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Jurassic formations are cropped out in the eastern part of the Mecsek Mountains in a relatively 
extended area. The Aalenian-Bajocian interval is characterised by bioturbated marls and clayey 
limestones (Fleckenmergel, Allgau facies) named as Komló Calcareous Marl Formation. The most 
obvious feature of this formation is rhythmic alternation of carbonate-rich and carbonate-poor 
semicouplets. Our work deals with characterization of changes of palaeoenvironmental conditions 
of this sequence using an approach involving study of changes in clay mineral assemblages, 
determination of stable isotopic composition, and enrichment or impoverishment redox- and 
bioaffmity-controlled elements.

The clay fraction of the examined samples is dominated by illite and illite/smectite mixed- 
layer phases (with 40-70 percent illite content, R=o or R=1 type interstratification). It has been 
formed by preferential replacement of smectite by illite during burial diagenesis. Discrete illites 
seem not to be altered by heating during burial. Kaolinite is rarely found, only in samples rich in 
shelf-derived redeposited material. Abundance of the clay mineral species does not show any 
covariance with the lithology and the position in the profile. This phenomenon suggests that the 
processes forming the alternation of carbonate-rich and carbonate-poor semicouplets did not 
directly and exclusively affect the genesis of the clay minerals. Clay mineral assemblage 
documents erosion of smectite-rich soils developed under warm and seasonally humid climate. 
Sparse occurrence of the kaolinite together with the high abundance of illite and illite/smectite 
suggest relatively distant source area during deposition.

Stable isotope ratios of the carbonate fluctuate between 0.2 and 2.1 %0 for carbon and between 
-5.1 and -0.5 %0 for oxygen. Positive correlations were found between the measured isotope ratios 
of the two elements and between the isotope ratios and CaOcontent of the samples, also it can 
be established that carbonate-rich semicouplets are enriched in heavy carbon and oxygen isotopes 
in comparison with carbonate-poor semicouplets. This pattern suggests enhanced productivity, 
relatively ‘cool’ and/or ‘saline’ surface water during deposition of carbonate-rich semicouplets 
and minor role of diagenetic carbonate redistribution.

Fluctuations of p in the carbonate-rich semicouplets seem to be controlled by carbonate 
dilution of the terrigenous material and enhanced surface-water productivity. Diagenetic 
enrichment under oxic pore water conditions seems to be the most plausible explanation for 
relative Mn-enrichment in the carbonate-rich samples. Enrichment of the elements such as Fe, Zn, 
Cu, ٧, Ni in carbonate-poor semicouplets cannot be explained by a pure detrital source. 
According to Ti-normalised major and trace element enrichment factors relative to the PAAS, 
excess concentrations (over detrital) may be derived from seawater and could have been (at least 
partially) associated with the organic fraction during sedimentation. During early diagenesis 
moderately oxic, dysoxic conditions were favourable to decomposition of organic complexes, 
adsorption onto surface of the clay minerals and/or incorporation in sulfide minerals.

Rhythmic organisation of the couplets may represent palaeoenvironmental changes. 
Palaeoceanographic conditions alternated from efficiently mixed, high-fertility surface water and 
well-oxygenated seafloor (carbonate-rich beds) to enhanced runoff and/or decreased evaporation 
with sluggish vertical circulation and moderately oxygenated bottom water (carbonate-poor beds). 
This scenario should be connected to alternating anti-estuarine and estuarine circulation. The 
corresponding climatic conditions alternated from more arid to more humid.

mailto:szgy@cseles.atomki.hu
mailto:demeny@sparc.core.hu
mailto:raucsik@almos.vein.hu


Hantkeniana ٦١ع1ا١

Introduction
150

Cyclic sedimentation recorded as rhythmic 
lithological changes (according to terminology of 
Einsele et al. 1991) in pelagic and hemipelagic 
sequences has been the aim of many papers in the 
last few decades. Interest has been concentrated on 
Cretaceous and younger formations, which are 
often characterised by cyclicity expressed as 
alternations of beds with fluctuating carbonate 
content and by minimum late diagenetic overprint 
as source of misinterpretations (Duff et al. 1967, 
Schwarzacher 1975, Einsele & Seilacher 
1982, Berger et al. 1984, Ricken 1991, 1994). 
Jurassic successions has been rarely studied 
(Mattioli 1997, Bucefalo Palliani et al. 1998, 
Colacicchi et al. 2000, Morettini et al. 2000).

The mechanisms that may produce rhythmicity 
or cyclicity seem to be related to the variation of 
environmental factors. According to several 
researchers (ROCC Group 1986, Fischer et al. 
1990, DE Boer & Smith 1994, Sethi & Leithold 
1994, Bellanca et al. 1996, Bickert et al. 1997, 
Franck et al. 1999, KumpArthur 1999, 
Martinez et al. 1999, Colacicchi et al. 2000, 
Morettini et al. 2000) these factors include 
changes (fluctuations) in

i) the supply of calcareous or siliceous biogenic 
sediment produced by plankton (productivity 
cycles);

ii) the supply of terrigenous material (dilution 
cycles);

iii) the degree of saturation of seawater with 
respect to calcium carbonate (dissolution cycles);

iv) the amount of dissolved oxygen at the 
seafloor and the degree of organic matter 
preservation (redox cycles).

Even if Milankovitch-type cyclic patterns 
might be expressed by a combination of physical, 
chemical and geological fluctuations, many of the 
papers emphasized so far the palaeontological 
aspects in order to explain the mechanisms leading 
to the deposition of lithological rhythms (Bottjer 
et al. 1986, Savrda & Bottjer 1994, Erba ه 
Premoli Silva 1994, PiTTETStrasser 1998). 
A fairly new and less common approach focuses 

on the geochemical characterization of such 
rhythmic successions. Many works have been 
centered on isotope stratigraphy and organic 
geochemistry (Weissert & Bréhéret 1991, 
Jenkyns et al. 1994, Patterson ه Walter 1994, 
Bickert et al. 1997, Bucefalo Pallii et al. 
1998) and some papers used trace element 
geochemical data in an attempt to understand the 
palaeoceanographic meaning of the alternations of 
couplet-forming beds (Murray et al. 1990, 1991, 
1992, 1993, MurrayLeinen 1993,
Sundararaman et al. 1993, Bellanca et al. 
1996). Clay minerals are known as very sensitive 
indicators of climatic changes in provenance and 
maximum heating during burial. Therefore, many 
authors applied clay mineral assemblage studies to 
determine the role of climatic, tectonic and eustatic 
effects in the cyclic and event stratigraphy 
(Biscaye 1965, Chamley 1967, Chamley & 
Debrabant 1984, Pacey 1984, Singer 1984, 
Gygi & Persoz 1986, Hallam et al. 1991, 
Robert & Kennett 1994, Egger et al. 1997, 
Gibson et al. 2000).

In Hungary, Triassic and Cretaceous formations 
from the Transdanubian Central Range have ever 
been analysed to describe the causes of rhythmicity 
and cyclicity (Haas 1982, Fogarasi 1995). As far 
as the Jurassic in Hungary is concerned, 
description or analysis of a rhythmic or cyclic 
sequence was not published.

Stratigraphically uppermost part of the 
Fleckenmergel series named as Komló Calcareous 
Marl Formation (Császár 1997: Fig. 1) has 
Aalenian-Bajocian age. Its rhythmic character was 
first mentioned by Forgo et al. (1966). However, 
causes of the rhythmicity, causal relations between 
this character and possible palaeoenvironmental 
changes were not investigated. In this study we 
combine clay mineralogical and geochemical 
methods in order to model the 
palaeoenvironmental changes affecting the 
sedimentation of the Mecsek basin during the 
Bajocian.

Geological setting and lithology

The studied sections are located in the eastern 
part of the Mecsek Mountains (Figs 2, 3 and 4). The 
Mecsek Mountains belong to the Tisia Terrane, a 
structural megaunit of the Carpathian-Pannonian 
realm. According to results of research of the 
Apuseni Mountains (Bleahu 1976, Ianovici et al. 
1976) and of the Great Hungarian Plain (Balázs et 
al. 1986, Grow et al. 1994), the Tisia Terrane is a 
basement nappe system overthrust with northern 
vergency during the Cretaceous Austroalpine 
tectogenesis.

In the Jurassic the area was part of the northern 
continental margin of the Tethys. Differentiation of 
the carbonate shelf into extensional structures 
started during the Late Triassic (Nagy 1969). This 

process has continued in the Early Jurassic as a 
result of rifting of the Penninic Ocean. Early 
Liassic is characterised by a continental and 
shallow marine sequence with arkose-type 
sandstones and coal measures (Gresten facies). The 
overlying sequence is usually compared with the 
Allgäu facies of the Northern Alps. Dominant 
lithofacies is abundant spotted, bioturbated marl 
and siltstone intercalated by mixed carbonate- 
siliciclastic turbidites, crinoidal limestones and 
interrupted by a black shale horizon in the Early 
Toarcian. This type of sedimentation prevailed until 
the Late Bajocian. The whole Jurassic succession 
up to the Bajocian Strenoceras niortense Zone 
developed to a maximum thickness of 3700 m.
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Fig. ,. Jurassic lithostratigraphic units of the Mecsek Mountains (Császár 1997). 1. Kecskehát Limestone Formation; 2.
Mecseknádasd Sandstone Formation; 3. Pusztakisfalu Limestone Formation.
Different facies types are indiced as follows: coal swamp: symbolic plants; hemipelagic bioturbated marl: waves; crinoidal 
limestones: brickwall pattern; micritic pelagic limestones: crosses.
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Two outcrop profiles north of village 
Puspokszentlaszlo belonging to the Komló 
Calcareous Marl Formation (Fig. 1) were studied in 
detail. They are named as Puspokszentlaszlo II, and 
Kecskegyűr, road cut (Fig. 4). They represent an 
Early to Middle Bajocian succession indicated by a 
Kumatostephanus sp. (GalAcz 1997, pers. comm.) 
found on the base of the succession. The 53.87 m 
thick section consists of an alternation of 
carbonate-rich and carbonate-poor layers with 
couplet character. The thickness of individual 
carbonate-rich layers alternates between 12 and 78 
centimetre. Carbonate-poor beds have a minimum 
of 9 and a maximum of 106 centimetres bed 
thickness. Sharp and continuous bedding contact 
can also be observed. Macroscopic sedimentary 
structures indicating redeposition by gravity mass 
flows or contourites do not appear. Hardgrounds 
and other features of submarine dissolution and 
sediment starvation were not detected on the sharp 
bedding contacts.

