTHUTDI

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 programed from the northwest toward the southeast, resulted in the filling
of the Makd-Hodmez6vésarhely 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-
HodmezG6vasarhely trough. The vertical distribution of the facies in relation to
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Hédmez6vasarhely #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

g,Proximal turbidites

63

Prodelta facies 3

Subfacies A - s
parallel bedded strata 3/A

f, Distal turbidites 4285-

6, Argillaceous marl

Deep basin

facies 2
d,calcareous marl j— —=
C,conglomerate 5450-
b.Turbidite Basal facies 1
5842

3, Basement not reached

Fig. V. Stratigraphic section and tacies recorded in part of the Hodmczdévasarhely-1 well, the
depths are recorded in meters

9. d&bra. Rétegtani szelvény és facies beosztas a HAd-1 mélyfarasban (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/A alfaeies, parhuzamos
rétegzettséggel (f- tavoli turbiditek, g - kozeli turbiditek); 3/B alfaeies, deformalt
(iiledékrogyasos) rétegekkel; 4  delta front; 5 — delta siksag: h - folytatodik a felszinig

Puc. 9. CTpaTurpatuyeckas KonoHka v (aluanbHoe nojpasfeneHne OTN0XEeHUA CKBaXWHBI
Hod-1 (rnybuHbl B MeTpax)

1 - 6asa/nbHblil KOHFOMepaT: a -- (OYHAAMEHT He BCKPbIT; b Typbugutsbl; ¢ —
KOHTnomeparthbl; 2 — rny6okoBogHas auus: d — M3BEeTKOBUCTbIE Mepren; € — FNHUCTbIE
meprenun; 3 — npefuenstoBas (auyus; i/A — cybdauyms ¢ napannensHoli CNOUCTOCTbIO;

f — panbHue Typbuantel; 3/B cybdayms ¢ geopmmnpoBaHHbIMUM (OMOM3HEBLIMI) CMOSMMU;
4 — (poHT fenbTbl; 5 — AenbToBas paBHUHA; h — NPOAOMKAETCs 40 HbIHELIHel MOBEPXHOCTM
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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
CaC03, 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 CaC03 (Figs. 11-12). Fossils with CaC03
shells are rare (possibly transported?), thus biogenic effects of CaC03 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 CaC03 were also
deposited along with the coarse-grained elastics. 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 Flungarian Plain a southwest
dip can be observed [Pogacsas-V 6lgyi 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 Mak6-Hédmez&vasarhely 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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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.

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 Mako6-Hodmezévasarhely

trough
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Regional sedimentological profile from Kiskunhalas to Kiszombor

O Q.D.L.P.d*g.s"~g ,X= markers Of regional importance
10km M - Miocene ] mmmmmnmmmmmmmm boundary of lithostratigraphic
units
Mz= Mesozoic in general
N 2 ————————————— distributary mouth bar
J - Jurassic
T = Tri S e distributary channel and point
= Triassic bar sandstones
Pz = Paleozoic i}

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 tledékfoldtani szelvény Kiskunhalas és Kiszombor kdzétt, a neogén
tavi-delta facies f6bb homok testeivel (helyszinét lasd az 1/A &bran)
Q, D, L, P, d!_5's, 3 X — regionalis markerek; 1— kdézetrétegtani egységek hatara;
2 folydagak torkolati zatonyai; 3  foly6agak medre és mederbeli zatonyhomokké;
4 — gravitacids folyas eredetli homokké-aleurolit testek

Pite. 13. PernoHanbHbIn nuTOCTpaTUrpaduyuecknii paspes no npogunio
KuwkyHxanaw-Knw3omb60p ¢ rnaBHbIMW Tenamy necyaHoro coctaBa HeoreHOBOM
03epHO-AeNbTOBON (haumm (MecTo pacnonoXeHns CM. Ha pul. VA)

Q, D. L, P, d,_5, Sj_3, X — pervioHanbHble MapKupytoume ropusoHTsl; 1 rpaHuubl
nMTOCTpaTUrpauyecknx eauHul; 2 -  ycTbeBble 6aHKW OTAE/NbHbIX PYKaBOB; 3 — OTAeNbHbIe
pyKaBa W HakannuBarlolMecs B HWX MECYaHUKWM PYCNOBbIX GaHOK; 4  MecyaHuku
1 anesponuTbl, 06pa3oBaBLUNECs B pe3ynbTaTe rpaBUTaLMOHHOIO TeYeHUs



69

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

Regional sedimentological profile from Nagyszénas to Battonya
(SE-Hungary)

Depth bsl A

(meters) Nsz-3 Pf-32 59 Psz-K-3 -ul5 Veg-K-1 Bat-31 70

SE

Bat-K-32

C,D,L,S.D.d®, X= nmakers of regord importance

M ; Mocene 1 L . .
 — boundary of lithostratigraphic
Mez- Mesozoic in general units
J = Jurassic 2———— distributary nmouth ber
T = Triassic 3——distributary charndl ad pairt
Pz=Paleczoic ber sands,anes
a sandstor iltstone bodes of

Pt =Proterozoic
gravity flow origin

Fig. 14. Sedimentological profile of the southeast Pannonian Basin showing major sand bodies
within Neogene deltaic-lacustrine facies (sec 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 tledékfoldtani szelvény Nagyszénas és Battonya k6zott a neogén tavi-delta
facies f6bb homok testeivel (helyszinét lasd 1/A abran)
C,D, L, S D, d!_5 X- regionalis markerek; 1— k&zetrétegtani egységek hatara; 2 —
foiyoagak torkolati zatonyai; 3 — folydagak medre és mederbeli zatonyhomokké; 4 —
gravitacios folyas eredet(i homokk@g-aleurolit testek

Puc. 14. PernoHanbHbIii nuTocTpaTurpaguyueckuii paspes no npodunto HagbceHaw-baTToHs
C rNaBHbIM TenamMy Nec4aHoro cocTaBa HeOreHOBON 03epHO-PeYHON cbau.mm (mecTo
pacnonoXxexHms cMm. Ha puc. YA)

C, D, L, S D, dt_5 X — pernoHanbHble MapKuUpytoLMe ropu3oHTbl; 1— rpaHuLbl
NUTOCTPATUrpatiMyecknux eauHnL; 2 — yCTbeBble OTMENN PYKaBOB pek; 3 — OT/Ae/eHble pyKasa
1 HakannnBarloLLMecs B HUX MeCYaHWKM PYCNOBbIX 6aHOK; 4 — MecyaHWKU W aneBponoThl,
06pa3oBaBLUMECs B pe3ynbTaTe rpaBUTaLMOHHOIO TeYeHMs
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4. Conclusions

(1) The most complete Neogene sequences can be fo nd 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
correctable 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 lIstvan és R. Lawrence PHILLIPS

A Mako6-Hbédmez6vasarhelyi arokban (DK-Magyarorszag) mélyitett, a neogént feltaré6 mély-
farasok (mélységik 3190, 5842, ill. 2886 m) magmintai alapjan meghatarozhaté a medencét kito1té
Ulledékoszlet valtozd lledékképzddési kornyezete és Uiledékfoldtani fejlédéstorténete. Ot fontosabb
facies kiilénithet6 el, a tavi-delta-folyévizi sorozatban alulrél felfelé haladva: 1) ,,alapkonglomera-
tum", agyagos matrixt konglomeratum, homokkd, turbidit; 2) mélyvizifacies. finoman rétegzett
vagy rétegzetlen aleurolitos vagy tiszta mészmarga; 3) delta-el6térfacies, amelynek alsé része marga
betelepiiléseket tartalmazé vizszintesen, parhuzamosan rétegzett homokk6hdl (tavoli turbiditek?),
fels6 része zavart rétegzettségl, tledékrogyasokat is tartalmazé kozeli turbiditekbdl all; 4) delta-
front. delta-lejtd facies. latvanyosan délé (5-20°), deformalt homokkd, aleurolitos homokkd és
homokk®, lignit és marga rétegekbdl, meder kitdltés, mederkdzi siksag, dvzatony, torkolati zatony
liledékfelhalmozodasi egységekbdl épil fel. A feltoltédés két fazisa ismerhet6 fel: egy kezdeti
mélyvizi, amikor is a lerak6dé homok, kavics, marga a szabalytalan topografiat elsimitotta, majd
erre teleplilt az északnyugatrél elérenyomul6 folydvizi-delta sorozat.

yCcnosma N MEXAHNM3M HAKOMMNEHNA OCAAKOB HEOIMEHOBbLIX
O3EPHO-AE/IbTOBbIX OBPA30BAHVN MAHHOHCKOIO BACCENHA

WwteaH BEPLUW wn P. NopeHc ®NNNMC

Ha ocHoBe nccnefoBaHns KepHa 6ypoBbIX CKBaXKMH B Mako-XoameséBaluapxeiickom rpabe-
He (c rny6uHamn 3190 m, 5842 m 1 2886 M), nNosBMNACb BO3MOXHOCTb PEKOHCTPYKL MU YCMOBWIA
HaKOoM/IeHNsa 0cafKoB, 3ano/HAOLWMX bacceiiH HeOreHOBbIX 06pa3oBaHWin 1 OTIMYAKOLLUXCA BbICO-
KO/ M3MEHUYMBOCTBIO, @ TAKXKE UCTOPUM Te0orMYecKoro passnTuna. CHU3Yy BBepX N0 HanpaBneHUIO
paspesa 03epHO-AeNbTOBbIX-PEUHbIX OTNI0XEHUA MOXHO BblAeNNUTb 5Cnefyrowmx rnaBHbIX (aum-
aNbHbIX TMNOB: 1) «6a3abHblii KOHINOMepPaT» - KOHr/10MepaT, OCHOBHYH Maccy KOTOpPOro cocTaB-
NAT FNWHbI, NECYaHWKKN, TypbuanTsl; 2) ry6okoBoLHaa aums - N3BECTKOBbIE MEPrenu, anespo-
NUTOBbLIE WAN YUCTbIe, TOHKOCIOUCTbIE UK 6e3 CNOMCTOCTH; 3) NpPMAEnbTOoBasA (auna - HUDKHAN
4acTb ee pa3pesa MpeAcTasneHa ropu3oHTaNbHbIMKU NapanienbHbIMU C0AMU NeCHaHUKOB ¢ NPoC-
noikamun Merpeneii (ganbHue TypouauTbl), a B BepXHeil 4acTu 3anerawT 6AM3Kue TypouaUTbI
C AMCTapMOHWYHON CMOWUCTOCTbIO, MMELOLMe MecTamy Cnefbl OMOM3HEBbIX ABMeHWI; 4) dauum
(bpoHTa ¥ CKNOHa AeNbThl - COAEPXMT HaKMOHHO 3aneratowme (5-20°) nedopMmMpoBaHHbIe Necya-
HWKW C MPOCNIOiKaMMN aneBpuUTOBbLIX MECYaHWKOB U Mepreneit; 5. auns fenbTOBON paBHUHbI - Xa-
pakTepusyeTcs Hambo/MblUeid NUTONOrMYECKOA U3MEHUMBOCTLIO M COCTOUT W3 CNOEB Pa3/IMYHOro
cOoCTaBa: Mec4aHuKu, aneBpoOANTOBbIE MECUAHWKW, IMTHUTBLI U Meprenu.

B reHeTMYECKOM CMbIC/E 3TO - OTNI0XKEHWUS LONUH, MEXA0NNHHbIX PaBHUH, & TakXKe N0SCOBbIX
N YCTbeBbIX 6aHOK. MOXHO BblAeNWTb ABe (ha3bl 3an0/IHEHWS: HaYanbHY FNy60KOBOAHYIO (hasy,
B MpoLiecce KOTOPOI ocaxJatolimecs Necku, raedHnKM 1 Meprenn BblpaBHUBAAN BCE HEPOBHOCTU
penbeda, U NO34HIOK, B NPOLECce KOTOPOW peyHas AenbToBas Cepus, HALBUraloLlancs C ceBepo-
BOCTOKA, HaKnajblBanacb Ha BblleYyKa3aHHble OT/1I0XKEHNS.
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12. dbra. F6 lledékképzddési folyamatok egy folyami deltarendszerben. Az el6renyomuld
lebenyes deltarendszer val6sziniileg tartalmazott egy csatornarendszert, amely dsszekdtotte
a folyoagakat az el6tér tavi tormelékkapjaval. A folydvizi delta elérenyomulésa a faciesek és
liledéksorok vertikalis egymasutanisagat eredményezi, amely megfigyelhetd
a Mako6-Hodmez6vasarhelyi arok farasainak magmintain

Puc. 12. [naBHble NPOLECCbl HAKOMEHUS OCAfLKOB B CUCTEME PEYHON AenbThl.

B npogguraroLLeiics U3BUANCTON CUCTEME AenbThl, N0 BCE BEPOSTHOCTU, CyLLeCTBOBa/IA
1 CUCTEMA KaHanoB, COEAMHSAIOLLAA PyKaBa PeKU C 03€PHOTUMHBLIM KOHYCOM BbIHOCA
npuaensToBoi 06nacTn. B pesynbTaTe MPOABUXKEHWS feNbThbl B KEPHAX CKBaXWH
Mako-XofMe3éBallapxelickoro rpabeHa xopowo HabnaaeTcs BepTUKanbHas CMeHa OAHUX
thaunii 1 cBUT nocnegytowumm



GEOPHYSICAL TRANSACTIONS 1985
Vol. 31. No. +-3. pp. 75-88.

MAGNETOSTRATIGRAPHY OF NEOGENE STRATA PENETRATED
IN TWO DEEP CORE HOLES IN THE PANNONIAN BASIN:
PRELIMINARY RESULTS

Donald P. ELSTON*, Géza HAMOR**, Aron JAMBOR**,
Miklés LANTOS** and Andras RONAI**

Neogene strata cored in two 1200 m-deep holes drilled in the central and northern parts of
the Pannonian Basin (Kaskanty(-2 and Samsonhéaza-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 Kaskanty(-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 Kaskanty(-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 Kaskanty(-2 borehole correlates
generally with a polarity zonation assigned to the Early Pleistocene and Pliocene reported from core
holes previously drilled near Dévavanya and Vészt6 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, Paratcthys, 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.L), which includes
strata of late Miocene and Pliocene age. The second hole, Samsonhaza-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 of 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 paléontologie 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 19/? century contained facies-related temporal errors of about 6 to
7 Ma. In view of the foregoing, direct paléontologie correlations of Miocene and
Pliocene strata of the Pannonian stage (s.l.) 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.l.) 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 1L Kaskantyu-2 is located in the middle part of the Danube-
Tisza interfluve, whereas Sdmsonhaza-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 Vésztd drill holes [Cooke
et al. 1979] are located in the east central part of the Pannonian Basin, east of

the Tisza River (Figure 1).

Fig. 1 Location map showing the boreholes studied
1 abra. A tanulmanyozott furasok helye

Puc. 1 Cxema pacnosioxXeHus n3yvaeMblX CKBaXMWH

The base of the sequence penetrated in the Kaskantyd-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 to 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.l.) 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); ¢) 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 Kaskantyu-2 borehole sequence has been analysed for Dinoflagellata
planktonic microfossils by Sut6-Szentai [written communication, 1983], for
molluscs by Korpas-Hédi [written communication, 1983], and for ostracods by
Korecz [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.l.). The boundary between the Lower and Upper Pannonian based on
molluscan fauna is considered to lie at about 7 Ma [Korpas-Hoédi 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 Kaskanty-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.l. [Jambor-K orpas-Hédi-Széles-S uts-Szentai 1985]. This
boundary corresponds with a stratigraphic position low in the Kaskantyd-2
section [Suts-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 Sdmsonhé&za-16a drill hole (Figure 3) bottomed in strata assigned to
the Egerian (Late Oligocéne 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 elastics
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 Kaskantyu-2 mélyfuras lito- és magnetosztratigrafiaja
Oszlopok: a) inklinacio; b) rovid atfordulasok (M = kevert polaritds); c) magnetosztratigrafiai
zonacio; d) litolégiai rétegsor. 1— diszkordancia; 2 — agyagmarga; 3 — homokkd; 4 —
tarkaagyag; 5 — huminites agyag; 6 - iszap; 7- marga; 8 mészmarga; 9 — durvaszemi
ooidos mészkd konglomeratummal: 10  normal magnesezettség; 11 — forditott
magnesezettség: 12 - nincs adat

Puc. 2. JUTo- 1 MarHuTOCTPaTUTpadmus CKBXKMUHbLI KallKaHTio-2
CTon6Lbl: @) HaKNOHeHMWe; b) KPaTKOBPeMeHHble NepeBopoThbl (M = CMellaHHas NoNsIPHOCTb);
C) pasfeneHne MarHUTOCTpaTUrpauueckux 3oH; d) NMTONOTOYECKWIA KOMOHKA., 1— Hecornacue;
2 - TNWHUCTbIE Meprenn; 3 — MecuaHuKU; 4 -  NecTPOLBETHbIE T/INHbI; 5 — FKHbI CO
cofiepXKaHNeM OpraHMYecKoro BelecTBa; 6 — WK, 7 — Meprenun; 8 — 13BECTKOBbIe Meprenu;
9 - 06/10MOYHblE 0OMAOBbIE M3BECTHSKU C KOHTMOMepaTambl; 10 — HopmanbHas
HamarHuuyenHocTs; |l - o6paTHas HamarHWyeHHOCTb; 12 — HeT JaHHbIX
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Fig. 3. Preliminary correlation of the polarity zonation of the Kaskanty(-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 Kaskantyd-2 and Sadmsonh&za-16a drill holes were cored in full,
employing a 5.9 m long core barrel. The cores were sampled at approximately
0.5 mintervals 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 Kaskantyl(-2 samples were
partially demagnetized in 50 oersted (oe) (= 5mT 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/cm3
(or—2 X10-4 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, Kaskantyd-2 yielded much the better
material for paleomagnetic analysis. Intensities are moderate, 10~5to 10”6
emu/cm3 (10-2 to 10~3 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. abra. A Kaskantyd -2 mélyfaras el6zetes korrelaci6ja a Lowrie és Alvarez [1981] féle
polaritas-idé skalaval
Oszlopok: a) inklinacid; b) rovid atfordulasok: c) niagnetosztratigrafiai zonacid; d) polaritas-idé
skala. 1  normal magnesezettség; 2 - forditott magnesezettség; 3 — nincs adat

Puc. 3. MpeaBapuTeNbHas KOPPENaLMs CKBaXWHbI KallKaHT0-2 ¢ MeX/yHapoaHOM LiKanom
BPEMSA-MONSAPHOCTb
CTon6Lbl: @) HaKMOHeHMe: b) KOPOTKM NepeBopoThI: C) MarHUTOCTPATUrPaguUecKne 30HbI;
d) 3aBUCHMOCTb MOMAPHOCTY OT BPeMeHW. 1  HOpMasbHas HaMarHUYeHHOCTb: 2 o6paTHas
HaMarHWYeHHOCTb: 3 — HeT AaHHbIX
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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 Kaskanty(-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. Flowevcr,
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 Flungary 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
Vészt§ core holes [Cooke et al. 1979 and Ronai 1981].

Samsonhéza-16a: In the pre-Pannonian strata cored in Sdmsonhéza-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 S&msonhaza-16a was com-
promised by severe geologic as well as paleomagnetic complications.

Many samples from borehole Sémsonhaza-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 S&msonhaza 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 Kaskantyl-2 core hole with the polarity time scale

4, &bra. Uledékfelhalmozodasi sebesség a felsémiocénben és a pliocénben, a Kaskanty(-2
mélyfaras polaritdszonai és a nemzetkozi polaritas-id6é skala korrelaciéjahol

Puc. 4. CKOpOCTb OCafIKOHaKOM/EH sl B BEPXHEM MMWOLIEHE U B N/MOLEHE, paccuMTaHHas Ha
OCHOBE KOPen/sLyMmM 30H MONSAPHOCTM TNYGOKOM CKBaXUHbI KallKaHTIO-2 ¢ MeXyHapoAHoi
LIKanoii BpeMA-noasipHOCTb

val from 211 m lo 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 S&msonhéza-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- J ambor 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 [Hag 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.

(@))] The K.askanty(-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.l.) includes the Tortonian, Messinian, and
Zanclean stages of Mediterranean stratigraphy.

Fig. 5. Lithostratigraphy and apparent polarity zonation from the Samsonhdaza-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; €) magnetostratigraphic zonation:
e,) interpretation, with classification (contradictions and uncertainty indicated); e2) 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. abra. A Samsonhaza-16a mélyfuras litosztratigrafiai és magnetosztratigrafiai beosztasa,
valamint ennek egy lehetséges korrelaciéja a nemzetkozi polaritas-idé skalaval, felhasznalva
nannoplankton- és extrapolalt K/Ar kormeghatarozasi adatokat
Oszlopok: a) polaritas-id6 skala Lowrie és Alvarez [1981] utan; b) litolégiai rétegsor;
c¢) kronosztratigrafiai egységek; d) nannoplankton z6nak; e) magnetosztratigrafiai zonacio: e,)
értelmezés osztalyozassal (ellentmondasok és bizonytalansagok feltlintetésével), e2) mérési
adatok. 1- diszkordancia; 2 — agyagmarga 3 - mészké 4 — andezit piroklasztit
5 — agyagos-meszes-homokos alcurolit; 6 — homokkd; 7 — kavics; 8 lignit;
I> tarkaagyag; 10 - normal magnesezettség; 11 - forditott magnesezettség; 12— nincs adat

Puc. 5. JlutocTpaturpagmyeckoe U MarHUTOCTpaTUrpagnmyeckoe pacusieHeHve riny6oKoi
CKBaXMHbI LLlamluoHxa3a-16a, U 0fHa W3 BO3MOXHbIX KOPeNnsauuii ¢ MeXxyHapoLHON LiKanoi
BPEMA-MONAPHOCTb, UCMOMb3Ys JaHHbIE OMNpeAeneHMs Bo3pacTa no HaHHodIope
1 3KCTPanonMpoBaHHble AaHHble onpefeneHus Bo3pacta K/Ar metogom

CTonbubl: a) 3aBUCUMOCTb MOASIPHOCTM OT BPeMeHU no Lowrie « Alvarez [1981];
b) nuTonornuyeckas KonoHka; ¢) XpoHocTpaTurpaguyeckme eanHuubl; d) HaHHONIAHKTOHOBbIE
30Hbl; €)MarHMTocTpaTurpadmueckme 30Hbl: €~ UHTepRpeTaLns ¢ Knaccugukalel
(c yKazaHvnem MpoTUBOPEeYUiA U HeHafeXHOCTel); e2) n3MepeHHble AaHHble. 1 —Hecornacue;
2 — rMHNCTbIE Meprenun; 3 U3BECTHsAKU; 4 - aHAe3uUToBble Tydbl; 5 —
rMMHNCTO-N3BECTKOBO-NeECYaHble aneBpuUThbl; 6 — necyaHWku; 7 — WebeHb; 8 — JIMIHUT:
9 necTpouBeTHble MUHbI; 10— HOpManbHas HaMarHW4eHHoCTb: 11 o6paTHas
HaMarHU4YeHHOCTb; 12 — HeT fJaHHbIX
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A boundary between the Lower and Upper pannonian, drawn at the
contact between the Nagykoér( and overlying Zagyva Formations in the Kas-
kanty(-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 Kaskantyu-2
core hole generally correlates with earlier results from the Dévavanya and
Vészt6 core holes drilled in the Great Hungarian Plain [Cooke et al. 1979]. The
lowermost Pleistocene (late Pliocene of usage elsewhere) sequence [Nagyalféld
Formation = Veészt6 Formation in Cooke et al. 1979] has an age of 15 to 2.4
Ma from paleomagnetic correlations. The “Pleistocene” age for the Nagyalfold
Formation has been confirmed by ostracode results [Korecz 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 nannoplankton
zonations and extrapolated K/Ar ages. A large part of the section in the
Samsonhé&za 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.l.) 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 ULEDEKEINEK MAGNETOSZTRAT1GRAFIAI
VIZSGALATA KET MELYFURASBAN: ELOZETES EREDMENYEK

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

A Pannon medence kdzéps6 és északi részén két ~ 1200 m-ig folyamatos magmintavétellel
mélyitett mélyfarasban (Kaskantyd-2 és Samsonhaza-16a) 1m-nél sliribben vettek mintat, hogy
a polaritas valtozasokat korrelaljak az altalaban elfogadott nemzetkdzi polaritas-id6é skalaval.
A Kaskantyl -2 mélyfaras fels6 része pleisztocén és pliocén rétegeket, als6 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 nemzetkdzi polaritas-id6 skala 12-2 millié éves szakaszaval, noha
ez a korrelacié nem tekinthet6 véglegesnek. Ebb6l kb. 120 m, millio év uledékfelhalmozddasi
sebesség volt becstilhet6 a Pannon medence kzéps6-déli részére a felsémiocén és a pliocén idejére.
A Kaskantyl 2 mélyfuras felsé szakaszanak magnetosztratigrafiai beosztasa altalaban korrelalhato
az alsopleisztocénre és a pliocénre elfogadott, két korabbi mélyfarasban (Dévavanya és Vészt6), a
Pannon medence kdzéps6-keleti részére megallapitott beosztassal.

A Samsonhaza-16a mélyfuras, a medence északi részén, pannon el6tti neogén rétegeket is
harantolt. A magnesezettség a szelvény nagy részén gyenge és labilis, igy énmagaban nem korrelal-
haté a nemzetkdzi polaritas-idé skalaval. Egyes, stabil magnesezettséglli intervallumok csak a
nannoplankton kormeghatarozas segitségével kapcsolhatok — kisérleti jelleggel — a polaritas-idé
skalahoz, felhasznalva a rendelkezésre all6 K/Ar kormeghatarozasi adatokat a farasra extrapolalva.
Bar az eredményként kapott korrelacié bizonytalan, azt sugallja, hogy a pannon el6tti ledékek
relative rovid id6-intervallumokban halmozddtak fel.

MPEABAPUTENIbHBLIE PE3YJIbTATbl MATHUTOCTPATUTPA®NYECKWX
NCC/ELOBAHNA HEOTEHOBbIX OT/IOXEHWUI B ABYX /1YBOKUX
CKBAXWHAX B MAHHOHCKOM BACCEMNHE

OoHang L 3JICTOH. esa XAMOP. ApoH AMBOP, Muknow JJAHTOLL
n AHgpawr POHAN

B AByX CKaXuHax rny6uHoii npubnusntensHo 1200 M, npobypeHHbIX Mpy HEMpepbiBHOM
0T60pe KepHa B CpeAHeR 1 ceBepHO YacTsx MaHHOHCKOro 6acceiiHa, 0T60Op NPoB A4 Naneomar-
HWUTHBIX WM3MepeHUidi MPOBOAWCH MPU WHTepBase MeHblue 1M, 4TOBbl M3MEHEHWSt MONSAPHOCT
CKOPennupoBaTb C MEXAYHApOLHOW LUKanoi BpeMeHW NONSPHOCTU. BepxHssi 4acTb CKBaXKMHbI
KawkaHTio-2 nepecekna NneicToLeHOBbIE W MMOLEHOBbLIE OT/IOXKEHUS, A €8 HIKHSAS YacTb NOYTH
MOTHOCTbIO Mepecekna BepXHEMUOLLEHOBbIE CIoW. [IMOLLEHOBLIE Y BEPXHEMUOLIEHOBbLIE C/IOM NPU-
ypoueHbl K MaHHOHCKOMY fipycy (S. 1). MOoCKONbKy YCTaHOBEHO, YTO HamMarHUYeHHOCTb COeB
cTabunbHas, yaanoch NpoBecTM MarHUTOCTpaTUrpadMyUecKoe pacuneHeHne, BNOCNeACTBAN CKOPES-
NNPOBAHHOE C UHTEepPBa/IOM OT 12 0 2 MUNMIMOHOB NET MEeXAYHApPOLHOW LiKanbl BpemMsa-nonsp-
HOCTb. OfiHaKy 3Ty KOPennsuuio Hemb3si CUMTaTb OKOHYaTeNbHOW. B cpefHeil u toXHOW yvacTsx
MaHHOHCKOro 6acceiiHa CKOPOCTb OCANKOHAKOM/IEHWS B BEPXHEM MWOLIEHE W B MAMOLEHe MO
OLeHKaM COCTaBAseT 0Kono 120 M MUAAMOH neT. MarHuTocTpaTurpaMyecky BEPXHIOK 4acTb
paspesa CKBaXMUHbl KallKaHTH-2 MOXHO B OCHOBHOM CKOPEN/IMPOBaTh CO CXEMOIA, MPUHATON Ans
CpeAHen 1 BOCTOYHOM YacTeli MaHHOHCKOro 6acceliHa Ha OCHOBeE ABYX paHee MpobypeHHbIX rny60-
KUX CKBaXXMHax ([eBaBaHsi 1 BecTe).

"ny6okas ckBaxunHa LLlamiwoHxa3a-16a. npobypeHHas B CEBEPHOI YacTu 6acceilHa, nepecek-
Na W HeoreHOBble OTNIOXEHMWe ApeBHee MaHHOHCKMX. HamarHuyeHHoCTb B 60MbLUell YacTu paspesa
cnabas v HecTabwunbHas cnefoBaTeflbHO, HET GO3MOXHOCTU A1 KOPeNnsUum ¢ MexayHapogHoi
LUKaNoi BpemMs-noNspHOCTb. HeKoTopble MHTEepBabl, B KOTOPbIX HaMarHU4YeHHOCTb CTabunbHas,
MOryT 6bITb B OMbITHOM MOPsIfiKe CBS3aHbl C LUKANOA BPeMeHU MONSPHOCTU, UCMOMb3YS NpU 3TOM
[aHHble onpefeneHns Bo3pacTa No HaHHOG/IOPe U AaHHble onpeaeneHns Bo3pacTa K/Ar MeTosom,
3KCTPanofiMpoBaHHble Ha CKBaXMHY. XOTS KOpPennsuus. nofyvyeHHas B pe3ynbTaTe NpOBeAEeHHbIX
paboT, He ABNSETCA HAfEXHOI, BCE Xe MOXHO MPeAnonioraT, YTO HAKOMMEHUE OTIOXKEHWIA ApeB-
Hee MaHHOHCKMX MPOWMCXOAWNO B CPABHUTENIbHO KOPOTKME WHTEPBasibl BPEMEHM.



GEOPHYSICAL TRANSACTIONS 1985
Vol. 31. No. 1-3. pp. 89 9

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 Vészt6 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 Vészt6 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 Vésztd
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 [Rénai 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 [Reénai
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) [Renai 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 1UGS 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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VESZTO

STABLE INCLINATION

REVERSE NORMAL

REVERSE NORMAL

Fig. I. Paleomagnetic measurements on the
core-samples of the.Dévavanya and Vészt§
boreholes [after Cooke-H all-R énai 1979]

I. dbra. A dévavanyai és vészt6i faras
magmintainak paleomagneses vizsgalata
[Cooke-H all-R 6nai 1979]

Puc. 1 MNManeomMarHUTHble U3MEPEHUS,
npoBefeHHbIe Ha Npobax W3 feBaBaHLCKON U
BECTENCKON CKBaXXMH

[Cooke-H all-R 6nai 1979]
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MOLLUSCA OSTRACODA POLLEN

QUATERNARY

PLIOCENE

Fig. 2. Number and distribution of paléontologie finds from the borehole of Jaszladany
(Hungary)

2. abra. Paleontologidi leletek szama a jaszladanyi farasban

Puc. 2. KonmuyecTBO NaneoHTONOMMYeCKUX MCKOMaeMblX OCTATKOB SICNafaHbCKOW CKBaXMHbI
(BeHrpus)
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JASZLADANY 0CcsoD CSONGRAD MINDSZENT DEVAVANYA

Fig. 3. Examples of fluvial sedimenlary cycles
I - 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 tledékképzddési ciklusokra
1— agyag és iszap; 2 — homokliszt; 2 - homok

Puc. 3. O6pasiibl 4151 CTPYKTYPbl 3ePeH PeUHbIX LIMKNOB O0CAAKOHAKOMIEHMUS
| rAMHa W wnam; 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 €t
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 minéralogie data support the positioning of the Plio-Pleistocene bound-
ary based on previous paleomagnetic, palynologie, paléontologie, and gran-
ulometric data [Renai 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 [Isphording-R iccio 1969, Coe 1979, Friis 1974, Cazeau 1974, and
others] (Fig. 4).



