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HI, Tmax, 
13Corg, TOC, sulphur and bitumen content, bitumen bulk composition and molecular composition of the non-aromatic

hydrocarbon fraction were measured on about 60 samples (or a part of them) representing the Mecsek Coal Formation (MCF) and the
overlying Vasas Marl (VM) from the Lower Liassic of the Mecsek Mts. The study resulted in the following conclusions. (1) The upper,
paralic part of the MCF and the marine VM were the site of an intense sulphidic diagenesis. (2) At the beginning of the VM deposi-
tion the land plant material supply changed to a lipid-rich one. (3) With advancing transgression the VM organic matter progressive-
ly enriched in planktonic components.
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Introduction

The Lower Liassic of the Mecsek Mts records a pale-
ontologically well documented fresh-water to marine tran-
sition; the Hettangian–Lower Sinemurian Mecsek Coal
Formation (MCF) is covered by the Upper Sinemurian
marine Vasas Marl (VM). Authors applied simple geo-
chemical tech-niques to improve the understanding of the
facies transition, which likely resulted in changes of the
relative weight of contribution of planktonic and land
plant components to sedimentary organic matter (OM) and
the type of bacterial degradation of sedimentary OM.
Samples for geochemical study were collected from the
section of the Váralja Vá–26 core well. The location of the
well and the lithostratigraphic subdivision in its Mesozoic
section are displayed on Figs. 1, 2.

The bulk of the OM in average fresh-water sediments
consists of land plant material, while marine sediments
contain planktonic OM with varying contribution of land
plant material delivered mainly by river run-off. Roughly
speaking land plant material contains less hydrogen than
does planktonic material. Rock-Eval pyrolysis gives a
control of change of relative contribution of land plant and
planktonic OM in sediments. However Rock-Eval pyroly-
sis has several limitations to discriminate between land
plant and planktonic organic matter: (1) with increasing
maturity sedimentary OM of various origin shows less and
less difference in hydrogen content, (2) planktonic matter
is impowerished in hydrogen by bacterial degradation and
(3) some parts of land plants, for example pollen and leaf
cuticle are significantly enriched in hydrogen.

The photosynthetized OM is enriched in light carbon
isotope relative to the CO2 used. The degree of this iso-
topic fractionation discriminates between plants using
atmospheric CO2 and those using water-dissolved CO2. In
most cases present-day land plants and sedimentary OM
of land plant origin of the last 20 million years are en-
riched in 12C relative to aquatic plants using water-dis-
solved CO2 for photosynthesis and their sedimentary
derivates, while going further back in the past an inverse
relationship can be observed (LEWAN 1986, HERTELENDI,
VETÕ 1991). Thus taking into consideration the age of the
sediments, the knowledge of carbon isotopic composition
of sedimentary OM can help us to assess the relative
weight of land plant material and planktonic OM in its
build-up. In most cases bacterial degradation and matura-
tion do not modify seriously the inherited isotopic compo-
sition of the sedimentary OM.

Anaerobic bacterial degradation is dominated by sul-
phate reduction in marine sediments, while in fresh-water
sediments this reaction is insignificant due to low amount
of pore-water sulphate. Since a great part of the H2S pro-
duced by sulphate reduction is retained by marine sedi-
ments, mainly as pyrite, their TOC/S (total organic carbon
to sulphur) ratio is significantly lower than that found in
fresh-water sediments (BERNER 1970) characterized by
insignificant H2S generation via sulphate reduction. With
increasing maturity the TOC/S ratio decreases to a some
extent due to the loss of hydrocarbons and CO2

(RAISWELL, BERNER 1987) but it can still be used to dis-
criminate between marine and fresh-water sediments.



Geological setting

The MCF consists of numerous coal seams of thick-
ness varying from 0.1 to 3–4 metres, shales, sandstones
and Early Cretaceous subvolcanic diabas and fonolite bod-
ies. The bulk of the formation is considered to having been
deposited un-der alluvial and limnic conditions (in the fol-
lowings the term limnic will be used to designate it), while
its upper part is of paralic character. In the eastern part of
the Mecsek Mts, where the Vá–26 cored borehole was
drilled, the thickness of the formation is about 400 m and
the number of seams is about 30. The MCF overlies the
clastic Upper Triassic Karolinavölgy Formation, free of
coal seams but characterized by cm-thick coal beds, and is
covered by the VM. 