The beds are grey and greenish grey (with some 
yellowish shade on the weathered surfaces) with 
abundant darker grey spots. All beds are 
macroburrowed, microburrowing is absent. The 
carbonate-rich beds are massive and characterised 
by conchoidal fracture. Carbonate-poor 
semicouplets are less massive, they can be easily 
splitted into 1-2 centimetre thick ’sublayers’. Fine 
and graded lamination do not appear.

According to thin section analyses the rocks are 
classified as bioclastic packstone and wackestone. 
The most abundant biogenic components of the 
carbonate-rich semicouplets are round-shaped 
calcified molds without any inner structures and 
filaments. A few radiolarian tests are not 
recrystallized. These microfossils may suggest 

radiolarian origin of the calcite-filled molds. 
Carbonate-poor beds are dominated by siliceous 
sponge spiculae. Echinoid fragments up to 10 
percent of total bioclastic assemblage were found 
almost in all samples. Foraminifers are present in 
some thin sections. Lenticulina sp., Spirillina sp. 
and Garantella sp. cannot be used for dating but 
they suggest normal marine salinity (Resch 1997, 
pers. comm.). Up to 5 percent of unrounded 
terrigenous quartz silt and very fine sand grains 
(with 0.02-0.09 mm maximum diameter) are 
present as well. Mica flakes (up to 0.5-0.6 mm) 
commonly present on bed surfaces in the case of 
carbonate-poor semicouplets.

Features indicating redeposition and erosion by 
gravity mass flow or contourite activity (gradation, 
graded and cross lamination, lenticular bedding, 
presence of fine, obscure silt lenses, complete or 
incomplete Bouma-sequence) were not observed in 
the thin sections, and the bioturbation is 
widespread. The partial dissolution and 
recrystallization of some biogenic constituents 
indicate carbonate and silica dissolution- 
reprecipitation processes during burial diagenesis. 
However, stylolites and other dissolution-related 
discontinuity surfaces do not appear Wavy bedding 
surfaces are widespread, nevertheless carbonate 
concretions have not been formed, i. e. diagenetic 
carbonate redistribution in the sense of Hallam 
(1964) probably was not significant enough to 
cause this limestone/marl alternation.

In essence, the studied profiles represent basinal 
facies dominated by hemipelagic processes. 
Sedimentation seems to be presumably continuous. 
Consequently, this succession is a good candidate 
for detailed analysis to examine the origin of 
rhythmic bedding.

Fig. 2. The location of Mecsek Mountains in the Mesozoic tectonofacial units of Hungary, modified after Török (19974). 1. 
Foredeep and flysch units; 2. Transdanubian and Drauzug units; 3. Bükk and Inner Dinaric units; 4. Mecsek unit (area of the 
Mecsek Mts. is indicated by gray rectangle); 5. Villány-Bihor unit; 6. Papuk-Lower Codru unit; 7 N. Backa-Upper Codru 
unit; 8. Oceanic nappes; 9. Boundaries of tectonofacial units
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Fig. 3. Geological map of the Mecsek Mountains, simplified after TÖRÖK (1997).
1 Carboniferous granite; 2. Permian rhyolite; 3. Upper Permian; 4. Triassic; 5. Jurassic; 6. Cretaceous; 7 Post-Cretaceous; 8. 
anticline; 9. syncline; 10. fault; 11. supposed fault.

Fig. 4. Location map of the two examined sections. 1. settlement; 2. creek; 3. road; 4. path; 5. location of the examined 
sections; A: section Puspokszentlaszlo II; B: section Kecskegyűr, road cut.
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Clay mineral assemblage and its palaeoenvironmental interpretation

Methods

The clay mineral assemblage of the examined 
samples was determined by X-ray measurements at 
the University of Innsbruck. The clay fraction <2 
pm was separated by sedimentation after 
dissolution of carbonates by 3% acetic acid and 
deflocculation with desionized water. X-ray 
diffraction analysis was performed on oriented 
pastes, with a Siemens D-5OO instrument using 
da radiation with Ni filter. Two X-ray diagrams 
were made: one under natural conditions and one 
after saturation with ethylene glycol.

Clay minerals were identified primarily by the 
position of their basal reflections. For estimation of 
illite/smectite ratio in mixed-layer structures and 
for estimation the ordering of interstratification the 
standard methods of Watanabe (1981), Srodon 
(1980, 1984), and data of Reynolds & Hower 
(1970) were used. If a reflection occured between 
5.3٥ and 8.79 265 in the diffraction pattern of an 
ethylene glycol-solvated illite/smectite, the

examined illite/smectite was considered as a 
clay mineral with interstratification ordered to some 
degree. For randomly interstratified mixed-layer 
structures, the most problematical method (‘a/b 
ratio method’) using intensity data published by 
ReynoldsHower (1970) was used. The relative 
abundance of clay minerals was determined by the 
peak area ratio of the 001/001 reflection of mixed- 
layer illite/smectite and the 001 reflection of illite 
and kaolinite after glycolation. Peak areas of 
mixed-layer illite/smectites were corrected by 
factors of RischáK ه VlCZIAN (1974). Mixed- 
layer phases close to pure illite were corrected by 
multiplying by a factor 2, while those close to 
smectite were multiplied by a factor 0.5. Peak area 
of discrete illite was corrected in a similar manner 
by a factor 2.

CaCO3-content of the samples was determined 
by volumetric method at the Department of 
Mineralogy, Geochemistry and Petrology of the 
University of Szeged.

□ illite/smectite □illite ■kaolinite

sample number

Fig. 5. Semi-quantitative composition of the clay fraction

Results of the clay mineralogical measurements

Fig. 5 shows semi-quantitative clay 
mineralogical composition of the studied sections. 
Illite and mixed-layer illite/smectites of various 
degree of expandability are always the dominant 
clay minerals. Illite is generally of poor crystallinity 
(values of the Kübler index vary between 0.6-1.09 
2®). In most of the samples Kübler index cannot be 
exactly measured due to a shoulder on the high- 
angle side of the illite 001 peak probably caused by 
the expanded mixed-layer phases.

The relative abundance of the mixed-layer 
phases in function of the CaCO3-content of the 
samples is plotted in the Fig. 6. It is obvious that 

the proportion of mixed-layer illite/smectite in the 
clay fraction is independent from the CaC03- 
content of the measured samples (see the “٢” 
values).

In Fig. 7 the estimated illite percentage intervals 
in the mixed-layer minerals are shown. It is 
obvious that there is no correlation between the 
lithology (CaCO3-content) and the illite 
proportions. The majority of the examined mixed- 
layer illite/smectite minerals is characterised by 40- 
70 percent of illite layers and by mostly random 
interstratification or 1/4 partial ordering.

Kaolinite appears seldom (10% of all the 
measured samples), mostly in low amount (14.3% 
average abundance; maximum value = 40% in
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sample P-29A) and only in the carbonate-rich 
semicouplets (Fig. 5). However, there is no 
correlation between the CaCOjContent of the 

samples and the abundance of this clay species (r 
=0.2071) (Fig. 8).
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Fig. 6. Proportion of the illite/smectite mixed-layer minerals in function of the CaCOj-content

Fig. 7 Estimated illite proportion of the mixed-layer illite/smectite clay minerals

Discussion

In most regions of the world ocean, clay detrital 
assemblages reflect the combined influences of land 
petrography and continental climate (Biscaye 
1965). The common clay minerals used as 
environmental indicators are kaolinite, mixed-layer 
illite/smectite and illite.