94 Grosz-Rénai-Lope:

ig m nJlifeu”.. &4

q, Mrorf-tedffilUa

Q rArESIMIIM A
d ﬁ‘l‘
r°a~|. Jtfiggprei q, ks

80,

Iﬁy’F] TTCh nyy - -

. b j L o
o el TiTIH
pXd R4
[\,
4b o
i iig— N g
2 3E 6ki++1 7h —3 8

Fig. 4. Heavy mineral composition of the borehole cores in the Kords-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 farasi magmintainak nehézasvanyosszetétele (Elek I. analizise, 1980)
1 —magnetit, ilmenit; 2 — granat; 3 — epidotit; 4 — piroxén; 5 — amfibol; 6 — klorit, biotit;
7 — epigén; 8 — metamorf asvanyok (turmalin, disztén, cirkon)

Puc. 4. TsxXenommnHepanbHbIiA COCTaB MecYaHbIX OCaflkOB B CKBaXKMHax bacceiiHa KépéL
1— MarHeTuT, UNbMEHWT; 2 — rpaHaT; 3 — anugoTuTt; 4 - NUpokKceH; 5 — amdobon;
6 — xnoput, 6MOTUT; 7 — anureH; 8 - MeTamopduyeckme nckonaemble (TYpManuH, AUCTEH,
LIPKOH)
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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 90% 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 Vészt8 borehole, representing medium to very fine
grained sand units between 430.9 and 688.0 m depth, average about 1.5%
(5G>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 minéralogie data of the two sets of samples
suggests correlation based on the presence of depleted and deeply weathered
garnet in samples DI, D2 and V2. This correctable minéralogie 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 minéralogie trends include the relative abundance of magnetite,
ilmenite, leucoxene, epidote group, and iron oxides in the Vészt6 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, paléontologie, granulometric, and other data.

Other, more subtle, minéralogie differences are suggested by the data on
table I; however, the reconnaissance nature of the minéralogie determinations
precludes definitive correlations. Detailed minéralogie 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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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.

REFERENCES

Berggren W. A., Burckle L. H., Cita M. B, Cooke H. B. S., Funnell B M., Gartner S., Hays
J. D., Kennett J. P,, Opdyke N. D,, Pastouret L., Shackleton N. J., Takayanagi Y. 1980:
Towards a Quaternary time scale. Quaternary Research, 13. pp. 277-302

Berggren W. A., Kent D. V., Van Couvering J. A. 1984: Neogene geochronology and chrono-
stratigraphy. Pre-print, Woods Hole Oceanographic Institution, Woods Hole, MA, 02543.
92 p.

Cazeau C. J. 1974: Heavy minerals of Quaternary sands in South Carolina. In Post-Miocene
stratigraphy central and southern Atlantic Coastal Plain, R. Q. Oaks, Jr. and J. R. Dubar eds.,
Utah State University Press, pp. 174-178

Coe C. J. 1979: Geology of the Plio-Pleistocene sediments in Escambia and Santa Rosa Counties,
Florida. Unpublished M. S. thesis, Florida State University, 115 p.

Cook H. B. S,, Hal1 J. M., Rénai A. 1979: Paleomagnetic, sedimentary and climatic records from
boreholes of Dévavanya and Vészt6. Acta Geologica Hungarica, 22, | 4 pp. 89-109

Friis H. 1974: Weathered heavy-mineral associations from the young Tertiary deposits of Jutland,
Denmark. Sedimentary Geology, 12, 3, pp. 199-213

Haq B. U.. Berggren W. A,, Van Couvering J. A. 1977: Corrected age of the Pliocene/Pleistocene
boundary. Nature, 269, 5628 pp. 483188

Isphording W. C., Riccio J. 1969: Petrology and identification of the Citronelle Formation in
Alabama [abs.]. Geological Society of America Abstracts with Programs, 4, 2, pp. 82-83

Roénai A. 1983: Geological history of the Kords basin during the Quaternary (in Hungarian with
English abstract). Foldtani Kozlény (Bull, of the Hung. Geol. Soc.), 113, 1, pp. 1-25

KOZLEMENY A PLIOCEN-PLEISZTOCEN HATARMEGALLAPITASROL AZ ALFOLD
ULEDEKEIBEN

Andrew E. GROSZ, RONAI Andras és Ricardo LOPEZ

A Pannon medencében kisérleteket végeztiink abbol a célbél, hogy fel lehet-e hasznalni nehéz
asvanytani vizsgalatokat sztratigrafiai célokra, pl. a neogén-kvarter hatar megallapitasara. A laza
liledékekbdl nyert farasmintakban ugyanis a fauna és flora maradvanyok hianya a sztratigrafiai
hatarok kimutatdsat nehézzé teszi.

A dévavanyai és a vészt6i furasbol vett mintdkban az asvanyszemek részletes vizsgalata
legalabb két izben mutatott ki er6s mallast és viseltességet. 440 m koril a dévavanyai és 500 m koril
a vészt6i furasban a granatszemek aranya jelentésen kevesebb mint mas mélységszakaszokban és
viseltesebbek. E mélységek nagyjabol megegyeznek az egyéb adatok alapjan varhaté plio-pleiszto-
cén hatar helyével. Egy masik megfigyelhetd esemény az asvanyszemek autochton pirittel valo
cementaltsaga a dévavanyai farasban 605 m mélység tajan, amit korrelalni lehet a vészt6i faras
hasonlo szakaszaval 650 m mélységben. Az eredmények igazoljak, hogy a részletes nehéz-asvanytani
vizsgalatok egyéb vizsgalatokkal kardltve hasznosak lehetnek az (iledékképz6dés fejl6désének
elemzésében és sztratigrafiai (N/Q) megitélésében.
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COOBLEHWNE OB OMNPEAENIEHUN MJINO-MNEACTOLUEHOBOW MPAHULLbI
B OCAAOYHbIX MOPOAAX BOJIbLLON BEHIEPCKOWM HU3MEHHOCTW

SHapy 3. TPOC, AHgpaw POHAW un Pukapgo JTOME3

B Bonbwom BeHrepckom bacceliHe 66111 NpoBefeHbl UCCNef0BaHNS C TOW Lenblo, MOXHO
N NCNONb30BATb THXKE/bIe MUHEPaNOrMYecKne aHann3bl B CTpaTUrpadMuecknx Lensx, Hanpumep,
[LNS OnpefeneHns rpaHnLbl MeXxay HeOreHOBbIMU W YETBEPTUYHBLIMU OTNOXEHUAMU.

OTCyTCTBME OCTATKOB (ayHbl 1 PIOPbI B PbIX/bIX 0cafKax npob, NoMyYeHHbLIX N3 KEPHOBOMO
maTepuana CKBaXXUH, NpeAcTaBnseT co600 TPYAHOCTb A1 BbIABNEHUSA CTPATUTPainyecKnx rpaHuL,.

[eTanbHoe nccnegoBaHne MUHepanbHbIX 3epeH, B3ATbIX U3 MPO6 feBaBaHLCKOM 1 BECTEIACKOW
CKBaXWH, NO KpaliHeil Mepe B ABYX CNyyYasx NoKasano CUIbHYI 3POAVPOBAHHOCTL U paspyLUeHue.
Ha rny6uHe okono 440 M B AeBaBaHbCKOM CKBaXKMHE 1 500 M B BECTEICKOI CKBaXKMHE COOTHOLLIEHWE
rpaHaTOBbIX 3epeH 3HAYMTE/IbHO MeHblUee, YeM Ha [pYrux OTpe3Kax paspesa, W 3epHa 6onee
NOABEPrHYThl paspyLUeHnto. ST rNy6uHbI NPUMEPHO COBMaJAl0T C OXMAAEMbIM MOMN0XKEHVEM
NNO NNENCTOLEHOBOW rpaHuLbl Ha OCHOBaHMW APYrMX AaHHbIX. [pyroe Habniojaemoe ABreHue
npeacTasnseT co60 LeMEeHTUPOBAHHOCTb MUHEPa/bHbIX 3ePeH C aBTUTeHHbIM MUPUTOM B feBa-
BaHbCKOW CKaXKVHe B parioHe rny6uHbl 605 M, YTO MOXHO KOPPENnpoBaTh CO CXOXMM OTPE3KOM
Ha rny6uHe 650 M BeCTENCKOI CKaXMHbI. Pe3ynbTaTbl MOKa3biBalOT, YTO AeTalbHble MUHEPanoru-
YeckMe aHanu3bl BMeCTe C APYrUMK aHanusamy MOryT 6biTb MOMe3Hbl NpW aHanuse npoiecca
ocagkoobpasoBaHuUs u cTpaturpaguueckmx onpegenenuax (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 Salg6tarjan 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 [Schréter 1929, 1945 and 1954, Batogh
1964, Radécz 1975, Bohn-H aVas 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 Bilkk 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

m

gravel east of Nekézseny

1 abra. A leirt miocén part menti Gledékek helye.
A — ottnangi progradalo rétegsor Csokvaomanytol keletre; B — karpati mészanyagl kavics
Nekézsenytdl keletre

Puc. 1. PasmellieH/e MUOLLEHOBbIX MPUBPEXHbIX OCAAKOB, PACCMATPUBAEMbIX B 3TOW CTaTbe
A — OTTHaHrcKas nporpagalmoHHas To/la BOCTOYHee C. YoKBaOMaHb; B — 13BeCTKOBUCTLIN
raneyHnK KapnaTckoro Bo3pacTa BOCTOYHee C. HekexeHb
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lower Paleozoic blocks of the Szendr6 Mountains to the northeast, the Paleo-
zoic-Mesozoic unit of the Bukk 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 Oligocéne 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. Its 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-H aimai 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 Salg6tarjan 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-H almai 1975, Hamor 1983]. Littoral sand and
gravel (Egyhédzasgerge Formation) and open marine marl and mud (Garéb
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 15 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 1) indicates that
these deposits belong to the Ottnangian Salgotarjan Browncoal Formation

(Fig. 2).
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Fig. 2. Sketch wap of paleogeography in northern Hungary during Ottnangian time
| — 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. abra. Eszakmagyarorszag ottnangi ¢sfoldrajzanak vazlata.
1 — paralikus k6észénmocsar; 2 — édesvizi tarkaagyag; 3 - édesvizi k6szénmocsar; 4 —
szarazfold; 5 — facies hatar; 6 — szerkezeti elemek; 7 — az Uledékes medence hatéara

Puc. 2. KapTocxema naneoreorpajuu Tepputopun CesepHoii BeHrpun B OTTHaHTMIACKOe Bpemst
1— 60/10TO 06pa30BaHNA NapaMUECKUX yrneii; 2 — NpPecHOBOAHbIE NECTPble MMWHbI; 3 —
npecHoBofHoe 60M10TO 06pa3oBaHus yrnei; 4 — cylwa; 5 - (aunanbHas rpaHuua; 6 —
CTPYKTYPHbIE 371EMEHTbI; 7 — rpaHuLa 0CafloHHOro GacceiiHa
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Fig. 3. Miocene (Ottnangian and [Carpathian) units of the Egercsehi - Ozd Basin
A Chronostratigraphy; B Litostratigraphy; Bj 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 — Corhula-Anadara;
12 - Cardium-Pirenella-Theodoxus; 13 — Congeria; 14 — Crassostrea; 15 — Megatrola
fragments

3. abra. Az egercsehi-6zdi medence miocén (ottnangi és karpati) egységei.
A Kronosztratigrafia; B — Litosztatigrafia; B[ — Formacié; B2 — Atlagos vastagsag;
B3 Rétegsor; C — Lel6hely; D — Jelmagyarazat
| - agyagos aleurit; 2 - homokkd; 3 homok; 4 — kavics; 5 — agyag; 6 — aleurit; 7 —
szén; 8 — riolttufa; 9 - Macoma-Nucula asszociacio; 10 Chlamys; 11 — Corbula-Anadara
asszociacio; 12 — Cardium-Pirenella-Theodoxus asszociacié; 13 — Congeria’, 14 — Crassostrea’,
15  novénymaradvany

Puc. 3. MuougeHoBble (OTTHaHTWIA 1 KapnaTuid) egnHuubl Arepyexn-O3ackoro bacceliHa
A — XpoHocTpaturpadusa; B - Jlutoctpaturpacgus; B, dopmaums; B, — CpegHas
MOLLHOCTb; B, Paspes; C MecTopoxaeHue; D YcnoBHble 0603HAYEHUS
1 - rNMHWCTbIE aneBpUTbl; 2 — MNeCYaHHWK; 3 - Mecckn; 4  rasbkW; 5  [WHbI; 6
anespuThbl; 7 - Yronb; 8 — nMnapuToBble Tydbl; 9 — accoumauma Macoma-Anadara; 10
Chlamys; 11 — accounayms Corbula-Anadara; 12 accoumauuns
Cardium-Pirenella-Theodoxus; 13 - Congeria; 14 — Crassostrea; 15 — pacTuTesbHble
0CTaTKu;
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Fig. 4. Sketch map of paleogeography in northern Hungary during (Carpathian 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. &bra. Eszakmagyarorszag kéarpati 6sfoldrajzanak vazlata.
Facies: 1— partszegélyi, 2 — sekély szublitoralis tengeri. 3 — szarazfold; 4 —riolit tufa; 5 —
partvonal maximalis elontés idején; 6 — iiledékgy(jt6; 7 - - transzgresszio iranya; 8 — facies-
hatar; 9 —szerkezeti elemek

Puc. 4. KapTocxema naneoreorpaum Tepputopun CeBepHOn BeHrpun B KapnaTuiickoe Bpems
dayumn: 1 — npubpexkHas, 2 — MeNKOBOAHOr0 Cy6NUTOpanLHOro mops, 3 —
KOHTWUHEHTaNbHas; 4 — puoaMToBbIE Ty(bl; 5 - 6eperosas NMHMUA BO BPEMS MAKCMMabHOTO
npunnea; 6 — 0CafKOHaKONUTENN; 7 — HanpasneHue TpaHcrpeccuu; 8 -  tauuanbHas
rpaHuua; 9 - CTPYKTYpble 3/1EMEHTbI
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Table I. Fossil assemblage in the Ottnangian deposit exposed east of Csokvaomany
/. tablazat. Ottnangi bentos faunaegyittesek (Csokvaomany)

Ta6n|/|ua I. Komnnekc nckonaembiX OCTaTKOB OT/IOXEHWIA OTTHaHTUICKOro fApyca B 06HaXXeHMK
K BOCTOKY OT YoKBaomaHs

Fossils: Mollusca
Bivalvia: Musculus sp.
Congeria sp.
Ostrea sp. (juv.)
Cardium sociale Krauss
Cardium sp.
Pitaria cf. islandicoides Lam.
Gastropoda: Theodoxus pictus Fcr.

Hydrohia 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 4-5 m. The
presence of pebbles greater than 1cm 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 CONTACT—

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.

b 9 -——ABRUPT CONTACT—

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
Csokvaomany. Arrows indicate crossbedding dip directions

5. abra. A Csokvaomanytdl keletre 1év6 homokgddorben feltart alsé tledékdsszlet rétegoszlopa.
A nyilak a keresztrétegz6dés délési iranyait jelzik.
| — vastagsag; 2 — kagyléhéjas homok, maradékkavics a bazison; 3 — erdziés felszin; 4 —
rétegzetlen iszapos homok, gyokérnyomok, 6stalaj felll, 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 valtakozésa, halpikkelyek, sok névényi maradvany, nincs kavics

Puc. 5. CTpaturpaduueckass KOMOHKa HWKHE 0Cafo4HON TOALWM, 0OHaXKaKOLWENCa B Kapbepe
necka BoCTOYHee €. YokBaoMaHb. CTpenbl NOKa3blBalOT HamnpaBneHWUs NafeHus Kocoi
COMCTOCTK
1 —MOLLHOCTb; 2 — MecoK ¢ 06/10KaMy paKuLLeK, B OCHOBE OCTATKW Fa/ibKu;

3 — MOBPXHOCTb 3p03nK; 4 — HECNOUCTbIEe MECKW, Cefbl KOPHEiA, B BEpXHel 4acTu ApeBHUe
MOYBbI, YACTUYHO MOKPbITbIE IMTHUTAMKU 1 OKAMEHEe/bIM YAOM; 5  MOCTENeHHbI Nepexos;
6 — raneyHMKoBble MECKU, UMEIOLLMe TOPU3OHTANIbHYH0 COUCTOCTb, B BEPXHUX YacTax 6onee
MenKuii; 7 — peskas rpaHuua; 8 — raaeyHuKoBble MECKW, UMeLoLLMe NOMepeyHyH CNouCTOoCTb,
B BEPXHMX 4acTaAX BCe 60fiee raneyHnNKoBble. BHU3Y Mano WUAUCTbIX NENeLKo06pasHbixX
BKNtOYeHW, Macaronichnus; 9 — peskas rpaHuuya; 10 — 6MoTyp6MpoBaHHbIe rafevyHMKOBbIE
Mecku, pa3mep TafleK YMEeHbLUAeTCH MO HanpaBfieHUI0 BHU3, B HUKHel 4acTu Bce 6o/blue
FMIMHHNCTLIX CnoeB; 11 — nocTeneHHbIA nepexod; 12 — uyepefoBaHue CMOEB WMNa U OYEHb
Me/IKO3epHUCTLIX MECKOB, Pbi6HAA Yellysi, MHOFO pacTUTEeNbHbIX AeTPUTOB, OTCYTCTBUE ranek
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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. abra. A Csokvaomanytol keletre 1év6 homokgdddr alsd lledékdsszletének felsd része.
A vilagos szin( réteg valoszin(ileg 6stalaj. Sotét lignites réteg fedi a vilagos szintet a kép jobb
oldalan. A fénykép bal oldalan a feltételezett 6stalajon kavicskonglomeratum és kavicsos
kagylohéjas homok telepiil. Ezek a fels6bb ledékdsszlet részei. A sotét, kdzel fliggbleges
szerkezetek a centiméter-skala kdzelében meszesedett gydkérnyomok

Puc. 6. Bepxn HWKHell 0cafjouHoli TONLWM B Kapbepe Mecka BOCTOYHee €. YOKBaOMaHb.
CBeTNbliA UHTEPBaN MpeACTaBNAeT COO0 BEPOATHbIA Naneocon. TeMHOUBETHbIV CNOW NNTHUTA
NOKpPbIBaeT B BMAE LUANKW CBET/IOLBETHbI MHTEpBan Ha NpaBoii cTopoHe goTorpaduu. Ha
NeBOW CTOPOHe, NPeAnoNoXeHHas UCKoMaeMas noysa (Naneocon) nepekpbiBaeTcs
raneyHnKoOBLIMI KOHIIOMepaTaMu 1 Neckamy ¢ rafbkamy 1 pakoBUHaMW, OTHOCSLLMMUCS
K CTpaTurpadmueckn Bbillenexatlein Tonwe. TeMHble, NPUBAN3NTENBHO BEPTUKA/IbHbIE
CTPYKTYpbl HeflafieKo 0T CaHTMMETPOBOro MacluTaba npescTaBnsoT co60li 06yrneHHble
KOpHEBble CTPYKTYpbI

that maximum orbital velocities exceeded 1m/s [Komar-M iller 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 3to 4 s
[Crifton, 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
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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 1to 1.5 cm (Fig. 7) in diameter suggest that the infaunal
assemblage included burrowing decapods similar to present day Callianassa
[Weimer-H oyt 1964]. The preservation of a few discontinuous layers of clay
up to 3cm 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. &bra. Az als6 dsszlet als6 része a Csokvaomanytol keletre 1évé homokgdddrben.
A centiméter-skala alja jelzi a hatart az els6sorban rétegzett homok (fent) és az els6sorban
bioturbalt homok kozt (lent). Figyeljik meg a skalatol jobbra, lent mintegy 30 cm-re lévd
homokkal tele, agyaggal tapasztott asasnyomot

Puc. 7. HMXHSAS YacTb HWXHEW TONWM B Kapbepe Mecka BOCTOYHee €. HokBaoMaHb. OCHOBaHMe
LKaNbl Ha KOHTaKTe MeXAy NpenMyLLecTBEHHO CNOUCTBIMW Meckamu (BBepXy)
N MPerMyLLECTBEHHO 6MOTYp6aLMOHHbIMU Neckamu (BHM3Y). CM. KPYMHbIA X0f Yepsu,
3amnofIHEeHHbIA MECKOM U FIMHUCTbIM HAaTEKOM Ha pacCTOsHUM NpumMepHO 30 CM OT HUXKHETO
npaBoro KoHua Maclutaba

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-H omewood 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-T hompson 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. abra. A Csokvaomanytol keletre 1év6 homokgddor alsé tledékdsszletének kdzépsd részén
fekvd keresztrétegzett kavicsos homok- és kavicsrétegek. A centiméter-skala alja jelzi
a bioturbalt tledékbe vald atmenetet. A sotét pettyek mai rovarok likai

Puc. 8. KococnoucTble raneqyHMKoBble MECKW U FaNeuHUKW, CPeAHAA YacTb HUKHER ToNwm
B Kapbepe necka BocTouHee c. YokBaoMaHb. OCHOBaHMe CaHTUMETPOBOro MacliTaba
npeacTaBnseT coboi Nepexof B 0CaA0K, HapyLUeHHbIN 6uoTypbaymei.

TeMHble NATHA ABNAIOTCA COBPEMEHHBLIMU AblpKaMu, NpPo6YpeHHbIMU HaCEKOMbIMM

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. abra. Sikrétegzett homok és kavics. A Csokvaomanytol keletre 1évé homokgddor also
Osszletének fels6 része. Centiméter-skala

Puc. 9. MnockocnoiyaTble NECKU W TanbKu, 06pasytolLne BepXn HUXKHE TOWM B Kapbepe
necka BocTouYHee ¢. YokBaoMaHb. CaHTUMETPOBbIV MacliTab

(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. a&bra. Inverz gradaltsag a 9. abran bemutatott sikrétegzett homokban. Figyeljik meg
a durvabb laminédk felé a hirtelen atmenetet, a centiméter-skala folott

Puc. 10. MpoTuBONONOXHasA rpafaLus rpaHyIoMeTpUUYecKoro cocTaBa 0CafiKoB
1 NNOCKOCNONYATLIX MEcKax, NokKasaHHbIX Ha puc. 9. CM. pe3Kuit BepXHWUI KOHTAKT ¢ 6onee
rpy603epHUCTLIMM MAACTUHKAMW B pa3pese Haj CaHTUMETPOBbIM MacLiTa6oM
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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.

b) PLAN VIEW OF PIT Calcareous mud
Bedded gravel
Massive gravel
Calcarenite

Paleozoic dolomite

Fig. 11. Generalized sketch of section exposed in the gravel pit east of Nekézseny

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

Puc. 11. O606LeHHas cxemMa paspesa raneyHUKOBOrO Kapbepa BOCTOUHEe C. HekexeHb
a) CTpaTturpagmyeckunini paspes; b) CMeHa LWaxThbl
1— ©3BECTKOBbIW WN; 2 — CNOUCTbIE TaNibKn; 3 — HECNIOUCTbIE TabKW; 4 — U3BECTKOBbIE
necku; 5 — naneosoiickne J0NOMUTHI

The lower 21 m of section in the pit is predominantly gravel. The fauna in
this section (Table Il) 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).
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Fig. 12. Wall of gravel pit exposed east of Nekézseny
12. dbra. A Nekézsenyt6l keletre 1év6 kavicsbanya fala

Puc. 12. CTeHa rane4yHMKOBOro Kapbepa BOCTOUHee C. HekexeHb

Table Il. Fossil assemblage in the Karpathian deposit exposed east of Nekézseny
Il. tablazat. Karpati bentos faunaegyittesek (Nekézseny)

Tabnuua 1l. KoMniekc MCKonaeMbiX OCTATKOB OT/IOXEHWI KapnaTCKOro spyca B 06HaXeHWUU
K BOCTOKY OT PlekexeHus

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.
Uouanettia sp.
Arthropoda
Ostracoda
Cirripedia: Baianus 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 5% 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 karbonatk&zetben 1évé
Lithophaga-furasok

Puc. 13. [pbipkn, npobypeHHble kameHoTouuammn (Litophaga) B naneosolickoit kapboHaTHOW nopoge,
BCKPbITOM B HUXKHEl 4acTu raeyHUKOBOro0 Kapbepa BOCTOYHee €. 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 felhalmozddasa (a centiméter-skala kozelében) a Nekézsenytdl
keletre 1év6 konglomeratum aljan. A paleozoos karbonatk&zet felszine a fal aljan van feltarva,
a skalatol balra

Puc. 14. HakonneHue (B6/1M3M CaHTUMETPOBOrO MacluTaba) ranek u BasyHOB B OCHOBaHWM
KOHT/IOMepaToB BOCTOYHee C. HekexkeHb. MOoBEPXHOCTb Naneo3oiickoii KapboHaTHOM nopofpl
06HaXaeTcs B OCHOBAaHMM CTeHbl Kapbepa Haneso OT MacluTaba

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. abra. Mészk6- és dolomitkavics a szelvény legalsé 6t méterén, a Nekézsenytdl keletre 1évd
banyaban. Figyeljik meg, hogy a térmelék jelent6s része szogletes sjobbra d6él6 imbrikaciot
sejtet

Puc. 15. 13BeCTKOBUCTbIE U LONOMUTOBbIE TAIEHHUKN B CaMbIX HWXXHUX 5M pa3pesa B Kapbepe
BOCTOYHee C. HekexxeHb. CM. yrnoBaTocTb 60/bLLIOro Konmyectsa 06/10MKOB
n npegnonaraemoe npasoe nageHue LIELLJyI‘/'ILIaTOCTI/I
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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. abra. Mészké- és dolomitkavics a Nekézsenyt6l keletre 1év6 banya felsé részén. Figyeljik
meg a tormelék gombolyitettségének valtozo voltat és a nagy, Lithophaga altal fart kavicsokat

Puc. 16. 13BeCTKOBUCTbIE U JONIOMUTOBbIE FafledHUKN B BEPXHEA YacTu Kapbepa BOCTOYHee
¢ HekexeHb. CM. M3MEHUYMBOCTb OKAaTaHHOCTU 0GOMKOB W KpYMHbIE FasibKu, NPOGYPeHHbIe
kameHoTouyyammn (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 [Crifton 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.






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. &bra. Iszapos (nagyon finom aleuritos homok) réteg a kavicsban, a Nekézsenytdl keletre 1évé
banya északi végének tetején. Figyeljik meg azt a valamivel durvabb kavicsokbdl allo réteget,
amely kozvetlenil a finom réteg alatt van

Puc. 17. MnncTblit (BecbMa TOHKO3EPHUCTblE aneBpUTUCTbIE MECKW) CNOM B raneuHukax
B BEPXHell 4acTu CeBepHOro KOoHUA Kapbepa BOCTOUHee C. HekexeHb. CM. Cnoii Heckonbko 6Gonee
rpy603epHNUCTLIX FaNeyHUKOB HEMOCPeACTBEHHO MO TOHKO3EPHUCTLIM C/IOEM

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. abra. A) Gradalt réteg a mészkd- és dolomitkavicsban, kavicsbanya Nekézsenytdl keletre.
Figyeljik meg, hogy a réteg aljan nincs matrix a kavicsban
B) Gyengén d6l16, osztalyozott rétegekbdl allé nyudlvanyok. A sarga szint a kvarcos homok
matrix okozza (cm skala)

Puc. 20. A) MposBneHne cOpTMPOBaHHOE™ rpaHyNOMETPUYECKOr0 COCTaBa B M3BECTKOBUCTbIX
1 [ONOMUTOBbLIX raneyHnkax B Kapbepe BOCTOYHee C. HekexeHb. CM. OTCYTCTBME LieMeHTa
B rajleYyHnKax B OCHOBaHUW €nosi (CAHTUMETPOBbIA MacluTab)

B) BbIx0dbl CN0EB C HEGONLLWIMM YI/IOM HaK/IOHA U B COPTUPOBAHHbLIX 0cafKkax. XXenTblil uBeT
06yC/0BfieH LEMEHTOM, C/IOXEHHbIM KBapLeBbIMW Neckamy (CaHTUMETPOBbLIA MacLiTab)
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Fig. 18. Stratification in gravel, pit east of Nekézseny. Centimeter scale
18. &bra. Rétegz6dés a kavicshan. Kavicsbanya Nekézsenyt6l keletre. Centiméter-skala

Puc. 18. CnoiiyaToCTb B rafe4yHuKax B Kapbepe BOCTOYHee C. HekexxeHb. CaHTUMETPOBbIi
macwtab

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

19. dbra. Kishajlast keresztrétegzettség a szelvény als6 6t méterén. Kavicsbanya Nekézsenyt6l
keletre

Puc. 19. Kocasi cnonctoctb ¢ He60NbLLINM YIIOM HaK/I0HA B HM3aX CaMbIX HWKHUX 5M paspesa
Kapbepa BOCTOYHee €. HekexeHb
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2 FINE QUARTZ
SAND

« MATRIX

6 NONE

Fig. 21. General character of graded cycles in lowermost 5m of gravel, pit east of Nekézseny

21. dbra. A gradalt ciklusok altalanos jellege a kavics als6 6t méterén, a Nekézsenyt6l keletre
lévé kavicsbanyaban.
1— durva homok; 2 — finom kvarchomok; 3 — mészhomok; 4 — matrix; 5 — apro6 kavics;
6 — hiany
Puc. 21. O6WWin BUA LMKIOB OTCOPTUPOBAHHOCTM OCALKOB B CAMbIX HUDKHUX 5M raneqyHnKoB
B Kapbepe BOCTOUYHee C. HekexeHb
1— rpy6ble Necku; 2 — MesK03epHUCTble KBapLeBble Mecku; 3 — M3BECTKOBbLIE MECKY;
4 — matpuua; 5— MefKue ranbku; 6 — oTCyTCTBUE

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 3cm 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 m2surface 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 Nekézsenyt6l keletre 1év6 banyaban.
Figyeljuk meg a karbonathomokos kitdltést. Cm skala

Puc. 22. [bipKa, Npo6ypeHHas opraHM3Mamu B rafedyHunkax, M3HyTpU MOKPbITas NAEeHKOM
TNWHbI B Kapbepe BOCTOYHee C. HekeXeHb. CM. 3amofnHeHMe KapOOHATHbIM NeCKoM.
Cm macwTab

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

23. abra. Hatarozott kavics-imbrikacio (délés jobbra). A kavics als6 6t métere, kavicsbanya
Nekézsenytdl keletre. Figyeljik meg a gradalt egységeket

Puc. 23. BblpaXKeHHasl YeLllyiiyaTocTb ranek (C HakMOHOM Hanpaso). HWXHWE 5M raneqyHuKoB
B Kapbepe BOCTOYHee C. HekexeHb. CM. 0TCOPTUPOBAHHbIE efUHULbI
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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 5cm at the southern end of the exposure, whereas 60 m to
the north, pebbles larger than 5cm 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

Fig. 24. Stratigraphic variation in macrofauna, gravel pit east of Nekézseny.
A — Cronostratigraphy: A, — age, A2 —stage, A3  formation; B Lithofacies;

C  Assemblages; D — Environment: D, eulitoral, D2 —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, kavicshanya Nekézsenyt6l keletre.