Samples — mainly of shaly lithology but some coals,
too — were collected from the con-tinuous core material

of the borehole Vá–26. Stratigraphy, lithology and facies
of the section are summarized here after NAGY (1969) and
VÁRHEGYI (1982). The upper part of the drilled section
(0.0–242.5 m depth interval) consists of Pleistocene and
Miocene clastic sediments. The contact of the Miocene
and Mesozoic is of erosional character. The Mesozoic is
strongly tilted, thus the thickness values considered here
are apparent ones. The depth interval between 242.5 m to
402.9 m represents the VM, a formation built up by marl-
stones and sandstones. Beneath it, in the depth interval
402.9–1271.0 m the MCF was penetrated. Its contact with
the overlying VM is of tectonic origin, the total thickness
of their missing part is estimated to be of at least 100 m.
The uppermost 50 metres of the MCF are considered to be
of paralic origin. The basal part of the section penetrated
by the borehole Vá–26 (1271.0–1325.5 m depth interval)
consists of Upper Triassic clastic sediments. 
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Fig. 1. Simplified geological map of the eastern Mecsek Mts with location of the Vá–26 cored borehole
(after FÜLÖP et al. 1984)

1. Quaternary and Neogene, 2. Lower Cretaceous volcanics, 3. Lower Cretaceous and Malm–Dogger, 4. Liassic, 5. Triassic, 6.
Permian, 7. Granite, 8. Borehole Vá-26

1. ábra. A Keleti-Mecsek egyszerûsített földtani térképe a Vá–26 fúrás helyének feltüntetésével (FÜLÖP et al. 1984 szerint)

1. Negyedidõszak és neogén, 2. Alsó-kréta vulkanitok, 3. Alsó-kréta–malm–dogger, 4. Liász, 5. Triász, 6. Perm, 7. Gránit,
8. A Vá–26 fúrás helye
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Fig. 2. Lithostratigraphy and variation of HI, d13Corg, TOC/S with depth in the Mesozoic section of the cored borehole Vá–26

1. Shale, 2. Coal, 3. Subvolcanic body, 4. Tectonic contact

2. ábra. A hidrogén index, a kerogén d13Corg értéke és a TOC/S hányados alakulása a mélységgel a Vá–26 magfúrás mezo-

zoos szakaszán a litosztratigráfiai viszonyok feltüntetésével
1. Pelit, 2. Szén, 3. Szubvulkáni test, 4. Tektonikus érintkezés
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Fig. 3. Bitumen/TOC and non-aromatic HC/aromatic HC ratios vs. depth in the Mesozoic shales of the cored borehole
Vá–26

3. ábra. A bitumen/TOC és a nem-aromás szénhidrogén/aromás szénhidrogén hányadosok alakulása a mélységgel a Vá–26
magfúrás mezozoos rétegsorának pelitjeiben



Experimental

The carbonate in the samples was decomposed by HCl
treatment. Decarbonated samples were heated in oxygen
stream in a LECO furnace. The amount of TOC and S
were measured by weighing and titration, respectively.
Bitumen was extracted in a Soxhlet apparatus, its bulk
composition was determined by column chromatography,
the non-aromatic hydrocarbons (HC) were analysed by
gas chromatography (BRUKNER-WEIN, HETÉNYI 1993).
The pyrolysis of about every third sample was carried out
on an Oil Show Analyzer (ESPITALIÉ et al. 1986). Kerogen
carbon isotope analysis of the decarbonated samples was
carried out as in HERTELENDI, VETÕ (1991).

Results and Discussion

The stratigraphic succession, the position of the sub-
volcanic bodies and depth related changes of geochemical
data are displayed in Figs. 2 and 3.