In the modem oceans kaolinite abundance 
increases toward the Equator in all oceanic basins 
and therefore expresses a strong climatic 
dependence controlled by the intensity of 

continental hydrolysis. In modem marine 
sediments, kaolinite tends to increase in relative 
abundance in neighbouring regions of tropical 
continental weathering. The strong increase in 
kaolinite (together with goethite, gibbsite) could 
reflect very intensive weathering on the source area 
(Chamley 1989, Robert & Kennett 1994, 
Gibson et al. 2000). As for Jurassic formations in 
the Mecsek Mountains, Nagy (1969), VICZAn 
(1987) reported high amount of kaolinite in the 
Mecsek Coal and Vasas Marl Formation.
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Fig. 8. Proportion of the kaolinite in function of the CaOcontent

The distribution of mixed-layer minerals in the 
present day oceans have strong geographic controls. 
This indicates continental sources rather than in situ 
diagenetic origin (Biscaye 1965). Mixed-layer 
illite/smectites have long been believed to be 
formed in diagenetic environments through the 
alteration of smectite (Hower 1981). Evidence 
does exist, however, that mixed-layer 
illite/smectites may form in a weathering 
environment through the leaching and degradation 
of a precursor illite (Chamley 1967, 1989). 
Although smectite and illite/smectite mixed layers 
form recently under a variety of climates, the most 
important type appears to be the one in which a 
pronounced dry season alternates with a less 
pronounced (or shorter) wet season (Singer 1984, 
Robert & Kennett 1994, Vanderaveroet & 
Deconinck 1997). ROBINSON & WRIGHT (1987) 
have suggested that some mixed-layer 
illite/smectite could be produced from smectite 
during pedogenesis. According to the opinion of 
ChamleyDebrabant (1984) the relative 
abundance of smectite largely displays a 
distribution that does not parallel to the zonal 
distribution of the main weathering processes. This 
could indicate the accessory control of climate and 
the dominance of other processes. The increase of 
AlFerich smectites and their abundance does not 
depend on deposition in marine environment but 
are chiefly attributed to the reworking of 
continental peneplanation of gently sloping and 
poorly drained areas. It must be noted that smectite 
may be entirely volcanogenic in origin, being 
derived directly from the weathering of lava or 
volcanic ash and tuffs, and thus having nothing to 
do with climate. In this case, however, distinctive 
accessory minerals must occur, such as biotite, 
sphene, cristobalite, zeolites and, rarely, relict glass 
shards (Pacey 1984, Qelik et al. 1999).

The occurrence of discrete illite in sediments 
probably has no particular climatic significance 
(Hallam et al. 1991, Robert & Kennett 1994), 
but Singer (1984) claims that illite exhibiting high 

crystallinity signifies formation in either cold or dry 
conditions with minimum hydrolysation. Because 
of low crystallinity of illite in the measured 
samples, these conditions can hardly be considered 
as the explanation of their presence in the Komló 
Calcareous Marl Formation.

Differential transport plays an important role in 
determining the distribution of clay minerals in 
marine deposits. As early diagenesis does not seem 
to account for such a differentiation, one may 
expect that clay sorting was reinforced both by a 
hydrolysing climate providing abundant kaolinite 
and smectite to the sea, and by sudden variations of 
turbulence between shelf and basin environments. 
The mechanisms responsible for clay changes 
recorded on continental margins appear to be 
dominated by grain size sorting. The influence on 
sedimentation of direct and rapid subvertical 
sinking of clay aggregates should not be 
overestimated, since horizontal transport and 
resuspension of individual particles and aggregates 
occur widely, under the action of surficial, deep and 
bottom currents (Chamley 1989). Kaolinite tends 
to increase in abundance in nearshore facies, 
probably reflecting its coarse-grained nature and its 
strong tendency to flocculate compared to most 
other clays (Parham 1966). Clay sorting usually 
determines the farther transportation of smectite 
and fibrous clays relatively to the most other clay 
species.

The sparse occurence of kaolinite in the rocks of 
the Komló Calcareous Marl Formation is restricted 
to a few carbonate-rich semicouplets rich in shelf- 
derived bioclasts. According to 
micropaleontological data there are Ostracods in the 
Komló Calcareous Marl Formation collected from 
other locations of Mecsek Mountains, which 
indicate shallow-water environment and certainly 
have resedimented from the platforms (Monostori 
1997, pers. comm.). These data suggest 
resedimentation from the neighbouring shallow 
shelf areas. However, based on the field and 
microfacies observations, presence of gravity mass 



Bajocian- Bathonian Working Groups /••13111800512000 ,/;ا 157

flows is not evidenced in the studied succession. 
Extreme low density turbidites, nepheloid plumes 
or slow bottom currents could cause this type of 
resedimentation (Tucker & Wright 1990).

Another complication concerns diagenesis. 
Under conditions of increased temperature due to 
burial, smectite tends to transform to illite via an 
intermediate stage of mixed-layer minerals 
(Hower et al. 1976). In the Hungarian literature 
V1CZIÁN (1994) has summarized the application of 
the illite-smectite geothermometry. According to 
his paper the intensity of smectite-to-illite 
transition depends on the variables time, 
temperature, K' availability in the depositional 
environment and activation energy. He has 
presented an illite proportion in mixed layer 
structure versus maximum burial temperature trend 
line calculated from data of Pannonian Basin. Part 
of this line corresponding to 40-70% smectite in 
mixed-layer indicates 100-130٥ heating 
temperature during burial diagenesis. According to 
fission track data presented by Dunkl (1992) a 
range of 100-1750 burial heating temperature was 
estimated in the case of the Jurassic sequence in the 
eastern part of the Mecsek Mountains. According to 
V1CZ1ÁN (1990) illite contents in the mixed-layer 
phases of the underlying Mecsek Coal and the 
Vasas Marl Formations are 70-80%. This higher 
illite content - thus higher crystallinity - is due to 
deeper burial and higher degree of ،ripening’ of 
illite/smectite phases in accordance with the deeper 
stratigraphic position of these Early Jurassic 
formations.

Parrish et al. (1982), Hallam (1984), 
Kutzbach & Gallimore (1989) declared in 
agreement with each other, that both modelling and 
empirical research suggest that zonal winds were 
probably much less important on the Jurassic 
supercontinent than monsoonal winds. It seems 
evident that temperature was higher than recently, 
dry and wet seasons were alternating during these 
monsoon-controlled times. According to Hallam 
et al. (1991) the pronounced increase in smectite 
abundance of the latest Jurassic rocks from England 
and France signifies a climate with a more 
pronounced and extended dry season in contrast 
that in the Cretaceous. Results of simulations 
presented by Chandler et al. (1992) show that 
increased ocean heat transport may have been the 
primary force generating warmer climates during 
the Early Jurassic. Three major features of the 
simulated Jurassic climate include the followings:

i) A global warming, compared to the present;
ii) Decreases in albedo, occurring because of 

reductions in sea ice, snow cover, and low clouds, 
and increases in atmospheric water vapour are the 
positive climate feedbacks that amplify the global 
warming;

iii) High rainfall rates are associated primarily 
with monsoons that originate over the warm Tethys 
Ocean.

These systems are found to be associated with 
localised pressure cells whose positions are 
controlled by topography and coastal geography. 
Weissert & Mohr (1996) studied carbon isotope 
composition of large amount of limestone samples 
representing the Oxfordian-Tithonian interval from 
the Helvetic nappes. They concluded that the 
climate in the northern Tethyan realm has been 
characterised by high atmospheric CO2 level and by 
monsoonal rainfall pattern. No observation has 
been suggested so far that in the Bajocian stage in 
the Mecsek sedimentation basin climatic conditions 
were different.

Palaeoenvironmentalinterpretation

Dominance of illite/smectite mixed-layer 
phases indicate seasonally alternating monsoon- 
like climatic conditions during the Bajocian in the 
source area of the Mecsek sedimentary basin. 
Under this weathering condition, pedogenic 
smectite and/or disordered mixed-layer 
illite/smectite has been formed and carried into the 
basin. 40-70% illite proportion in mixed-layer and 
the moderate ordering are due to diagenesis and 
indicate 100-130٥0 heating temperature during 
burial. Discrete illites were not influenced by 
heating of such a degree. The sparse occurrence of 
kaolinite and abundant mixed-layer phases besides 
of illite and absence of chlorite can suggest a 
relatively distant source area during deposition.

Kaolinite was poor and were found only in 
limestone samples. Diagenetic alteration of 
kaolinite to illite or to chlorite (Chamley 1989) 
can be excluded because of 100-13090 burial 
temperature suggested by mixed-layer 
illite/smectites (Huang 1993). The following 
explanations can be reliable:

i) Morphological barriers or well-developed 
river-fed marginal basin existed which would 
prevent the carry into the ocean many of minerals 
pedogenically formed in the upstream zones;

ii) The kaolinite was resedimented by sporadic 
nepheloid plume activity and/or bottom currents 
from the neighbouring shallow-water shelf areas.

The clay mineral types do not correlate 
qualitatively and quantitatively with the lithologies. 
This observation suggests that processes forming 
the limestone/marlstone alternation could not affect 
exclusively the formation of the clay minerals.

Stable 0- and C-isotope geochemistry

Determination and interpretation of stable 
isotopic composition of carbonate rocks have been 
extended during the last few decades. This 
geochemical method is preferentially used in 
palaeogeographic, palaeoclimatic and palaeo- 
ecologic modeling of rhythmic and cyclic 
sequences (Kump 1989, Lasaga 1989, Popp ET AL. 
1989, MagaritzHolser 1990, Grossman et al. 

1991, 1993, Laferriere 1992, Hollander et al. 
1993, Long 1993, BarreraKeller 1994, 
Pelechaty et al. 1996, Wenzel & JOACHIMSKI 
1996, JOACHIMSKI et al. 1998, Caplan & Bustin 
1999, Franck et al. 1999, Jacobsen & Kaufman 
1999, Kump & Arthur 1999, Prokoph & Veizer 
1999, Morettini et al. 2000).
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The background process is that from sea- or 
porewater precipitated (biogenic, sedimentary or 
diagenetic) calcite can be enriched in heavy oxygen 
with 18 mass number. Degree of the enrichment is 
controlled by temperature and salinity of the water, 
therefore fluctuations in so of carbonate rocks 
show well changes in temperature and/or salinity of 
a given part of the water column or in temperature 
and/or salinity of the pore water. Diagentic 
carbonate dissolution and reprecipitation can be 
also recorded in oxygen isotopic composition 
(O’Neil et al. 1969; Friedman & O’Neil 1977).