A — Kronosztratigrafia: A, — kor, A2 — emelet, A3— formacio; B Litofacies; C
Faunaegylttesek; D — Kornyezet: (i, - eulitordlis, D2 - szublitoralis; 1 — mészkd; 2 —
mészkotombos kavics; 3 homokos durva kavics; 4 —kavicsos homok; 5  durva kavicsos
homok; 6 — kavicsos homok; 7 - homokos durva kavics; 8 — k&zetlisztes agyag; 9 — fiatal
tormelék

Puc. 24. Ctpaturpadmyeckoe n3MeHeHUe B MakpogayHe B rajle4YHUKOBOM Kapbepe BOCTOYHee C.
HekexxeHb
A XpoHocTpaturpadumsa: A, - BospacT, A2- spyc, A3 — cdopmayus: B
NntoaymansHele; C dayHucTuyeckune coobuiectea; D Cpega; D, 3BUTOPaA/bHAS;
D, — cybnuTopanbHas; | - W3BECTHAKU; 2 — rafibku C M3BECTHAKOBbIMU Brokamu; 3
necyaHble rpybble ranbku; 4 - raneyHble nNeckn; 5 — rpy6oraneyHble Neckn; 6  raseyHble
Necky; 7 — necyaHble rpybble ranbku; 8 —aneBpuUTOBbIE MKHbI; 9  MONoAble 06/I0MKM
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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 5m 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 5to 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,
Jbut 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 5m.
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 5m 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 3.5"1 m interval that is covered by overburden. Above this interval, about 3m
of the Gardb 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 1cm 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
écologie 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 Gardb 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 5cm in diameter [Komar-M it1er 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 [Crifton-D ingter 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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H (M)

Fig. 25. Combinations of wave height, wave period and w”ter depth required to initiate
movement of a quartz pebble 5cm in diameter

25. abra. Az ot centiméter atmér6jl kvarckavics megmozditasahoz sziikséges kombinacidja
a hullammagassagnak, hullamperiédusnak és vizmélységnek
1— Um= 200 cm/s aramlast létrehoz6 korilmények; 2 — (5 cm-es kvarckavics
megmozditasanak kiiszobértéke); 3 - sekélyviz; 4 — hullamtorés hatara

Puc. 25. CoueTaHue BbICOTbI BOJH, UX NEPUOAUYHOCTY U FNyGUHbLI BOJOEMA, HEOGXOAMMOE Ans
nepeMeLLieHns KBapLeBol rafbkn AnameTpom 5cm
1— ycnosus, cosgatolue nputok Um= 200 cm/cek; 2 — (rpaHMUHOe 3HaueHre, Heo6XxoaumMoe
ONS CABWKEHUS KBapLEBOM ranbku pasmepom 5cM); 3 — MenKoBofbe; 4 — rpaHuLa pasnoma
BO/H

graphic setting (Fig. 4). At a water depth of 5m somewhat more reasonable
waves (on the order of 3m 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
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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 paleogeography (Fig. 4) sug-
gests that the sea cliff was on the north side of a small island (perhaps a Kkarstic
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 isfintermixed 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 inundated 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 Salg6tarjan 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 Egyhézasgerge 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 prevailed at this site.
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ELTERO TiPUSU HOMOK- ES KAVICSULEDEKEK AZ ESZAK-MAGYARORSZAGI
MIOCENBOL

H. Edward CLIFTON, BOHNNE HAVAS Margit és MULLER Pél

A vizsgalt ledéksorok az Egercsehi-Ozdi arokban keletkeztek. Itt az eggenburgi-ottnangi
lledékek két teljes ciklust képviselnek, melyek kozé a Gyulakeszi Riolittufa Formacio telepiil.
E folott a fels6 ciklushoz tartozd Salgotarjani Barnak&szén Formdacié homokos, aleuritos és
agyagos, lignit-tartalm( Uledékei telepiilnek. E forméacioba tartozé uledéksbrt tar fel a Csokva-
omanytol K-re 1év6 kis homokgoddr. A szelvény alsd része progradalo parti tledéknek tekinthetd,
iszap-homokrétegek felfelé fokozatosan keresztrétegzett kavicsba mennek at, melyet laminalt ho-
mok, gyokérnyomos iszap, vékony lignitzsinor és csigas iszap takar, sa sor er6zios felszinnel zarul.
A kavics és a laminalt homokréteg hatara az egykori tengerszintet jelzi. A sor egyes tagjai a
progradacié soran egyre sekélyebbé valé kdrnyezet savjaban ilepedhettek le. A fauna a Salgotarjani
Barnak@szén Formaéciora utal, de nem ad felvilagositast a sotartalomra. Csupan az erdzids felszin
felett telepiil6, laguna-eredet(i tledékekben talalhaték 0,5-3,0 illetve 3,0-16,5%-0s soOtartalomra
jellemz6 alakok vagy egyittesek.

A karpati-badeni korszakban is két Gledékciklust figyelhetiink meg. Az als6, karpati kora
ciklusba tartozik az Egyhazasgergei Formacid. Ennek része a Nekézsenytdl keletre, egy kavicsba-
nyaban feltart kavicsdsszlet. A feki paleozoos karbonat-felszint Lithophaga-kagylok témegei
fartdk meg. Erre 21 m mészké- és dolomitanyagl kavics telepil, részben kozvetlenil, részben
kvarchomok kdzbetelepiiléssel. A fauna tengeri tledéket jelez. A nagyobb kavicsokat mozgato
oszcillalé vizmozgast legfeljebb néhany méter mély vizben képzelhetjik el, az adott 6sfoldrajzi
helyzetben. A szemnagysagban mutatkozd 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 rakédott le, a transzgresszio-
val lépést tarto ledékképzddéssel. igy a helyi eredetli mészké-dolomit-térmelék nagyjabol azonos
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vizmélységet jelez a szelvényben. Az eredetileg szomszédos sziliklasztos partvidék visszah(z6dasa
az ilyen komponens finomodasaban mutatkozik meg. A karbonatos sziklasziget teljes elontése utan
a kavicsképzddés és ulepedés megszint, s a Garabi Slir Forméacio finomszem(i Uledékei zartak a
karpati koru tledékképz6dést.

OTTMHAKOWNMECA TUMbl NMECYHAHbLIX N TAJIEYHbIX OCAOKOB U3
MWOLLEHOBbIX OBPA3OBAHWIN CEBEPHOW BEHIPUN

I. 3pBapg KMN®TOH, Maprut BOH-XABALL n NMan MKONJIEP

VccnefoBaHHbIe 0CafloMHbIE NOPOAbLI MPOMCXOAAT U3 KaHaB drepyexn n O3ga. 34ech 0cagKm
BITCHOYpra-oTTHaHra NpPeAcTaBaaloT co6010 ABa NOMHbLIX LUKAA, Cpeay KOTOpbIX 3aneratoT obpa-
30BaHus [Jbtonakecn PronutoBo-Tydosoi dopmaumn. Hag HAMK nexar 0THOCALLMECS K BepXHe-
My LMKy necyaHble, aneBpuTOBbIe Y FVHUCTLIE 0CafKK, a Takxke cofepxalime nurant. LWanrotap-
AHCKOIN BypoyronbHoi hopmauymmn. Paspes ocafouHbix 06pa3oBaHuiA, OTHOCALLMXCS K 3TON opma-
LMK, BCKPbIT B HEGOMbLUOA NecyaHon AMe, Haxofsllelics Ha BOCTOK OT YokBaoMaHb. HWkHIOK
4acTb paspesa MOXHO paccmaTpuBaTh Kak nepemellaslunecs 6eperoBble 0CafKu, UAMCTO-Mecya-
Hble CNOM BBEPX MO pas3pe3y MOCTENEHHO MNepexoAAaT B MOMEPeYyHO CNOUCTble Fanbku, KOTOpPble
NOKPbITbl NaMUHWPOBAHHLIM MNECKOM, WIOM CO ClefaMu KOpHEW, TOHKUMU LUHYpaMu NUrHuTa
N pakylleyHbIM W/I0M, pa3pes3 3akaH4YMBaeTCA MOBEPXHOCTbIO 3po3uu. [paHuua ranek u cnos
NaMUHVMPOBAHHOIO Mecka 0603HayaeT NPeXHW ypoBeHb Mops. OTAeNbHble YneHbl paspesa BO
BPEMS MPOABMKEHMA OTNaranucb B Nonoce Bce 6o/nee MeIKOro OKpyKeHus. PayHa ykasbiBaeT Ha
LLlanroTapsiHCKYt0 BypoyrofbHYyto (hopmaLmnio, HO He AaeT 06bACHEHUS OTHOCUTENIbHOTO COofepXa-
HWA coneli. TONbKO B 0CAflOHHbIX 06pa30BaHMAX 1aryHOBOr0 NPOUCXOXAEHUA, HAXOAALLMXCA Haj
MOBEPXHOCTHIO 3P0O3UKU, MOXHO BCTPETUTb 0COBM W KOMMJeKCbl, XapakTepHble ans 0,5-3,0
n 3,0-16,5%-Horo conecopepXxaHus.

B kapnaTcko-6a4eHCKOM Mepuoje BpeMeHU Takxke HabnohalnTea ABa LMKIa 0caKoHaKon-
NeHus. HwXKHWIA, KapnaTCKoro Bo3pacTa, W NpefcTasneH 3fbxas3alurepreickoin dopmaumei.
YacTb 310 hopmaLuy npescTaBieHa TONLWER ranek, BCKPbITON B 60/bLLIOM rafe4yHUKOBOM Kapbe-
pe Ha BOCTOK OT HekexeHb. Jlexkalasn B NofoLIBe NOBEPXHOCTb Naneo30ncknx Kap6oHaToB Npoby-
peHa maccamu npejacTaBuTeneil pakosuH Lithophaga. Ha HUX HaneratoT B MOWHOCTU 21 M 13BeCT-
HAKOBbIE U JONOMUTOBbIE FaNbKN YaCTUYHO HEMOCPEACTBEHHO, YACTUYHO C BKIOYEHUAMU KBapLie-
BOro necka. ®ayHa yKa3blBaeT Ha 0CaflkKu MOPCKOro MpoucxoxieHus. Konebnioleecs ABVKEHME
BOA, NepefBuraBlInX 6onee 60MbluMe rafbku, Mbl MOXeM MNPeACTaBUTb N8 BOA B HECKO/bKO
MeTpOB rNy6UHOI B GbIBLUEM Masieoreorpauyeckom nonoxeHmn. CUcTeMaTuyeckoe U3MeHeHue,
Habntofaemoe B pa3mMepe 3epeH, NOKasbIiBaeT, YTO CUNUKNACTUYECKME KOMMOHEHTbI B HanpasieHun
BBEPX CTAHOBATCA Meflbye (BHU3Y MeNKWI NecoK, BbILe aneBpUTOBbIA OYeHb MENKMUIA Mecok, 3aTeM
rnuHa). Mpegnonaraem, YTO OCaLKM OTNOXWAUCH Y NOAHOXbS OAHOIO MPUNOAHATOrO yyacTka
(MOXeT 6bITb OCTPOBA) BO BPeMs 0CafKO06pa3oBaHWs, NPOXOAMBLLIEr0 BMeCTE C TPaHCrPeccuen.
Takum 06pa3om, WM3BECTHAKOBO-LOMOMUTOBbIE 06/IOMKM MECTHOrO MPOMCXOXAEHUA B paspese
60/blleil YacTbl YKa3blBAOT Ha WAEHTUYHbIE TNYOUHbI BOAbl. OTCTYN/eHWe MnepBOHayYanbHO
cocefiHeli CUNMKNAcTOBON 6eperoBoil TEPPUTOPUUN NPOABNAETCA B TAKOM M3MEebYEHUN KOMMOHEH-
TOB. lMocne NOMHOro MOrpy)XeHus B BOAbl KapbOHATOBOr0 CKanWCTOro OCTPOBA NPEKPaTUNOCh
06pa3oBaHue rasek 1 HakonaeHne ocagkos, 1 NpoLecc 0cafKoobpa3oBaHNA KapnaTcKoro sospacta
3aBepLINAN TOHKO3epHUCTble ocagkm Mapa6ekoi Lnuposoin ®opmauun.
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LITHOLOGIC CHARACTERISTICS AND PALEOGEOGRAPHIC
SIGNIFICANCE OF RESEDIMENTED CONGLOMERATE OF LATE
CRETACEOUS AGE IN NORTHERN HUNGARY

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

Late Cretaceous (Senonian) conglomerate is exposed in northern Hungary at the boundary
between the Bikk 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 Blikk Mountains litho-tectonic unit suggests that the structural conver-
gence of the Biikk and Uppony units occurred after deposition of the conglomerate (or that the
Bikk 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 subsurfacé 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. 1 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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** Central Office of Geology (K.FH), POB 22, Budapest, H-1251
*** Hungarian Geological Survey, POB 106, Budapest, H-1442
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Fig. I. Location of the Late Cretaceous conglomerate (shaded area) in northern Hungary

|. abra. A fels6kréta Nekézsenyi Konglomeratum elterjedése (arnyalt teriilet)
Eszak-Magyarorszagon

Puc. |. PacnpocTpaHeHne BepxHeMenoBbiX KOHrnomepaToB B CeBepHOW BeHrpum

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 —
Bikk unit. Triassic shallow- and deep-marine sedimentary and volcanic rocks, in part slightly
metamorphosed: 4 Bikk unit. Carboniferous to Permian shallow-marine formations; 5— O

Uppony unit, various lithologies, Devonian to Carboniferous rocks, slightly to moderately
metamorphosed; 6 — BUlkk unit, various lithologies; 7 — Aggtelek-Rudabanya unit, Triassic

shallow- and deep-marine formations, in part slightly metamorphosed

2. dbra. A fels6kréta Nekézsenyi Konglomeratum kdrnyezetében talalhatd szerkezeti egységek
egyszer(sitett foldtani térképe (a jelkulcs bal oldalan feltiintetett jelek a kibUvasokat, a jobb
oldali jelek a felszin alatti elterjedést jeldlik)

1  Fels6kréta Nekézsenyi Konglomeratum; 2 - Bikki egység, jura pala és diabaz; 3 — Biikki

egység, tridsz sekély- és mélytengeri Uledékes és magmas képz6dmények, részben gyengén
metamorfizaldédva; 4 — Bilkki egység, karbon-perm sekélytengeri képz6dmények; 5- Upponyi
egység, kilonbozd kifejlédésii devon-karbon képzédmények, gyengén, ill. kozepes mértékben
metamorfizalodva; 6 — Bukki egység, tagolas nélkil; 7 Aggtelek-Rudabanyai egység, tridsz
sekély- és mélytengeri képz6dmények, részben gyengén metamorfizalodva

Puc. 2. CxemaTuyeckas reosiornyeckas KapTa TEKTOHUUYECKUX efuHWL, B palioHe pa3BuTuUs
BEPXHEMENIOBbIX KOHI/IoMepaToB B CeBepHO BeHrpum (3HaKkW Ha NeBOli CTOPOHE KOMOHKM
NereHabl 0603HaYal0T BbIXOAbl Ha [HEBHYIO MOBEPXHOCTb BEPXHEMENOBLIX KOHI/I0MEpAaToB,
3HAaKW Ha MpaBoli CTOPOHe 0603HaYalT UX PacnpocTpaHeHUe Ha rny6uHe)
BEPXHEME/IOBbIE KOHI/IOMepaThl; 2 — BHOKKCKas efjyHuLa, FOPCKUE aneBpoINTOBbIE CMaHLb
n anabasbl; 3 BIOKKCKas efuHWLA, TPMAcOBble MeNKOBOAHLIE U FNy6OKOBOAHbLIE 0CA0UHbIE
OTNI0XKEHUS N MarMaTuyeckme 06pa3oBaHMs, YaCTUYHO Clerka MeTamopgu3oBaHHble; 4
BrOKKCKas eiMHMLA, KaMeHHOYT0/bHO-NepMCKMe, MEIKOBOAHbIE, MOPCKME OTNIOXKEHUS; 5 —
YnnoHbcKas eanHMLa, pasHoo6pasHbie Mo MTONOrMYECKOMY COCTaBy,
[leBOHCKO-KaMeHHOYT0/lbHble OTN0XeHUS, €cnabo- UM yMepeHHO MeTaMop(M3oBaHHbIe; 6 —
BroKKcKas egnHuua, 6e3 pacuneHeHus; 7 - Arrtenek-PypabaHeHcKas efjyHNLA, TpUacoBble
Me/IKOBOAHbIe WUNW TNYy6OKOBOAHbIE, MOPCKME OTNI0XEHUSs, YacTUYHO
cnabomeTamopn30BaHHbIE

1
£
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Senonian geologic history and post-Senonian deformational processes [Brezs-
nyanszky-H aas 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 Bukk 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 (Darn6 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-H aas 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 [Schréter 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-F arkas
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

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-H aas 1984]. The other occurs in a road cut about 1km east of the
village of Csokvaomany (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 Csokvaoméany 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-m2 area in one locality at the Csok-
vaomany exposure and four localities in the Nekézseny cuts. Long axis orienta-
tion, a b, and c 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 5m 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

0 10 20 30 40 50 60 70 80 90 100 m

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

Puc. 3. Pa3pe3 KOHI/IOMepaTOB, BCKPaTblii B OTKOCE Ye/ne3Hoi A40poru y ¢. 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
mutaté (gradalt) homokké réteg, az FF
egység tetején, a nekézsenyi vasuti
bevagas nyugati falanak kb. 100 m-nél
lév6 szakaszan (3. abra). A lefelé mutato
ceruza a réteg teteje felé mutat
(feltételezve, hogy a szelvény
atbuktatott). Figyelmet érdemel az éles
hatar az eredetileg feltehetéen fedd
helyzetl durva konglomeratum felé

Puc. 4. TOp130HT necyaHnKa
OTCOPTUPOBAHHON CNOUCTOCTU, BEPXU
efnHUUbI FF, 3anafHblil 0TKOC >Xene3Hoin
foporu okono otmetku 100 m (Puc. 3).
KapaHgall HanpaBneH OCTPbIM KOHLLOM
BHW3 B CTOPOHY BEPXOB njacta
(ponycTtvB, 4TO paspes ONPOKUHYT).
bpocaeTcs B rnasa pe3kvMin KOHTaKT
C Bbllenexawmmy rpy600610MOUHbIMM
KOHTioMepatamu
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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 15m (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. abra. Homokkd injektalédas a GG egység bazisaba, a nekézsenyi bevagas K-i falaban a
99 m-nél I1év6 szakaszon (3. abra). A szelvény atbuktatott. Figyelmet érdemel a konglomeratum
rétegek normal osztalyozott rétegz6dése

Puc. 5. VIHbekuma necyaHunka B OCHOBaHWe efuHWLbI GG, BOCTOYHbIA OTKOC >XeNesHol foporun y
¢. HekexxeHb 0kono oTMeTkn 99 M (Puc. 3). ONpoKMHYThIA pa3pe3. CM. HOpPManbHY rpagauuto
B CNOSX KOHrnomepara
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The lowermost unit (AJ 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.
It is 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 (C2). 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 !.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 3m on the eastern cut is shown in Figure 8.

Unit Fis 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 Fand 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 / are prominently graded conglomerate units that are well
displayed on the upper part of the eastern wall. Unit 1 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 [I) thickness estimated, 2)
inaccessible]; 4 - direction of textural grading (direction of arrow indicates direction of
N, coarsening, line without arrow indicates ungraded section); 5 — general orientation of clasts
N (—=parallel to stratification, /= imbricate clasts, x =random orientation, parentheses indicate
probable orientation); 6  nature of clast support [e= clast supported, (c) =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 becsilt, 2)
hozzaférhetetlen]; 4  a szOveti osztalyozottsag iranya (a nyil a durvulas iranyaba mutat, a nyil
nélkiili vonal nem osztalyozott szakaszt jeldl); 5 — a tormelékszemcsék altalanos iranyitottsaga
(j (—= a rétegzéssel parhuzamos, /= imbrikacio, x = véletlenszer( orientacid, a kerek zaréjel a
valdszin( orientéciot jelzi); 6 — a tdrmelékszemcsék viszonyanak jellege [c= szemcsevaz(,
(c): val6sziniileg szemcsevazl, m = matrix alapl, (m) = valdszin(ileg matrix alapd]; 7 — az
anomalisan nagy méretli szemcsék megjelenésének helye (az iranyitottsag jelolése az
5. oszlopéhoz hasonléan)

Puc. 6. CTpaturpadumyeckas KONOHKa WM NMTonoruyeckne ocobeHHocT. OTKOC AOPOrun y C.
HekexeHb
1  MowHocTb (M); 2 - NMTONOrMYECKas KOMOHKA; 3 — HauMeHOBaHue eauHuupl [1)
NoACUYNTaHHAsA MOLLHOCTb, 2) HeLOCTYNHbIA]; 4 — HanpaBneHuWe rpajaumei no TekcType
(HanpasneHve cTpenbl NOKa3blBaeT HanpaB/eHUe YBENNYeHNUs pa3mepa 3epeH, NMHua 6e3 cTpenbl
, 0603HavaeT 0Tpe3oK 6e3 rpagauueii); 5 — obwas opmeHTayms 0610MKOB,
\% (—=napannenbHo HannacToBaHuto, /= 06N10MKM, PacnoNOXKeHHble BHAXNECTKY,
X= 6ecrnopsafoyHas opueHTaLus, CKOOKM NMOKa3blBalOT BEPOATHOCTb OpueHTauumn); 6 —
XapakTep COOTHOLIEeHMS 06/10MKOB [C= CKefleT CNoXeH 06n10MKaMu, (c) = ckeneT,
no-BNAMMOMY, CNOXeH 06/10MKaMu, /H=CKeneT npeAcTasBieHa LemeHToM, (T) =ckener,
no-BnAUMOMy, NpeAcTaBieHa LUeMeHTOM]; 7 - NPUCYTCTBYIOT aHOMasbHO KpYMHble 06/10MKU
(opvieHTauMI0 CM. Y KOMOHKK 5)
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Fig. 7. Anomalously large mudstone clast (A) in unit C, east wall of the Nekézseny railroad cut
(4-14 m. Fig. 3). Note apparent contact (coarse over fine conglomerate; C2 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. 15cm scale (C) in lower part of unit D (below fault)

7. abra. Anomalisan nagyméret(i iszapalapl intraklaszt (A) a C egységben, a nekézsenyi bevagas
K-i faldban (4-14 m, 3. abra). Figyelmet érdemel, hogy a hatar (durva a finom konglomeratum
folott; C2a C, folott) éppen a nagyméret(i intraklaszt folott (rétegtani értelemben) hizodik.

A réteghatar a kozel horizontalisan hizédé torési sik (B) folott mar nem kovethetd. Emlitést
érdemel egy nagymeéret( felszakadt iszapalapl intraklaszt a C egység bazisan a tdrési sik folott.
A 15 cm-es méretaranymutat6 rad (C) a D egység alsd részén lathato (a torési sik alatt)

Puc. 7. AHOManLHO KpynHbliA 0610MOK aprunnnta (A) B eguHuue C, BOCTOUHbIA OTKOC
XKenesHon goporun y c. HekexxeHb (4"14 m. Puc. 3). CM. KaXyLMAca KOHTaKT
(rpy6006710MOYHbIE KOHFIOMepaTbl Haf, TOHKO3epHUCTBIMU; O Hag C,) cTpaTurpaguyecku
UyTb-UyTb Haf KPYNHbIM 06/10MKOM. KOHTaKT He NpOCNeXMBaeTCs Bbille NO pa3pesy Hap,
cy6ropn3oHTanbHbiM pasnomom (B). B ocHoBaHuM efuHuLbl C, Haj MIOCKOCTbIO pasfnoma
Habntoaaetca 60MbLWONM pas3pbiB B aprunnutax. MacwTabHasa peiika 15 um (C) B HWXKHER yacTu
eanHuLbl D (Moa NnockocTbio pasnoma)

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 (> 1m) 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 1m wide.

8. abra. A maximalis szemcseméretek atlaganak vertikalis valtozasa a nekézsenyi bevagas egyes
kivalasztott egységeiben. A fliggbleges tengelyen az egység bazisatol vald tavolsagot (m),
a vizszintes tengelyen a hossztengelyek latszélagos atlagos méretét (cm) tiintettiik fel 20 cm
magas, 1m széles szakaszon mért 10/11 szemcse alapjan

Puc. 8. Vi3MeHeHMe N0 BepTUKaNu CPeAHMX 3HAUYeHUAi MaKCMMarbHbIX Pa3MepoB 3epeH
B M36paHHbIX efMHULAX, OTKOC XEeNe3HoN aoporu y c. HekexxeHb. BepTukanbHas ocb — 3T0O
paccTosiHMe (M) OT OCHOBAaHUS eAWHULBI; TOPU30HTaNbHAA OCb — 3TO CPEfHWIA, KaxyLuuiics
pasmep no npo-
fonbHoi ocn (cm) 10/11 06N10MKOB, U3MePEHHbIV B pa3pe3e € BbICOTOW 20 UM W WUPUHOA 1M

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,  and 0 2¢The upper of these
(I02) 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
(Aj) seems to fill local irregularities in the top of unit Q. Otherwise the basal
subunit (R2) is an ungraded disorganized pebbly mudstone about 2 m thick that
may contain masses or clasts 50 cm across of remobilized conglomerate. Sub-
unit R3also is a pebbly mudstone, but one in which the clasts are aligned and
texturally graded (Fig. 8). Subunit R4 is a thin (0.8 m) and obviously graded
conglomerate within the pebbly mudstone. Subunits R5and R6, like subunits
R2and R3, can be separated only on the western wall, where a layer of coarse
clasts defines the base of R6. 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. AA 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 FF2). 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 (FF1) 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



.. .resedimented conglomerate of late Cretaceous age. . . 143

Fig. 9. Large mass of remobilized conglomerate above hammer, unit FF, west wall of Nekézseny
railroad cut (95-100 m. Fig. 3)

9. abra. Nagymeéretii atmozgatott konglomeratum blokk a kalapacs felett. FF egység,
a nekézsenyi bevagas Ny-i fala (95-100 m, 3. abra)

Puc. 9. KpynHas nepeoTnoxeHHas rnbli6a KOHroMepaTa Haf, MOMIOTKOM,
eavHuua FF, 3anafHblii 0TKOC XenesHoin goporu y ¢. HekexeHb (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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10 30 50 70 90 10 30 50 70 90
Degrats Degrecs

Fig. 10. Orientation (inclination direction) of long axes of 100 pebbles relative to the plane
bedding from 4 different 1 m2 plots, Nekézseny railroad cut. Diagrams A, B, C and D represent
different localities

10. abra. A kavics hossztengelyek iranyitottsdga a rétegzddési sikhoz viszonyitva (inklinacié) 100
szemcsén, 4 kilonboz6, egyenként 1 m2 fellileten végzett mérések alapjan. Nekézsenyi vasuti
bevagas

Puc. 10. OpueHTauusa (HanpaeneHue Hak/i0Ha) NPOAO/bHbLIX oceil 100 06/10MKOB OTHOCUMTENbHO
NMIOCKOCTN HannacToBaHUA N0 YeTbipeM y4yacTKaMm C naouiafblo B 1M, >KenesHo4opoXHbI
0TKOC Yy C. HekexeHb. Aunarpammbl A, B, C n D noka3sbiBalOT pasHble MecTa
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Fig. Il. 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.  abra. Az 5 f6 szemcsetipus relativ gyakorisdga a 10. dbran feltiintetett 4 mérési helyen
(kordiagram: 1 — kvarcit: 2 — karbonatos k&zet; 3 homokkd; 4 — tiizké; 5 — mészfillit).
Az egyes k@zettipusokat jelz6 szegmensek hossza a szemcseméretet jelzi (a hossztengely
méretének 1/2-e). A diagram szélénél feltiintetett szamok a kerekitettséget jelzik a 0 (szogletes),
4 (jol kerekitett) skalan

Puc. 11. OTHOCTWUTENbHAsA 4YacToTa BCTPEYAEMOCTM 5 raBHbIX TUNOB 06/10MKOB MO 4 yyacTKaw,
nokasaHHbIM Ha Puc. 10 (naii-guarpamma: 1— kBapuuThl, 2 — Kap6oHaTHas nopoja, 3 —
necyaHukn, 4 — KpeMHWii, 5 — M3BeCTKOBUCTblE UANNUTLI). [MHA cerMeHTa fuarpaMmbl
0603HayaeT pasmep 06/710MKOB (NOMOBMHA CpefHel ANMHbI NPOAONALHOW OCK) ANA KaXAoin

NUTONOTMYECKON rpynnbl. Lindpbl Ha Kpato AvarpamMMbl 0603HaYalOT OKaTaHHOCTb MO LUKane

o7 0 (yrnoBatble 06/10MKK) A0 4 (XOPOLLO OKaTaHHbIE)

4. Results - The Csokvaomany Exposure

The second exposure is a cut on the north side of the road between
Nekézseny and Csokvaomany, about 100 m east of the intersection with the
road to Lénarddaréc. 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 (A) 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 fine
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
13 m above the base of the unit, a discontinuous layer of fine pebbles indicates
the boundary between subunits Dx and D2. This layer lies beneath a large
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(10 X60 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 (2)3) grades at its top into a fine, granular
conglomerate, which locally shows excellent imbrication. The top subunit (2)4)
is a coarse-graded sandy conglomerate. The contact between D3 and T has a
relief of several tens of centimeters. The granular conglomerate at the top may
be in part a remobilized mass; it laterally terminates abruntly against a coarser
conglomerate that seems to link subunits 24 and D3 (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 KOHINIOMepaTOB, BCKPbITbIA B OTKOCE 0POrM K BOCTOKY OT C. YOKBaOMaHb
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Fig. 13. Stratigraphic section and lithologic
features, Csokvaomany road cut. Legend as
indicated for Figure 6

13. dbra. Rétegoszlop és litologiai jellegek,
csokvaomanyi Utbevagas. A jelkulcs a 6.
abraéval azonos

Puc. 13. Ctpaturpagmyeckas KonoHKa
1 NUTONOrMYeCKNe 0COBEHHOCTU B OTKOCE
toporn y ¢. YoksaomaHb. JlereHay cMm. y Puc. 6
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T1 mn

5 10 10

Fig. 14. Vertical variation in average maximum clast size in selected units, Csokvaomany road
cut. Axes as indicated for Figure 8.

14. abra. A maximalis szemcseméretek atlaganak vertikalis valtozasa a csokvaomanyi
bevagasban. Az abrazolasmod a 8. abraéval azonos

Puc. 14. N3meHeHVe N0 BEPTUKANW CPefHMX 3HAYEHUA MaKCUMManbHbIX Pa3MepoB 3epeH
B M30paHHbIX eAMHMLAxX B OTKOCe foporu y c. YokBaomaHb. Ocu COOTBETCTBYIOT OCAM,
n306paxxeHHbIM Ha Puc. 8

Fig. 15. Abrupt lateral termination of granular conglomerate just left of cm scale, top of unit
D3, Csokvaomany road cut at about 27 m (Fig. 12). Bedding is nearly flat in this view

15. abra. Konglomeratum lencse hirtelen lateralis elvégz6dése a cm skalatél balra. D3 egység
teteje, csokvaomanyi Gtbevagas 27. méterénél (12. abra).
A rétegz6dés majdnem vizszintes ebb8l a néz6pontbol

Puc. 15. BHe3arHoe OKOHYaHWe B GOKOBOM HampaBfieHWM NMH3bI KOHTNOMEPaToB HaneBo OT
CaHTMMETPOBOIi LUKaNbl B Bepxax eAnHuLbl D, B 0TKOCE f0poru y ¢. YoKBaOMaHb, 0KO/MO
0TMeTKU 27 M (Puc. 12). CNoucToCTb B JaHHOM Clydae SIBASETCS MOYTM FOPU3OHTANbHOIA
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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 (£2, 10-50 cm thick) that in turn
is overlain in irregular contact by a lenticular bedded conglomerate (£3). Sub-
unit £3 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 F is 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 £ 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 £, Csokvaomany road cut at about 25 m (Fig. 12).
Note near-vertical orientation of pebbles below base of “channel” (above cm scale)

16. abra. Val6szinii csatorna az E egység tetejének kozelében. Csokvaomanyi Utbevagas, kb.
25 m-nél (12. abra). Figyelmet érdemel a ,,csatorna" béazisa alatti kavicsok kozel vertikalis
irdnyitottsaga (a cm-skéala felett)

Puc. 16. BeposTHOe pycno maneoTpaHcnopTa B6/M3N BEPXOB eAnHMLbLI E B 0TKOCE foporu y c.
YokBaoMaHb, 0K0/o OTMeTKU 25 M (Puc. 12). Cm. cy6BepTUKanbHY OpreHTauuio 0610MKOB
HIKE OCHOBaHUA »pycna« (Hafg CaHTUMETPOBOW LUKanoi)
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Fig. 17. Graded conglomerate, unit G, Csokvaomany road cut at about 10 m (Fig. 12).
Centimeter scale

17. é&bra. Osztalyozott rétegz6dést mutatd konglomeratum, G egység, csokvaomanyi Uthevagas,
kb. a 10m-nél (12. abra)

Puc. 17. KoHrnomepaTbl ¢ OTCOPTUPOBaHHbIMU 06/10MKamu B eauHuULe G B OTKOCe JOPOrK Y C.
YokBaoMaHb, 0K0no oTMeTkn 10 M (Puc. 12). CaHTMMeTpoBas LiKana

Unit H is irregular. The size variation of clasts in these two units is shown in
Figure 14. Units | 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 5, 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. 18 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 //, 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.  abra. Latszdlagos kavics hossztengely-iranyitottsag a B, G. H egységben, csokvaomanyi
Gtbevagas. 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 kdzepér6l és 20-at a tetejérdl

Puc. 18. Kaxyuiasaca opveHTaums npofo/ibHbIX Oceli ranek B egnHuuax B. G n H B oTkoce
foporn y c. YokBaoMaHb. [afbKn yuTeHbl TOMIbKO B CNyyae, ecin KaxyLasaca npofosibHas ocb
B/IBOE NpeBbllliana AMHY KaxyLlencs nonepeyHoin ocu. B kaxpoi guvarpammMe-noseTke
cofepxutcsa no 20 ranek n3 6a3anbHON YacTu eanHULbl, 20 — u3 cepefuHbl U 20 — 13 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 [Middieton-H ampton 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 Watker 1975].

