
iNTroduCTioN

The late Triassic–early Jurassic boundary is marked
by a change from a dry climate regime into more humid
conditions. This overturn is clearly recognizable by an
abrupt change in the palaeobiological, sedimentary and
isotopic record. The climate change is also often sug-
gested as the main cause of the T/J boundary extinction

event, one of the most prominent features of the
Phanerozoic fossil record, although its possible causes
are still highly controversial and hotly debated
(kiessling et al. 2007; Gómez et al. 2007; Tanner and
lucas 2007). 

during rhaetian–early Jurassic times the central
western Carpathian part of the northern Tethyan shelf
was locally influenced by terrestrial input from the hin-
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terland. in emerged areas, terrigenous deposits of the
Carpathian keuper are covered by rhaetian sediments
represented by lacustrine to palustrine black silty shale
(Tomanová formation) with abundant plant fragments
(Michalík et al. 1988), intercalations of quartz sand-
stones locally with dinosaur footprints (Michalík et al.

1976; Niedźwiecki 2004) and sphaerolitic iron ores.
The clay minerals are dominated by kaolinite (kraus
1989; Środoń et al. 2006). Two microfloral associations
have been described by Planderová (in Michalík et al.

1976): lacustrine shales yielding sporomorphs such as
Taenisporites sp. and Protohaploxypinus sp. and a
pollen-dominated (Classopollis) association preserved
in fluviatile sandstones. The macroflora is dominated by
Triassic ferns (hluštík in Michalík et al. 1988). The
rhaetian palynomorph assemblage of the fatra for-
mation is characterized by numerous specimens of
Ricciisporites tuberculatus. The marine fraction is dom-
inated by the dinoflagellate cyst Rhaetogonyaulax rhaet-

ica. This microflora is very similar to the Ricciisporites

tuberculatus zone of the Polish scheme published by-
orłowska-zwolińska (1983) and the Ricciisporites-

Polypodiisporites zone of the southeast North Sea Basin
published by lund (1977), both indicating middle to late
rhaetian age. The lowermost hettangian palynomorph
assemblage of the kopieniec formation is characterized
by a significant increase in trilete laevigate spores,
mainly Deltoidospora spp. and Concavisporites spp.
The dinoflagellate cyst Dapcodinium priscum replaces
Rhaetogonyaulax rhaetica in the marine fraction. The

overlying lower Jurassic sequence consists of shallow
marine sandy limestones. 

The area farther to the south was inundated by a
shallow sea (Michalík 2007). rhaetian neritic carbon-
ates of the fatra formation were overlain by shales of
the hettangian kopienec formation. The fatra forma-
tion, well exposed in the Tatra Mountains (Gaździcki et

al. 1979, Michalík et al. 2003, 2007; Text-fig.1), consists
of bioclastic limestones and marls deposited in a prox-
imal marine setting. its benthic fauna comprises index
foraminifers (Triasina hantkeni), bivalves (Rhaetavic-

ula contorta), corals (Retiophyllia paraclathrata) and
brachiopods (Austrirhynchia cornigera). a diversity
decrease at the base of the uppermost member of the fa-
tra formation indicates freshwater input. eutrophication
caused by continental run-off resulted in retreat of olig-
otrophic carbonate platform ecosystems (Soták in
Michalík et al. 2003). 

The rhaetian fatra formation is overlain by dark
brown clays of the so-called “Boundary Clay” Member,
and by sandstones of the “Cardinia Sandstone”. Mem-
ber of the lower Jurassic kopienec formation. Based
on microfacies analyses and a negative δ13Ccarb excur-
sion, the boundary interval is placed near to the litho-
logical boundary (Michalík et al. 2007). 

in the context of the iGCP 458 (Triassic-Jurassic
Boundary events) project, Michalík et al. (2007) in-
vestigated environmental changes within the T/J bound-
ary interval in the western Carpathians. The present
study focuses on sedimentological and palynological
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Text-fig. 1. Map showing the location of studied sections (furkaska, Široký Žľab) in the Tatra Mountains



features, as well as on carbon isotope signatures of or-
ganic matter and on clay mineral distribution with re-
spect to a global climatic change during late Triassic-
early Jurassic times. 

MaTerialS aNd MeThodS 

The study is based on sample sets of two key sections
in the Tatra Mountains (Text-fig. 1). The Široký Žľab
section is situated in the Meďodoly Valley below Mt Ždi-
arska Vidla and represents the marginal part of the basin
affected by fluvial influx. The furkaska section is located
above the Juráňova Valley in the western Tatra Moun-
tains, documenting deposits of the proximal basin
(Michalík et al. 2003, 2007). finally, the kardolína sec-
tion is exposed on the western slope of Mt Pálenica
near Tatranská kotlina. The T/J boundary interval was
sampled ‘bed-by-bed’ and studied in thin sections. 