Fluctuations in carbonate and organic 513 are 
widely used for modelling of changes of marine 
organic productivity and coexisting redox changes, 
because increased productivity causes relative 
enrichment of seawater in heavy carbon isotope due 
to preferred uptake of light carbon by 
phytoplankton during photosynthesis. However, 
long-term excursions of 30اة during Earth’s history 
seem to be caused by several other factors such as 
degree of weathering and burial fluxes of the 
carbon (intensity of carbon recycling) and 
evolutional state of the biosphere (Klimp 1989, 
Lasaga 1989, Popp et al. 1989).

In the Hungarian literature, the stable isotope 
approach in sedimentological and cyclo- 
stratigraphical research has been presented 
sporadically (CORNIDES et al. 1979, FOGARASI 
1995). While the Komló Calcareous Marl 
Formation shows obvious rhythmic character, 
application of the stable isotopic method can be 
effective in the examination of the rhythmicity- 
forming factors.

Methods

25 bulk samples were milled in an agate mortar 
and the powder was analysed at the Geochemical 
Research Laboratory of the Hungarian Academy, 
Budapest. Carbon dioxide was produced following 
McCrea (1950)’s standard method. The ؟c/12c 
and 180/160 ratios were determined using a 
Finnigan MAT Delta s mass spectromether. The 
isotope ratios are quoted in per mil relative to the 
PDB (Pee Dee Belemnite). The reprodubilicity of 
duplicate analyses is better than ± 0.1%0. The 
standard Harding Iceland Spar was also analysed, 
which yielded the following values:

5'c 4.88 ± 0.03 م: s’8o: 11.85 ± 0,07 ذم n: 
4. (Accepted values: s13c: 4.80 زم so: 11.78 
%0; Landis 1983)

The samples are collected from couplets. Only 
unweathered and hypergene transformation-free 
specimens were selected for the stable isotope 
analysis.

Results

Stable isotope data of the examined samples are 
collected in the Table I. Summarizing the following 
can be established:

i) In a given couplet, the CaO-rich layers are 
isotopically heavier for both elements than the 
02003-0001 ones.

ii) Relative strong correlations exist between the 
CaCOjContent and the SI3C and the s'o values 
(Figs 9 and 10).

iii) The S'3C and the 5180 values are 
corresponding to the ‘normal’ pelagic real.

Fig. 9. Carbon isotope ratios versus CaCOj-content diagram
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Fig. 10. Oxygen isotope ratios versus CaCOj-content diagram

Discussion

Arthur et al. (1984, 1986) proposed that 
periodic changes of insolation, evaporation, wind 
stress, and/or rainfall in a wide variety of 
environments were able to cause changes of input 
of terrigenous matter, water mass stratification, 
deep-water oxygenation, surface water productivity 
and related chemical, biological, ecological factors. 
These changes could be very effective in the case of 
the intrashelf basins due to their small volume of 
water mass relatively to the oceanic realm. In 
contrast to the well documented Pleistocene and 
Holocene situation, changes in ratio of deep-water 
production during glacial-interglacial transitions 
and related changes in carbonate dissolution 
probably cannot be accounted for explain the 
rhythmic alternation of Jurassic sequences 
deposited during greenhouse conditions. Some of 
the above mentioned changes can be traced by 
stable isotopic data.

The examined samples contain carbonate 
fossils, abundant micritic matrix (primary and/or 
diagenetic) and diagenetic calcite spar-filled molds. 
The carbon isotopic composition of these 
constituents reflects the composition of the 
dissolved bicarbonate of the water from which their 
matter is precipitated. Main factors controlling of 
the carbon isotope signal are as follows:

The seawater surface is usually enriched in '3c 
relative to the deep water (Berger & Vincent 
1986, Thunell et al. 1991, Bellanca et al. 1995, 
1996^ which invokes 13 enrichment of carbonate- 
secreting zooplankton as a result of an increase in 
productivity of phytoplankton. Bartolini et al. 
(1996) described positive 5130 excursions in Early 
Bajocian and Callovian-Oxfordian carbonate rocks 
in Italy that may record changes in global climate 
toward warmer, more humid periods with increased 
carbon burial and nutrient mobilisation. Many 

workers emphasized that increased radiolarian 
abundance in sedimentary successions appears 
parallel with increased 513 values and other high 
productivity-related palaeontological and 
geochemical features (FÖLLMI et al. 1994, Bill et 
al. 1995, Bartolini et al. 1996, 1997, Jenkyns 
1996, Bartolini & Guex 1999, Colacicchi 
2000). In many cases, drastic shifts were found in 
global 8'G pattern. However, these shifts do not 
show clear correlation with diagenesis- and 
productivity-related properties of the examined 
successions. For example Mil أع al. (1997) pointed 
out that the very high 0 ة values of the Permian 
Svedrup Basin seems to be correlated the globally 
recognized S'3C shift explained by changes in the 
size of the global organic carbon reservoir (Kump 
1991). Other plausible explanation of such drastic 
carbon isotope shifts is changes of the absolute 
amount of carbon dioxide in the ancient atmosphere 
(Marshall & Brenchley 1998, PANCOST et al. 
1998).

Diagenesis may alter the carbon isotopic 
composition of sedimentary rocks. However, this 
composition does not change a great deal during 
diagenesis because the volume of carbon within the 
pore-water reservoir is small and because the 
isotope fractionation between calcium carbonate 
and dissolved bicarbonate is small at low 
temperatures (Emrich et al. 1970). Jenkyns & 
Clayton (1986) proposed a model to explain the 
very low 513 values associated to organic-rich 
sedimentary rocks in the Tethyan Lower Jurassic. 
In their model the lower 913 of the cement is 
compatible with the introduction of carbon dioxide 
derived from bacterial (anaerob) oxidation of 
organic matter According to Raiswell (1987), 
during sulfate reduction and bacterial 
decomposition of organic matter lead to 
precipitation of '^Cdefleted calcite. Rjcken & 
Eder (1991) emphasize that with increasing 
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overburden, the sediment passes into the methane 
production zone, where isotopically light 
bicarbonate is removed by the bacterial methane 
production. The remaining bicarbonate in the pore 
water and the precipitated carbonate therefore 
continuously shift from light s'c values to heavier 
ones. According to the previously presented clay 
mineralogical data, however, the examined samples 
seem to be heated up to 100-1300, well below the 
temperature range of methanogenesis.

The S'8O value of bulk carbonates is determined 
by the 510 value of unaltered biogenic constituents 
(and primary micrite) and the S٢8O value of the 
precipitated cement. These values are controlled 
mainly by the salinity-related initial 80اة value and 
the temperature of the water mass and diagenetic 
pore water. Thus, at greater burial depth where 
cements are generally more abundant and most of 
the biogenic grains have been at least partially 
dissolved, the 80اة values of bulk samples reflects 
more closely the geologic conditions during burial 
diagenesis than the palaeotemperature of the initial 
sea water shifting those to the progressively 
negative values (Killingey 1983, Cook & Egbert 
1983). Highly negative oxygen isotope values are 
formed in freshwater-related and at high 
temperature precipitated carbonates. During 
diagenesis, oxygen isotope ratios are likely to be far 
more readily altered than carbon isotope ratios. The 
ratio of oxygen in pore water to oxygen in the rock 
in initially extremely porous carbonate oozes is 
high, the inverse is true with respect to carbon. In 
addition, there is a large temperature fractionation 
of oxygen isotopes which can play an important 
role during burial diagenetic cementation. Such 
effects have been noted in many pelagic sequences 
(Scholle 1977). According to Einsele & Ricken 
(1991) the oxygen isotopic composition of marl and 
limestone beds of the rhythmic marl/limestone 
alternations may be homogenized by diagenetic 
processes.

There are several stable isotopically well 
studied sequences of ice-free periods of the Earth’s 
history (Weissert et al. 1979, DE Boer 1983, 
Kauffman 1988). According to these authors, two 
mechanisms should be considered to explain the 
relatively low oxygen isotope values of the 
carbonate of the marly (carbonate-poor) beds of 
such rhythmic pelagic-hemipelagic sequences:

i) Fluctuation of the surface water temperature. 
The temperature of the sea surface is controlled not 
only by the temperature and circulation of the 
atmosphere. In the zones characterised by intensive 
upwelling, oxygen isotopically heavy bottom water 
might have reached the photic part of the water 
column, therefore here carbonate secreting 
organisms might have formed carbonate skeleton 

with relatively high so values. In these cases the 
main controlling factor is the circulation pattern of 
the basin.

ii) Fluctuation of the surface water salinity. 
According to Pratt (1984), Barron (1986), 
Kauffman (1988) and DE Boer (1991), during 
periods controlled by greenhouse conditions 
fluctuations of surface water salinity was a more 
important process than in the present oceans. The 
reduced circulation of the seas might well have led 
to a greater influence of evaporation/precipitation, 
resulting a variable salinity. Enhanced freshwater 
input during relatively wet periods could have 
caused salinity-related density differences between 
surface and bottom water, therefore slower 
circulation and lower organic production in the 
surface water. Surface runoff patterns may have 
influenced stratification in marginal seas and could 
had a global effect.