The Late Cretaceous deposits described here show evidence of all three
transport mechanisms. The ungraded portions of the sedimentary units (par-



.. .resedimented conglomerate of late Cretaceous age. . . 151
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Fig. 19. A) Orientation (inclination direction) of 100 pebbles relative to plane of bedding in
1m2plot, 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. abra. A) A kavicsok iranyitottsaga a rétegzési sikhoz viszonyitva 100 kavics 1m2-es feliiletén
val6 mérése alapjan. D egység, csokvaomanyi Utbevagas.
B) Az 5 fo kavicstipus relativ gyakorisaga, kerekitettségiik és relativ méretiik. Az
abramagyarazat azonos all. abraéval

Puc. 19. A) OpueHTauus (HanpasneHne HaknoHa) 100 ranek Mo OTHOLUEHWIO K MIOCKOCTY
HannacToBaHWA Mo y4yacTKy C naowagbio 1M' B eanHule D B 0TKoce Aopory y ¢. YoKBaoMaHb
B) OTHOCUTeNbHAA YacTOTa BCTPEUaeMOCTW 5 rNaBHbIX TUMOB 06/IOMKOB, X OKaTaHHOCTb
1 OTHOCUTENbHbIE pasMepbl. JlereHja Ta e camas, uto u ans 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 R3 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-H aas
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 Bikk 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-Rudabénya 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 Darné 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 Bilkk Mountains
tectonic unit among the clasts in the conglomerate suggests that either the
structural convergence of the Blkk and Uppony units occurred in post-Seno-
nian time, or the Bukk 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-
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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 2m 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.

0 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 Bikk Mountains tectonic unit in the
conglomerate, which lies depositionally on rocks of the Uppony tectonic unit,
suggests that either the rocks of the Bikk 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 Kaéroly és HAAS Janos

A szerz6k részletes szedimentologiai vizsgalatokat végeztek a felsékréta Nekézsenyi Konglo-
meratum Formacio nekézsenyi és csokvaomanyi alapszelvényén, A vizsgalat alapjan levont fébb
kovetkeztetések a kovetkezdk:

a) A konglomeratumok elsdsorban gravitaciés tledékfolyassal atiilepitett tormelékszemcsék-
bél allnak.

b) A nekézsenyi vasuti bevagas alapszelvényében a szedimentoldgiai jellegek a rétegsor atbuk-
talottsagat tamasztjak ala (6. abra). A csokvaomanyi szelvény viszont nincs atbuktatott helyzetben
(13. abra).

¢) A konglomeratum (ledékfolyasi egységein beldl jellemz6 vertikalis tagoltsagot lehetett
megfigyelni. Az egységek bazisan vékony, forditott osztalyozott rétegzédést (gradaciét)mutatd réteg
észlelhetd, amely az egység kozéps6 részén rétegz6désmentes szakaszba megy at, végil az egység
felsé részében normalis osztalyozott rétegz6dés jelentkezik finomkavicsba, majd homokba atmend
szemcscmércttel.

d) A konglomeratum leggyakrabban szemcsevazl és a kavicsok hossztengelye tébbnyire a
rétegddléssel parhuzamos, vagy azzal szoget zar be. vagyis imbrikaciét mutat.

e) Az uledékfolyasok némelyike 2 métert elér6 nagysagi kézetblokkok szallitasara is alkal-
mas volt. A nagy blokkok egy része intraformaciosnak tekinthet6, amennyiben a korabban lerako-
dott kavicsrétegek anyagabdl all. Az tledékfolyasi egységek sokszor atmenetet képeznek a kohézids
folyas és a nagy sirliség(i zagyar aramlas altal Iétrehozott tledéktipusok kdzott.

f) A konglomeratum kavicsainak feltételezhet6 lehordasi teriilete olyan k&zetekbdl allt,
amelyek jelenleg az Aggtelek-Rudabanyai-hegységben és az Upponyi-hegységben ismertek. A kon-

y) A biikki metamorf mezozoos kézetek hidnya az Upponyi aljzatra telepll6 konglomera-
tumban arra utal, hogy a Bikki egység kdzetei vagy nem voltak a felszinen a szenonban, vagy a
Biikki és az Upponyi egység egymashoz viszonyitott helyzete a szenon utan lényegesen megvalto-
zott.

JINTONOTMHYECKUME XAPAKTEPUCTUKWN U MAJIEOFEOITPA®PNYECKOE
SHAYEHWE MEPEOT/IOXEHHbBIX BEPXHEME/TOBbIX KOHIT/TOMEPATOB
B CEBEPHOW BEHIPUW

I. 9pBapg KJIM®TOH. Kapons BPEXXHAHCKWN n AHow XAAC

BCpXHEMC/NOBbIE (CEHOHCKME) KOHTIOMepaThl 06HaXatoTcst B CeBepHOi BeHrpum Ha rpaHuue
MEXAY NMTOTEKTOHUYECKUMMU eAuHMLAMK Top BIOKK U YNnoHb. OHKM HanerawT Ha nopoasl Yn-
MOHLCKOM eNHULIbl. B HEKOTOPbLIX MecTax KOHINOMepaTbl XOPOLIO O6HAaXeHbl B OTKOCAX A40POr
W [PYrnX WCKYCCTBEHHbIX OGHaXeHWsX. B ocHoBe HacToAlWei pa6oTbl Nerno usydeHue oTkoca
)Ke/nesHol 0pOrM B OrOBOCTOYHOM YacTh cena HekexeHb M OTKOCA [l0POrY K CeBepy OT cena
UokBaoMaHb. Psf AaHHbIX (B 0CO6EHHOCTM (DAKTUUECKWIA MaTepuan MecyaHKoB OTCOPTUPOBAH-
HOI1 CNOUCTOCTM) CBUAETENLCTBYET O TOM, UYTO pa3pe3 HekexeHb NpeAcTaBiseT co60i ONPOKUHY-
Tyl CTPYKTYpy. KOHrnomepatbl NpUHAANexaT K pasfivyHbIM eMHULAM MO PEXUMy TeuyeHus
1 NepeHoca 0CaaKoB, MpUYeM MecTamy 9TO BCe MPOSIBASETCS COBCEM MYTHO. MHOrUe U3 MOLLHbIX
e[MHIL, 06HAPY)XMBAIOT TECTYPHbIE YepPThl, CBUAETENLCTBYHOLME 06 06paTHO 0TCOPTMPOBAHHO-
CTV 0CafKOB B OCHOBAHWW EAUHWULbI, UX HEOTCOPTUPOBAHHOE™ B LIEHTPANbHOM YacTU eAnHNLbI
1 HOpMarbHOM 0TCOPTUPOBAHHOE™ B eé Bepxax. BOMbLIMHCTBY pacCMaTpUBaeMbIX eAUHULL NPUCY-
Lla TakKas ynopsa04eHHOCTb KIacTUYecKoro maTtepuana, npu KOTOpoi rafibKu BbICTPOEHbI NMHUS-
MU, TaK, YTO KpaTKWe OCW ranek HanpasfeHbl NepneHAMKYNSpHO NAOCKOCTM HannacToBaHus. Cyas
no Han6onee HafeXXHON OpUeHTALMKM NPOAOLHBLIX OCEl U NO AaHHbLIM PacrnonoXeHUs 06/10MKOB
BHAXNECTKY (M3 CTPYKTYPHO MeHee HapyLUEHHOro paspesa YoKBaOMaHb) ManeoTpaHcnopT 6bin
HanpasneH Ha ceBepo-BOCTOK. TEKCTYPHbI XapakTep KOHINOMEepaToB U UX CTPYKTYpHble 0COBEH-
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HOCTM CBW/ETENbCTBYHOT O TOM. YTO GOMbLIMHCTBO KOHI/IOMEPAaTOB GbI/I0 MEpPeoTNIONKEHO MOTOKa-
MU. MPOMEXYTOUHBIMU MO XapakKTepy Mexay KOresusHbIMW 06/10MOYHbLIMU MOTOKAMU U BecbMa
ryCTbIMU MYTbeBbIMW MOTOKamMu. [MpuUcyTCTBUE OGIOMKOB B IMTOTEKTOHUYECKOW efuHuLE rop
BIOKK YKa3blBaeT Ha TO, UTO COMMXKeHWe (KOHBEpreHumsl) cTPYKTyp BHOKKCKOM U YMMNOHLCKOI
e[MHUL, MMEeNo MECTO Moc/e OTNOXEHUs KOHTNoMepaToB (MNW uTo BIOKKCKas eauHuLa He 6bina
0GHaXKeHHON BO BPeMs OT/IOXKEHWUs 0CafKoB). BONbLIOe KOMMYECTBO 06/0MKOB MPOUCXOANUNO 13
NINTO-TEKTOHNYECKO eAnHULbI ArrTenek-Pyaa6aHs, KoTopass B HACTOSILLEe BPeMs LIWPOKO 06Ha-
eHa K CeBEpO-BOCTOKY OT M/IOWAAM PasBUTUSI BEPXHEMENOBLIX KOHI/IOMepaToB. HanpasneHue
nafieoTpaHcnopTa yKasbiBaeT Ha TO. UTO Ha rNy6uHe ntobas WCXofHas NOpPoja B AaHHOW eanHULE
pacnpoCTpaHseTCs [aneko Ha Kr N UCTOUYHMK NUPaHUs 0610MOYHOTO MaTepuana Gbin TEKTOHUYE-
CKV MepeHeceH Ha ceBep BAO/b TEKTOHWUYECKOW NMHUKM [apHo.
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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.

Mineralogie analyses of panned heavy-mineral concentrates obtained from 26 fluvial sediment
samples of Holocene age from northwestern Hungary (Kisalféld) gave an average heavy-mineral
content of 0.7% 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 Island 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.

Mineralogie 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 35% 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

I. 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

* U.S. Geological Survey, National Center, Reston, VA 22092
** Hungarian Geological Survey, POB 106, Budapest, H-1442
Manuscript received: 16 April, 1985
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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 Asvéany, Halaszi, Aranyossziget, and Acs along the
Danube River, however a number of localities occur on the Mura, Dréva,
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 98% 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 [Macdonatd 1983], we feel
that a claim of 97 to 98% recovery is unreasonably high, perhaps by as much as
35%. In this context it must be noted that in his study Panto examined only
gravels. Not surprisingly, therefore, Panto 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 (Kisalfold) 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/m3 heavy-minerals, however
in the vicinity of Acs values as high as 125 kg/m3 were found, but very little
minéralogie 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 1to 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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Fig. 1 Map showing locations of samples collected in northwestern Hungary
(Danube-Réaba Lowland)

/. dbra. A Kisalfoldén vett mintak helyszinrajza

Puc. 1 Toukm oT60pa nNpob B ceBepo-3anafgHoin BeHrpum

the clay content by decantation and by élutriation. 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 Pliocenef?) 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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Fig. 2. Map showing locations of samples
collected in central Hungary

2. dbra. A Duna mentén vett mintak
helyszinrajza

Puc. 2. Toukn oT60pa Npob

30km o
B LeHTpanbHOW BeHrpuu



162 Grosz-Sikhegyi-Fuyedi

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
[Robson-Sampath 1977, Force €t al. 1982, M ahdavi 1964, G rosz 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 Il and III.

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 Il. 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 Il 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 45% 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 60% 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 34% 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 60% 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 6% fall into this size class. In sample 43 about 11% 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 2% 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. lImenite 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-Bdrzsény-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 Ill. 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, fiuvio-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 minéralogie 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 SAVPLE SAVPLE INTERV/
ND NO Typel INCM
1 2 c 100
1 3 c 30
1 4 c 40
1 5 c 30
2 6 C 150
2 7 c 650
2 8 c 50
2 9 G 30
2 24 G N/AZL
3 10 C 100
3 i C 250
3 12 C 800
3 13 C 350
3 14 C 900
4 15 C 100
4 16 C 150
4 17 C 500
5 18 C 150
5 19 c 550
6 20 c 600
7 21 c 400
8 2 c 250
9 23 c 350
10 25 A 250
10 26 A 150
n 27 A 50
n 28 A 60
1 29 A 100
n 30 A 100
i 31 A 100
12 32 A 50
12 33 A 150
12 A A 100
12 35 A 200
13 36 G N/A
14 37 C 100
15 3B G N/A
16 39 C 250
17 40 C 150
17 4 C 300
18 42 G N/A
19 43 G N/A
20 44 G N/A
21 45 G N/A
22 46 G N/A
23 47 G N/A

AL

DESCRIPTION

gray poorly sorted sandy gravel
gray sandy gravel

orange oxidized gravelly sand
gray gravelly micaceous sand

beige medium to fine sand (windblown)

gray-beige sandy gravel

gray gravelly medium to fine sand

gray and orange sandy gravel (from creoturbed pocket)
gray gravelly sand (from bottom of creoturbed pocket)

buff gray very fine sand (windblown)

gray-beige sandy gravel

orange medium to fine sand, low angle crossbedded
orange medium to fine sand, low angle crossbedded
orange medium to fine sand, low angle crossbedded

buff gray very fine sand (windblown)
gray medium to fine sand, low angle crossbedded
gray sandy gravel

gray medium to fine sand
gray sandy gravel

beige-orange medium to fine slightly gravelly sand, high
angle crossbedded
gray sandy gravel
tan-beige medium to fine sand, low angle crossbedded
tan-orange medium to fine sand low angle crosshbedded

orange very fine sand

gray-tan gravelly sand

dark gray medium to fine sand

dark gray gravel with medium to coarse sand
tan gray sandy gravel

light tan gray-tan sandy gravel

light tan gray-tan sandy gravel

light yellow-orange sandy gravel

light yellow-orange sandy gravel

gray sandy and pebbly gravel

gray sandy and pebbly gravel

light gray-tan modern Danube River sandy gravel
tan-beige medium to very fine sand

gray modern Danube River floodplain sandy gravel
tan-orange sandy gravel

orange oxidized sandy gravel

orange oxidized medium to very fine sand

gray-beige sandy gravel

gray-beige sandy gravel

gray-beige sandy gravel

gray medium to fine sand (natural concentrate)

dark gray medium to very fine sand (natural concentrate)
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. tblazat. A nehéz-asvany elemzésre vett mintak leirasa

Ta6mua |. OCHOBHblE XapaKTEPUCTUKM LLMXOBLIX NPo6



PERCENT OF SG >2.85

SPECTRAL GAMMA-RAY MEASUREMENTS

s

0
Weight Weight percent z tl—l 4 5 h 1 S & ] % K eU ppm eTh ppm
; C & Q ila 5 g PP pp

Sample  Percent SG >2.85 in o < D g % 3

No. Gravell Sand2l LW.3 <2 mm N ﬂ o < 6 O

2 53 47 0.02 0.05 10) 2 3 8 3 4 43 9 10 7 3 5 3 1 1.76 +.04 3.34+0.28 10.1T+0.38

3 59 41 0.33 0.82 ['|) 3 3 15 3 1 35 17 2 4 7 4 6

4 15 85 0.71 0.83 ['|) 2 3 7 4 3 30 17 P 3 17 10 4

5 27 73 2.23 3.04 10) P 4 3 4 P 10 5 54 2 1 12 5

6 0 100 2.30 2.30 ﬂ) 4 3 6 3 P 50 15 P 6 3 3 7 0.96 +0.03 2.40x0.19 6.98+0.27

7 71 29 0.19 0.66 ['|) P 3 8 2 1 49 12 6 8 6 5 1.15+0.03 1.69+0.16 4.30+£0.23

8 19 81 0.29 0.36 10) 2 P 12 P 3 25 14 12 10 12 5 5

9 62 38 020 053 o) 4 1 s 1 2 58 13 P 3 2 8

24 73 27 0.36 1.35 10) 7 3 13 3 3 30 8 3 5 9 8 8 1

10 0 100 0.11 0.11 10) 4 2 2 2 1 57 I9 P 5 2 P 6 1.72+0.04 5.84+£0.33 9.89+0.39
44— 63 --317 -0.09- 0.26--rt]-—3 —2~~T5 “ Z"—4" 40 ~r 10 6 5 - 2 4

12 0 100 0.14 0.14 i) 5 3 13 3 1 32 20 2 4 7 3 7

13 0 100 0.58 0.58 |'|) 2 4 10 5 3 22 23 1 2 6 5 7

14 0 100 0.27 0.27 ["|) 2 14 1 2 33 18 6 2 7 8 4

15 0 100 0.81 0.81 ﬂ) 6 3 13 3 P 44 7 8 4 5 1 6

16 0 100 0.97 0.97 1) 10 5 13 5 2 24 10 1 6 6 2 5 1.30+0.04 4.30+0.29 11.77+0.37
17 62 38 0.13 0.36 ['|) 8 2 8 2 2 61 3 2 2 1 2 7 1.12+0.03 2.79+ 0.21 7.54+0.29
18 0 100 1.32 1.32 ﬂ) 6 3 14 3 2 48 7 4 5 2 P 6

19 81 19 0.09 0.47 ['|) 4 4 14 2 2 47 4 3 7 3 5 5 1

20 6 84 0.07 0.07 10) 2 2 20 2 2 33 6 7 4 3 12 7

21 60 40 0.16 0.42 ['|) 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 0.31 ﬂ) 3 3 9 2 1 38 7 25 2 3 1 6 1.55+0.04 2.96+0.24 7.14+ 0.32
23 0 100 0.71 0.71 1) 8 4 16 2 3 44 3 4 4 7 1 3 1 161 £0.04 3.79+0.28 10.16 + 0.37
25 0 100 0.31 0.31 10) 5 3 13 2 3 31 7 6 5 6 12 7

26 34 66 0.51 0.78 10) 6 4 11 3 6 34 6 4 3 5 13 5

27 79 21 1.02 4.87 |'|) 4 3 6 P 5 50 6 7 4 3 7

28 54 46 0.80 1.81 |'|) 5 2 9 1 5 31 7 20 2 1 7 10

29 31 69 2.53 3.66 ﬂ) 3 2 8 P 3 23 4 31 5 4 11 6

30 52 48 0.75 1.57 ny 4 2 10 2 3 34 9 5 4 4 15 8

31 67 33 3.95 11.83 |'|) 7 1 6 1 2 58 4 3 2 1 6 9 18

32 54 46 0.64 1.39 10) 3 3 9 1 1 31 8 26 2 2 7 7

33 60 40 0.24 0.60 10) 6 2 10 1 1 48 4 10 4 4 5 5 1

34 52 48 0.71 1.50 |'|) 3 4 11 4 2 46 6 4 4 7 5 4 2

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 n) 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 55 0.10!2)0.1812’ 7) 4 P 6 P 12 5 5 2 4 9 P 6 14 2.04+0.05 4.53+0.33 11.83+0.43
39 60 40 0.101210.2512" 4) 2 2 7 2 9 52 4 1 3 1 T 4 1.75+0.04 2.99+0.25 8.19+ 0.35
40 77 33 0.0212)0.06121 n) 25 7 19 4 7 5 12 3 14 P T 4 1.52+0.04 1.94+0.22 7.99+0.32
41 0 100 3.7512»3.75121 1) 16 6 34 3 6 2 13 2 7 2 T 6 15

42 ? 100 0.381200.3812) 2) 5 8 10 3 3 43 10 4 5 4 p 9 1 1.17+0.03 2.05+0.17 4.12 £ 0.23
43 65 35 0.1612)0.46121 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 35 0.0512)0.1612> 4) 3 1 12 P 10 43 4 7 5 7 p 6 141 +0.03 2.76 £ 0.21 591 +0.24
45 0 100 0.5512»0.5512" 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
46 0 100 1.7412)1.7412» 1) 4 4 7 4 6 64 6 P 3 4 p 10 16 1.58+0.04 3.63+0.27 9.61 £0.36
47 60 40 0.111210.2812" 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 Il. Screen and heavy-mineral analyses of samples from northwestern and central Hungary
1. tablazat. ENy- és Kézép-magyarorszagi mintak kavics- és homoktartalma, valamint nehéz-asvany elemzési eredményei
Tabmmua Il. OTHOCWMTENbHOE COAEPXKaHWe ranku 1 necka B Npo6ax; MUHepanbHbIA COCTaB TAXeNol dpakuum

Sediment type No. of locations CJSI:?SIISC:CUOILId %K eU ppm eTh ppm eTh/eU eU/%K eTh/%K
Danube River deposits n 197 1.33+.03 2.54%+ .20 6.38 £.28 25 19 4.8
Pliocene(?) deposits 9 261 1.60+.04 3.72+.27 9.92+.36 2.7 2.3 6.2

Table I1l. Comparison of spectral gamma-ray radiation signatures of Danube River and Pliocenef?) sediments
11 tablazat. Dunai (ledékek és pliocén képzddmények spektralis gamma-sugarzasi jellegének 6sszehasonlitasa
Tabnmua 111. CpaBHMTE/bHbIE XapaKTEPUCTUKM CMEKTPa raMMa-usnyyeHus: TeppacoBbIX OT/I0XEHWUI 1 NANOLEHOBbLIX 06pa3oBaHuii
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A DUNA ARTERI KEPZODMENYEINEK
VALAMINT ENY- ES KOZEP-MAGYARORSZAG FOLYAMI-TAVI ULEDEKEINEK
HASZNOSITHATO NEHEZASVANYALI

Andrew E. GROSZ, SIKHEGY! Ferenc és FUGEDI P. Ubul

A nehézasvany-forrasok kimutatasara a Duna terasz iiledékekben, valamint ENY - és Kézep-
Magyarorszag folyami-tavi tledékeiben kdézds, amerikai-magyar program indult. A kutatas arany
kimutatasahoz vezetett a Dunanak Budapestt6l délre es6 szakaszan, tovabba granat kiugré mennyi-
ségét is jelezte. Ezen kivil kisebb mérték titan-asvany és cirkon feldusuldsok is jelentkeznek, de
eloszlasuk nem kell6képp ismert.

ENY-Magyarorszag (Kisalfold) 26 db. holocén kor(, folyévizi mintajanak asvanytani analizi-
se 0,7%-o0s atlagos nehczasvany-koncentraciot adott, melynek mintegy felét granat, Ti-asvanyok és
cirkon teszi ki. A nyolc, aranyra szedett mintab6l hatban talaltunk aranyat, tovabbi egy minta
termés eziistdt tartalmazott. A Szentendrei-szigeten és t6le délre, a folydvizi lledékek az ENY-
Magyarorszagon talalhaté nehézasvany-koncentraciokhoz hasonl6 értékeket adnak: ugyanakkor
az arany lényegesen gyakoribb és durvabb szem(i, mint a Kisalféldrél szarmazé mintakban.

A neogén és kvarter folyami-tavi iledékek valamint ENY - és K6zép-Magyarorszag szélfitta
liledékeinek nehézasvany egyitteseit elemezve lathatd, hogy ezen ledékek nehézasvany frakcidja
nem éri el a 0,5%-0s atlagot sa granat, Ti-asvanyok és a cirkon részaranya csupan 35%-os. Tizenegy
vizsgalt mintabol kett6 tartalmazott aranyat. A kilonbdz6 Gledéktipusok spektralis gammasugar-
zasi jellegeinek mérése azt sugallja, hogy a nehézasvanyokban viszonylag gazdagabb lledékek a
kisebb tartalmtakhoz képest mérheté kiilonbségeket mutatnak, ugyanakkor kiegészité adatok
szlikségesek e kiilonbségek szamszer( jellemzésére.

TAXKENBIE MUHEPA/Ibl B MOMMEHHbIX OBPA30OBAHUAX P. AYHASA
N BO O3EPHO-PEYHbLIX OT/TOXXEHUNAX
CEBEPO-BOCTOYHOW M LEHTPA/IbHOW BEHIPUNUA

3Hapy 3. TPOC, depery LUNKXEAW n Y6yas M. OHOTEAN

B pamkax BeHrepcko-amepuKaHCKOro cOTpyAHu4ecTBa 6bln cOCTaBneH pabouunii npoekT
C LeNbi YCTaHOB/EHMA BO3MOXHOCTEN BbISABNEHNA WUCTOYHWUKOB TAXE/bIX MWUHEPanoB B COCTaBe
TeppacoBbIX OTN0XKeHUIA p. [lyHas, a TakKe B HEOreHOBbIX U YeTBEPTUYHbIX 03ePHO-PEUHbIX 06pa3o-
BaHMAX CeBepo-3anafHoli W LeHTpasbHON BeHrpun. B pesynbTaTte paboTbl 6bI10 BbISBAEHO OAHO
HeNpPOMbILL/DKHHOE HaKOMMeHUe 30/10Ta B NOMMEHHbIX OTNOXeHUAX [yHas K tory oT bypganewTa,
KOTOpOe COMpOBOXaoCh NOBbILLEHHbIM COAEPXaHUEM rpaHaTa B cocTaBe THxENon gpakuumn. Kpo-
Me TOro, Oblfn yCTaBfeHbl N HEOOMbLLME CKOMIEHWA TUTAHOBLIX MUHEPANOB W LMPKOHA, HO MOKa He
ACHO, UMEIOT NI OHW 3HAYWNTEe/IbHOE PacnpOCTHEHMEe MO BEPTUKaNM W natepanu.

B 26 npo6ax, 0To6paHHbIX U3 YeTBEPTUUHBIX PEYHbIX OTIOXEHW C3 BeHrpuw, cpefHee cogep-
XaHve THkénon pakuyum - 0,7 Bec. %, npumepHO 50% OT KOTOPOro COCTOBASAKT rpaHat, LUPKOH
1 MUHepanbl TUTaHa. M3 8 npo6, B3ATbIX C LeNbi0 BbISBMEHWS HAKOM/EHWA 30/10Ta, €ro Hannyve
ycTaHoBNeHO B 6. Kpome TOro, B 0fHON npobe 0TMEYEHO M CaMOPOAHOE cepebpo.

KoHUeHTpauun TaxenbiXx MUHepanoB B npobax, 0To6paHHbIX ¢ 0-Ba CeHTEHAPE U HdKe Mo
MOBbLILLAETCA B HUX, ¥ CaMUN 3ePHbILLKM CTAHOBATCA 60Nee KpyMHbIMK, YeM B Mpobax ¢ TeppuTopum
HwusmeHHocTn pp. AyHaii-Pab6a.

PaccmatpmBas HeOreHOBble W YeTBEPTUUHbIE, 03ePO-peyHble, a TaKXKe, 30/IMYECKne OTNOXe-
HMA C3 U UeHTpanbHOW BeHrpuyu BMAHO, 4TO B [aHHbIX 06pa30BaHMAX CpefHee COfepXaHue
TOKENON pakuymm 0,5 Bec. % M OTHOCUTE/NIbHOE COfEpPXaHue rpaHarta, LUpPKOHA M MWHEepanos
TUTaHa — Tonbko 35%. M3 11 npo6 npmcyTCTBME 30/10Ta 3amMevanoch BCero B ABYX. B pesynbTate
M3yyeHns NpupoAbl raMma-usnyyveHus ob6pasoBaHWil pasHbIX TUMOB MOXHO Npeanonaratb, 4To
rnokasatesn raMma-usfly4eHus 0cafouHbiX 06pa3oBaHUi ¢ 60MbLLIMMU COLEPXKAHMNAMU THKENON
(hpakumm feicTBMTENbHO BOMbLLE, YeM B APYTUX OT/IOXKEHUAX, 04HAKO ANS YCTAHOBAEHWNSA KONNYECT-
BEHHbIX 3aKOHOMEPHOCTEN HEeO6X0AMMbI JaNbHeLne UccneLoBaHus.
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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 Ashiey [1895].

A variety of deposilional 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: deposilional 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-C 1ifton 1982], as has about 720 m of the lower
(southern) part of the section [Hunter at al. 1984, Ciifton-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.
1). 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. Ashiey [1895] continued the examination
and named a distinctive fossiliferous bed in the formation the "Upper Gas-
tropod Bed.” G 1en [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. G 1en further interpreted the upper member of the Merced Formation
to have formed in the Early Pleistocene and the lower member in the Late
Pliocene.

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 &bra. Helyszinrajz a San Francisco félszigeti Fort Funston kornyékérdl
A) Részlettérkép Fort Funston és Thornton Beach kdzott
1— a vizsgalt partszakasz; 2 — részletesen tanulmanyozott szakasz; 3 — a dolgozatban targyalt
fontosabb szelvények 4 — foldcsuszamlas
B) San Francisco félsziget a kinagyitott terlilet konturjaval

Pue. 1 A6puc mectHocT PopT daHCTOH (N-0B CaH PpaHUMCKO)
A) [etanbHas kapTa paiioHa ®opT ®aHCTOH — TOPHTOH Buy
1 - unccnefoBaHHbI y4acToK Gepera; 2 — AeTanbHO U3YYeHHbIV parMeHT y4yacTka;
3 — BaXHelLne pa3pesbl, 06CyXKaaeMble B CTaTbe; 4 — ONONA3HU
B) Monyoctpos CaH PpaHLMUCKO C KOHTYPOM YBENUYEHHOTO y4acTka
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Hann [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. Han1 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-Wojcicki 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 Crifton [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. abra. 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 nélkili vagy gyengén rétegzett homok;

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

16 — gyokérnyomok; 17 — kis méretl bioturbacio; 18 — nagy méretl bioturbacio; 19 — extra
nagy meéret(i bioturbacié; 20 - rovar jarat; 21 — kagylo tartalma réteg; 22 — szdérvanyos
megjelenésl kagyld; 23 — kimosott felszin

Puc. 2. Paspe3 ¢opmauun Mepces npy MecTHOCTU PopT PaHCTOH

1— Ty(bl; 2 — raneyHnkun, KOHrIoMepaTbl UK ranevHble Necku; 3 — Neckn ¢ poccbingmu

ranbku; 4 — cNoucTble UAK NaMUHMPOBAHWHbIE MECKU W NeCYaHUKKW; 5 — MecyaHuKn ¢ KOCOoW
CNIOUCTOCTbIO; 6 — KOHBOJIIOTHAA WU NIMH30BAsA CNOUCTOCTb; 7 — MECKU HECTPYKTYPHble UK

cnabo cnouctble; 8 — rAMHUCTbIE W/MAN aeBPUTOBbIE MECKW W NecHaHWKW; 9 — aneBpuThl;
10 — necyaHble UM aneBpuUTOBble FKHbI; 11 — rAnHbl 6e3 cnoucTocTu; 12 — npocnovika ruH;

13 — nucToBaTble MUHbI; 14 — cnow, 6oratble opraHM4yeckuM BellecTBam; 15 — ocTaTku

pacTeHuin; 16 — cnepabl KopHeld; 17 — menkas 6uotypbauus; 18 - KpynHas 6uoTypbaumns;

19 — yHuKanbHaa 6noTypbauns; 20 — Xofbl HACEKOMbIX; 21 — CNOI C 0CTaTKaMu PakOBWH;

22 — pefKo BCTpevaroLmMecs pakoBUHbI; 23 — pa3MbiTas NMOBEPXHOCTb



.. .Pleistocene coastal succession, Golden Gate National Recreation Area. . . 173



174 Cséaszar-Clifton-Hunier

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 c¢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



.. .Pleistocene coastal succession, Golden Gate National Recreation Area. . . 175

Oof Hunter and Crifton [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
Crifton [1982] and Hunter et al. [1984] into subsequences (Rx, R2, R3, /14, Sx
and S2) of generally uniform depositional environment. In this report we further
subdivide these subsequences into units (R& J1*, 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 (Rx) is about 30 m
thick (Figs. 5 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,
R\, R\) are quite sandy. The lowermost two units (/7 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 R\ lacks fossils but is intensively bioturbated. It is overlain by a generally
structureless but locally laminated mudstone, /2%, that has a scoured surface at
its top (Fig. 6).

Unit R\ is sharply overlain by a structureless sandstone of green to gray
color (R\) 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 /?{-/?") 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'jk show numerous burrows 3—5mm in
diameter, and root structures are evident in the top 5m of these strata (in units
R1", Fig. 10). Fine lamination, defined by alternating light and dark layers,
characterizes units R\" (Fig. 11). Units Rxand 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  is a scoured surface marked by large (6-10 mm)
borings.

The upper part of subsequence Rx (units Rp") is rather poorly exposed in
the lowermost part of the sea cliffs at Fort Funston, where it is broken by
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Wsw ENE

Q 1 r 3 [ 5m

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. abra. Fort Funston D-i elvégz6désénél (5. sz. szelvény) a parton feltart legalsé rétegek
egységek). Jelkulcs a 2. abranal

Puc. 3. Camble HmxHUe cnon (R\-R{), 06Ha)KeHHble Ha MASHKE B FOXKHOIW YaCTM MECTHOCTU
®opT PaHCTOH. YCNoBHbIe 0603HaYeHNsA CM. Ha puc. 2

Sequence of the section No 3.