Palynological analyses

Palynofacies analysis of the furkaska section was
carried out on a total of 12 samples, taken from shaly lay-
ers and carbonate beds. all samples were prepared using
standard palynological processing techniques, including
hCl (33%) and hf (73%) treatment for dissolution of
carbonates and silicates, and saturated znCl2 solution (d
≈ 2.2 g/ml) for density separation. residues were sieved
at 15µm mesh size and slides  mounted in eukitt, a
commercial resin-based mounting medium. The relative
percentages of sedimentary organic constituents are
based on counting at least 400 particles per slide.

Isotope analyses

for δ13Corg analyses 38 samples were selected from
the “transitional member” of the fatra formation in
the furkaska section and 10 samples from the Jurassic
kopieniec formation in the Široký Žľab section. Total
organic (ToC) and inorganic (TiC) carbon contents
were measured with a C-MaT 550 mass spectrometer.
TiC values were recalculated to CaCo3 content to as-
sess the carbonate content in the rocks and to select sam-
ples for the C isotope analyses of organic matter. Total
organic carbon isotope analyses were carried out after car-
bonate dissolution. Samples were boiled in dilute (10 %)
hydrochloric acid, rinsed repeatedly with de-ionized
water to remove chlorides and dried at 60 °C. The δ13C
measurements were performed by flash combustion in
a fisons 1108 elemental analyzer coupled with a Mat
251 isotope ratio mass spectrometer in a continuous
flow regime. The sample size was adjusted to contain a

sufficient amount of organic carbon to obtain external
reproducibility of 0.15 ‰ for δ13Corg for all types of
samples with NBS 22 as the reference material. isotopic
data are reported in the usual delta (δ) notation relative
to the Vienna international isotopic Standard (VPdB). 

Carbon (and oxygen) isotope analyses were carried
out on the bulk carbonate fraction of samples from the
T/J boundary interval of the furkaska section and on
samples from the uppermost carbonate beds from the
Široký Žľab section using a finigan MaT-2 mass spec-
trometer. The values are reported in terms of Vienna-
PBd (V-PBd) in the standard δ notation in ‰, with a
precision of 0.01‰. Both types of isotope analyses
were carried out in the Czech Geological Survey lab-
oratory in Prague. 

Both the carbon and oxygen isotope ratio results
from carbonates of the fatra formation were previ-
ously discussed by Michalík et al. (2007). due to the
very low carbonate content in the lowermost Jurassic
beds, the δ13Ccarb isotope data obtained did not docu-
ment the typical carbon isotope excursion reported in the
T/J boundary interval elsewhere. The δ13Ccarb data
were graphically correlated with newly obtained values
of δ13Corg from the T/J boundary interval of both sec-
tions. The δ18ocarb data by Michalík et al. (2007) served
as a criterion of sample suitability for δ13Ccarb analysis
only. although they can be used to discuss the diagenetic
overprint, they could not be directly related to the dia-
genetic temperature data of clays reported in this paper.

Clay mineralogical analyses

a total of 45 upper Triassic–lower Jurassic sedi-
ment samples (claystones, mudstones, marls and marly
limestones) of the furkaska and the Široký Žľab sec-
tions was investigated by X-ray diffraction (Xrd). The
sampled intervals cover the uppermost part of the
Carpathian keuper, the entire fatra formation and the
lowermost part of the kopienec formation. 

The samples used for clay mineralogy determina-
tion were washed, crushed and subsequently ground
with pestle and mortar, sieved under 0.16 mm, soaked
in distilled water, ultrasonically disaggregated, and
then treated chemically following the standard proce-
dure of Jackson (1975). The <2 and <0.2 μm fractions
were separated by gravity settling in atterberg cylinders
and by centrifugation, respectively. The suspensions
were then coagulated with saturated NaCl. The Ca2+

was introduced as the only exchange cation using
CaCl2 solution (three times for 24 hours). finally, the
suspension was cleaned of the excess electrolyte by re-
peated centrifugation followed by dialysis. The mate-
rial was dried and oriented preparations were produced.
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The “infinite thickness” of preparations (10 mg/cm2) re-
quired for semi-quantitative determination of clay min-
erals was controlled by precise weighing (Moore and
reynolds 1997).

Xrd analyses were performed on a Philips Pw1710
diffractometer using CuKα radiation (40 kV, 20 ma) and
a diffracted beam graphite monochromator. The beam
was collimated with a 1° divergence slit and a 0.2 mm
receiving slit. recordings were carried out both in air-
dried state and after vaporisation with ethyleneglycol at
60°C overnight. Samples were scanned from 2–50° 2Θ
with step size 0.02° 2Θ and 1.25 seconds counting time.
additionally, randomly oriented preparations of <2 μm
fractions of selected samples were prepared using side-
loading method and measured from 55–70° 2Θ (5 s per
0.02° 2Θ step) in order to determine the d (060) value
of phyllosilicates.

identification of clay minerals was conducted
mainly according to the position of the (00l) series of
basal reflections on the three Xrd diagrams (Brown
and Brindley 1980; Moore and reynolds 1997). The
identification of the mixed-layer illite-smectite and

measurements of the percentage of expandable compo-
nent layers (%S) were performed by peak-position
methods (Środoń 1980, 1984; dudek and Środoń 1996)
on Xrd patterns obtained from oriented, glycolated
preparations of <0.2 μm fractions. 