Our data can be interpreted in the light of the 
literature as follows:

i) During deposition of the carbonate-rich 
layers characterised by high 8״c values, surface 
water productivity seems to be increased relatively 
to the carbonate-poor semicouplets. This is in 
accordance with the observed radiolarian 
abundance: microfacies of the carbonate-rich 
semicouplets are dominated by recrystallized 
radiolarian tests.

ii) According to Arthur & Dean (1991), s'o 
values -2.5 to -4.5 %0 are reasonable isotopic 
composition for diagenetically marine carbonates 
formed in a warm, ice-free sea. Most of our 
samples have 80|ة values within this range.

iii) The carbonate-rich layers are isotopically 
heavier. If diagenetic carbonate redistribution had 
been the main factor in form the rhythmic character 
of the sequence, an opposite trend would have been 
observed. 1.5 to 2.5 %0 difference between 80اة 
values of the neighbouring beds also contradicts the 
dominance of the diagenetic redistribution.

iv) The above mentioned fluctuation in the 5180 
pattern points to differences in temperature and/or 
salinity during the sedimentation. Carbonate-rich 
beds seem to be formed during periods of ،cooler’ 
and/or ‘more saline’ surface water.

v) However, redeposition of platform-derived 
shallow water carbonate mud by bottom currents 
and/or by nepheloid plume activity cannot be 
exluded as potential source of isotopically (for both 
measured elements) heavy carbonate.

Major and trace element geochemistry

Geochemical characterization of the rhythmic 
and cyclic sequences was mainly focused on stable 
isotopic composition of the examined material. 
Major and trace element examination of sediments 
and sedimentary rocks has served provenance 
studies and analysis of the weathering processes 
(Nesbitt & Young 1982, Bhatia 1983, Harnois 
1988, Roser & Korsch 1988, Nesbitt et al. 1997, 

Huisman et al. 2000, Valladares et al. 2000, 
Varga et al. 2001). In the past decade, however, 
interpretation of the element composition of 
rhythmically alternated biogenic sediments went an 
effective tool in modelling of (i) changes of 
seawater chemistry (Elderfield 1990, Dymond et 
al. 1992, Filipelli & Delaney 1996): (ii) 
environmental factors of biogenic sedimentation
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(Schmitz 1987, Yamamoto 1987, Murray et al. 
1991, 1992, Sundararaman et al. 1993, Fagel et 
al. 1997, Zwolsman et al. 1997, Reynard 1998, 
Zhang et al. 2000): (iii) rhythmicity-forming 
mechanisms in marine successions (Lyle et al. 
1988, Abouchami et al. 1997).

Methods

45 samples were collected from six intervals of 
the studied succession to determine of their 
chemical composition by PIXE analysis. The name 
PIXE (Particle Induced X-Ray Emission) refers to 
a process in which characteristic X-rays are 
generated by ion-atom collision events as the 
consequence of the recombination of electron 
vacancies appearing in the inner shells. The 
spectroscopy of X-rays reveals analytical 
information on the elemental constituents of the 
samples. In such a way multielemental analysis 
with low detection limit can be performed on thin 
and thick samples of small absolute mass 
(Johansson 1988).

The 2 MeV energy proton beam of the 5 MeV 
Van de Graaff accelerator of the Institute of 
Nuclear Research of the Hungarian Academy of 
Sciences, in Debrecen has been used for PIXE 
analysis. Details on the experimental setup and its 
calibration have been given in BorbEly-Kiss et al. 
(1985) as well as in SzaboBorbelyKiss 
(1993). Powdered bulk rock samples were pressed 
into pellets (1 mm thick and 10 mm in diameter). 
The beam current was typically between 1 and 10 
nA, with a beam size of 5 mm in diameter and 
about 20 minutes bombardment was sufficient to 
detect elements in the sample, spectra have been 
evaluated with the PIXYKLM programme package 
(Szabó & BorbelyKiss 1993).

Standard deviations given in the tables include 
the statistical errors originating from the measuring 
conditions and the fitting of X-ray spectra. 
However, they do not include the error of data 
necessary for the determination of elemental 
concentrations. Those data (X-ray production cross 
section, respond probability of the Si(Li) detector, 
X-ray absorption in the sample and the used filter 
and the slowing down of proton beam in the 
sample) are calculated theoretically. Errors of those 
data are systematic, depend on the atomic number 
and can only be estimated. They are less than 10-15 
% of the value of concentrations.

Results

Major and trace element data are listed in 
Tables II and III. Average values of the measured 
elements of the carbonate-rich semicouplets are 
indicated by ‘average 1'; ‘average 2" indicates 
those of the carbonate-poor beds. Values with 
higher than 10% standard deviations are indicated 
by bold numbers. Missing values in the Tables II 
and III mean that the concentrations of those 
elements are less than the detection limit. 
Calculated correlation matrix is presented in Tables 
IV and V. shows the Ti-normalised enrichment 
factors relative to the PAAS values for many 
elements (Taylor & McLennan 1985) calculated 
as follows:

where El refers to any measured element.

Tables of Dowdy & Wearden (1983) were 
used for statistical evaluation of data.

Discussion

While the studied rocks are fine-grained mixed 
carbonate-siliciclastic rocks, calcite- and 
phyllosilicate-related elements have been found as 
major constituents.

Two main sources of the silicon are the biogenic 
opal and the terrigenous matrial (quartz and silicate 
minerals). Si shows slight positive correlation with 
the titanium (/-0.700, «=25) that clearly indicates 
contribution of the terrigenous fraction to the total 
Si concentration. According to results of the 
microfacies analyses almost all the examined 
samples contain microfossils with silica skeleton 
and a small amount of diagenetically redistributed 
silica as cement. Biogenic and diagenetic fraction 
of the Si may cause the extremely high Si content 
of a few carbonate-rich semicouplets and the above 
mentioned value of the Si-Ti linear regression.

Aluminium and titanium concentrations are 
generally used to correct for the terrestrial 
influences in marine sediments while these 
elements are regarded as immobile under conditions 
of sedimentary and diagenetic environments 
(Murray et al. 1991, MurrayLeinen 1996, 
Cullers 2000). In 08(03-111 biogenic 
sediments, however, a part of the aluminium may 
be connected to the biogenic fraction (Murray et 
al. 1993, MurrayLeinen 1996). This biogenic 
effect on the aluminium distribution seems to be 
reasonable as the linear regression value between 
the Al and Ti 0.414, «=25) suggests. Also in the 
case of samples derived from the Komló 
Calcareous Marl Formation, using the aluminium 
normalisation and the Al/(A1+Fe+Mn) ratio 
proposed by Bellanca et al. (1996) seem to be 
unrealistic. In contrast of the Al, bioaffinity-related 
distortion of the Ti distribution (in normal marine 
environment) is unknown. Therefore, Ti seems to 
be a good tool to represent the terrigenous 
component of the samples.

Calcite content of the samples is the main factor 
controlling the concentrations of calcium. This is 
indicated by the average CaO values of the 
carbonate-rich and carbonate-poor semicouplets 
(39.20% and 23.24%, respectively) and by the 
significantly negative Ca-Ti linear regression value 
(/-0.835, «=25).

In sedimentary rocks, concentration of 
potassium is mainly controlled by the amount of 
phyllosilicates. This idea is supported by the 
excellent correlation of the K-Ti (0.956, «=25).

Concentrations of iron show significant positive 
correlations to the terrigenous elements such as Ti 
(/20.952, «=25) and K (0.935, «=25) showing 
detrital control on this element. However, there are 
samples characterised by significant Ti-normalised 
enrichment of the Fe relative to the PAAS (Table 
V.). This suggests another (probably seawater) 
source of the Fe in addition to the lattice-bound 
aluminosilicate contribution to the sediment 
(Murray & Leinen 1993). According to the 
macroscopic and microscopic observations, the 
excess amount of Fe is bound to pyrite, limonite 
and hematite (these latter are mostly pseudomorphs 
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after iron sulfide) what may indicate role of 
diagenetic redistribution of the reactive iron 
(Berner 1981, Morse et al. 1987, Huerta-Diaz 
& Morse 1992, Luther & Morse 1998, Lyons et 
al. 1998).

Trace elements in sediments that accumulate on 
the seafloor have two sources: detrital clastic matter 
and seawater (Kumar et al. 1996). The seawater- 
derived fraction also has two components: a portion 
that is incorporated into the marine organisms and a 
component that is scavenged from the dissolved 
load of seawater by organic and inorganic particles 
settling through the water column. Relation of the 
trace elements to an immobile detrital-related 
element (such that in our case the Ti) defined for 
PAAS (TaylorMcLennan 1985), as stated 
above, seems to be an available tool to estimate 
excess amount (over detrital) of the trace elements. 
Enrichment factors of the phosphorous, manganese, 
vanadium, chromium, nickel, zinc and copper 
(Table V.) show significant contribution of the 
seawater-derived fraction to the total 
concentrations.