ENE

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. &bra. Arapaly ovi és e folotti agyagkd rétegek (R\~°) a 3. sz. szelvényben a Fort Funstonnal
1évé sarkanyrepiilé-lépcsénél. Obdl iledék. Jelkulcs a 2. &branal

Puc. 4. Cnon uHTpaTuganbHbiX W cynpatuganbHoiX rvH (R\ °) B paspese Ne3 y necTHMUbI
[paKoHa B MeCTHOCTU ®opT PayHCTOH. OTNOXKEHMA 3a11Ba. Y CN0BHble 0603HAYEHNS CM. Ha
puc. 2



Fig. 5. Bivalve-bearing mudstone (RA) with
some shells in living position (channel lag)

5. abra. Kagylé tartalmi agyagkd (R°) benne
néhany él6 helyzetben meg6rz6dott tekndvel
(csatorna-lab Gledék)

Puc. 5. MnuHbl iR“J, cofepxaline pakoBWHbI,
1 HECKO/IbKO PaKOBWH, COXPAHEHHbIX B XXWBOM
NOMOXEHUN (OTNOXEHMWS MOAHOXbS KaHana)

Fig. 7. Silty mudstone beds of intertidal zone
with yellow nodule horizons (/7<{*“").
Embayment deposit

7. dbra. Kozetlisztes agyagk6 az arapalyzénabol
névénymaradvannyal és sarga gumo-szinttel
(R?~h). Obél dledék

Puc. 7. AneBpuToBble MMWHbI U3
NPUINBHO-OTIMBHOW 30HbI C OCTaTKaMu
pacTeHM 1 NPOCMOMKON XXeNTbIX KOHKpeLuui
(R™~h). OTnoxeHnsa 3anvea

Fig. 6. Contact between embayment cycles. Scoured surface between structureless mudstone ( ffj
unit) and highly burrowed sandstone (Z&'iunit)

6. abra. Obol iledékciklusok kozotti érintkezés. Kimosasi felszin a szerkezet nélkiili agyagk®
(Rd) és az er6sen féregnyomos homokké (R\) kozott

Puc. 6. KOHTaKT Mexay OTAeNbHbIMU LMKNaMU 0CafLKOHAKOMNIeHUs 3anuBa. MoBepXHOCTb
pasMbiBa MeXAy HeCTPYKTYpHbIMM rAanHamu (R\) 1 cunbHO 6UMOTYpOUPOBAHHBIMM
necyaHmkammn (R\)



Fig. 8. Run-off channels filled

with mudstone clasts (R[) of

intertidal zone. Embayment
deposit

8. dbra. Iszaptormelékkel kitdltott
elveszté csatornak (R\)
az arapéaly zonaban. Obol iledék

Puc. 8. KaHasnbl nornoLeHus.
3anofiHeHHble nnom (R\)
B MPWINBHO-OT/IMBHOMN 30HE.
OTnoXeHus 3anmsa

Fig. 10. Wavy and horizontal
lamination in mudstone with root
structures (J1") deposited in
supratidal salt marsh

10. dbra. Hulldmos és vizszintes
laminacio arapalydv folotti
s6s mocsarban képzddott
agyagkdben, gyokérnyomokkal (R"J

Puc. 10. BonHucras
1 TOPU30HTaNbHAasA NamMmmHauus
B [NMHaX, 06pa3oBaHHbIX
B COMeHOM 60/10Te npu
cynpatuganbHbIX YCNOBUAX, CO
cnegamn KopHeid (R\)

Fig. 9. Current ripples in siltstone
(R\). Embayment deposit

9. 4bra. Aramlési hullamfodrok
aleurolitban (R\). Obél lledék

Puc. 9. BonHONpM60OiHble 3HaKu
TeYeHUs1 B aNeBPOUTE.
OTnoXeHuMs 3a1mBa
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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 (/?] and R\). Similar concentrations occur in the equiv-
alent part of the section to the south at Thornton Beach-the “Upper Gastropod
Bed” of Ashi1ey [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 (LL) above the muddy middle part of
Aj contains plant fragments near its base. Marine microfossils (Elphidium
excavatum, radiolarians and possible remains of sponges) occur in unit R\
(Paula Quinterno, 1983, personal communication).

The uppermost units of subsequence RI (R\ and /?]) are compositionally
transitional into the overlying sandy beds of subsequence Rz (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, R\, is
intensely bioturbated and contains somewhat more fine-grained sediment than
does the overlying unit. Units /?* and R& 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 R2 consists mostly of fine- to medium-grained, well-sorted,
non-micaceous sand in which large scale (> 1m) 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 R2 at the northern section (/?) contains abundant
heavy minerals, resembling somewhat the underlying sand (/?*) (Figs. 12,13 and
14). This distinction could not be found in the southern section. The middle 4 m
of unit RB is somewhat mottled, probably by burrowing organisms; this feature
could not be found in the more poorly exposed southern section.

The upper part of R2contains two somewhat muddy intervals (R2and R@);
in the northern section, the lower of these, R&, 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 R2 (R2and R&) contain abundant
opaque heavy minerals that, in unit R2, defined fine laminations.

Subsequence R3, about s m thick, is lithologically more variable than the
underlying subsequence. The lower part of R3 (units R8”" was identified in both



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

11. abra. Arapalyovi laminalt
agyagkd (R") 6bol tledékbdl

Puc. /[.lamnHnpoBaHHbIEe
NUHbLI, 06pa3oBaHHble B 30HE
npunmea. OTNOXEHUs 3a7MBa

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

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

14. abra. Ciklikus felépitésd,
valészin(leg vihar eredet(i
nehézasvany koncentracio
IR?2). Folfelé vandorld (also
egység) és hullamzas eredetii
hullamfodrok (fels6 rész)
a fébb nehézasvany tartalmu
rétegek kozott

Puc. 14. CKkornneHune Taxenbix

MWHEPanoB, BO3HUKLLEE, BEPOATHO,

B pesynbTaTe Oypu, C LUKINYECKUM
cTpoeHnem (R*). BonHonpuboiiHble
3HaKW, MUTPUpYOLLMe BBEPX (HYDKHAN
4acTb) WM BO3HMKLLWE B pe3ynbTaTe
BO3/ENCTBUA BONH (BEPXHSAS YacTb),
HabnofaroLmecs cpefm OCHOBHbIX

TONLY,

13. abra. Kis d6lésszogl kimosasi
felilet a nehézasvany tartalmu
ciklikus felépitési homokban,
kis méretd, tledékképzddéssel
egyideji vetékkel (alsé rész)

és zavart szerkezettel (felsd rész).

Eolikustol a partszegélyiig

Puc. 13. Mosioras noBepxHoOCTb
pa3mMblBa B MecyaHukax ¢ 60/1bLUnM
cofepXXaHneM TSXeNon gpakayuu,

C Hebo/bLMMK cbpocamMmn CUHCe-
[OUMEHTaLMOHHOrO XapakTepa
(HWKHSAA YacTb) 1 KOHBOMKOTHO
CTPYKTYpOii (BepXHAs yacTb). OTno-
XKEHWs 0T 3071070 A0 NPUBPEXHOr0o
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the northern and southern sections; the upper part was examined only in the
northern section.

The lower two units (R3and R3) 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, 79 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 (Laszl6é 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 7% 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
(R9) 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 (Lé&szl6 Farkas, 1983, personal communication). Unit R8appears 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 7% 2.5 m thick, grades from pebbly sandstone (/1:) into a
pebbly sandy mudstone (724 Unit R4 is mostly a light brown medium- to
coarse-grained sandstone (Fig. 16) that contains abundant subangular to sub-
rounded pebbles up to 10cm 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, R4 (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 R\), migrating tidal
channel fill (middle part — R\), and sand of eolian
to backshore (at the top R2)

12. 4&bra. Ashley [1895] féle ,Fels6 gastropoda réteg”
(a kép aljan agyagk6—/A&), migralo
arapaly-csatorna kitoltés (k6zépsé rész- R\)
és az eolikustdl a partszegélyiig (backshore) terjed6
homok (fels6 rész - FC)

Puc. 12. «BepxHuii ractponogoBklii cnoii» [Ashley
1895] (BHM3y  aprunnuT R\), OTNOXeHus,
3anosHALWME MUTPUPYIOLLNIA
NPWUINBHO-OT/IMBHbLIA KaHan (CpefHss 4acTb —
R\), 1 neckn ¢ xapakTepoMm, MeHsLWMMcs OT
30/10BOF0 A0 MPUBPEXHOro (BepxHas yactb - A%)

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

15. dbra. Hullamos iszap réteg a jol osztalyozott,
finom szemcséj(i tavi homokban

Puc. 15. Mpocnoikn BOMHUCTbIX W0B B XOPOLLIO
COPTUPOBAHHbIX TOHKO3EPHUCTbIX 03ePHbIX MecKax

Fig. 16. Paleosol with uneven scour (lower half — R{).

flat to lenticular bedding, fluvial sand and gravel with

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

16. abra. Egyenetlen kimosasi fellilet(i 6stalaj
(a kép also felén - RJ), lapos és lencsés rétegzésii
folyovizi homok és kavics, kis méret(i keresztrétegzéssel
(/") és a tetején nagy méretl féregnyomokkal (/7*)

Puc. 16. Vickonaemblil TpyHT C HEPOBHOIA
NMOBEPXHOCTbIO pasmbiBa (BHM3Y - R{), peuHble necku
U rajlbK1 € NOMOroii 1 NMH30BOM, a Takxe,

B HE3HAUUTENbHOW Mepe, M KOCO CIOUCTOCTbIO

(A"“),BBEPXY C 60bLIONA BOTYpOaymeid (JT¥)



Fig. 17. Two cycles of graded
fluvial gravel (R4) located 30 m
from the site in Fig. 16

17. éabra. Két, osztalyozott rétegzédést
mutaté folyévizi kavics ciklus (R4)
a 16. abran jeldlt ponttdl 30 m-nyire

Puc. 17. [lBa uukna obpasoBaHus
peYHbIX ranek c rpagauuen (/?)
Haxoautcs B 30 MeTpax oT
TOYKM Ha puc. 16

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 elszinez6dését jelzi

Puc. 19. ®parmeHT npeablgyLuei
KapTWHbI, HA KOTOPOM
HabntofaeTcs BTOPUYHAs OKpacka
raneyHblX Neckos

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

18. &bra. Nagy test(i furokagylok altal
létrehozott jaratok a kavicsos
homokban (R%). Az R%és Uj transz-
gresszio csilliamos homokja kozotti
hatart a kagyldk teljesen elroncsoltak

Puc. 18. BuoTypbauun BO3HMKLLME B
pe3ynbTaTte XW3He LeATeIbHOCTU
60NbLUNX MONNKOCKOB, B raieyHbIX
neckax (Rh). KoHTakT mexgy u
CMOAAHBIMU MEecKamMy HOBOI TpaHC-
rpeccum 6bi1 YHUUTOXEH MOMHOCTHIO



Fig. 20. General view of
subsequences R4 and .S,
(sandstone with mudstone
intercalations)

20. abra. Az R, ésaz S,
tagozat attekinté képe
(homokkd, agyagkd
betelepuléssel)

Puc. 20. O630pHbIVi BUA
nogrpynnel cnoes R4un .S
(c npocnoiikamy necyaHWKOB
N TNNH)

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 &bolbeli
arapalydvi homokréteg felszinén.
A ceruza hasitott kérm(
patas labnyomara mutat

Puc. 23. Cnefibl XXWBOTHbIX Ha
NOBEPXHOCTMU CNOSA MEeCKoB
NPUANBHO-OTANBHOIO reHe3unca.
KapaHpall nokasblBaeT Ha cnej
NapHOKOMNbITHOrO XXMBOTHOIO

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

22. dbra. Gerinces labnyomanak
terhelési szerkezete dbdlbeli
arapalydvi homokban (SB réteg)

Puc. 22. MpuInBHO-OTNUBHbIE
MecKu 3an1Ba Co CTPYKTypamu
Harpyskv OT CnefioB NO3BOHOUHbIX
(cnoii 5%)
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filled by sand from the overlying unit (ST). 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
24 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 R\ (Paula Quinterno, 1983, personal communication).

Sequence S
The upper sequence in our section, sequence S, is only s 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 3m 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 (S7). 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 ¢m 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, S2, 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, S2, 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 S2, especially units S2 and S®, is marked
by numerous vertical tubes, 3-6 mm in diameter. Unit S2 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 S2is 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-Wojcicki 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
adhe]s.ion-ripple structures (Fig. 25) composed of ash are present [Hunter et al.
1984].

The part of subsequence S2 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 S2 is overlain by
subsequence S3, a lens of indistinctly stratified mud or mudstone as thick as 0.5
m. Subsequence 5s 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 T by Hunter
and Crifton [1982] and Hunter et al. [1984].

4. Environmental interpretation

Thedepositional 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  consists mostly of the deposits of coastal embayments. The
lower part of the unit consists of two fining-upward successions, R\~dand R\~°.
The base of both successions is marked by lag deposits (shells in R \band wood
fragments in Aj). 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 [Ciifton-P hittips 1980]. The
structureless or laminated mudstone (/?), and the units with small channels and
climbing ripples (R{k) are interpreted as intertidal flats. The rooted laminated
mud (R[~n) closely resembles that produced on modern supratidal flats above
the influence of normal astronomical tides [Crifton-P hittips 1980].

The upper part of subsequence  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*"RD and the
lowermost unit of subsequence R2(Ra) 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 R2is interpreted to be mostly of eolian origin. The large-scale
crossbedding suggests migrating sand dunes. The clay-rich intercalations in the
vicinity of units R2 and R2 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
mudstone beds (lower part of S\).
Ophiomorpha-iype burrows, among others

Fig. 24. General view of bioturbated embayment
sandstone with mudstone intercalations (lower
half of the picture — subsequence Si)

. - . . and well-bedded intertidal and supratidal sand
21. &bra. Eletnyomos homok és agyag rétegek (subsequence S2) capped with
valtakozasa (az 5" alsé része), tobbek kozott white volcanic ash bed (5])

Ophiomorpha tipusu jaratokkal
24. dbra. Az agyagko betelepliléses életnyomos
Puc. 21. Yepeposarive C'qoeBAWOTypﬁ“pOBaHH"'X obolbéli homokkd (a kép also fele  Sx tagozat)
MECKOB (HIKHAR 4aCTb 57) C PasnMUHbIMU és a jol rétegzett, fehér vulkani hamu réteggel
6roTypbaunamn (Hanpumep, Ophiomorpha)

(S@ tagozat) zarulé arapalyovi és efolétti homok
(S2) attekinté képe

Puc. 24. O630pHbIii BUL
6MOTYPOUPOBAHHBIX
3a/IMBHbIX MECYaHWKOB
C NPOC/OAKONA FMH
(HVXHS#AS YacTb
KapTWHbI  Mogrpynna
cnoes 5,) W UHTpa-

1 CynpaTuaansHoi
cepun MeckoB
nogrpynna cnoes (S2),
cogepxaLmxcs
B 6enom
BY/IKQHUYECKOM nense
C XOpoLLeii
cnomcTocTbio (S@).

Fig. 25. White ash bed of air-fall accumulation 5| 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 leveg6hdl hullott fehér vulkani hamu réteg — 2 és athalmozott hamu laminék.
A vandorlé adhéziés hullamfodrok kozvetlenil a fo hamu réteg folétti elsé laminan lathatok.
A hamu réteg felsé harmada egyéb iledékekkel keveredett

Puc. 25. benble By/nKaHWYeCKMe MeNbl, BbiMaslUMe M3 BO3AyXa S2, U MepeoT/IONEHHbIe
NamMuHbl Nenna. MurpupyoLLye afre3voHHbIe BONHONPUOOIHbIE 3HaKWU BUAHbLI Ha NepBoii
NamnHe HenocpefCTBEHHO Haf OCHOBHbLIM CMOeM nenna. BepxHsas TpeTb cnos nenna
nepemeLLiaHa ¢ Apyrumn ocagkamm



Fig. 26. Vertical borings (or burrows) and a U-tube in ash bed (Sf) filled by sand from the
overlying bed

26. abra. Vertikalis farasi nyomok és egy U-cs6 a vulkani hamurétegben (S&), amelyet
a fed6bdl szarmazé homok tolt ki

Puc. 26. Cnefbl BepTUKanbHoOW 6uoTypbaunn n ogHa U-obpasHas Tpy6ka, 3anonHeHHas
neckamy KpoB/aW B CI0e By/IKaHWYeCcKUx nennos (5*)

Fig. 27. Erosional surface above the ash bed capped by pebbly sand of a new transgression
27. abra. Erdzids felszin egy (j transzgesszid kavicsos homokrétegével zaruld6 hamuréteg folott

Puc. 27. 9po3noHHas MOBEPXHOCTb Haj CNOeM Mensa, 3akYeHHas B raieyHbIX Neckax HoBO
TpaHcrpeccum
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Subsequence R3 seems to have been deposited mostly under nonmarine
conditions. Paleosols are present and root structures occur at the base (R3) and
in the upper part (in units R§f). Thin channel-fills (unit R8&) above erosional
surfaces suggest subaqueous deposition for part of the subsequence. The thin
fine-grained layer at the top of subsequence R3 (unit R§) contains at least one
specimen of a foraminiferal species that suggests a renewed incursion of the sea.

Subsequence R4 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 is
interpreted to be an embayment (probably tidal channel to tidal flat) deposit
that developed atop the fluvial deposits of subsequence R4. 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  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 S2, and by the deposition of fresh-water or
estuarine mud of subsequence S3. 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 o.. 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 . -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. abra. A Fort Funston-i szelvény
kornyezeti értelmezése
Puc. 28. IHTepnpeTaumna OKpecTHOCTH
paspe3a MecTHOCTM PopT PaHCTOH
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h Thomton Beach
90

er outlets R2 or Qq

EXPLANATION
0 300 600 m
Horizontal scale

Vegetation Outcrop Slip surface Brink of Contact
of landslide cliff between
sequences

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. dbra. A Golden Gate udilokérzetbeli Thornton Beach Allami Park és Fort Funston kozotti
parmenti szelvény, Ny-fel6l (az 6cean fel6l) nézve
1- novényzet; 2 - kiblvas; 3- cslszasi felilet; 4 - lejt6perem; 5 - rétegcsoportok kodzotti hatar

Puc. 29. Pa3pe3 mexay MeCTHOCTbIO PopT PaHCTOH U MocyfapcTBeHHbIM MapkoM TOPHTOH
Buy (KypopTHbI/ paiioH MonasH eiT) ¢ 3anafa (CO CTOPOHbI OKeaHa)
1— Beretauus; 2 — 06HaXeHWS; 3 — NOBEPXHOCTb CKONbXEHWSA; 4 — Kpali CK/IOHa;
5 — raHuua mexay rpynnamu cfnoes

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 Sx, 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 Sj erosionally overlies crossbedded eolian sand of
subsequence R2 and gradationally underlies poorly exposed sand of subse-
guence S2, no outcrop of the volcanic ash bed in subsequence S2 was found
here. It is not clear whether the unusually great thickness of subsequence Sj in
the Olympic Club outcrop is due to (i) a facies change from the sand of
subsequence S2 into mud; (ii) a facies change from the gravel, sand, and
paleosols of subsequences R4 and R3into 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 R4, 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 ¢ 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 Formécio egy (az R és az S rétegcsoport fels6) részének és a Colma
Formaci6 rétegtani szelvénye a Golden Gate idilé korzetbeli Thornton Beach Allami Park és
Fort Funston kozott. A) Szelvény a foldcsuszamlas peremén, B) Szelvény a meredek partvonal

alsd részén
1- kavics; 2 - homok; 3 - iszap; 4 - vulkani hamu réteg; 5- talaj, vagy 6stalaj

Puc. 30. Ctpaturpactmyeckas cBogka yactm dopmaunn Mepceq (rpynnbl cnoeB JTun S —
BEPXHAA YacTb) v hopmaumm Konma no o6HaxeHuam oT [ocygapcTBeHHoro Mapka TOPHTOH
Buy 1o mecTHocTM dopT daHcToH. A) Pa3pe3 no Kpato onon3HsA, B) Paspe3 no HM3Yy KpyToro

bepera
1— ranbku; 2 — necku; 3 — unbl; 4 — BYNKAHWYECKME UeWNbl; 5 — rPYHTbI MNn
NaneorpyHTIo

microfossil was found in a thin mud bed (unit R&) at the base of subsequence

at Fort Funston, suggests that the unit may be an estuary-bordering alluvial-
apron deposit that intertongues with the thick embayment mud (subsequence
5j) in the Olympic Club outcrop. Even if there is no intertonguing between
subsequences RAand Su both units may thicken toward the same paleovalley.
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Still another noteworthy change is the variation in the thickness of the
volcanic ash bed in subsequence S2. 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 53, 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 St. 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 Rt) 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 R2, R3and R4 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
R4 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 (S2~¢) 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.



188 Csészar-Clifton-Hunter

REFERENCES

Addicott W. O. 1969: Late Pliocene mollusks from San E'rancisco Peninsula, California and their
paleogeographic significance. Proceedings of the California Academy of Sciences, Fourth
series, 3 , 3, pp. 57-93

Ashley G. H. 1895: The Neocene (sic) of the Santa Cruz Mountains. 1-Stratigraphy. Proceedings
of the California Academy of Sciences, Second series, 5, pp. 273-367 (reprinted in Stanford
Univ. Pubis. Geol. Paleontol., no 1)

Clifton H. E. 1982: Estuarine deposits. In Scholle P. A., Spearing D. eds.: Sandstone deposition-
al environments. Am. Assoc. Petroleum Geologist Mem. 31, pp. 179-189

Clifton H. E., Stagg J. in preparation: Lithofacies in the Merced Formation in sea cliff exposures
north of Wood Gulch. U. S. Geological Survey Open-file Report

Glen W. 1959: Pliocene and lower Pleistocene of the western part of the San Francisco Peninsula.
University of California. Publications in Geological Sciences, 36, pp. 147-198

Hall N. T. 1965/a: Petrology of the type Merced Group, San Francisco Peninsula, California.
Unpublished M. A. thesis, University of California, Berkeley, 126 p.

Hall N. T. 1965/b: Late Cenozoic stratigraphy between Mussel Rock and Fleishhacker Zoo, San
Francisco Peninsula. In Guidebook for field conference L, northern Great Basin and Califor-
nia., 7th INQUA Congress, pp. 151-158

Hall N. T. 1966: Fleishhacker Zoo to Mussel Rock (Merced Formation)— A Plio-Pleistocene
nature walk. California Div. Mines and Geology Mineral Information Service, 19, 11, pp.
522-525

Hunter rR. E., Clifton H. E. 1982: Description of beds exposed at Fort Funstone, Golden G ate
National Recreation Area, nortwestern San Francisco Peninsula, California. U. S. Geological
Survey Open-file Report, No 82-1055

Hunter R. E, Clifton H. E., Hall N. T., Csaszar G.. Richmond B. M., Chin J. L. 1984: Pliocene
and Pleistocene coastal and shelf deposits of the Merced Formation and associated beds,
northwestern San Francisco Peninsula, California. SEPM Field Tripe Guidebook No. 3. 1984
Midyear Meeting

Lawson A. c. 1893: The post-Pliocene diastrophism of the coast of southern California. University
of California, Department of Geological Sciences, Bull. 1, pp. 115-160

Meyer c. E., Woodward M. J,, Sarna-Wojcicki A. M., Naeser c. W. 1980: Zircon fission-track
age of 0.45 million years on ash in the type section of the Merced Formation, west-central
California. U. S. Geological Survey Open-file Report No. 80-1071, 52 p.

Sarna-Wojcicki A. M. 1976: Correlation of late Cenozoic tuffs in the central Coast Ranges of
California by means of trace- and minor-element chemistry. U. S. Geological Survey. Prof.
Paper 972, 30 p.

Sarna-Woijcicki A. M, Meyer c. E., Bowman H. R., Hall N. T., Russell p. c., Woodward
M. J., Slate J. L. in press: Correlation of the Rockland ash bed, a 400,000 year-old strati-
graphic marker in northern California and western Nevada, and implications for mid-Pleis-
tocene paleogeography of central California. Quat. Geol.

Van der Lingen G. J., Andrews P. B. 1969; Hoofprint structures in beach sand. Jour. Sed.
Petrology 39 pp. 350-357



.. .Pleistocene coastal succession. Golden-Gate National Recreation Area. .. 189

PART MENTI PLEISZTOCEN RETEGSOR A KALIFORNIALI
GOLDEN GATE UDULO KORZETBOL

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

A szerz6k a San Francisco félsziget jellegzetes self és part menti térmelékes pliocén-pleiszto-
cén képzédményének, a Merced Formacid fels6, pleisztocén rétegsoranak féként terepi makroszko-
pos megfigyeléseir6l adnak szamot, de felhasznalnak néhany mikrofauna és asvanykézettani vizsga-
lati eredményt is. San Franciscotol D-re a Csendes-6cean partjan a Szent Andras torés kozelében
(1. &bra) 10-60 m magas, meredek, pusztulé falban 1évé, tdbbnyire csak kisebb-nagyobb lejtémenti
tormelékfolyasokkal takart feltaras-sorban az E-ra d6l6 Merced Formaciot egy 2 km hosszd, a
partvonallal parhuzamos, ma is é16 féldcsuszamlas tagolja két szakaszra. Jelen munka a térképmel-
Iékleten (1. abra) jelzett partszakasz E-i részének (a foldcsuszamlastdl E-ra) részletes leirdsa mellett
a D-i partszakasz legfels6 részével valo rétegtani azonossagat is igazolja. A Merced Formacio a
vizsgalt szelvényszakaszban két kiemelkedd jelent6ségli marker réteget, a 400 000 éves vékony
tufaréteget és az Ashley [1895] altal ,fels6 gastropoda rétegként” leirt, kagyld és néha csigahazakat
tdmegesen tartalmazo kdzetlisztes agyagkd réteget tartalmaz.

Valtozatos uledékképzddési kornyezeteket lehetett elkiildniteni, amelyek az alabbiak: arapaly
csatorna, arapaly siksag, fluvialis csatorna, hattéri parti siksag, td, eolikus d(ine. Az liledékképzddés
altalanositott, egyszer(isitett menete az alabbi: esztuarium jellegli 6bol, eolikus homok, 6bél,
folyovizi, 6bol, hattéri parti siksag, nyilttengeri partkozeli. A rétegsorban gyakoribb a tengeri
transzgresszio eredményeként képzddétt Gledék, mint amennyi a Merced Formaciéban vagy a vele
tarsult rétegekben altalanosan ismert. Az egyes lledékképz6dési kornyezettipusok jellegzetes képvi-
sel6it szamos fénykép és a kifejl6dések valtozasait néhany részletes szelvényrajz is szemlélteti.

MPUBPEXXHbIN PA3PE3 MNENCTOLLEHA B KAJIM®OPHUNCKOM
KYPOPTHOM PAWMOHE FONAEH FENT

lesa YACAP, I'. 3gBapg KINMO®TOH un Pand 3. XAHTEP

ABTOpPbI OTYUMTbLIBAKOTCA TNaBHbLIM 06pa30M O MOMEBLIX MaKPOCKOMMUYECKUX HabMoAeHNsAX
XapaKTepHOro wenba WM NPMOPeXKHbIX 06/0MOYHBIX MANOLEH-MNNEACTOLEHOBbLIX 06pa30BaHuii
Mepcefckoii hopmaLim BepxHeii YacTu NaeidcTOLEHOBOrO pa3pesa, HO UCMOb3YIOT TakXe pPesyb-
TaTbl aHa/IM30B HEKOTOPLIX MUKPO(ayH M MUHEpanoneTporpauyeckux UccnesoBaHuii.

K tory ot CaH ®paHuuMcko Ha bGepery Tuxoro okeaHa, B6/m3u pasnoma CesaToro AHgpes
(puc. 1) B cepumn 06HaXKEHWIA, pacrnooXeHHOW B KPYTOl 3p0AMPOBaHHOl CTeHe BbicOTOM B 10-60 M,
B 60/IbLLIMHCTBE C/ly4aeB NOKPbITON KONMOBUANLHO-eNH0BUAIbHLIMU OTNI0XeHMAMN, Mepceackas
thopmauus, nagatolias Ha CeBep pacyfieHeHa Ha [Ba OTPe3Ka XXMBYLLMM W B HACTOsLLee Bpems
OMON3HEM, MapannenbHbIM NUHUKM Bepera.

HacToswas pa6oTa, KpOMe fjeTalbHOro ONMcaHUs CeBepHOI yacTu, 0603HaUYEHHON Ha npu-
NoXeHHoin kapTte (puc. 1) 6eperoBoro oTpeska (K CeBepy OT OMOM3HA), [OKa3biBaeT TaKXe €ero
cTpaTurpauyeckyrd MAEHTUYHOCTb C CaMbiM BEPXHUM OTPE3KOM OXHOI Gepera. Mepceackas
(hopmaLus B pacCMaTpMBaeMbIX YaCTsX paspesa COLEPXMUT ABa MapKUPYHOLLUX FOPU30HTA, Meto-
WMX BblAatoLleecs 3HaueHve, TOHKWIA cnoit Tyda, nmetowmii Bospact 400 000 neT M ONMCaHHbLIN
Ashley [1895] Kak «BepXHWIA racTpOMOAOBbI/i FOPU3OHT» CMOI CYMecHbIX aneBponUTOB, COfepXKa-
WMt 60/bLLIOE KOMMYECTBO [BYCTBOPYATbIX PAKOBWH 1 racTponozoB.

Bblnn BblfeneHbl pasHooGpasHble auuM 0CcafKOHAKOMMNEHWUs: KaHan OTAMBA, MI0CKOCTb
0TAMBa, (hNtOBUANbLHBIA KaHan, oHoBas GeperoBas paBHWHA, 03€pO, 30/10Bble AIOHbLI. YNPOLLEH-
HbIA, 0606LLEHHbIA Npouecc ocagkoobpa3oBaHUA CnefytoLWWiA: 3anMB Tuna 3cTyapuii, 30/10Bble
necku, 3anuBe, (toBUaNbHbIE, NaryHHble, poHOBas 6GeperoBas paBHUHA U NPUGPEXHLIA Y4acTOK
OTKpLITOro Mops. B cTpaTurpadmueckom paspese Haubonee YacTo BCTpeyatoTcs ocafku, 06paso-
BaBLLMECSA B pe3ynbTaTe MOPCKOW TpaHCrpeccuu, YeM U3BECTHbIE 06bIYHO B MepcescKoii hopmaLmm
WK B CBA3aHHbIX C Hell Cnosx.

OTzenbHble XapaKTepHble NpeAcTaBUTeNV TUMOB (baumnii 0caaKOHAKONNeHUS MpesCcTaB/eHbl
Ha MHOTMX (hoTOrpadmax, 1 U3MeHeHUs Pa3BUTUIA MOKa3aHbl HA HECKOMbKUX feTalbHbIX pa3pe3ax.
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GEOCHEMICAL ANALYSES OF 12 HUNGARIAN COAL SAMPLES

Laszl6 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 geochemicgl 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 -1l and H-12 (Table 1) 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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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 of Eocene age. These deposits are
in the central Transdanubian Region of Hungary. The thickness of the mineable
coal beds ranges from . to s 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 3to 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 Il 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 111 is a comparison of the average values of the data in Table
Il 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
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Determination (content) HGS USGS Difference
%
Ash (R) 16.6 16.0 3.7
Moisture (R) 24.6 21.0 171
Organic sulfur (R) 3.6 2.4 50.0
Total sulfur (R) 3.8 3.9 2.6
Heat value (R) 4.151 4,718 120
(MF) 4,204 5,390 22.0
(MAF) 6,949 6,973 0.3
Air-dried loss 105 5.0 110.0
Volatile matter (R) 31.0 331 6.3
(MF) 27.8 30.7 95
(MAF) 322 34.0 53
Fixed carbon (R) 33.8 35.1 3.7
(MF) 37.2 40.0 7.0
(MAF) 446 476 6.3

Table I11. 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

I1l. tablazat. 12 db magyarorszagi szénmintan a USGS-ben és a MAFI-ban végzett
Osszehasonlitd elemzéseinek eredményei. F(it6érték Kcal/kg-ban, egyéb adatok szazalékos
forméaban;/? = nyersszén; MF = szaraz szén; MAF = szaraz, hamumentes szén

Tabnuua 1ll. Pe3ynbTaTbl CPaBHUTENbHbIX aHa/M30B, BbINOMHEHHbIX B TCA 1 BI'M Ha 12
BEHIEPCKMX YronbHbIX npobax. TennooTgaya B KKan/Kr, Apyrue gaHHble B %%; R = cbipoii
yronb, MF = 06€3BOXeHHbIN yronb, MAF = 06€3BOXXEHH0-6€330/1bHblIli Yrofb

total sulfur contents. It is evident from Table Il, 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
I11). 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 2 and the following equa-
tions

Pliocene.......ccooovvviiccicc e, Kcal/kg

MIOCENE.....eeiieeee e, Kcal/kg

77(39-A) )
91(54-A) @)
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EOCENE.....ccviirie e Kcallkg = 63(80-A) ©))
Li8S. e Kcal/lkg = 111(76-A) @
where A is the percent ash.

