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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.
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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
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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).



.. .nearshore sands and gravelsfrom semi-protected Miocene coasts. . . 115

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



.. .nearshore sands and gravels from semi-protected Miocene coasts. . . 129

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.