Phosphorous (with strontium and barium) in 
marine sediment is commonly affiliated with 
biogenic phases (Froelich et al. 1982, Fisher et 
al. 1991, Pingitore et al. 1992, Murray 
Leinen 1993) and as such is commonly enriched in 
sediment deposited beneath productive surface 
waters (Froelich et al. 1982, Bishop 1988, Fisher 
et al. 1991, Ingall & Clark 1998, 
Mattenberger et al. 1998). p correlates well with 
the Ca 0.870). According to its Ti-normalised 
enrichment factors relative to the PAAS (Table ٧.) 
only a small part of the p may be explained by 
detrital terrigenous phases (presence of apatite and 
adsorption of the p onto clay minerals). A 
significant portion seems to be related to 
disseminated biogene apatite-group phases which 
originally incorporated into the siliceous and 
carbonate skeleton of organisms (Bishop 1988). 
The transporting agents (opal and calcite or 
aragonite) partially degraded on the seafloor during 
early diagenesis leaving behind the p record as a 
dissolution residue. Two orders of magnitude Ti- 
normalised enrichment of the p relative to the 
PAAS seems to indicate enhanced productivity 
during deposition of the carbonate-rich beds.

The high sensitivity of manganese to 
environmental redox conditions is well known 
(Dromgoole & Walter 1990: Gobeil et al. 
1997). In hemipelagic sediments subjected to a 
transition from suboxic (or anoxic) to oxic 
conditions, low Eh conditions can lead to a Mn 
enrichment in the pore water and the subsequent 
diffusion of dissolved Mn may concentrate this 
element in the solid phase, just above or below the 
redox boundary (Jacobs et al. 1985, Landing & 
Bruland 1987). Dickens & Owen (1994) have 
suggested that the redox-sensitive Mn oxi- 
hydroxide particulates dissolve upon entering an 
oxygen minimum zone. The resulting Mn is 
subsequently redirected by advective and/or 
diffusive processes eventually to precipitate in more 
oxygenated environments. The record of Mn may 
reflect migration of the metal from the moderately 
oxygenated parts of the sediment and its diagenetic 
enrichment in the more oxygenated parts during 
early diagenesis. Thus the fluctuation of Mn values 
may be interpreted as an indicator of rhythmic 

changes in sedimentary redox conditions. The Ti- 
normalised enrichment factors of Mn are fluctuate 
from below unity to about 19 (Table V.). Maximum 
enrichment is related to the carbonate-rich layers, 
relative impoverishment appears in the case of the 
carbonate-poor ones what can be explained by the 
above-mentioned diagenetic redistribution model.

Vanadium fluctuates through the section 
exhibiting low values for carbonate-rich layers 
(average value is 102 ppm) and slightly higher 
values in the carbonate-poor intervals (average 
value is 137 ppm). V shows slight positive 
correlation with the Ti (16 = م 0.707, מ ) and in the 
case of many samples significant enrichment 
relative to the PAAS (Table ٧.) suggesting that the 
affiliation with the aluminosilicates is not an 
exclusive control on the 7 concentration in the 
studied section. Vanadium solubility in natural 
waters, its precipitation from seawater and addition 
to the sediments are controlled by redox conditions 
and by adsorption and complexation processes. 
Dissolved vanadium may be strongly bound to 
metallo-organic complexes or adsorbed on 
biogenic particles (Norman & DE Deckker 1990: 
BreitWanty 1991). Adsorption and 
complexation of V are enhanced in anoxic 
environments where V is present as reduced ٧ (1٧) 
species. During post-depositional and diagentic 
alteration of sediments, V can be mobilised from 
degrading biogenic particles under oxic conditions, 
while it is less mobile in dysoxic and anoxic 
sediments.

Correlation between Ni and Ti is good 0.870, 
«=19). Many workers give account of lower redox- 
sensitivity of Ni relative to the other elements, 
above all to vanadium (Shaw et al. 1990, 
OdermattCuriale 1991, Huerta-Diaz 
Morse 1992, Piper 1994). These features suggest 
that the main source of Ni is the terrigenous 
fraction, however some degree of diagenetically- 
controlled enrichment, cannot to be excluded.

The data indicate that the zinc and copper 
concentration (up to 102 ppm and 30 ppm, 
respectively) is about 1.5 to 7 times the amount can 
be explained from a pure aluminosilicate source 
(Table V.). The correlation between the Zn and the 
Ti is excellent (0.920, «=25), however, Cu show 
less good correlation with the main detritus-related 
element (/-0.769, «=22). Excess concentrations of 
these chalcophile elements may also be in sulfides. 
More likely, some of the excess amount of them 
was primarily associated with organic fraction, 
either as metal-organic complexes or adsorbed on 
organic coatings in particulate organic matter 
(Balistrieri et al. 1981, Bruland 1983). It is 
noteworthy that organic matter derived from 
plankton has an average concentrations of Zn of 
110 ppm (Dean et al. 1997).

The studied rock samples are characterised by 
significantly higher carbonate content than that of 
PAAS. The observed enrichments suggest that 
fluctuations of the trace elements cannot be 
explained merely by dilution effects, because the 
examined trace elements show affinity to the 
incorporation in sulfides and aluminosilicates or 
adsorption on their surfaces. If dilution had 
controlled the trace element distribution, a 
significant impoverishment for most of the 
measured elements would have been observed 
relative to the PAAS. In the case of the manganese, 
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redox-controlled diagenetic redistribution (and 
eventually incorporation into the lattice of calcite) 
seems to be a reliable explanation.The presented 
trace elements suggest occurrence of fluctuations in 
the redox state of the depositional environment. It 
seems probable that during well—oxygenated 
periods of sedimentation (during deposition of 
carbonate-rich semicouplets) organo-metal 

complexes oxydised then migrated in the sediment 
and in the seawater. During periods characterised 
by less oxygenated and, probably, dysoxic seafloor 
(deposition of carbonate-poor semicouplets) these 
metals and organo-metal complexes could remain 
in reduced, consequently less mobile state 
(Norman & DE Deckker 1990, SHAW et al. 1990, 
Marchitto et al. 1998).
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Fig. 11. Schematic view of the palaeoenvironmental scenario during a: arid episodes and b: humid episodes

Depositional model
Rhythmic bedding of the Komló Calcareous 

Marl Formation seems to be formed by primary 
processes. Diagenesis has just overprinted the 
primary signal due to the lack of pervasive 
dissolution features and the oxygen isotope data. 
Redeposition of the fine carbonate mud from the 
neighbouring shelf by nepheloid plumes and/or by 
bottom currents as autocyclic processes cannot be 
excluded from the rhythmicity-forming driving 
forces according to the presence of abundant shelf- 
derived bioclasts in microfacies of some carbonate 

rich samples and the maxima of the kaolinite 
abundance that closely relate to these samples.

During deposition of the carbonate-rich 
semicouplets, depositional environment seems to be 
characterised by (i) well oxygenation of the 
seafloor, (ii) relatively ‘cooler’ and/or ‘more saline’ 
surface water, with (iii) enhanced productivity 
according to (i) thepervasive bioturbation, (ii) the 
relatively high 5'o values, (iii) the positive 
excursions of the enrichment of phosphorous, the 
high radiolarian abundance and the relatively high 
8٦ values.
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These factors seem to be controlled by intensive 
circulation of the water mass of the basin.

Contrarily, properties of the carbonate-poor 
semicouplets show (i) relatively poor oxygenation 
of the seafloor, (ii) relatively ،warmer’ and/or ،less 
saline’ surface water with (iii) normal or depressed 
productivity suggested by (i) the enrichment 
properties of the redox-sensitive trace elements, (ii) 
the relatively low s18o values, (iii) the negative 
excursions of the enrichment of phosphorous, the 
low radiolarian abundance and the relatively low 
5'c values. Sluggish circulation of the water mass 
seems to be the most plausible explanation of these 
phenomena.

Rhythmic organisation of the couplets is 
believed to have been controlled by environmental 
and probably climatic changes. Dominance of 
illite/smectite mixed-layer phases in the clay 
mineral spectrum indicates monsoon-like climate 
characterised by high seasonality in the 

precipitation during deposition of the Komló 
Calcareous Marl Formation. During dry periods, 
streams could carry low amount of terrigenous 
matter. Seawater salinity could have been 
increased, which could form intensive anti- 
estuarine circulation and well bottom oxygenation 
with abundant nutrient supply and enhanced 
productivity. Carbonate-rich semicouplets seem to 
be formed by this palaeoenvironmental conditions 
(Fig. Ila).