Content Pliocene  Miocene  Eocene Lias  Composite Nat. Inv.
Ash (F? 11.7 18.9 16.7 161 16.3 229
(MF) 26.2 20.0 21.2 17.0 19.8
Moisture (R) 49.0 20.8 13.7 19 20.9
(R2 0.75 178 361 1.60 2.39
Organic sulfur (MF) 142 2.33 3.89 104 2.61
(MAF) 191 2.68 5.12 122 3.33
(R? 11 2.4 5.9 25 35
Total sulfur (MF) 2.0 2.8 6.4 2.2 41
(MAF) 2.6 33 8.7 2.6 49
(Rz 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) 39.8 139 6.8 0.8 12.6
R 23.2 28.8 37.3 284 318
Volatile matter (MF) 43.8 39.7 40.3 28.9 38.9
(MAF) 593 47.2 54.0 331 47.3
R 16.0 318 34.2 55.3 339
Fixed carbon (MF) 30.2 43.8 345 56.3 39.0
(MAF) 40.8 52.8 46.0 66.0 50.1

Table 1V. 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; MAP, moisture
and ash free

1V. tablazat. Kiilénb6z6 korl szenek technoldgiai elemzésének eredményei. Futéérték
Kcal/kg-ban, egyéb adatok szazalékos formaban; R = nyersszén; MF = széraz szén;
MAF = széraz, hamumentes szén

Tabnuua 1V. Pe3ynbTaTbl TEXHONOTMYECKMX aHANW30B Yreid pa3nMyHOro BospacTa.
TennooTgaya B KKan/Kr, fpyrue faHHole B %%, R = cbipoii yrons, MF = 06e3BOXEHHbIi
yronb, MAF = 06e3B0)X€HHO-6€330/1bHblIi Yrofnb

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, s %; 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 — fiit6érték fliggvény

Puc. 2. 3aBUCUMOCTb: 30/IbHOCTb + BA@XHOCTb — TENj100TAa4a

Fig. 3. Ash—heat value relationship
3. dbra. Hamu  f(it6érték fuggvény

Puc. 3. 3aBUCMMOCTb: 30/IbHOCTb — TemnooTAava

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 % Ash*
Pliocene 135
Miocene 22.0
Eocene 17.8
Lias 32.9

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-
guences 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 Si02 K:0, Ti02 and ALOs 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.

Fig. 4. Total sulfur -heating value relationship
4. dbra. Osszes kén — fiit6érték fliggvény

Puc. 4. 3aBUCUMOCTb: 06LLiee CoAepXKaHne cepbl — TenaooTAada

Composite Pliocene Miocene Eocene Lias

Mean  disp% Mean disp% Mean disp% Mean disp%  Mean  disp%
sio2 36.7 43.6 43.0 10 39.0 47.2 25.2 43.6 55.5 10
A1203 16.4 4.1 17.0 10 15.7 10.8 131 66.5 25.0 16.0
CaO 115 81.3 11.9 181 9.3 74.4 16.3 66.9 24 80.3
MgO 19 56.8 28 18 2.0 50.8 21 47.6 0.4 5.7
Na20 11 80.9 0.2 7.3 19 33.6 13 64.3 0.3 4.4
KD 14 67.2 10 21 2.0 55.3 0.8 69.2 23 4.3
Fe20 3 10.1 85.8 6.2 29.0 8.6 78.9 12.8 91.2 9.5 5.8
tio2 0.5 56.2 0.4 7.5 0.3 74 0.5 58.6 0.9 8.3
p2o5 01 1070 0 - 01  46.8 01 446 02 750
S03 135 90.8 10.6 13.2 15.3 70.1 185 76.0 11 36.4

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

V. tablazat. Féelemek atlagértékei a hamuban. Disp = (standard szords x 100)/atlag

Tabnuua V. CpefiHve 3HaueHUs FNaBHbIX 3/1EMeHTOB B 30/1e. Disp. = (cTaHfapTHoe
paccesHue x 100)/cpefHee 3HayeHe
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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 42.3 03 345
B 575.0 100.8 91.0 92 9730 202 6880 1380 1800 222
Ba 7380 1130 2100 9.5 790.0 553 9920 1165 555.0 513
Be 184 1674 118 36.2 39 378 2.6 63.0 860.0 10.5
Cd 0.3 76.6 0.2 16.6 0.1 45.0 0.3 64.6 05 673
Ce 181.0 135.0 60.0 17 840 218 71.0 68.5 720.0 111
Co 15.6 68.3 235 489 114  59.8 9.9 78.4 28.0 3.6
Cr 92.0 54.2 98.0 2.6 45.0 416 109.0 56.3 1140 145
Cs 12.6 70.0 7.8 3.8 161 79.6 91 59.7 21.0 9.5
Cu 56.0 42.8 51.0 235 450 311 50.0 313 940 283
Eu 3.0 70.6 2.0 5.0 12 556 34 64.9 5.7 132
Ga 21.0 58.1 18.0 2.9 170  29.2 18.0 68.7 40.0 241
Ge 100 1100 9.0 50.5 5.0 3.9 6.0 52.6 300 533
Hg 88 1591 33 9.1 2.9 14.9 21 43.2 40.0 5.0
La 92.0 13938 30.0 17 37.0 489 37.0 56.2 375.0 120
Li 65.0 64.3 36.0 8.3 55.0 143 72.0 72.9 89.0 469
Lu 10 1085 13 385 04 288 0.3 47.8 33 3.0
Mn 282.0 67.7 545.0 156 323.0 403 210.0 80.6 1400 720
Mo 204  160.2 4.8 375 73 532 11.7 1028 925 8.1
Nb 43.0 1723 9.0 17.6 120 236 10.0 224 205.0 12.2
Ni 97.0 771 1180 53.2 49.0 651 81.0 96.1  190.0 0

Pb 141 1175 55 9.1 110 708 52 7.7 49.5 71
Rb 128.0 76.2 65.0 31 1820 775 129.0 675 1100 91
Sc 18.3 54.1 28.0 10.7 11.0 7.8 155 725 26.5 19
Sm 11.6 79.4 5.9 3.4 53 415 53 66.8 42.5 105
Sr 1,890 96.8 445 7.9 1183 335 3.020 739 1570 719
Ta 0.7 1173 02 415 02 479 0.6 116.0 21 7.3
Tb 2.6 85.2 19 18.9 20 376 14 50.1 7.3 10.3
Th 26.3 93.6 22.0 0 193 272 118 60.1 775 200
U 250 12238 5.8 3.4 122 805 243 1475 65.0 138
\% 120.9 60.6  130.0 7.6 60.7  45.2 1158 702 2150 2.3
w 0.9 94.4 0.6 0 06 236 0.5 411 28 236
Y 58.2 91.8 60.5 25.6 31.0 225 28.8 66.4 170.0 59
Yb 82  100.6 9.7 34.0 3.9 17.9 33 48.2 255 5.9
Zn 60.1 72.6 79.0 7.6 35.7 57.1 50.0 68.4 1030 65.0
Zr 3465 1689 1235 21.4 126.7 7.4 66.2 659 1600 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 koncentracié értékei a hamuban. Disp = (standard
szoras X 100)/atlag

Tabnuua VI. 3HauyeHUs KOHLEHTpaLMWA pefKUX 3NeMeHTOB U B cnefax. Disp. = (cTaHAapTHoe
paccesHune X 100)/cpegHee 3HayeHune
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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 elem¢nts) 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 Laészl6. Peter ZUBOVIC és Frederick O. SIMON

A MAFI — USGS kétoldali egyittmiikodés soran 12 db magyarorszagi szénmintat vizsgéltak
meg az USGS kozponti geokémiai laboratériumaban (Reston). A rendkivil széles kor( elemzések
soran a hagyomanyos technoldgiai és mindsitési vizsgalatokon tdlmen&en kornyezeti szennyez6a-
nyag-tartalom és széles korli nyomelem, illetve ritkafém tartalom meghatarozasra is sor keriilt.

A kisszami mintavételezés eredményének MAFI — USGS kozds mddszertani értékelése
els6sorban szénmindsitési és kornyezetvédelmi feladatokra ad konkrét megoldasi dtleteket. A min-
tak kis szama miatt az eredmények csak kvalitative értékelhet6k.

FEOXVMMWYECKUIN AHANIN3 12-i BEHTEPCKWX YT OJIbHbIX MPOB
Nacno I. LLIOMOLL, MeTep 3YEOBUY u dpegepuk O. CAUMMOH

B Xoae ABYCTOPOHHErO COTPYAHWMYECTBa MeXAy BeHrepckum reofiorMyeckum UHCTUTYTOM
(BI'N) n leonornyeckoin cnyx6oin CLLUA (FTCA) 12 BeHrepckux o6pasuoB yrneii nccnegoBanmch
B LleHTpa/ibHOW reoxumuyeckoin na6opatopun FCA (PecToH). B TeyeHne HeobblYaiiHO LLUMPOKOro
Kpyra uccnefoBaHuii MOMUMO TPaAULMOHHBIX TEXHONOTMYECKUX U KaYeCTBEHHbIX aHann30B Oblno
NpoBefeHO OnpeseNieHne CoLepXaHna BELLECTB, 3arpA3HAIOLLNX OKPYXaloLWYyo cpedy, U cogepxa-
HWS MHOTFOYMCNEHHbIX PeAKMX MEeTannoB 1 B cnefax.

CoBmecTHoe (BI'M- -I'CA) meToamnyecKoe OLeHNBaHMe pe3ynbTaToB UCCnefoBaHNA He6O0b-
LWoro Konnyectsa 06pasLoB AaeT uaen Ans BO3IMOXHOIO paspelleHus 3ajad, B Nepsyro O4epesb,
B 06N1aCTAX Ka4eCTBEHHOW OLeHKW yrnel 1 3almTbl OKpY>XatoLleli cpefbl. PesynbTaTbl, BNeACTBME
Manoro Konuyectsa 06pasLoB, MOryT 6bITb OLEHEHbl TONbKO KBA/MTATUBHO.
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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 H2 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-E isma 1966, Espitaltie €t al. 1977]. The pyrolysis can
be made using total organic matter [C1aypool-R eed 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
[Leventhatl 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, Giraud 1970, Jonathan €t al. 1975, de Rouchet 1978] or the
post-pyrolysis organic residue [G ransch-E isma 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-
guently 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 Szatay-K oncz 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 3555 °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 [Szalay-K oncz 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. 1

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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Fig. 1. Location of the samples
I. dbra. A mintak terileti elhelyezkedése

Puc. 1 MnowapgHoe pacnpegeneHve npob nopog

subjected to an extraction with chloroform and then with a mixture of ben-
zene-acetone-methanol.

From these prepared core samples 1g size subsamples were extracted and
placed into glass ampoules, which were made of high melting-point glass. After
inserting the 1g 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 C6carbon 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
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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 nitrogéné 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 (Cag) fell in the 0.006-0.021 g/grak 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/grad), 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

SB  —benzene-acetone-methanol soluble bitumoids; g bitimoids/100 g
rock
CT  —organic carbon in the bitumoid-free and carbonate-free rocks;

g C/100 g rock (free)
Cag —lota' organic carbon (bitumoid C + kerogene C); g C/100 g rock

BK  —bitumoid coefficient; g bitumoid carbon/g rock
M —HC1 insoluble residue; g residue/100 g rock

RO  —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 (SKISB), 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:

BK  Ro(%)
Cse-1/3 0.035 0.88
Cse-1/12  0.027 137

Mu-1/5 0.006 301
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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, Bares Ny-1/1 and Bares 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 II.

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 (/?0=3.01 and 1.00 in Table 1.).

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
C8and C25.

Similarly, in the generation of the CxC 6 hydrocarbons, the maximum
liquid hydrocarbon production (yield) appears to be related to the clay-marl
type rocks (Table 1V.).

As characteristic examples, the pyrograms of the Cse-1/11 and Bares
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 C9-C 18. 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
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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.

X (C,-C6) Relative liquid

Vikll No Depth Vit';; el Bitumoid coeff. BK hydrocarbon

Core No (m) 0 CT 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

Patr6-1/6 1400 - 0.010 0.195 minimum

Patro-1/7 1500 0.62 0.041 0.920 minimum
Table I1l. Relationship between the bitumoid coefficients and the unit values of the kerogen

pyrolysis products

I1l. tablazat. Osszefiiggés a bitumoid koefficiens és a kerogén pirolizis termékek egységértékei
kozott

Tabnumua I11. 3aBUCMMOCTb KO3((ULMEHTOB BUTYMOMAA OT €AMHUYHBIX 3HAYEHWIA NPOAYKTOB
IOPOreHHOro N1ponn3sa

Well No Depth
Core No m) Age Rock type Remarks
Cse-1/3 3580 Lower clay-marl, Complex mixture
Miocene siltstone Carbon number range: C™
Cse-l/11 3820 Upper dolomite Complex mixture
Cretaceous Carbon number range: C8 28
Bares Ny-1/1 3015 Miocene clay-marl Complex mixture
Carbon number range: C-C 5
Bares Ny-1/2 3350 Miocene clay-marl Complex mixture

Carbon number range: C8 _uqoc

Table 1V. Kerogen pyrolysis. Maximum liquid hydrocarbon production
V. tablazat. Kerogén pirolizis. Maximalis folyékony szénhidrogén termelés

Tabnuua V. KeporeHHblil nuponn3. MakcuManbHas fo6blua XXMAKOro yraesogoposa
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Well No
Core No D(%E)th Age Rock type Remarks
Cse-1/2 3420 Lower Miocene  siltstone n-alkane predominance;
Range: C9—C 18
Cse-1/8 3800 Miocene dolomite n-alkane + isoprenoid predom.
Rapge: C10 C28
Cse-1/12 3830 Upper lime-marl, n-alkane + isoprenoid predom.
Cretaceous limestone, Range: C9—C 18
dolomite
Gyék-1/6 2920 Miocene claystone n-alkane predominance
Range: C9—C18
Be-20/45 2430 Miocene marl with n-alkane predominance
siltstone Range: C9—C24

Table V. Kerogen pyrolysis. Medium liquid hydrocarbon production
V. tablazat. Kerogén pirolizis. Kdzepes folyékony szénhidrogén termelés

Ta6nvua V. KeporeHHblit nuponus. CpeaHas fo6blua XUAKOTO yriesogopoaa

Fig. 2. Pyrogram of the kerogen from
the Cse-1/11 core sample

2. é&bra. A Cse-1 furéds 11. sz
magmintajabol szarmazé kerogén
pirogramja

Puc. 2. Muporpamma KeporeHa kepHa
Ne 11 ckBaxuHbl Cse-1

Fig. 3. Pyrogram of the kerogen from the Bares
Ny-1/2 core sample

3. abra. A Barcs Ny-1 flras 2. sz. magmintajabél
szarmazo6 kerogén pirogramja

Puc. 3. Muporpamma KeporeHa kepHa No 2 CKBaXKUHbI
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 Ct-C 6and C8-C 2 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 and Bares 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. édbra. Az Mszm-1 furas 17. sz.
magmintajabol szarmazo6 kerogén
pirogramja

Puc. 4. Muporpamma KeporeHa kKepHa No 17
CKBaXKUHbI Mszm-1

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 guantitative evaluation of the hydrocarbon resource potential of
sedimentary deposits.
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KEROGEN TiPUSANAK BECSLESE IDO-HOMERSEKLET
PIROLIZ1S MODSZERREL

FISCH Ivan és KONCZ lIstvan

A szerz6k ismertetnek egy egyszer(, Gn. id6-hémérséklet pirolizis modszert, melynek segitsé-
gével, pontosabban a keletkezett pirolizis termékek gazkromatografias vizsgalataval becstlni lehet
a kézetmintak kerogénjének tipusat (H,-ben gazdag, jo olajképzd6, ill. H2-ben szegény, gyenge
olajképzd), ill. annak tengeri vagy szarazfoldi eredetét.

A maddszer alkalmazhatonak latszik az tledékes kézetek szénhidrogén potencialjanak becslé-
sére. Mas geokémiai modszerekkel kapott informacidkkal egybevetve ndvelheti a szénhidrogén-

progndzis pontossagat.
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OUEHKA TUNA KEPOTEHA METOAOM «BPEMA-TEMIMEPATYPHOIO
MNPOJTN3A»

MBaH ®NLU n NwTtBaH KOHL,

MpocTbiM METOAOM «BpeMs-TemmepaTypa MMPO/M3a» Ha OCHOBE ra30-XWAKOCTHON Xpo-
martorpaduu nNpofyKTOB MMPO/M3a MOXHO MPOM3BECTU OLEHKY TUMa KeporeHa nopof (6oratbix
BO/IOPOAOM, C XOpoLlei HedTeobpasytouleid cnocob6HOCTbO, 6GefHbIX BOAOPOAOM, CO cnaboit
He(hTeo6pasytoLLeil CMOCOBHOCTbIO), a TakXKe UX MOPCKOE WM TEPPUTEHHOE MPOUCXOXAEHWeE.

MeTog npurofieH A1 OLEHKW MOTEHLMana NPOUCXOXAEHWUs YrneBOAOPOAOB 0Caf0YHbIX
nopos. CpaBHMBasi pe3ynbTaTbl, MOMY4YEHHble 3TUM METOAOM, C WHOpMaLMeid, NoMy4eHHON
OPYTMU TEOXMMUYECKUMW MeTOAaMM, [aHHbIA MeTOA MOXEeT MOBbICUTb HafEXHOCTb MPOrHosa

yrNeBoopo/ioB.



GEOPHYSICAL TRANSACTIONS 1985
Vol. 31 No. 1-3 pp. 217-230

STRUCTURAL ROTATIONS FROM PALEOMAGNETIC DIRECTIONS
OF SOME PERMO-TR1ASSIC RED BEDS, HUNGARY

Emé 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 Bikk 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
Deci. 177.4°. Inch —5.0°, reversed polarity; Balaton Highlands, Deck 307.2°, Inch 11.0°, normal

polarity).
Comparison is made with paleomagnetic results from rocks of comparable age in the Mediter-
ranean area.

Keywords: palaecomagnetism, 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-
0genesis [Marton-M arton 1978, 1930].

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

* EO6tvos 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, M arton
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, although 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 samples and isolating the remanence residing in
detrital hematite [for example, Eiston-P urucker 1979], was integrated with
experience accumulated in Hungary on analyzing complex magnetizations in
general [Marton 1980/b, M arton 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 Biikk Mountains
(North Hungarian Mountain Range), and two localities in the Mecsek Moun-
tains (Southeast Transdanubia, Fig. 1).

* 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 Balatonalméadi, quarry; BAP Balatonaréacs; BFP Balatonfiired; KP Kévagoors
Mecsek Mountains: EPZ — Egédpuszta; EPRB — Boda
Bikk Mountains: SBP  Szilvasvarad, Bacsovolgy

l. abra. Permo-tridsz voros lledékek mintavételi helyei Magyarorszagon
Balatonfelvidék: BP Balatonalmadi, Vadvirag utca; BQP— Balatonalmadi, kéfejtd;
BAP Balatonaracs; BFP — Balatonfiired; KP — K&vagoors
Mecsek hegység: EPZ — Egédpuszta; EPRB — Boda
Bikk hegység: SBP  Szilvasvarad, Bacsovolgy

Puc. I. MecTa B3AT1A 06pa3LLoB NepMOo-TPMacoBbIX KPaCHOLBETHbLIX OT/I0XEHWA B BeHrpum
MpunbanaToHcke ropbl: BP — c. BanatoHanmagbl, yamuya Bagsupar; BQP — c. banaToH-
anmagbl, kapbep; BAP — c. banaToHapay; BFP — r. banatoHgtopes; KP - c. Kéearoépuu
Meuekckue ropbr.EPZ — 3reanycta; EPRB — c. boga
[opbl Blokk: SBP - Cunalwusapag, fon. bayo

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, 3c, 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.

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. abra. a) és c). A természetes remanens magnesezettség iranyanak és intenzitdsanak valtozasa
lépcs6zetes hbkezelésre: D, deklinacio, /, inklinacio. Ortogonalis vetlletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli korok) és a szuszceptibilitas (ires korok)
valtozasa lépcsézetes hékezelésre

Puc. 2. a) u c). VI3MeHeHWe HanpaBfeHUs Y MHTEHCUBHOCTY eCTECTBEHHOW OCTAaTOYHON
HaMarHM4aHHOCTW Npu CTyneH4yaToli TepmoobpaboTke: D CK/IOHEHUWe, | — HaK/oHeHMe.
OpTOroHabHbIe MPOeKLMK
b) nd). Vi3mMeHeHWe OTHECEHHbIX K UCXOAHbIM 3HAYEHWUSIM UHTEHCUBHOCTU (MOMHbIE KPYru)
1 BOCMPUMMYMBOCTU (NyCTble KPYrun) nNpu CTyneH4aToli TepmoobpaboTke
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Down

RED SANDSTONE
RED SIITSTONE

Fig. 3. 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

3. abra. a) és c). A természetes remanens magnesezettség iranyanak és intenzitasanak valtozasa
lépcs6zetes hékezelésre: D, deklinacio, /, inklinacié. Ortogonalis vetiletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli kérok) és a szuszceptibilitas (lires korok)
valtozasa lépcsézetes hékezelésre

Puc. 3. a) n c). M3ameHeHWe HanpaBneHNs U UHTEHCMBHOCTM €CTECTBEHHOI OCTaTOYHOM
HamMarHM4YeHHOCTU MpuW CTyneH4aToli TepMoo6paboTke: D — CK/IOHEHUE, | — HAK/OHEHNe.
OpToroHanbHble NPOEKLMK
b) 1 d). /3meHeHNe OTHECEHHbIX K UCXOAHbIM 3HAUEHUSAM UHTEHCUMBHOCTU (MOJHbIE KPYri)
1 BOCMPUUMYMBOCTU (MYCTble KPyru) Npu CTyneH4aToli TepmMoobpaboTke
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RED SOSTONE

b)

Fig. 4. 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) 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 intenzitasanak valtozasa
lépcs6zetes hbkezelésre: D, deklinacid, /, inklinacié. Ortogonalis vetiiletek
b) és d). A kezdeti értékre normalizalt intenzitas (teli korok) és a szuszceptibilitas (lres korok),
valamint a szuszceptibilitds anizotropia fok (pontok a 4/d abran) valtozasa lépcs6zetes
hékezelésre

Puc. 4. a) n c). VI3MeHeHne HanpaBneHWUs U UHTEHCUBHOCTY eCTECTBEHHOW OCTaTOUYHOW
HamMarHM4YeHHOCTU NpY CTyneHuYaToll TepMoo6paboTke: D — CK/IOHeHWe, | — HaKNOHEHUe.
OpTOroHanbHble NPOEKLUM
b) n d). 3meHeHMe OTHECEHHBIX K UCXOAHbIM 3HAYEHWUSIM WHTEHCUBHOCTMW (MOMHbIE KPYTi)

1 BOCMPUUMYMBOCTY (MyCTble KPYru), a TakxKe CTeneHW aHWM30TPONUM BOCMIPUUMYMBOCTU (TOUKM
Ha puc. 4/d) npu cTyneH4yaToli TepMoo6paboTke
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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. 1and Table 1). These groups are designated
as reliable in the traditional sense.

Sites BQP 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 1).
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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. abra. A mintavételi helyek délés-korrigalt kozépiranyai a95-tel. A konfidencia kérok nélkali
kozépiranyok a Balaton-felvidéki mintavételi helyek kdzépiranyai tektonikai korrekcio el6tt.

A jeldlések magyarazatara lasd 1 abra. Osszehasonlitasképpen egy korabbi meghatarozas
eredményét is abrazoltuk Egédpusztarél (EPZ-\elazonos mintavételi hely). Bar a konfidencia
korok hasonl6ak, az Gj eredmény mégis jobb mindségl, mint a régi, mert k értéke, amely
a vektorok parhuzamossagat jellemzi, jobb EPZ-re, mint az Egédpuszta 1968-as meghatarozasé

Puc. 5. CpefiH/e HanpaBfeHus MecT B3ATUA 00pas3L0B NOCNe BHECEHWS NOMPaBKW 3a Hak/IOH
c a,,. CpefHve HanpaBneHus 6e3 KPyros fOBepus MPeLCTaBNAOT CO60MA cpefHWe HanpasfeHns
MecCT B3ATMUS 06pa3uoB MpnbanaToHCKMX ropax nepep BHECEHWEM TEKTOHWYECKOW NONpaBKw.
YcnoBHble 0603HaYeHMs faHbl Ha puc. 1 [na conocTaBneHns n3obpaxeHbl Takke pesynbTathl
npeXxKHero onpegeneHns ¢ regnycta (MecTo ofgmHakoBoe ¢ EPZ). XoTa kpyru fosepus
MOX0XW, HOBbIA pe3ynbTaT BCe-Taku OT/IMYAETCA NO KauyecTBY MO CPABHEHMWIO CO CTapbiM
pe3ynbTaToM, NMOTOMY YTO 3Ha4eHWe K, KOTopoe 0603HayaeT napanfieslbHOCTb BEKTOPOB, /yulle
ana EPZ, uem onpefeneHve Ha 3regnycta 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. abra. Balaton-felvidék KP jel(i mintavételi hely. Az 500 °C-os tisztitasi 1épésben mért (teli
korok) és az 500 és 400 °C kozott elveszitett (bekarikazott pontok) magnesezettség iranyai
szogtartd vetileten

Puc. 6. MecTo B3ATMs 06pasua ¢ 0603HaveHnem KP B MpubanaToHCKMX ropax. MpusegeHbl
HanpaB/feHNs HaMarHWYeHHOCTU, 3aMepeHHO B wary ounuieHns B 500 °C (NONHbIMK Kpyramu)
1 notepenHoin mexxay 500 n 400 °C (06BeAeHHbIE KPY>KKOM TOYKM), Ha CTepeorpafuyeckoi
npoeKkLun

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
magnetizationwhich we cannot demonstrate to be older than the tectonic phase
responsible for the local tills.

Unfolding, ie. 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 a95, 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
(KPF Table 1) is much lower than the inclinations obtained from Triassic
marine strata (+38°, +4I', +35° +35° +33° oldest Scythian, youngest
Carnian) [Marton-M arton 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.

Fig. 7. Declinations measured on Carboniferous, Permian, and Triassic rocks of the Central

Mediterranean.

References: 1 Edel et al. 1981; 2. Zijderveld et al. 1970 a, Westphal et al. 1976; 3. Horner-L ow-

rie 1981; 4. VandenBerg 1979; 5. VandenBerg-W onders 1976; 6. Heiniger 1979; 7. Heiniger

1979; Zijderveld et al. 1970/b, Férster et al. 1975; 8. Zijderveld et al. 1970/b; 9. Manzoni 1970;

10. Manzoni 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. abra. A kozéps6 Mediterran terlletr6l karbon, perm és triasz kézeteken meghatarozott deklinaci-
ok iranyai
1 — Afrikai-Arabiai el6tér; 2 — a Tethis déli kontinentalis szegély lledékei; 3 — Ausztro-alpi
teriilet; 4 - oceani maradvanyok (ofiolitok), kontinentalis elemekkel; 5 — Pieniny szirtov;
6 — a Tethis északi kontinentalis szegély tledékei

Puc. 7. HanpaBneHus CKNOHeHUs, onpedenieHHble Ha nopofax kap6oHa, nepma u Tpuaca co
cpefHeii yactu bacceiiHa Cpean3eMHOro mops
1— Adpo-Apabckuin hopnaHi; 2 — 0CafKu HXHO-KOHTUHEHTanbHOro 6oprta TeTuca; 3 —
ABCTpo-anbnuiickas Tepputopus; 4  oKeaHUYeckue OCTaTKU (0PMONUTBI)
C KOHTUHEHTa/IbHBIMW 371eMeHTaMK; 5 — 30Ha MbeHUHCKUX YTecoB; 6 — ocafKm
CEeBEPO-KOHTUHeHTaNbHOro 6opTta TeTuca
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MAGYARORSZAGI PERMO-TRIASZ VOROS ULEDEKEK PALEOMAGNESES
VIZSGALATA

MARTONNE SZALAY Erné és Donald P. ELSTON

Irdnyitott mintakat gydjtottink 6t permo-tridsz vords homokké feltarasbél a Balaton-
felvidéken, egy feltarasbol a Biikk hegységhdl és két feltarasbol a Mecsek hegységbdl. Célunk az
volt. hogy paleomagneses iranyokat és pélusokat hatdrozzunk meg, amelyek alkalmasak a kiillonbo-
z6 tektonikai egységek lehetséges rotacioinak kiértékelésére.

Statisztikusan jol definialt iranyokat sikeriilt meghatarozni a Balaton-felvidék négy, a Mecsek
hegység két feltarasabol szarmazé kdzetein tobb Iépésben végzett termikus tisztitds és a mért és
eltavolitott remanencia elemzésének eredményeként.

Az iranyok szignifikansan eltérnek a mai tér iranyatol és ez a remanencia id6s korat bizonyit-
ja. Ennek ellenére a magnesezettség hordozoi komplexek és egyarant lehetnek gydrédés el6ttiek 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°, inklinaci6: 11,0°, normal polaritas).

A meghatarozott iranyokat dsszehasonlitjuk a Mediterran teriletr6l ismert hasonlé koru
paleomagneses eredményekkel.

NMANEOMATHUTHOE NCCNEAOBAHWE NMEPMO-TPUACOBbBIX KPACHOUBETHbIX
OTNOXEHWNW B BEHI'PIN

OMé MAPTOH un OowHang M. 9/1ICTOH

OpueHTMpPOBaHHbIe 06pasLbl 66111 cobpaHbl U3 NATU 06HAXEHWA NepMO-TPUACOBLIX Kpac-
HOLIBETHbIX MecYaHUKoB B MpubanaToHCKMUX ropax, U3 Of4HOro 06HaXeHUs B ropax BrokK n Asyx
obHaxeHwun B ropax Meuek. Halla Lenb 3akntovanach B ONpeLe/ieHnn NaneoMarHuTHbIX Hanpase-
HWI 1 NONKOCOB, KOTOPbIE NO3BONAIOT OLEHUTb BO3MOXHbIE BPaLLEHNUS Pa3NYHbIX TEKTOHUYECKNX
efnHnL,

Y panocb onpefennTb CTaTUCTUYECKU HafeXHbIe HanpaBneHns Ha Nopojax, e3dTblX U3 YeTbl-
pex o6HaxKeHWU MpnbanaToOHCKMX rop 1 ABYX 0OHaXeHUA MeuekcKMX rop, B pesynbTaTe CTYNeH-
4aToli TEPMUYECKOW YMCTKM W aHann3a 3aMepeHHOl 1 YAaneHHON Npy YACTKE OCTaTOYHON Hamar-
HWYEHHOCTHU.

HanpaBneHna xapakTepHO OTK/IOHAKOTCA OT HanpaB/IeHNs HACTOALLEr0 NONS, YTO NOLTBEPXK-
[aeT ABEPHOCTb OCTaTOYHON HaMarHMYeHHOCTW. HecMoTps Ha 3TO, HOCMTENW HamMarHWY4eHHOCTU
ABNAIOTCA CNOXHLIMW U MOTYT MPOUCXOAWUTb W3 AOCKIaA4aTOM WM MOCNeCKNaf4vaToi 3noxu.
Bce-Taku, HanpaBneHus, NOMpaB/ieHHbIe 38 MECTHbIE HAK/IOHbI, KOTOPbIE COrNacyoTCs C MPeXHUMM
naseoMarHUTHbIMW pe3ynbTaTaMu, NOKasblBalT, YTO paiioH [pm6anaTOHCKMX rop COoBepLuunn
NoBOPOT Ha OK. 50° Mo cpaBHeHWtO ¢ Meuekckumu ropamu (ropbl Meuek: CKnoHeHue: 177,4°
HaknoHeHne: —b5,0°. o6paTHas NonspHOCTb; MpubanaToOHCKMeE ropbl: CKNoHeHue: 307,2°, HaKNoHe-
Hue: 11,0°, HopmanbHasi NONSPHOCTD).