The kerogen of the VM shows the transition between
diagenesis and catagenesis with Tmax varying between 431
to 437 °C, while the MCF reached already the zone of
catagenesis as witnessed by Tmax increasing downward
from 435 °C to 465 °C in the depth interval 400 m to 1270
m. Isolated Tmax values above 500 °C reflect local heating
by volcanic bodies.

The OM of the MCF is significantly richer in heavy
carbon relative to that of the VM with δ13C values varying
between –24.2 permil to –26.1 permil, but without a clear
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Fig. 4. Gas-chromatogram of the non-aromatic HC fraction, cored borehole Vá–26, claymarl from 274 m depth (Vasas
Marl)

4. ábra. A nem-aromás szénhidrogén frakció gázkromatogramja a Vá–26  magfúrás 274 m mélységbõl vett agyagmárga
mintájában (Vasasi Márga)



depth dependence (Fig. 2). This range of δ13C corresponds
to land plant origin of the OM of the MCF. The δ13C of the
OM of the VM shows a continuous upward shift from
–27.5 permil to –30 permil, its correlation with depth is
not very strong but significant (r = 0.67). This depth trend
suggests that during the deposition of the VM the contri-
bution of land plant material became less and less impor-
tant and the kerogen at the top of the VM section (above
300 m) is already characterized by the predominance of
planktonic OM. 

HI of the VM samples vary between 181 to 222 with
an average value of 203. Such values can be displayed
either by mixed (terrestrial plus marine) OM or by marine
OM experienced a moderate bacterial degradation. The
much lower HI values (30–157) measured in the MCF
shale samples clearly reflect the predominantly terrestrial
origin of the kerogen. The fact that in spite of the maturi-
ty increase the HI does not decrease downwards suggests
that the original OM of the lower part of the MCF was
richer in hydrogen than that of the upper part. Very low HI
values accompanying the anomalously high Tmax values
indicate intense loss of HC due to local heating by sub-
volcanic bodies. The HI of 250 found for the coal sample
taken at 469 m depth indicates high amounts of hydrogen
rich components (spores and/or cuticles?).

The relative bitumen content (bitumen/TOC in %) is
known for the VM and most of the studied MCF samples.
The relative bitumen content of the bulk of the VM sam-
ples shows an upward decreasing trend (Fig. 3) and ranges
between 2.5% to 11%, while the deepest part of the for-
mation and the underlying MCF shows much lower values
varying between 0.1% to 4%, without a clear depth
dependence. The extremely low values (below 0.5%) are

likely to be explained by the local heating effect of the
subvolcanic bodies.

There are clear differences in bitumen bulk composi-
tion between VM and MCF. The bitumen from the MCF is
more aromatic than that from the VM; with non-aromatic
HC to aromatic HC ratio varying between 0.1 to 0.5. The
obvious increase upwards of this ratio from 1.1 to 4.5 indi-
cates the continuous increase of the importance of plank-
tonic OM (Fig. 3).

The presence of well developed peaks between n–C29

and n–C34 in the gas-chromatograms of non-aromatic HC
fractions obtained from the VM (Fig. 4) and the upper,
paralic part of the MCF can be attributed to bacterial activ-
ity. These peaks are weak developed in the limnic facies.

Microscopical observations of J. BÓNA on kerogen
concentrates have found that palynomorphs of the VM are
dominated by planktonic remains (BÓNA 1984).

Kerogen δ13C values corroborated by bitumen bulk
composition and palynological observations clearly sup-
port that during the deposition of the VM the contribution
of land plant material became less and less important
resulting in a kerogen of predominantly marine origin at
the top of the formation. It is noteworthy that HI values do
not show this shift in VM kerogen composition. The rela-
tive bitumen content does not contradict these assump-
tions; its sharp increase downwards in the VM suggests
that the land plant components were likely to be rich in
hydrogen (the high HI values found in some MCF samples
prove the existence of such land plant material) and con-
sequently yield more bitumen than does the planktonic
OM. The upwards diminishing role of these “bitumen pro-
ducing” land plant components explains the decrease of
relative bitumen content in the same direction. Since both
the “bitumen producing” land plant components and the
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Fig. 5. Schematic diagram of the changes of organic matter supply and bacterial diagenesis during the deposition of Lower
Liassic of the Mecsek Mts. Nature of the OM supply is unknown in the missing parts of the Mecsek Coal Fm and Vasas