Carbonate-poor semicouplets may represent the 
sedimentation in wet periods. Due to abundant 
precipitation and continental runoff, high amount of 
terrigenous matter could have been carried into the 
basin. Decreased surface water salinity with 
sluggish vertical (estuarine-) circulation, decreased 
nutrient supply and poor bottom water oxygenation 
could have been formed during these periods (Fig.
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Table I. Results of the stable isotopic measurements

number of sample 5130 (PDB) values (%٥) SO (PDB) values (%0)

p-24b 2.1 -2.0

p-26b 1.0 -5.1

p-34a ا لع -2.6

1-341 2.0 -2.2

P-340 1.6 -4.4

0-371 1.2 -4.6

P-3 8b 2.1 -2.1

p-42a 1.6 -3.0

P-42b 2.0 -2.3

p-43a 0.4 -4.6

10-47 0.2 -4.6

p-48a 1.1 -4.8

K-la 1.7 -1.4

K-31 1.5 -0.5

K-32 0.8 -2.5

K-48 1.6 -0.5

K-52 1.3 -2.3

K-53 1.0 -4.1

K-54b 1.5 -1.5

K-54c 1.3 -3.2

K-56 1.4 -3.1

K-57 0.7 -4.3

K-58a 1.1 -3.1

K-58b 0.6 -2.8

K-59 0.6 -2.7
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Table II. a. Major element concentrations of the examined samples. Data with high standard deviation values are indicated by bold 
characters

sample A1203(%) 5102(%) 020(%) K2O(%) 1102(%) MnO(ppm) Fctot(0/«)

p-24b 3.63+0.7 6.63+0.3 55.252.2 0.30+0.03 0.04±0.01 262*30 0.69*0.03

p-26b 5.74+0.8 59.68+2.4 18.33٤0.7 1.11±0.50 0.13+0.06 188*30 1.08±0.04

p-28d 3.29+0.8 54.97+2.2 22.43+0.9 0.94+0.44 0.15+0.01 194130 1.03±0.04

p-29a 3.36+0.7 43.10+17 27.98+1.1 0.61±0.33 0.13+0.01 247+50 0.85±0.04

0-33 5.6310.8 51.08+0.5 24.69±1.0 1.07+0.49 0.1710.01 214±30 1.24±0.05

p-34a 0.76+0.7 18.72+0.5 45.50+1.8 0.48±0.03 0.08±0.01 258*30 0.77+0.03

p-34b 3.29+0.7 8.56±0.4 52.27*2.1 0.2910.03 0.07+0.01 235130 0.72*0.03

p-34c 5.63+0.7 49.80Ü.9 28.06±1.1 0.90±0.04 0.13±0.01 203130 0.70*0.03

p-36a 37.79*2.0 62.69±2.5 29.02+1.1 0.75±0.04 0.13±0.01 141±20 0.59±0.02

p-37a 12.89±0٠9 57.62+2.3 13.64+0.5 2.06±0.08 0.35+0.09 250*40 1.63+0.07

1-370 5.4810.9 47.83+1.9 26.06+1.0 1.26±0.06 0.21+0.02 21630 1.21*0.05

p-38a 1.10+0.8 19.94±0.8 46.91+1.9 0.50+0.03 0.09±0.01 217130 0.68+0.03

p-38b 1.9310.7 11.89+0.5 50.48±2.0 0.53+0.03 0.10±0.01 23930 0.69±0.03

P-40a 2.87+0.7 29.15+1.2 38.18+1.5 0.5610.03 0.11+0.01 178130 0.8410.03

P41 6.61±0.9 49.00±2.0 25.21Í1.0 1.39±0.06 0.23+0.02 221*30 1.26±0.05

P-42a 4.61+0.7 16.17+0.7 46.89±1.9 0.42±0.03 0.07+0.01 225+30 0.72+0.03

p-43a 9.64+0.8 53.7710.8 17.80+0.7 1.70+0.07 0.27+0.02 200130 1.64+0.07

1-44 1.7010.8 9.05±0.4 53.43±2.1 0.43+0.03 0.12+0.02 488±50 0.85*0.03

10-45 8.50+0.9 48.11±2.0 24.92+1.0 1.47±0.06 0.26±0.02 234*30 1.33+0.05

P46b 2.76+0.7 26.59+1.1 42.39+1.7 0.63±0.03 0.11±0.01 214130 0.81±0.03

P-47 7.71±0.9 57.37+2.3 1549*0.6 1.97٣0.08 0.33+0.02 227*30 1.54±0.06

P-48a 4.27+0.7 47.93±1.9 28.62+1.1 0.77+0.04 0.15+0.01 196±30 0.98+0.04

p-49b 5.06+0.6 45.75+1.9 29.91+1.2 0.82±0.04 0.14±0.01 188130 0.9Ü0.04

كا,-3 2.42±0.8 13.80±0.6 51.89+2.1 0.3010.02 0.030.01 638+50 0.51±0.02

K-22 6.20+0.8 44.17Ü.8 29.92±1.2 1.19+0.05 0.16±0.01 296±40 1.06±0.04

K-23 13.79+1.0 57.54*2.3 16.45+0.7 2.36+0.10 0.3210.02 247140 1.62+0.07

K-29 6.24±0.8 40.83±1.7 31.62+1.3 1.28±0.06 0.17+0.01 359*40 0.96±0.04

K-32 6.92±0.9 46.84±1.9 21.03±0.8 2.51+0.10 0.30+0.02 258±40 1.70*0.07

K-34 4.35±0.7 40.28±1.6 29.67+1.2 1.57+0.07 0.21+0.02 332140 1.16+0.05

£-35 4.2710.8 47.55±1.9 22.47+0.9 2.3210.10 0.28+0.02 235±40 1.53+0.06

K-36 1.36±0.8 23.57+1.0 43.33+1.7 0.66+0.04 0.08±0.01 318*40 0.85±0.04

K-44 3.78+0.7 37.05+1.5 29.39+1.2 1.8510.08 0.23±0.02 376*40 1.34±0.05
K-45 8.05+0.7 38.91±1.6 27.67+1.1 2.10±0.90 0.27+0.02 341+40 1.39±0.06

K-48 4.16+0.7 9.15+0.4 49.65*2.0 0.33+0.03 0.03±0.01 385±40 0.40±0.01
K-52 4.1610.9 11.740.5 51.65*2.1 0.36+0.03 0.04±0.01 542±40 0.590.02
K-53 9.11±0.9 45.73+1.9 22.66+0.9 2.3710.10 0.30+0.02 372*40 1.64±0.07
K-54b 0.76+0.8 27.57+1.1 41.75+1.7 0.68±0.04 0.06±0.01 528+50 0.66+0.03
K-54c 5.18±0.8 23.14±1.0 43.15+1.7 0.5510.03 0.06±0.01 580+50 0.7710.03
K-56 5.03+0.8 31.25+1.3 37.02+1.5 0.80±0.04 0.1110.01 452+40 0.6910.03
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Table II. b. Major element concentrations of the examined samples. Data with high standard deviation values are indicated by 
bold characters

-57 11.79+0.8 43.59+1.8 23.53+0.9 2.67+0.11 0.32+0.02 381*40 1.60+0.07

K-58a 1.0210.9 33.20Ü.4 38.58±1.6 0.97+0.05 0.12+0.01 553*40 0.8510.03

K-58b 6.20+0.8 40.21Í1.6 29.63+1.2 1.43±0.06 0.19±0.02 520+50 1.58+0.06

K-59 12.40±0.9 47.10+1.9 20.45±0.8 3.43±0.14 0.41±0.02 435±40 2.02±0.08

K-6O 3.67+0.9 28.92+1.2 40.33±1.6 0.96*0.05 0.13+0.01 600+50 0.89±0.04

K-61 11.71+0.9 40.71±1.7 27.06+1.1 2.40.10 0.27+0.02 524+50 1.50+0.06

ave-rage 1 5.06+0.8 29.58+1.2 39.20±1.6 0.80±0.04 0.11±0.02 347±40 0.85*0.03

ave-rage 2 7.94+0.8 48.47±1.9 23.24±0.9 1.75±0.08 0.26+0.02 288±40 1.42*0.05
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Table III. a. Trace element concentrations of the examined samples. Data with high standard deviation values are indicated by bold 
characters

sample Rb (ppm) Sr (ppm) V (ppm) P (ppm) Ni (ppm) Cu (ppm) Zn

p-24b - 735+50 " 6303±410 - - 14±6

P-26b 44+13 424±40 - - " 22±6 43+6

P-28d 45+17 500+50 - - - 20+7 36+7

p-29a 35+16 589+50 - 1966+520 - - 27*1

1-33 26+13 468±40 - 10121550 - 17+6 53+7

p-34a 31±14 721150 5924±410 - 11+5 50+7

P-34b 40+15 862+50 - 5593+370 - 14±5 22+6

p-34c 29+13 464140 98±45 3323+600 - 16+6 35±6

10-36٥ 19+12 449±40 76±43 3584±650 - 23+6 30±6

p-37a 47±13 190130 - 1730+640 30+7 55+8

1-371 36±14 420±40 104+54 2705+590 - 20+6 50+7

p-38a 44+14 692+50 - 5452±490 - 12±6 24±6

P-38b 37+14 700+50 - 6618+440 - 15+6 28±6

P-40a 41±14 56340 - 3464±480 " 16+6 34+6

P-41 41±14 390+40 144+55 1750+570 - 17+6 51+8

p-42a 54+15 74250 90153 5126±420 - 12±6 21 ±6

p-43a 41+13 308±30 - 2278+580 24±16 24±6 67±8

1-44 43±14 72450 - 8739+550 20±12 14+6 24±6

10-45 40±13 335*30 - 2169+560 - 22*7 54±8

p-46b 43±12 586140 " 4788+500 - 11+5 28±6

10-47 51+13 247130 157+56 - - 16+6 68±8

p48־a 40+14 534*40 137145 2103+560 - 21±6 29+6

P-49b 35±14 471±40 - 2927+560 - 20+6 44±7

25+11 377130 - 8027+500 - 11 ±6 15+5

£-22 46±15 420±40 - 1914±540 - 20+7 46+8

£-23 52+15 225130 121+53 - 26±16 23+7 62±8

£-29 52+14 376±40 - 2723+550 24±13 19+7 42+7

£-32 56+15 261±30 131+59 - - 25+7 75+9

£-34 41±15 368±40 - 2762+530 29+15 19+7 52+8

£-35 38+14 259±30 - 2144±580 28±16 21+7 69±9

£-36 44+15 534*40 - 5404+490 22±12 15+6 37+7

£-44 55+15 284±30 107*57 3123+500 31±15 25+7 58+8

£-45 57+16 269+30 107+59 1883+510 31±15 23+7 68±8

£-48 22+13 488±40 - 7083+430 - 10±6 14+6

£-52 19+13 491±40 - 6880±460 - 14±6 20±6
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Table III. b. Trace element concentrations of the examined samples. Data with high standard deviation values are indicated by bold 
characters