OnpegeneHHble HanpaBneHMa GblanM CONOCTaB/EHbI C NaneoMarHMTHbIMK pasynbTaTtamMbl Ans
nopoj nofobHOro Bo3pacTta, KOTOpble U3BECTHbI B 6acceiiHe Cpefu3eMHOro mMops.
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SEISMIC MODELING IN A COMPLEX TECTONIC ENVIRONMENT

John J. MILLER*, Myung W. LEE*, Eva KILENYI**,
llona PETROVICS**, Laszlo6 BRAUN** and Gabor KORVIN**

The only known cokable hard coal occurrence of Hungary is found in the Mecsek Mountains
of southern Hungary. ELG1 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 EL.G1 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-Komld 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-Komlé district.
In the Mecsek Mountains, the E6tvds 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
** E@tvos 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 1 with the
surface geology indicated. Surface geology and drilling data provided the fol-
lowing stratigraphic information: the deepest formation encountered in the
South Mé&za area is dolomite of the Anisian-Ladinian stage of the Middle
Triassic, (T &I), known from borehole V-21. This is overlain by a limy marl
deposit of the Ladinian stage (TR), followed by alternating fluvial, deltaic,
lacustrine and lagoonal layers of Carnian (T\), Norian (I'") and Rhaetian (T\)
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 350150 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, /*') 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 (/T2, 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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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 abra. A kutatasi terilet foldtani térképe és a kisérleti szeizmikus vonal helyszinrajza
1 — mélyfaras; 2 — szeizmikus vonal; 3 — vet6; 4 — feltolodas; 5 — antiklinalis tengelye;
6 - szinklinalis tengelye; 7 — képz6dményhatar; 9 — (t

Puc. I. Meonornueckas KapTa paiioHa pasBefKn W NAaH IKCMEPUMEHTaNbHOMN CeiicMMUecKoi
NIMHAN
1- -rny6oKas CKBaXuHa, 2 — ceiicMuyeckas NuHus, 3 — cbpoc, 4 -  Haaswur, 5 — ocb
aHTUKAWHANK, 6 - OCb CUHKAMHaNW; 7 — pasaen dopmauuun; 8 - pyueii; 9 —aopora
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(J\3 of a thickness of about 300 w, consisting of marl and limy marl. These
sediments (/71- ~ 3 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 (Jp) 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 (J1- J2) 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 (J3) 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 V1. 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 (PI-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:

(@) 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.

(©) In the epoch following folding, with the decreasing compression, SE-
ward dipping faults of 300-400 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.

(e) 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
Obéanya Valley, represents the southern boundary of the site.

(O 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 a-refined delineation of a complex
salt dome structure is given in M ay 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:

(@) 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, t) 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, 20-40 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
(subordinate”: 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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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

imposed of reflected energy from layers s, 7, s, 14, 18, 19, 20, 21, 22, 37, and
9. Their horizontal positions at depth range from approximately 2700 to 3200
jeters. Hence the time image is horizontally distorted.

Figure 12 is a plot of travel times of the rays from Figure 10 beneath their
jrface emergence point. Chevrons are plotted at the positions of the rays and
idicate either negative (<) or positive (> ) polarity of the reflection coefficients,
lote 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
>andpass 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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Fig. 1. Rays emerging at surface position 3100
I1. dbra. A 3100 felszini ponthoz érkezd sugarak

Puc. 11. Nlyun, npmuxoaawme K Touke 3100 Ha JHEBHOIN MOBEPXHOCTK

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.
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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. 14. 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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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
th'at 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 combiné-
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.
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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 szelvénykar6 kornyékéhez tartozé sugarak a 16, 24, 27, 30 és 39 sz. rétegrdl

Puc. 16. /lyuun, oTHOCALWMeECA K OKpY>KHOCTU nukeTa Ne 2700 ¢ nnactoB 16, 24, 27, 30 n 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 csatornagy(jtés. Baloldalt cstcsok,
jobboldalt a cstcsok 20-80 Hz savsz(irés utan

Puc. 17. C60p CMHTETUYECKUX KaHa/oB, COOTBETCTBYHOLWMX NyyYam Ha puc. 16. HaneBo — nuku,
HanpaBo — MMWKWM NOCne NonocoBoi gunbTpauun 20-80 My,
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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 of25 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 apriori
velocity information.

4. Automatic improvement of the static corrections.

5. Velocity determinations after the automatic statics, by means of velocity
scanning. Improved stack using updated velocity functions.

s . Zero-phase deconvolution on the refined stacked section with subsequent
filtering (in 20-40 Hz, 30-60 Hz and 20-60 Hz bands).

7. Wave-equation migration, followed by the same filtering as in s .

s . Pie-slice filter applied to the migrated time section (7 channels, 20-40 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, K1LENYI Eva, PETROVICS llona, BRAUN LészI6 és
KORVIN Gabor

A mecseki fekete k6szén kutatasat az ELGI 1955 Ota szeizmikus refrakciés modszerrel, majd
1977 6ta szeizmikus reflexios mddszerrel végzi. A teriilet bonyolult tektonikaja, a rovid tavon
kovethetd hatarfelliletek, amelyeket kozel fiiggbleges veték és feltolodasi sikok szabdalnak igen
megnehezitik a szeizmikus anyag feldolgozasat és értelmezését.

Az ELGI ésa USGS egyittm(ikodése 1982-ben kezd6dott a kétdimenzids modellezés haszna-
latara a Mecsekben. Az els6 modell nem eredményezett megfelel6 egyezést a valodi szelvénnyel,
ezért az anyagot Ujra feldolgoztuk és értelmeztilk. A masodik modellezés soran mind sugarat-vezeté-
ses, mind hulldmegyenletes modellezést alkalmaztunk a feladat megoldasara. Ezuttal mar Iényege-
sen jobb egyezést kaptunk, de még mindig maradtak ellentmondasok.

A tanulmany bemutatja, hogyan lehet a modellezést hasznositani a feldolgozas és értelmezés
el6segitésére, iterativ Gton. Ugyanakkor ramutatunk a modellezés és a k6z6s mélységpontos szeiz-
mikus eljaras korlataira az adott foldtani viszonyok kozott.

CEMCMMWYECKOE MOJENVMPOBAHMUE MPU C/TIOXHbIX TEKTOHUYECKUNX
YCNOBUAX

Ooxon Ox. MUNNEP, MwoHr B. 1N, 3Ba KWJTEHW, NnoHa METPOBWY, Nacno BPAYH
n rabop KOPBUNH

Pa3Befika MECTOPOXEHUSA YePHOro yrns B ropax Meuek npoBoguTCA MHCTUTYTOM 1T ¢
1955 r. c MOMOLL b0 CEMCMMYECKOro MeToAa NPeNoMAeHHbIX BOSH, a ¢ 1977 r. — MeTofa OTpaXKeH-
HbIX BOSIH. CNOXHOE TEKTOHMYECKOe CTPOEHWe palioHa, KOPOTKMe pacCTOSHUA MPOCNeXWBaHUSA
pasfeno., NepecekaeMblX NOYTW BEPTUKa/bHbIMWU C6pOCaMM W HafBUramu, BecbMa 3aTPYLHAIOT
06paboTKy M MHTEpNpeTaLunio MaTepuanoB CelicMopasBesKu.

CoTtpygHuyecTtBo mMexay ST n Meonornueckoin cnyx6oi CLLUA Havanoch B 1982 r. mo
NPUMEHEHUNIO [BYXMEPHOr0 MOJAe/MpoBaHuns B ropax Meuek. lNMepBas mMofgenb He fana CoOOTBeTC-
TBYIOLLEro COBNafeHnsa C UCTWHHbIM pa3pe3om, MO3ToOMy MaTepuan 6bin 3aHOBO 06paboTaH K
NoABEPrHYT HOBOW WHTepnpeTauuu. B npouecce BTOPOro MoAenMpoBaHMs 6binv UCMONb30BaHbI
cnoco6 NpoBeAeHNs Mo TPaeKTOpUK, a TakxKe CrNocob BOMHOBOI0 YpaBHEHUA AN PeLLeHuns 3ajaun.
Mpy 3TOM 6b1I0 NONYYEHO 3HAYMTENBHO fydllee COBMafeHue, HO BCe-Taku OCTAIMCb HEKOTOpble
NpOTMBOPEYMS.

BpaboTe nokasaHo, Kak MOXHO UCMO/b30BaTb MOAENNPOBaHNe ANS NPOABMKeHMA 06paboT-
KV 1 MHTepnpeTaLumn nyTeM NOBTOPEHUs. B TO e Bpems OTMeYeHbl OrpaHnyeHns MOAeNNpPoBaHuA
1 ceiicmopassegoyHoro metoga O.I.T. npu faHHOW reonornyeckoin o6cTaHOBKE.
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HIGH RESOLUTION INTERVAL VELOCITIES

Istvan 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

I. 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 (/0, vs) 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,
t0and vs, can practically be deduced on the basis of the standard deviation, e,
of the random time shifts after the automatic static correction (see APPENDIX A).
Thus, in the case of a known standard deviation, a,, the mean, standard
deviation and covariance of hyperbola parameters, tQand vs, 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:

K +4v92fo+At0) - (y ,+AvS ):(/g,_,+ At0i_)
(N, T dt0i)—(t0j_, + A/q. 1)

where:  \{is the interval velocity of the /-th layer
AV{is the error term of L|
vdhand tOhis the stacking velocity and the zero offset arrival time of the
A-th reflection, respectively.

The mean, standard deviation and covariance of interval velocity error
term, AVh can be expressed after expanding the expression into Taylor series,
retaining the linear terms and computing the expected values (sce 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 AVt is:

W+ m (1)

1.00 '047 0.00 . . 0.00
-0.47 100 -0.61 0.00
0.00 ‘061 1.00 . 0.00

0.00 0.00 0.00 . 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 AVk (k=£i) are subtracted from each
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estimation error AVt. 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, Vh computed by Dix’s formula, and an ideal estimate, vh to
be determined later:

G=Vi-vi (= AVI). @)

(The statistical behaviour of s the same as that of AMdescribed in APPENDIX B.)
The residual /, can be expressed by the inverse matrix D of the covariance
matrix C (see APPENDIX C):

J M

=70 Z ZkDK )

where, Dk and DHare elements of matrix D (= C_1) and M is the number of
sedimentary layers. The values r, are free from the correlation effect. The
covariance of the residual has the following form (see APPENDIX C):

E M = D4-«det (U)/(DiiDjj) @)

This expression depends on the covariance matrix, C (and vf) only. Equation
(4) serves as the theoretical lower limit of the correlation between residuals, >,
and t]j. To achieve an estimate of minimum standard deviation, the sum square

M

of the actual residuals N = £ /- 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 n dérivates to zero:

dN
N

= 1V O -«
where, By = £ DkDKj/Dk ®5)

Trivial solution: vi=Vi
Af

Practical solution: ~ (///Em{//:1}) = M

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 t0).

At the /r-th step, N can be computed from and D. The direction of the
steepest descent of A can also be found varying the components &h). Thus, rj"+u
(i=1 2 ..., Af) 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 a, with values between zero and
one.

The case a=0 is equivalent to the application of the Dix formula without
modification. If a is equal to 1, the result generally is a strongly smoothed
stepwise function. An intermediate solution can be achieved by using a between
o and :.

3. Examples

A model example containing a velocity anomaly is shown in the next
figures.*

Standard deviation, a,, 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. 1 is the case of
Dix’s formula (a=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 a 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 (t0, vs) 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= .

* 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 (a, = 0.5 ms instead of a, =2 ms) is equivalent to increasing the spread
length or the coverage, according to APPENDIX A.
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Fig. I. Velocity function, computed by Dix’s
formula, for a model containing a velocity
anomaly

I. abra. Dix-formulaval szamitott
sebességeloszlas sebesség-anomaliat tartalmazé
modellre

Puc. 1 BbluncneHHoe no gopmyne
[ukca pacnpegeneHve CKopocTeld Ans MOAenu,
BK/tOYatoLLeli B ce6s aHOManunio CKopocTu

INO-WRY TTNE ( 5)

Fig. 2. Estimated interval velocity versus a

2. dbra. Becsiilt intervallumsebesség-értékek az
a paraméter fliggvényében

Puc. 2. OueHnBaemble 3HaYeHUA UHTEPBaNbHbIX
CKOpOCTeVI B 3aBMCMMOCTK OT napameTpa a
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Figures 3. and 4. show the results of the algorithm in the case o fa=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
a=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, w, to be determined should be that, from
which the result of Dix’s formula can be predicted with a given (minimum)
variance.

INTERUfiL UELOCITY (KMAS)

Fig. 3. Velocity function using the algorithm proposed (a=0.9)
3. abra. Sebességeloszlas a javasolt algoritmus alkalmazasaval, a= 0,9 esetén

Puc. 3. PacnpegeneHve cKOpocTeil Npu NPpUMEHeHWM Npeaaraemoro anroputma,
B cnyyae a = 0,9
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INTERUAL UELQCITY ( KMyS)

Fig. 4. Velocity function using the algorithm proposed (a= 1.0)

4. dbra. Sebességeloszlas a javasolt algoritmus alkalmazasaval, tx= 1,0 esetén

Put. 4. PacnpeaeneHune cKoOpocTeld Mpu NpPUMEHEHUW MpeanaraeMoro anropuTMma,
B cnyyae a = 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.



264 I. Késmarky
APPENDIX A
Statistical description of the estimated reflection hyperbola parameters t0 and vs

A simple model of a reflection hyperbola located on a set of traces has the
following form:

JIA, v t0) = Ap (t- j/ 18- A (A D)

where f ki is a discrete element of a trace of a CMP (Common Mid Point) set,
K is the “offset” index (k runs from : to the actual coverage number),
/ is the “time” index
A is the amplitude factor of the wavelet
tp(z) is the known wave shape
/, is the time variable
xk is the offset variable
t0 s the zero offset arrival time
vs is the stacking velocity.
In the case of a regular spread, xkcan be expressed in the following simple form:

xk= 0 +{k-\)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 yk

can be written:
Yy = fki +nk (A.3)

where, nki 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, t0and \s, 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:

d fki(p) SfkiiP)

|r “i gp, dpm (A4

where, Ry is the covariance matrix of the noise component, p = {p,, P2 ..., p..}
is the vector of unknown parameters.
Substituting (A.l) into (A.4), and applying indirect partial derivatives
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A d dik where A5
dv  dtkdv’ Ik (AS)
and, using the spectral representation of quadratic forms, we get:
A2 1 E nk
m2 Wil 2
A2 1
(As)
to,, Xk
l« =
a
Il fa2 i2
where, W = — azma)jizJ (A.7)

2N -R ST “d”
o0

< = n/At, At is the time spacing, ®(co) and r(cu) are the Fourier transforms of
the normalized autocorrelation functions of the wavelet fp and the noise,

respectively.
Inverting the 2 X2 information matrix we obtain the covariance matrix of

the estimated parameters:

D2(vs) A2W V.

D\to) (As)

E{vst0)

where, D =

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 ot [AlI-Chalabi 1974, Késmarky
1976, Marschall 1978].

The only difference is that the factors a2/(A2IV) and tk in egs. (A.s) are

replaced by of and t0, respectively. Thus

A2W (A9

a, 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, M

Expressing the error term, AV{from eq. (1), expanding it into Taylor series
according to Avsr Avs._t, At0.and AtO0._t, neglecting higher than first-order terms,
we obtain (omitting the subscripts nand o ):

Avi= Vitiav-vi It 1avinas VTV

Viit-ti-i) 2]

The expected values of significance are as follows (assuming “non static type’
random time shifts):

[tiAti. |- ti. IAti

E(AVAV) = ' + V'VjtitiE(AVjAVj) - vilj-M j. tE(AViIAvj_J +
M\GTITY

2 2
v 27‘?' P[VititiEIAVEAtj- 3 - vitlt]_ IE{AVIAL]) -

W -iv/io- 1GE(Avts Javi) t vi L. gl JE(B»,. vau}. 0)-

2Tj [+ - GE(A»_jAL_,) - »-jf _ati- jA 4»,- /)] +
vi-vfoo o e :
VjtjtiE(AvjAti_1)- vj_1tj ItiE(Avj_JAtI_ D+
2Ti [titE(Ati_,Atj_ t)- 14/,

p2-2$_2 Uit E{AVAL)-V]_tti_1ti_IE(AVj_1At) +

2 2

+ ffi--1 G E(At[AL]_I) - ti- itj-iE(At\At)]
where 7] = fi—f_x
APPENDIX C

Linear prediction of correlated random variables

Let us determine the coefficients au which satisfy the following condition
[Vincze 1968]:

~(Ti - 6iz2l2 ——-= min. (C.h)
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Equating the partial au dérivates with zero, we get:
Ci2o12 T Cidal3 + e+ CiVAIM —C;1, (i — (C.2)

where, Cu = £{£,£}.
Rearranging of eq. (C.2) yields (completing the system (C.2) with its first

row):

1 S
C .<*13 = 0 (C3)
0

where S is a constant. Eg. (C.3) is the same as the system used at the design 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:

°Ai

a C4
U an (C.4)
The general solution has the form:

i D (C5)
where D is the y'-th element of matrix D (= C_1).
Now, the residual /7;can simply be expressed:
M
M A,
>h | T-fii (Ces)
j*i j= u i
The covariance of », can be written in the same way:
" X X DikDnCH =
D nDjj k |
Du mdet (D C.7
. ©) (€7)

because of X DnCK = Gjk det (D)
i
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NAGYFELBONTASU SEBESSEGFUGGVENY-BECSLES
KESMARKY lIstvan

A szeizmikus sztratigrafiai kutatas fontos célja, hogy az intervallumsebességeket minél ponto-
sabban. minél nagyobb felbontassal lehessen becsiilni. Az intervallumsebességeket a Dix-formulaval
becsiljik. A formula alkalmazasanal problémat okoz, hogy minél vékonyabbak a figyelembe vett
rétegek, a becsiilt paraméterek szoradsa és korrelaltsdga annal nagyobb. Egy lehetséges megoldas,
hogy csupan egy bizonyos korlatnal nagyobb rétegvastagsagokat vesziink figyelembe.

A szomszédos rétegek becsilt intervallumsebességei kozti nagy negativ korrelacio figyelembe-
vételével az ilyen informacioveszteségeket csokkenteni lehet. Az eljaras kisebb szérasu és kevéshé
oszcillalé sebességfiiggvény-becsléseket eredményez, egyezésben a megfigyelhetd6 kompakcids tren-
dekkel. A kapott fliggvények a paraméterek szorasaival egyiitt abrazolhatok, tomér formaban. Az
eljaras jol szemlélteti az anomalis sebességli vékony rétegek detektalasanak elvi korlatait.

OLEHKA YPABHEHWA CKOPOCTW C BbICOKOW PA3PELLAROLLEWN
CMNOCOBHOCTbIO

NMwTteaH KELLMAPKUN

Lns ceiicMMUYeckux cTpaTurpagmyeckmx NCcneaoBaHMi oueHb BaXKHO KaK MOXHO C 60/1bLLIOW
TOYHOCTbH U C BbICOKOV paspeLuatolleil Cnoco6HOCTbIO OLEHUTb CKOPOCTb UCCNeayeMoro UHTep-
Bana. VIHTepBa/ibHble CKOPOCTU OLEHMBAKOTCS C NMOMOLLbIO opMynbl Aukca. Mpu npumeHeHUn
3TOin (hopMy/bl, BO3HMKAeT Mpo6nema, CyTb KOTOPOI 3aKnto4yaeTcs B TOM, YTO 4YeM TOHbLLE
nccnefyemble con, TeM C MeHbLLUEe TOYHOCTbIO MOXHO OMpeaenuTh OLEHVWBaeMble NapameTpbl,
Tem 6osblie UX Koppenauus. 4ns paspelleHuns atoli Nnpo6nembl, MOXHO BblGMpPaTh ANS U3yYeHUs
Takue CNou, MOLLHOCTb KOTOPbIX 60/blle HEKOTOPOW MpeaenbHON MOLHOCTK.

Vicnonb3ys 3HAUMTENbHYHD OTPULATENbHYI0 KOPPENsUMI0 OLEHMBAEMbIX WHTEPBaNbHbIX
CKOPOCTEi coceHMX CN0EB, MOXHO YMEHbLUUTL TaKOr0 poda noTepu MHGopmauun. B pesynbTaTe,
npyv WCNonb30BaHMM 3TOr0 MeTofa, MONyyaem Takue OLEHKM YpPaBHEHMSt CKOPOCTW, KOTOpble
UMEKT 60MbWNA pa3bpoc M KonebaHusi, N0 OTHOWEHU K HabnAaeMbiM KOMMAKLMOHHbLIM
TpeHaaM. Monyyaemble ypaBHEHUS BMeCTe ¢ pa3bpocoM napaMeTpoB MOXHO M306pa3nTb B KOM-
nakTHoit opme. TMpy NPUMEHEHWM 3TOTO0 METO[a XOPOLIO MPOCNEXMBAKOTCA TEOPETUYECKME
rpaHuLbl AeTEKTUPOBAHNUS TOHKMUX CMOEB C aHOMasbHON CKOPOCTbLHO.
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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 (GKV) 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 VVSP data processing for similar field
configurations [Lee and Baich 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
processing, and results of three examples of the VSP measurements: the wells
of Szeghalom-15, Kismarja-30 and Endrdd-E-5 (for location see Fig. 1).

* 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. I. Location map of the wells where VSP measurements were made
1 abra. A cikkben szereplé VSP mérések helye a térképen

Puc. 1. YuacTku, rge nposogunuce HabntogeHns BCIT, n KoTopble yNnoMsaHYTbl B JaHHO
cTaTbe

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 s 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 50-60 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 h 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. Idealized VSP configuration [after
Balch et al. 1982]
Top: Typical VSP field configuration
Bottom: Idealized data set from the top
configuration

2. dbra. Idealizalt VVSP mérési elrendezés
[Balch et al. 1982 nyomén]
Fenn: Tipikus VSP mérési elrendezés
Lenn: ldealizalt mérési adatok

Puc. 2. Cxema ngeanm3vpoBaHHbIX
n3mepeHnii BCI [no Balch et al. 1982]
Beepxy: PacnonoxeHue TUNNYHbIX
nsmepeHunin BCIM
BHusy: [laHHble neann3vpoBaHHbIX
N3MEPEHUI

VSP Section
0 Time-*-
Direct arrivals Reflected arrivals
R1 7 >
R2 " A #
S
2Ry & iy
[¢]
o)
R4 Y 4
R5 y—
R6 Ay T
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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.

/
0O O
-e— B e-
0 o0
7 4
©
HT]

O SHOTHOLES

A GEOPHONES

/i.

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 GKYV terepi mérési elrendezése
Fenn: Feliilnézet, mely mutatja a mélyfarast és a robbantdlyukakat
Lenn: Keresztmetszet a geofonok elhelyezkedésével (kor: robbantépont, haromszdg: geofon)

Puc. 3. Cxema nonesbix usmepenuii 8 FKB
Beepxy: lMonesas cxema B NnaHe, Ha KOTOPOI MokasaHbl CKBaXWHbI rNy60KOro 6ypeHus u
B3PbIBHbIE CKBAXWHbI
BHu3y: Pa3melleHne NnpuémMHUKOB 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 1shot
every 3 minutes.

The geophone pattern is also shown in Figure 3. The downhole geophone
is lowered to the depth //, 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 1and 2 with a 2 msec sampling rate. A near-field geophone is placed
under the weathered zone at depth Hm(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 .

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 VVSPs, 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 VVSP 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 ¢ and 7
show data from the Kismarja-30 well. Figures 4 and s 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.

1900 1700 1S00 1300 1100 900 700

1000

Fig. 4. Raw VSP data from Szeghalom-15 showing variation in signal shape
4. dbra. A Szeghalom-15 nyers VSP szelvénye
Puc. 4. Heobpa6oTaHHbIli npogune BCM Szeghalom-15
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Fig- 5. Data from Figure 4 after wavelet shaping

5. dbra. A 4. abra szelvénye jelalaksz(irés utan
Puc. 5- MP°®unb, n306paxeHHbI Ha puc. 4, nocne .
KOpPpeKTupytoLel dunbTpaLmum
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1000 8CJ0 GOD 400

1000

1500

Fig. 6. Raw VSP data from Kismarja-30 showing variation in signal shape
6. abra. A Kismarja-30 nyers VSP szelvénye
Puc. 6. HeobpaboTaHHbIli npotmnb BCM Kismarja-30
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000 800 500 400

1000

1500

Fig. 7. Data from Figure 6 after wavelet shaping
7. dbra. A 6. abran lathato szelvény jelalaksziirés utan

Puc. 7. Mpotnnb, NokasaHHbIA Ha puc. 6, Nocne KOPPeKTUpYtoLLel hrabTpaymm
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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)2, 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 (FAT) domain.
The downgoing and upgoing events are separated by passing the appropriate
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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looo 800 eoo 400

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

8. abra. A Kismarja-30 VSP szelvénye sebességsziirés és a lefelé haladé hullamtér 10 dB-lel valo
csillapitasa, majd a le- és felfelé haladd hullamok dsszeadasa utan. A lefelé haladé hullamokat
statikus tolassal fazisba hoztuk

Puc. 8. dunbTtpaymsa no ckopoct npoduns Kismarja-30 1 nepemelyatolleecsi BHU3 BONHOBOE
none ¢ 10 4-m 3aTyxaHueMm, 3aTeM BHW3 W BBEPX NepeMeLLatoLLnecs nons nocne CloXeHus co
cTaTM4YecKuM CABMIOM Mo (hase
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1000 800 600 4GQ

50G

1M

Fig. 9. The upgoing part of wavefield from Figure 8
9. dbra. A felfelé¢ haladé hullamok a 8. &brabél

Puc. 9. Nepemeuwatowmecs Beepx BOHbLI, N306PaXeHHbIe Ha puc. 8
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fooD 80D

1 [

Fig. 10. The aligned, downgoing part of the wavefield from Figure 8
10. dbra. A fazisba hozott lefelé haladé hullamok a 8. 4brabél

Puc. 10. CasuHyTbie no (ase, nepemewao W mecs BHU3 BONHbI, N306paXeHHble Ha puc. 8
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13C 1M isao 130 iiaa @ to

boo BOO
T 1000
1500

Fig. 11. VSP data from the Szeghalom-15 well processed as in Figure 8
11. &bra. Szeghalom-15 VSP szelvénye a 8. abrahoz hasonléan feldolgozva

Puc. 11. O6paboTka npoduna BCIM Szeghalom-15, aHanormyHomy puc. 8
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Fig. 12. The upgoing part of the wavefield from Figure 11
12. &bra. A felfel¢ halad6 hullamok a 11. 4brabél

Puc. 12. NMepemewawwmecs Beepx BONHbI, M306paxeHHble Ha puUc.
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Fig. 13. The downgoing part of the wavefield from Figure 11
13. dbra. A lefelé haladé hullamok all. abrabdl

Puc. 13. Mepemeuwatowmecs BHU3 BONHBI, M306paxeHHble Ha puc. 11



286 Lee-Miller-Gonc:

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 spiking 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 75, which
are the deconvolution of Figures s 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. 14. VSP data from the Kismarja-30 well after deconvolution
14. dbra. A Kismarja-30 VSP szelvénye dekonvollci6é utan

Puc. 14. Mpoduns BCM Kismarja-30 nocne geKoHBOAOL MM
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Fig. 15. VSP data from the Szeghalom-15 well after deconvolution
15. abra. A Szeghalom-15 VSP szelvénye dekonvolicié utan

Puc. 15. Mpoduns BCIM Szeghalom-15 nocne gekoHBoALMM
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Fig. 16. Deconvolved, upgoing wavefield from Figure 14
16. dbra. Dekonvolvalt felfelé halad6 hullamtér a 14. abrabol

Puc. 16. lekoHBOoNOpoBaHHOE, NepeMel,alo Ly eecs BBEPX BOJHOBOE MoNe, M306paxXeHHoe Ha
puc. 14
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Fig. 17. Deconvolved, upgoing wavefield from Figure 15
17. dbra. Dekonvolvalt felfelé haladd hullamtér a 15. abrabol

Puc. 17. lekoHBOoNopoBaHHOE, NepeMeljal U eecs BBEPX BONHOBOE Noje, M306paxeHHoe Ha
puc. 15
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Fig. 18. Cumulatively summed version of Figure 16

18. dbra. A 16. abran lathat6 szelvény kummulativ 0sszegzés utan

Puc. 18. Mpocunb, nokasaHHbI Ha puc. 16, nocne KyMMynsTUBHOIO CYMMUPOBaHMS
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Fig. 19. Correlation between cumulatively summed VSP data and conventional surface reflection

data near the Endréd-E-5 well

19. dbra. Kummulativan dsszegzett VVSP reflexiés csatornék illesztése az Endréd-E-5 frés
kozelében felszini reflexios id6szelvényhez

Puc. 19. CoeaMHeHNe KaHanoB OTPaXKEHHbIX BO/H KYMMYNSATUBHO NPocyMMUpoBaHHoro BCI
B6/M3M CKBaXKMHbI ENndréd-E-5, K NOBEPXHOCTHOMY BPEMEHHOMY Pa3spe3y OTPaXeHHbIX BOSMH
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LYUKKOZELI VSP MERESEK ES FELDOLGOZASUK
Myung W, LEE. John J. MILLER és GONCZ Gabor

Az elmult években a GKV kifejlesztett egy hatasos mddszert kis toltetek alkalmazasara,
melyeket egy Y alaku cs6 segitségéveljuttatnak le a robbantélyukba. A médszer lehet6vé teszi, hogy
egy robbantélyukat sokszor felhasznaljunk, mikdzben a lefelé haladé jelalak alig valtozik.

1983 elején a GKV két VSP mérési anyagat a USGS altal kifejlesztett programrendszerrel
feldolgoztuk Denverben, és kinematikailag jol kiértékelhetd szelvényeket kaptunk. A feldolgozo
algoritmusokat a GKV beépitette a sajat feldolgoz6 rendszerébe.

A dolgozatban Magyarorszagon mért VSP adatokat mutatunk be, melyeket az adaptalt
programrendszerrel dolgoztunk fel. Az eredmények biztatdak, és a terepi mérési modszer sikeresnek
bizonyult.

TEXHUKA N3MEPEHUIN 1 CMNOCOBbI OBPABOTKW OAHHbIX BCIM MPU
MWUHVMAJ/IbBHOM PACCTOAHUN MEXAY MYHKTOM B3PbIBA N CKBAXWHOW

MioHr B. A, OxoH Ox. MWUINEP v Fa6op MEHL

B npownbix rogax B Mpegnpusmun Meodusnyeckoro Vccnegosanna FTHIT (GKV) 6bin
pa3BUT OAUH 3(QEKTMBHBIA CNOCO6, 3aKNtoYaloWMACa B NPUMEHEHUN HEOOMbLUMX MO Macce 3ap-
408, KOTOPbIM 3aMO0/HAIOT CKBaXWHbI NPy NOMOLWK Y-06pa3Hoii Tpy6bl. STOT MeToZ cnocobe-
TBYET TOMY, Y4TO MOXHO MCNO/b30BaTh O4HY B3PbIBHYIO CKBaXXMHY HEOLHOKPATHO, B TO BPeMS Kak
nepemMeLLaoLLasncs BHU3 opma CuMrHana easa M3MeHseTCA. PaHee B3pbIBHOW MeToj He 6bin foc-
TaTOYHO paspaboTaH, XOTA M 6blia NOTPEOHOCTb U B aHaIM3MPOBAHUM 3TOr0 MeToAa, U B COOT-
BETCTBYHOLMX CNocobax ero 06paboTku.

B Hauane 1983 r. gBa matepuana no BCIT 6bi1m oTBe3eHbl B USGS. [ns nx uHTepnpeTauunm
6bl1a MCNOMb30BaHa TeXHMKa 06paboTKM, KoTopas 6bina paspaboTtaHa B USGS, NCnonb3ys KOTO-
Pyl Mbl MOFM 6bl MOAYYUTb KUHEMATUYECKM XOPOLIO MOHWMaeMble Mpoduan. ANropuTMbl
06paboTKM 6bINN NpUcnocobeHbl K COBCTBEHHbIM cnocobam 06paboTkm B GKV.

B aHHOM 0TYeTe NpeAcTaB/eHbl pe3ynbTaTbl U3MepeHunii BCI B BeHrpuu, KoTopble o6paba-
TbIBa/IUCb HaMM Ha COBGCTBEHHOM arj0pMTMUYECKOM NPOrpamMMHOM obecrnedeHun. PesynbTaTbl
06paboTKM nonyunnncb 06HAAEXMBAIOLWMMUK, KPOME TOro Cnocob M3MepeHuidi XopoLio cebs
3apeKoMeHA0Ba.
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TRANSIENT ELECTROMAGNETIC SOUNDINGS—DEVELOPMENT
OE INTERPRETATION METHODS AND APPLICATION TO BAUXITE
EXPLORATION

Kristof KAKAS*. Frank C. FRISCHKNECHT**, Jozsef UJSZASZI*,
Walter L. ANDERSON** and Ern6 PRACSER*

Under a cooperative program between the U.S. Geological Survey and the Edtvds 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 halfspace 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 Lorand 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



296 Kukas-Frischknecht-Ujszaszi-Anderson-Précser

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 depths of 0.5 1.0 km is of great interest to the Edtvds 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 Il
SIROTEM® desinged by CSIRO [Buset1i-0 'Neitn  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-

KUse 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 R aab 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 MT. 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

Fig. 1. Theoretical curves for a model containing a bauxite layer
/. dbra. EIméleti tranziens szondazasi gorbék bauxitréteget tartalmazd modell felett

Puc. 1 TeopeTuuyeckue KpvBble 30HAMPOBaHMS MMM Hag MOAENblo, coaepkalleli 60KCUTOBBIN
cnoin
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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 Zsdambék, 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. It 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.