Marl Fm

5. ábra. Változások a szervesanyag eredetében és a bakteriális diagenezisben a mecseki alsó-liász felhalmozódása során —
elvi ábra. A Mecseki Kõszén Formáció és a Vasasi Márga Formáció hiányzó részében a szervesanyag utánpótlás jellege

ismeretlen



planktonic OM were relatively rich in hydrogen, their
changing ratio should not result in a definite change in HI. 

As it can be expected the underlying MCF, at least the
shaly and coaly lithologies, contains a kerogen of predom-
inantly land plant origin.

This assumption is supported by kerogen carbon iso-
topic composition, relative bitumen content, bitumen bulk
composition and it is not contradicted by HI data.

Most of the VM contains more S than TOC or about
the same amount. The relatively high amount of S in the
VM is the result of an intense bacterial sulphate reduction
due to the high sulphate content of the porewater of marine
origin. The TOC/S ratio above ten in three VM samples is
tentatively explained by intense aerobic bacterial oxida-
tion; the relatively low amount of TOC in the correspon-
ding samples supports this explanation. The average
TOC/S ratio is above ten in the main, limnic part of the
MCF, the low S content is explained by the low sulphate
content of the porewater of meteoric origin. The paralic
part of the formation displays much lower TOC/S values.
This finding is not surprising since in paralic conditions
pore waters contain sulphate in sufficient amount to sup-
port an intense sulphate reduction. The above interpreta-
tion is supported by the fact, that gas chromatograms of
the non-aromatic HC-fraction of samples characterized by
low TOC/S ratio always show high peaks corresponding to
molecules of bacterial origin (see the star labelled peaks in
the n–C31 to n–C34 range on the chro-matogramm of the
VM sample, taken from 275 m depth, Fig. 4).

A synoptic view of the depth related changes of param-
eters characterizing OM (HI, kerogen δ13C, relative bitu-
men yield, bitumen bulk composition, gaschromatograms
of non-aromatic HC and palynomorphs) and TOC/S ratio
suggests that (1) bacterial sulphate reduction was already
in work in the paralic part of the MCF still characterized
by a kerogen of land plant origin and (2) during the depo-
sition of the lower part of the VM present in the drilled
section the OM supply was dominated by a mixture of
hydrogen-rich land plant components and planktonic
remains. Planktonic OM became predominant only later,
with advancing transgression in the upper part of the VM
section, above 300 m. These changes are shown in a
schematic section on Fig. 5. Since, due to the tectonic con-
tact, the transition between the MCF and the VM is miss-
ing, the nature of the change of OM supply characterizing
the time interval elapsed during the deposition of the miss-
ing sediments is unknown (Fig. 5).
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AZ ÉDESVÍZI–TENGERI ÁTMENET SZERVES, IZOTÓP ÉS KÉN GEOKÉMIÁJA A MECSEKI
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A Keleti-Mecsekben mélyített Váralja Vá-26 fúrás által harántolt alsó-liász Mecseki Kõszén Formációból (MKF) és a fedõjében
települõ Vasasi Márgából (VM) mintegy 60 magmintát vizsgáltunk. Valamennyibõl mértük a kén és a szerves szén mennyiségét, egy
részükbõl a kerogén stabil C-izotóp összetételét, Rock-Eval jellemzõit, bitumentartalmát és a bitumen összetételét is vizsgáltuk. E
paraméterek együttes értékelése három következtetést tett lehetõvé. (1) A MKF felsõ, paralikus részében és a tengeri VM-ban jelen-
tõs volt a korai diagenetikus szulfát redukció. (2) A VM felhalmozódása során a behordódó szárazföldi növényi anyag jellege megvál-
tozott, lipidekben gazdaggá vált. (3) A VM képzõdése során, a kiteljesedõ transzgresszióval az üledékes szerves anyagban fokozatosan
uralkodóvá váltak a planktoni komponensek.
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