16-53 56±15 263+30 176160 13341600 30±16 16±7 87+9

K-54b 40±12 378*30 " 6536+520 - - 17+6

K-54c 28±13 447140 - 6919±490 19+11 10+6 33+6

K-56 25±12 383130 84*41 5025*490 20+11 14±5 27+6

K-57 58+15 281*30 141±60 3877+540 32+16 25*7 83±9

K-58a 34±12 397130 - 5720+560 23+11 13+6 29+6

K-58b 37+13 306+30 102+55 4722+550 26+15 15+6 53+7

K-59 54±15 197+30 137+67 3363+550 41+18 26+7 102±10

K-6O 36+12 373*30 - 5984+530 19±12 12±6 35+6

K-61 54+15 277*30 - 4904+540 32±15 21+7 62±8

average 1 36+13 508±40 102+50 5150+500 24±13 15+6 32+6

average 2 45+14 321*30 137+60 2428±560 31±16 21±7 63±8

Table 1٧ Correlation matrix calculated from the measured concentrations

Al Si p K Ca Ti ٧ Mn Fe Ni Cu Zn Rb Sr

Al 1 0.544 -0.326 0.384 -0.449 0.414 -0.233 -0.213 0.290 0.615 0.523 0.332 0.009 -0.383

Si 1 -0.851 0.625 -0.959 0.700 0.301 -0.397 0.645 0.587 0.734 0.617 0.269 -0.670

P -0.567 0.870 -0.679 -0.659 0.552 -0.623 لع,*»- -0.695 -0.616 -0.344 0.470

K 1 -0.773 0.956 0.610 0.024 0.935 »Ql? 0.725 0.940 0.664 -0.809

Ca 1 -0.835 -0.654 0.338 -0.801 -0.686 -0.786 -0.761 -0.433 0.751

Ti 1 0.707 -0.144 0.952 0.870 0.769 0.920 0.652 -0.755

٧ 1 0.061 0.676 0.512 0.103 0.685 0.599 -0.473

Mn 1 -0.076 -0.314 -0.332 -0.082 -0.113 -0.256

Fe 1 0.830 0.709 0.932 0.628 -0.725

Ni 1 0.772 0.871 0.725 -0.694

Cu 1 0.654 0.494 -0.608

Zn 1 0.614 -0.708

Rb 1 -0.325

Sr 1
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Table ٢٧ Ti-normalised enrichment factors relative to the PAAS values (Taylor & McLennan 1985). Data of samples from 
carbonate-rich semicouplets are indicated by bold characters. LOQ: under the limit of quantification

sample SÍO2 A1O3 FeoT MnO CaO KO p Rb Sr ٧ Ni Cu Zn
P-24B 2.6 4.8 2.7 6.0 1062.5 2.0 98.5 LOQ 92.0 LOQ LOQ LOQ 3.9
P-26B 7.3 2.3 1.3 1.3 108.5 2.3 LOQ 2.1 16.5 LOQ LOQ 3.4 3.7
P-28D 5.8 1.2 1.1 1.2 115. 1.7 LOQ 1.9 16.5 LOQ LOQ 2.6 2.7
P-29A 5.3 1.4 1.0 1.7 165.6 1.3 9.4 1.7 22.5 LOQ LOQ LOQ 2.3
10-33 4.8 1.8 1.1 1.2 111.7 17 3.8 0.9 14.0 LOQ LOQ 2.0 3.4
P-34A 3.7 0.5 1.5 2.9 437.5 1.6 46.3 2.4 45.0 LOQ LOQ 2.8 7.0
P-34B 2.0 2.5 1.6 3.1 574.4 1.1 49.9 3.3 61.5 LOQ LOQ 4.0 3.4
P-34C 6.1 2.3 0.8 1.5 166.0 1.9 16.0 1.4 18.0 5.0 LOQ 2.4 3.0
P-36A 7.7 15.4 0.7 1.0 171,7 1.6 17.3 0.9 17.5 3.9 LOQ 3.6 2.6
P-37A 2.6 2.0 07 0.6 30.0 1.6 3.1 0.8 2.5 LOQ 1.5 1.8 1.8
1-3713 3.6 1.4 0.9 0.9 95.5 1.6 8.1 1.1 10.0 3.3 LOQ 2.0 2.7
P-38A 3.5 0.7 1.2 2.2 400.9 1.5 37.9 3.1 38.5 LOQ LOQ 2.6 3.0
10-3813 1.9 1.0 1.1 2.2 388.3 1.4 41.4 2.3 35.0 LOQ LOQ 3.0 3.1
P-40A 4.2 1.4 1.2 1.5 267.0 1.4 19.7 2.3 25.5 LOQ LOQ 3.0 3.4
P-41 3.4 1.5 0.8 0.9 84.3 1.6 4.8 1.1 8.5 4.2 LOQ 1.4 2.4
P-42A 3.7 3.5 1.6 2.9 515.3 1.6 45.8 4.8 53.0 8.6 LOQ 3.4 3.3
P-43A 3.2 1.9 0.9 0.6 50.7 1.7 5.3 0.9 5.5 LOQ 1.5 1.8 2.8
P-44B 1.2 0.8 1.1 3.7 342.5 1.0 45.5 2.3 30.0 LOQ 2.8 2.4 2.2
10-45 3.0 1.7 0.8 0.8 73.7 1.5 5.2 0.9 6.5 LOQ LOQ 1.6 2.3
P-46B 3.9 1.3 1.1 1.7 296.4 1.6 27.2 2.4 26.5 LOQ LOQ 2.0 2.8
1-47 2.8 1.2 0.7 0.6 36.1 1.6 LOQ 0.9 3.5 3.2 LOQ 1.0 2.3
P-48A 5.1 1.5 1.0 1.2 146.8 1.4 8.8 1.7 18.0 6.1 LOQ 2.8 2.1
P-49B 5.2 1.9 1.0 1.2 164.3 1.6 13.1 1.6 17.0 LOQ LOQ 2.8 3.4
K-1A 7.3 4.3 2.6 19.4 1330.5 2.7 167.3 5.2 63.0 LOQ LOQ 7.4 5.6
K-22 4.4 2.1 1.0 1.7 143.9 2.0 7.5 1.8 13.0 LOQ LOQ 2.6 3.2
K23 2.9 2.3 0.8 0.7 39.6 2.0 LOQ 1.0 3.5 2.5 1.3 1.4 2.1
K-29 3.8 1.9 0.9 1.9 143.1 2.0 10.0 1.9 11.0 LOQ 2.3 2.2 2.8
K-32 2.5 1.2 0.9 0.8 53.9 2.3 LOQ 1.2 4.5 2.9 LOQ 1.6 2.8
K-34 3.1 1.1 0.9 1.5 108.7 2.0 8.3 1.3 9.0 LOQ 2.3 1.8 2.8
K-35 2.7 0.8 0.8 0.7 61.7 2.2 4.8 0.9 4.5 LOQ 1.7 1.6 2.8
K-36 4.7 0.9 1.6 3.6 416.6 2.2 42.3 3.4 33.5 LOQ 4.7 3.8 5.1
K-44 2.6 0.9 0.9 1.5 98.3 2.2 8.5 1.5 6.0 3.1 2.2 2.2 2.8
K-45 2.3 1.6 0.8 1.2 78.8 2.1 4.4 1.3 5.0 2.7 1.8 1.8 2.8
K-48 4.9 7.3 2.0 11.6 1273.1 3.0 147.6 4.6 81.5 LOQ LOQ 6.6 5.2
K52 4.7 5.5 2.3 12.4 993.3 2.4 107.5 0.2 61.5 LOQ LOQ 7.0 5.6
K-53 2.4 1.6 0.8 1.1 58.1 2.1 2.8 1.2 4.5 3.9 1.7 1.0 3.2
K-54B 7.3 0.7 1.7 8.0 535.3 3.0 68.1 4.2 31.5 LOQ LOQ LOQ 3.1
K-54C 6.1 4.6 2.0 8.8 553.2 3.1 72.1 2.9 37.5 LOQ 5.3 3.4 6.1
K-56 4.5 2.4 1.0 3.7 258.9 2.0 28.6 1.4 17.5 5.1 3.0 2.6 2.8
-57 2.2 2.0 0.8 1.1 56.6 2.3 7.6 1.1 4.5 2.9 1.7 1.6 2.9
K-58A 4.4 0.5 1.1 4.2 247.3 2.2 29.8 1.8 16.5 LOQ 3.2 2.2 2.7
K-58B 3.4 1.7 1.3 2.5 120.0 2.0 15.6 1.2 8.0 3.6 2.3 1.6 3.1
K-59 1.8 1.6 0.8 1.0 38.4 2.3 5.1 0.8 2.5 2.2 1.7 1.2 2.8
K-6O 3.5 1.5 1.1 4.2 238.6 2.0 28.8 1.8 14.5 LOQ 2.5 1.8 3.0
K-61 2.4 2.3 0.9 1.7 77.1 2.4 1L4 1.3 5.0 LOQ 2.0 1.6 2.6