9r dr3
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Fig. 2. Sounding curve and interpretation for nearly homogeneous half-space
2. dbra. Szondazasi gorbe és kiértékelése kdzel homogén féltér felett

Puc. 2. KpuBas 30HAMPOBaHWA W ee WHTEPNpeTauus Hag nonynpocTpaHCTBOM, 6AM3KOM
rOMOreHHOMY

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

SOUNDING DRILLHOLE

Fig. 3. Sounding curve and interpretation for the locality in the SE Gerecse coal basin
rM = Miocene rhyolite tuff: neE = Eocene marl with coal seams; dnil' 3= Upper Triassic dolomitic
marl; dT, = Upper Triassic dolomite

3. dbra. Szondazasi gorbe és kiértékelésének Osszehasonlitasa farasi rétegsorral (Gerecse DK-i
el6tere)

Puc. 3. KpuBasi 30HAMpOBaHMA U COMOCTaB/EHNE €e NHTepNpeTaLumn ¢ pesynbTatamu bypeHus
(KOB npegropbe rop epeye)

M = pnonuToBbI/ Tyth MUOLEHOBOrO BO3pacTa; TaE = 30LEHOBLI Mepreb C YraepoaHbIMU
cnosimmn; il 3 = BepxHe-TPMACOBbLIA [ONOMUTOBLIV Meprenb; dT 3 = BepXHe-TPMacoBbiii
fonomut

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 5-1 and 5-2.
A layered earth model having a resistivity curve duplicating all of the details of
5-3 was not found, indicating that 5-3 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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Fig. 4. Results of soundings
tor a locality near Csabpuszta
1 layer resistivities and 2

interface based on TDEM
interpretation; 3 - surface of
the Cretaceous limestone from

drillholes, seismic
measurements and
multifrequency EM soundings;
O - M= 0Oligocene Miocene;
"wE2= Middle Eocene marl;
nE2= Middle Eocene
limestone; anE2= Middle
Eocene argillaceous marl;
bx = bauxite; mK3= Upper
Cretaceous limestone

APPRESISTIVITY(Om)

4. &bra. A szondazésok
eredménye Csabpuszta
kornyékén
| rétegellenallas és 2 —
réteghatar a tranziens
szondazasok alapjan; 3 —
a fels6kréta mészké (Ugodi
Mészk6é Formacio) felszine
farasok, szeizmikus reflexios és
multifrekvencias
elektromagneses mérések
alapjan

Puc. 4. Pe3ynbTaTbl 30HAMPOBaHNA B OKpPecHOCTM YabnycTta
1 conpoTuBNeHWe CNos U 2 — rpaHuua mMexzay cnosimm no gaHHbiM MTITM, 3 — noBepxXHOCTb
N3BECTHAKOB BEPXHEMENIOBOr0 Bo3pacTa (YroAckas CBUTA M3BECTHSAKOB) MO AaHHbIM GYpeHuid,
MOB 1 4acTOTHOr0 3/1EKTPOMarHUTHOrO 30HAUPOBaHUA

O-M = onuroueH-MuUoLEeH; TaE2 = cpeaHe3oLIeHoBbIl mMeprenb; LE2 = cpegHe30LEeHoBbI
M3BECTHSIK; ™E, = CpeAHe30LIeHOBbI aprunnnTOoBbLI Meprenb; bx = GOKCUT
TK3 = BepXHEMeNoBblii U3BECTHSK

Puc. 5. Pesynbtatbl MMM Ha mMecTOpOXAeHUN BOKCUTOB BakoHbocnon
a) Kpusble 30HAMpPOBaHMS ML 1 UX NpUGAMKEeHNE TPEXCNOMHONR (CNAOLHas NUHNS)
N YeTbIPEXCNOMHOW (MYHKTUPHAA NUHNUA) MOLENAMN
b) leonornyecknii paspes ¢ pesynbratamu 3oHAMpoBaHnii MMM
1  TpexcnoiiHbiM, 2 — YeTbIPEXCNONHbIM NPUBANKEHNEM
c) OcTaTou4Hble BENUYMHBI KPUBOM 3aTyXaHWs B 3aBUCUMOCTW OT BPEMEHW
(nopsgkoro Homepa KaHana)
d) Kaxyleecs ygenbHOe CONPOTUBNEHME B 3aBUCUMOCTM OT BPEMEHM
(nopsigkoro Homepa KaHana)
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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

¢) 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. d&bra. Tranziens eredmények, bakonyoszlopi bauxiteléfordulas
a) Tranziens szondazasi gorbék haromréteges (folytonos vonal) és négyréteges
(szaggatott vonal) modellillesztéssel
b) Foldtani szelvény a tranziens szondazasok eredményeivel
1— a haromréteges; 2 — a négyréteges kozelitéshdl
c) Lecsengési gorbe maradékértékei az id§ (csatornaszam) fliggvényében
d) Latszolagos fajlagos ellenallas az id6 (csatornaszam) fliggvényében
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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 B 1and 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 B5 were fitted approximately to a similar
model. Since, with the possible exception of /3, 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 .5 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 /A3, B4, and B5 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.

Fig. 6. Results of soundings from a locality near Bicske
a) Geological and electrical section
dO = Oligocéne dolomite debris; fT3= Upper Triassic Hauptdolomit
b) Sounding curves with the best-fit inversions

6. abra. A szondazasok eredményei Bicske kornyékén
a) Foldtani-geoelektromos szelvény
b) Szondazasi gorbék a legjobban illeszked6 megoldasokkal

Puc. 6. Pe3ynbTaTbl 30HANPOBaHWIA B OKPECHOCTU Buuke
a) [eonoro-re0anekTpUYecKnin paspes
O = A0NOMUTOBbIE 06/10MKM ONUTOLEHOBOro Bo3pacTa; T3 = BepXHETPUacoBblii OCHOBHOM
ponomut
b) KpumBble 30HANPOBAHUA U TEOPETUYECKME KPKBbIE, COBMECTUMbIE NyYLUUM 06pa3omM
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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 Oligocéne 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 De 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-R aab 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], Préacser 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 required computation 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 [W ait 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) LAatszolagos vezet6képesség-id6 és latszdlagos mélység-idé gorbe
b) Latszélagos vezet6képesség- és intervallum-ellenédllas-latszélagos mélység gorbe

Puc. 7. AHanns3 nHtepnpetaymm “TSH” Ha TeOpeTUYECKUX KPUBbIX
a) Kpusble Kaxyleics NpoBOAUMOCTU-BPEMEHN U KaXyWelca rny6uUHb -BpeMeHU
b) Kpusble Kaxylueica NpoOBOAUMOCTU-KaXyLW elWca rNy6UHbI M MHTEPBANbHOTO CONPOTUBAEHUSA-
Kaxyluecs rny6uHbl

We can produce a more descriptive and clear display if we plot the total
conductance as a function of the apparent depth (Figure Mb). 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, #, 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.
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A TRANZIENS ELEKTROMAGNESES SZONDAZASOK KIERTEKELESI
MODSZEREINEK FEJLESZTESE ES A SZONDAZASOK ALKALMAZASA
A BAUXITKUTATASBAN

KAKAS Kristo6f, Frank C. FRISCHKNEQHT, UJSZASZ1 Jézsef. Walter L. ANDERSON és
PRACSER Erné

Az USGS és az ELG1 egyittm{kddésének keretében kisérleti tranziens szondazasokat végez-
tink tobb bauxittarol6 szerkezet felett a Dunantuli-k6zéphegységben. A szondéazasokat egydimen-
zi6és Marquardt-inverzioval értékeltiik ki. A kiértékelést megnehezitette, hogy a szondazasok nagy
része (féleg a fed6ellenallas inhomogenitasa miatt) torzult volt. Bar a bauxittelepeket kdzvetlenil
nem lehetett kimutatni, az eredmények azt mutatjdk, hogy a tranziens szondazasokbdl kapott
szerkezeti kép a bauxittestek indirekt detektalasara alkalmas. Két bauxiteléfordulason a bauxittest
alatt jolvezet6 mélyzona volt kimutathaté. Nagy terlletek haldzatos felmérésére akar a kdzépponti
vevitekercses, akar az egyhurkos elrendezés alkalmazasa lassu, ezért gazdasagtalan; erre a TU RAM
(nagykeretes) elrendezést tervezziik hasznalni.

A szamitdgépes inverzids kiértékelésnek komoly hatranya egyrészt, hogy sok szamitégépidét
igényel, masrészt, hogy torz gorbék kiértékelésére nem alkalmas. Kvalitativ kiértékeléshez (anoma-
lis zonak kijeléléséhez) az adatokat pszeudoszelvények formajaban, az id6 figgvényében abrazol-
hatjuk. Az ellenallai-mélység fliggvény, vagy a hatarfeliiletek mélységének kvantitativ meghataro-
zasdhoz a TSH és a TRH eljarast kivanjuk alkalmazni. A TSH eljaras a nagyellenallasu féltérben
teleplil6 vékony vezet6 réteg feltételezésén alapul, és vezet6képesség-mélység fiiggvényt eredmé-

maximumanak mélység-id6é dsszefiiggése alapjan.
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PASBUTUME CIMOCOBOB MHTEPMPETALWN JAHHBIX STIEKTPOMATHUTHbIX
S3OHANPOBAHWK MO METOAY MEPEXOAHbIX NMPOLUECCOB N MPUMMEHEHWE
30HANPOBAHWI ANA PA3BEAKN BOKCUTOB

KpuwTtod KAKALL, ®perk L. DPULLIKHEXT, Noxed YNCACW, BanbTep /1. AHIEPCOH
n OpHé MPAYEP

B pamkax coTpyfgHuuecTBa mexay eonornueckoii cnyx6oii CLUA n 371N 6binn nposege-
Hbl 3KCMepuMeHTabHble 30HAMPOBAaHWUA MO MeToAYy MepexofHbIX MPOLLeCCoB MOJ HEKOTOPbIMU
60KCUTOHOCHBIMY CTPYKTYpamu B paiioHe 3afyHaiicKkoro cpegHeropbs. 30H4MpoBaHNA 6b1in 06pa-
60TaHbl OAHOMEPHOW WHBepcueli MapkapTa. WHTepnpeTauns faHHbIX Oblna 3aTpyfHeHa WcKa-
XKeHnem 60/bLION YacTh KpuBbIX (FNaBHbIM 06pa3oM K3-3a HEO4HOPOAHOCTW COMPOTUB/EHUIA B
NoKpoBe). XOTA HeMb3sA 6bI10 NPAMO BbIABUTb GOKCUTOBLIE 3aN€XW, pe3ynbTaTbl YKasblBaOT Ha
TO, YTO NONYYEHHas B pe3ynbTaTe 30HANPOBAHNA MO METOLY NEepexofHbIX NPOLIECCOB CTPYKTYPHAsA
KapTuHa NOo3BONSAET BblAeNAaTb HOKCUTOBbIE Tena KOCBEHHbIM NyTeM. Ha ABYX MeCTOpOXAEHUAX
6okcuTa B nogolise 6OKCUTOBOrO Tena Oblfa BblAeneHa XOPOLOo NpoBoAsLLas rnybuHHas 30Ha.

[na CbeMKM 0BLLMPHBIX PaioHOB NO CETU NMPUMEHEHWE YCTaHOBOK KaK CO CpeAHeli NpueMHoi
KaTyWKOW, TaKk W C OLHON MEeTNON OKas3blBaeTCA MeANEeHHbIM, W NO3TOMY HEIKOHOMUYHbIM
cnocobom; Ana TakoW Lenn npegycMmatpuBaeTcs MpUMeHUHe yctaHoBkM TYPAM (c 6onbluoii
pamoi).

Cepbe3HbIM Hef0CTaTKOM WMHBEPCUMOHHOW MHTepnpeTauunm Ha SBM ABnseTca BbICOKas Mo-
Tpe6HOCTb B MALIMHHOM BPEMEHW, C OAHOW CTOPOHbI, W HEroOAHOCTb €e A/ WHTepnpeTauuu
NCKaXXEHHbIX KPUBbIX C APYroi. [ns KayeCTBEHHON MHTepnpeTaumm (BblgeneHNs aHOManbHbIX 30H)
[JaHHble MOryT u3obpaxarbca B BWAe MCEBA0-pa3spe3oB B 3aBUCMMOCTM OT BpeMeHu. [ns
onpeAeneHnii 3aBUCMMOCTU CONPOTUBNEHNS OT FNYB6UHbLI, AWM AN KONMYECTBEHHOMO OMpeAeneHns
rny6vHbl 3aneraHns pa3pe3oB B HacTosLlee Bpems paspabaTbiBatoTcsi cnocobbl TSH n TRH.

Cnoco6 TSH ocHOBaH Ha MPeAnofioeHUN HANUUYUA TOHKOTO NPOBOAALLErO CM0S B BbICO-
KOOMHOM MOMYNPOCTPAHCTBe W B pe3yfbTaTe faeT (YHKUWIO 3aBMCMMOCTU NPOBOAUMOCTU OT
rny6uHbl. Cnoco6 TRH BbiNoMHAeT nNpeo6pa3oBaHMe KPUBOM 30HAMPOBAHWS NO rybuHE Ha oc-
HOBaHWM 3aBUCUMOCTU rNy6MHbI MakCUMyMa BUXPEBbIX TOKOB OT BPEMEHMU.
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COMPARISON OF INTERPRETATION METHODS FOR TIME
DOMAIN SPECTRAL INDUCED POLARIZATION DATA

Laszlé VERO*, Bruce D. SMITH*’f. Walter L. ANDERSON**
and J6zsef CSORGEI*

Two approaches to the interpretation of time-domain induced polarization (TD1P) 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 [Peiton 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.

* EO6tvds 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 Dbrief review of the IP method is warranted because of the geologic
orientation of other papers in this volume. Excellent more technical summaries
are given by Sumner (1976), and w ashburne (1982). In field IP surveys, current
is injected into the earth through current electrodes and a resulting voltage (VP)
is measured across potential elec,.odes (Figure lia). 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 |/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 (Es, Figure 1/c) to the voltage (Vp) just before turn-off [Seiger 1959,
Dolan 1967 McLaughlin 1 .

™= K\, (1)
Flowever, because most transmitters are less than ideal and because there are
electronic limitations in receivers, only the apparent value of m is measured:

m' = KIK- @
This parameter neglects the shape of the decay curve, which contains informa-
tion about the polarization process [Wait 1959, Bertin-L oeb 1976, Erker €t
al. 1979, and H aiverson 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 [Pe1ton et al. 1978]. However, the approach to curve shape analysis and
its interpretation is far from uniform or standard [Wait 1959, Komarov et al.
1979, Erker 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. Tombs [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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TIME DOMAIN INDUCED POLARIZATION

ARRANGEMENT

RECEIVED WAVEFORM

b)

INTERPRETATION CONSIDERATIONS

Vp and m

Fig. 1 Principles of lime 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 Vs') and theoretical values (VP. Vs)

l. abra. Az idotartomanybeli gerjesztett polarizacié alapelvei: a) példa az adé (aram) és vevl
(feszilltség) elektrodak elrendezésére, b) a mértjei elvi alakja, c) a mért fesziiltségek (VP és Vs')
és az elméleti értékek (VP, k")

Pue. 1. OCHOBHble NMPUHLWMbI BbI3BaHHOW MONspM3aLMy BO BpeMeHHOl o6nactu: a) npumep
pacnonoXxeHus 3afatlolinx (TOKOBbIX) U MpUeMHbIX (MOTEHLMaNbHbIX) 3NEKTPOLOB;
b) nNpvHUMNMansbHas opMa M3MEepPeHHOro CUTHaa; C) M3MEpPEHHbIE HamnpsHKeHNs
(Vp' n Vs') n nx Teopetnyeckune 3HadeHus (YPu Vs)
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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 Tombs [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
Csorgei 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

K=K+1 ©)
1=1
where
V, = decay voltage at time t (volts)
t = time after turn off (milliseconds)
N = number of exponential terms
LLL = amplitude of Zth term (volts)
T, = time constant of zth term (milliseconds)
WO = 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 s components of the series to fita 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

Fig. 2. Difference between observed and computed voltages using 3, 4 or 6 éxponential
components

2. abra. A 3, illetve 4 vagy 6 exponencialis 0sszetev6 alapjan szamitott és a mért fesziiltségek
kozti kilonbségek

Puc. 2. PacxoxaeHne N3MepeHHbIX U PacYeTHbIX HanpsHKEHUA Ha ocHoBe 3-X, 4-X U 6-n
9KCMOHEHLMANbHBIX YNIEHOB

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 (IVJIVi).

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 WilWi 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 E6tvés Lorand Geophysical
Institute, or the U.S. Geological Survey
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Fig. 3. Normalized amplitude (W JBT7) plotted as a function of time constant (r,) for different
textures of sulfide-bearing rocks: a) charging time of 38 seconds, b) charging time of
960 seconds

3. abra. A Tj id6allandd fliggvényében abrazolt normalt amplitdd6é (WJW,) kiilonbdz6 szulfid
tartalmu kézetekre a) a gerjesztési id6 38 masodperc, b) a gerjesztési id6 960 masodperc

Puc. 3. 3aBucumocTb HopMupoBaHHOW amnauTyabl (WJIKd oT NOCTOAHHOW BpeMEHH T, Ans
FOPHbIX MOPOA C pas3HbIMK COAepXaHUAMU CynbuaoB. Bpems Bo36YxaeHUs:
a) 38 cek; b) 960 cek

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 Pe1ton 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, O1hoeft 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

a>

matrix

“WA-\ |-

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. abra. A gerjesztett polarizacioban alkalmazott Cole-Cole modell: a) a gerjesztett polarizaciés
folyamat elvi modellje, b) az elektromos viselkedést megadé helyettesité aramkor

Puc. 4. Mogenb Kon-Kon, ncnonb3oBaHHasi B MeTOAe BbI3BaHHOW Monsipu3aymmn: a)
NpUHLMNanbHas MoAenb MpoLecca Bbl3BaHHOW Nonspusauun; b) aKBMBaNeHTHAsA CXema,
onucbIBaKoLLLas 3MeKTPUYECKOe NOBeAeHNe
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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 ROwhile 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:

Z(co) = RO+ —m 1 @

1+ (icot)c

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

RO = dc resistivity (Qm)

m = chargeability (volts per volt)

r' = the time constant (seconds)

¢ = frequency dependence (dimensionless)
o = angular 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 r, 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 [Kiein 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 (r 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) [Peiton 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-Z onge 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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hip. 5. lime constant variations: a) versus grain size, and b) versus chargeability for graphites
and massive sulfides

5. abra. Az id6allandd kapcsolata a) a szemcsemérettel, és b)a gerjeszthetéséggel, grafit
és massziv szulfidok esetében

Puc. 5. CBA3b NOCTOSIHHOI BpeMeHM a) C AMaMeTpoM 3epeH U b) ¢ BO36YXKAAeMOCTbIO
ANs TpadUTOB N MacCUBHbIX CyNb(nA0B

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 smitn [1984] and only summarized below.
The step function response (e.g. infinitely long pulse time) is computed using
a convolution approach described by G uptasarma [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 (TP1), 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 Q)

TD-IP BEHAVIOR: T =VARIABLE TP =30 b)

Fig. 6. Forward Cole-Cole model solutions for variable time constants: a) 4 second pulse time,
b) 30 second pulse time

6. abra. 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 3aTyxaHUsi, paccumTaHHble Ha OCHOBe Modenu Kon-Kon ans pasHbix
MOCTOSAHHBIX BpeMeHU. LANTeNbHOCTb BO36YXAeHMS: a) 4 cek; b) 30 cek
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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 (RO=1 m=.5and 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
Imillisecond, the earliest time in Figure s . 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 s /a and
curve 5in Figure s /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 Tombs [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 s , 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 U1

Fig. 7. Decay curve showing observed values (circles) and computed least-squares fit (solid line)
using Cole-Cole model

7. abra. Mért lecsengési gorbe (korok) és a hozza a legkisebb négyzetek elve alapjan illesztett
Cole-Cole modell (folytonos vonal)

Puc. 7. iamepeHHas KpuBasa 3aTyxaHus (Kpy>kn) n mogens Kon-Kon, cornacoBaHHas no
NPUHLMNY HaUMeHbLUNX KBaApaToB (CMAOLIHASA NUHUA)

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 (pV) Time constants (
IVO 48
W, 840 r, 119
V2 648 r2 164
W3 456 r3 031
w' =0.165 Average r=4.6
Cole-Cole
RO 55.9 Dm r 62s
m 0.676 ¢ 0.38

Table I. Comparison of exponential and Cole-Cole parameters
I. tAblazat. Az exponencialis és Cole-Cole paraméterek dsszehasonlitasa

Ta6n. . CpaBHeHWe napameTpoB 9KCMOHeHUManLHon Mogenu v mogenn 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 s /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
s /b. Considering that the first voltage sampling time for this example is 160

EM COUPLING

Fig. 8. Electromagnetic coupling can produce strong negative response near beginning of decay

8. abra. Az elektromagneses csatolas nagy negativ fesziiltségeket okozhat a lecsengés kezdeti
szakaszaban

Puc. 8. B HauyanbHoi CTagnun 3aTyxaHNAa 3NEKTPOMarHUTHaa CBA3b MOXXET Bbl3BaTb 6onbLUMe
oTpuuaTesibHble HanpaXeHUs.

milliseconds (.160 seconds), the general difference between m and m is compat-
ible with the forward solutions.

The problem of electromagnetic (EM) coupling (Figure s) is a complicated
question that has been widely debated [e.g. Petton 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 l/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 s 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 problem 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 I11),
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 HI

Fig. 9. Decay curve with negative electromagnetic coupling at beginning of decay (observations
are circles and least-squares theoretical solution is solid line)

9. abra. Lecsengési gorbe negativ elektromagneses csatolassal a lecsengés kezdeti szakaszaban
(a mért értékeket a korok jelentik, a legkisebb négyzeteken alapulé elméleti megoldas a
folytonos vonal)

Puc. 9. KpuBas 3aTyXaHusi C OTpULATENbHON 3NEKTPOMArHUTHOM CBSI3bI0 B HauyanbHOM CTaamu
3aTyxaHus (KPYXXKN — U3MEPEHHbIE 3HAUeHUs; CMOLLIHAS NIMHUS  TEOPeTMYECKOe peLleHne Ha
OCHOBE HalMeHbLUIMX KBafpaToB)
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Exponential
Amplitudes (pV) Time constants (s)
WO 29
wi -294 EM T 0.06
w2 56 IP r2 143
m'—-0.18 m'2=0.035
Cole-Cole
EM m2 -0.94 IP m2 0.403
G 0.063 r2 0.068
cl 0.94 c2 0439

Table Il. Comparison of exponential and Cole-Cole parameters for decay curves with EM
coupling

Il. tblazat. Az exponencialis és Cole-Cole paraméterek Osszehasonlitdsa EM csatolast is
tartalmazo lecsengési gorbére

Tabn. //. CpaBHEHMe NapaMeTPOB 3KCMOHEHUManbHoOn mogenn n modenu Kon-Kon gns kpusoi
3aTyxaHus, BKovatoLlas B cebs u M cBsa3b

The C-C model parameters, given in Table Il, show that two models, i.e.
sum of two terms (equation 4), must be used. As discussed by Perton 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 Csergei 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 m2and c2 parameters
yield very nearly an exponential decay waveform when they have near-unity
values (Perton 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 t values, as in the case of the first
data set analysis. Again there is a difference between the predicted m values
(voltage at time = o).

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
(Hatverson etal. 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

TD-1P BEHAVIOR  TP=VARIABLE

Fig. 10. Forward model results for a Cole-Cole model having a long time constant for different
pulse times (TP)

10. &bra. Hosszu id6allandéju Cole-Cole modellre vonatkozd elméleti lecsengési gorbék
kilonbdz6 gerjesztési id6k (TP) esetén

Puc. 10. TeopeTuuyeckue Kpmeble 3aTyxaHusi ans mogenn Kon-Kon ¢ 60nblLIOA NOCTOSHHOM
BPEMEHW B C/lyyae pasHbIX BpeMeH B0o36yxaeHus (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)

Fig. Il. Simultaneous inversion of time-domain induced polarization measurements (circles
and x’s) over a carbonaceous rock unit with a long time constant

11. abra. Hosszu id6allanddval jellemezhet6 szén tartalml k6zeteken végzett id6tartomanybeli
gerjesztett polarizacios mérések (kordk és x-ek) egyidejd inverzidja

Puc. 11. OfHOBpeMeHHas WHBEPCUS U3MEPEeHWil BbI3BaHHOM MONMSAPU3ALIMM BO BPEMEHHOM
061aCTN C pa3HbIMK BpeMeHaMi BO36YXAEHUS (KPYXKKM W X-bl) Had YTAUCTbIMU TOPHbLIMY
nopoJiamu, XapakTepusyoLwumMncs 60/bLLIMM MOCTOSHHBIM BPEMEHN
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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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IDOTARTOMANYBELI SPEKTRALIS GERJESZTETT POLARIZACIOS ADATOK
ERTELMEZESI MODSZEREINEK OSSZEHASONLITASA

VERO Laszl6, Bruce D. SMITH, Walter L. ANDERSON és CSORGEI Jozsef

Az id6tartomanybeli gerjesztett polarizaciés mérések értelmezésének két Gtja lehet: az expo-
nencialis hatvanysor modell, illetve az altalanositott komplex impedancia (ellenallas) vagy Cole-Co-
le modell segitségével. Bebizonyosodott, hogy az exponencialis modell jol illeszthet6 a mért lecsengé-
si gorbékhez és igy olyan paramétereket kapunk, amelyek leirjak a gérbealak valtozasait. A paramé-
terek valtozasait ugyan néha kapcsolatba lehet hozni a k6zettipus, vagy ércesedési szovet valtozasai-
val, de lényegében nincs vilagos fizikai jelentésiik.

A Cole-Cole modellel ugyanolyan pontosan lehet a lecsengési gorbéket kdzeliteni, mint az
exponencialis modellel. Az idétartomanybeli gerjesztett polarizaciés mérések értelmezésében valo
hasznalata a kovetkez6 elényokkel jar: 1) Az id6- és frekvencia-tartomanybeli méréseket kozos
alapra helyezi. 2) A modell elvileg kapcsolatba hozhat6 bizonyos polarizaciés mechanizmusokkal.
3) Megadja a kilonbdz6, véges hosszlsagu gerjesztd impulzusok hatasara bekovetkezd valtozaso-
kat a lecsengési gorbe alakjaban. 4) A modell az elektromagneses csatolasra is stabil numerikus
kozelitést ad.

Ezen felul kilonbdz6 révid idejd gerjeszté impulzusokhoz tartozd lecsengési gorbék egyidejli
inverzidja arra is felhasznalhatd, hogy olyan informéaciot kapjunk, amely egyébként csak hosszl
gerjesztési id6kkel kaphat6 meg.

CPABHEHUWE METOAOB MHTEPMPETALMW AAHHbIX CMEKTPA/IbHOW
BbI3BAHHOW MOJIAPU3ALNKY BO BPEMEHHOW OBJIACTU

Nacno BEPE, Bpyc . CMWUC, BanbTep /1. AHOEPCOH u Voxed YEPTEUN

3MepeHMst METOAOM BbI3BaHHOW MONspM3aLMU BO BPEMEHHO 061acT MHTEPNPeTUPYHOTCA
[BYMsi cnoco6amu: Mo MOAeNu CyMMbl 3KCMOHEHLMaNbHbIX YIEHOB: MpW NOMOLLM 0606LLEeHHOr0
KOMM/IEKCHOIO CONpOTUBNEHNs unu mMogenn Kon- Kon. [lokasaHo, YTO 3KCMOHEHLMaNbHOW Mofe-
NbH XOPOLUO OMUCHLIBAKOTCA U3MEPEHHbIE KPUBbIE 3aTyXaHWsi, U TaK MOMy4yatTcs napameTpbl,
XOpOLLO OMKUCbIBAIOLLME U3MEHEHUS (hOPMbI KPUBOIA. VI3MeHeHNs NnapaMeTpoB MHOTa CBSA3bIBAKOT-
€Al C U3MEHEHUAMU TUMA FOPHbIX MOPOA UM TEKCTYPbI OPYAEHEHMS, HO OHW MO CYTU Aena He UMetoT
ACHOrO (h3MUECKOT0 3HAYEHUS.

Mpu nomown Mmogenn Kon-Kon KprBble 3aTyXaHusi annpoKCUMUPYHOTCS C TaKol e TOYHO-
CTbO, KaK ¥ MpyY NOMOLLM 3KCMOHeHUMabHOW. Wcnonb3oBaHne mogenn Kon-Kon B MHTep-
npeTauun U3MepeHnin BbI3BaHHOW MonspusaLun BO BpEMEHHON 061acTu MMeET Crefytole npeu-
myuiectBa: 1) [laeTcsa ob6uias oCHOBa A1 U3MEPEHWIA BO BPEMEHHOI W 4aCTOTHOI 06nacTsx. 2)
[aHHasa Mofenb B NpUHLMNE MOXET ObiTb CBSi3aHa C ONpefeneHHbIMA MexaHu3MamMu nonspusa-
umn. 3) OHa OnuCbIBaeT M3MeHeHMS (HOpPMbl KPUBOI CMaja, Bbi3blBaeMble pasHbIMU UMMYbCaMu
BO36YX/EHUS KOHEYHOW AnmTenbHocTu. 4) Mogenb AaeT yCcTONYMBOE UMCNEHHOE MpPUGIUXKEHMe
TaKkXKe W 3NeKTPOMarHUTHOW CBA3N.

Kpome TOro, oHOBpPeMeHHasi MHBEPCMSI KPMBLIX CMafja OT PasHbIX KOPOTKMX WMMMY/bCOB
BO36YXK/IeHWS M03BONAET NOMYUUTb MHHOPMALIMIO, KOTOPast B MHbIX YCN0BUAX AOCTYMHA NNLLIb NpU
1CNOMb30BaHNN A/IUTENbHBIX BO36YXAAIOLLMX UMMYbCOB.
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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 LaszI6 Z1LAH1-SEBESS**

The GRASP system was implemented and applied to various data management tasks at the
E6tvos 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-B otbol
1975], developed by the U.S. Geological Survey) was installed on the RYAD-35
computer of the EO6tvos 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 ELGTs 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
** Edtvos Lorand Geophysical Institute of Hungary POB 35. Budapest, H-1440
Manuscript received (revised form): | August. 1985
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— data of the mining district (41different 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-economical 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/T1TLE/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 ‘LOGT)
ENTER LOGIC: ‘(AT 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: OUTI (Logical name of the output file, arbitrarily defined
by user)
The ‘LIST’command is then used to generate a listing of item numbers in OUTI
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 reading 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 10data 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 Z1LAH1-SEBESS Lé&szI6

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 verzio mellett a BASIC nyelven irt MICRO-GRASP programot is
hasznaljuk. A geologiai alkalmazasok folvetnek néhany tovabbi problémat, mint pl.: hogyan lehet
kilonb6z6 GRASP adatbazisok kozdétt logikai kapcsolatot létesiteni. A cikk a GRASP (j verzidja
alapjan megoldast isjavasol a kérdésre.

MPUMEHEHWE CUCTEMbI MPOTPAMM YTPABJ/IEHNA BA30M AAHHbIX
B BEHTEPCKOM INEO®PUMN3NYECKOM MHCTUTYTE wnm. J1. 3TBELLA

Pomxkep B. BOEH. ®epeHy YEPUYWK, Nacno 3UTAXN-LUEBELL

BcTaTbe AeMOHCTPUPYIOTCA HEKOTOPbIE MPpUMeHeHUs cucTtembl GRASP B QJTEW, 1 nonyyex-
Hble OMbITbl. O6MacT NPUMEHEHUS:

— 6a3a fJaHHbIX MUHepanbHbIX Pecypcos,

— KOMMNbHOTEPM30BaHHbIV KaTanor reofusnyeckon 6ubnmnotekn 1IN,

Psgom c Bepcumeit GRASP-a Ha MowHO/W 3BM. Takxe MpUMeHseTca nporpamMmma
MICRO-GRASP, 3anucaHHas Ha sisbike BASIC: lMpuMmeHeHMem ynpaBneHus 6a3oii faHHbIX B
06/1aCcTV reonorMn BO3HWKAKOT HOBble NPOGIEMbI, HaNnpMMep, KakuMm 06pa3om co3aaTb N0rmyec-
Kyl CBfi3b MeXAy pasHbiMu 6a3amu gaHHbIX GRASP-a. Ha ocHoBe HoBoi Bepcun GRASP-a
CTaTbsl MpejnaraeT peLleHve Bonpoca.
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