The percentage of clay minerals in the <2 μm grain-
size fraction was estimated semi-quantitatively by meas-
uring the integrated peak areas of their (main) basal re-
flections on air-dried oriented mounts. Computer-based
evaluation of Xrd patterns was carried out using
krumm’s (1994) wiNfiT program, which determines
the peak areas by the peak fitting through a symmetri-
cal Pearson Vii profile function. in order to estimate rel-
ative illite and illite-smectite contents, mathematical
decomposition of reflection near 10 Å was employed.
The concept of lanson (1997) was adopted, which de-
fines the complex 10-Å diffraction band as being com-
posed of three major components: mixed-layer illite-
smectite, poorly crystallized illite, and well-crystallized
illite. examples of such decomposition are shown in
Text-fig. 2. in this study, the sum of integrated areas of
poorly and well-crystallized illite bands is used to ex-
press the illite content.

The chlorite (002) + kaolinite (001) doublet at 7.3 Å
was used to determine their relative contents. To resolve
peak areas from both minerals, coincident peaks were
subdivided using the intensity ratio of chlorite (004) at
3.54 Å and kaolinite (002) at 3.58 Å (Biscaye 1964).
relative clay mineral contents were calculated by using
empirically estimated weighted factors according the
formula: kaolinite/2.5 + chlorite/2 + mixed-layer illite-
smectite + illite = 100% (weir et al. 1975).

Since no attempt was made to evaluate the accuracy
of the method, these measurements should be consid-
ered as semi-quantitative. however, it was not our goal
to identify exact quantities of minerals but to show ver-
tical clay mineral trends.

reSulTS 

Palynofacies and palynology of the Furkaska section

Sedimentary organic matter from the furkaska sec-
tion is dominated by terrestrial particles (Text-fig. 3).
The marine fraction is very small and composed mainly
of the dinoflagellate cyst species Dapcodinium priscum

and Rhaetogonyaulax rhaetica. degraded organic mat-
ter (doM) makes up to 50 % of the palynofacies as-
semblage.

The distribution pattern of organic particles points
to very shallow marine conditions. The relatively
high amount of doM indicates a high-energy depo-
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Text-fig. 2. relative estimation of the illite and illite-smectite con-

tent in 10-Å diffraction band (wCi – well-crystallized illite, PCi –

poorly crystallized illite, according to lanson 1997); a – furkaska 

section, bed 387, B – furkaska section, beds 400/401 
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sitional system. in the lower part of the furkaska sec-
tion, which belongs to the rhaetian fatra forma-
tion, the ratio of pollen grains and spores is well bal-
anced. a striking spore shift in bed 408 changes this
proportion to a spore-dominated sporomorph assem-
blage during the early hettangian time interval (Text-
fig. 3). however, the dominance of phytoclasts and
sporomorphs within the palynomorph assemblage
points to an oxidizing environment with a close prox-
imity to fluvio-deltaic sources (cf. Tyson 1995, p.
448). 

The sporomorph assemblage is very similar to the
assemblages of the Polish Basin (orłowska-zwolińska
1983) and to the assemblages of the austrian kössen
Beds (e.g., kuerschner et al. 2007), displaying a close
palaeogeographic relationship of these areas during
rhaetian and hettangian times. Palynomorphs of the
furkaska section in the Slovakian Tatra Mountains are
well preserved and show distinct changes within the
boundary interval. The sudden increase in the abundance
of trilete spores, mainly Deltoidospora spp. and Con-

cavisporites spp., the last appearance of Corollina spp.,
and the first appearance of Pinuspollenites minimus are
diagnostic features for the recognition of two distinct pa-
lynomorph assemblages. 

a Principal Components analysis (PCa) was per-
formed on 11 samples and 59 sporomorph species as

variables (Text-fig. 4). The principal plane for the first
two principal components is shown in Text-fig. 4. The
distances between the projected points on this plane are
a measure of similarity (cf. Marinoni 2006). The smaller
the distance, the higher is the similarity. The PCa results
show that all Jurassic samples that were taken above
sample horizon 408 are well clustered whereas samples
below sample horizon 408 can be clearly distinguished
from the sample upsection. all samples in the “Jurassic
cluster” are characterized by a very high abundance and
diversity of trilete spores. Sample 400/401 is the lowest
and oldest sample in the furkaska section. it can clearly
be identified as an outlier indicating a different pattern re-
garding the variables analysed. Previous studies detected
a striking change in the microfloral assemblage from the
middle to the upper rhaetian (kuerschner et al. 2007).
The PCa results presented here can therefore be re-
garded as multivariate evidence for this microfloral
change between the middle and upper rhaetian. a very
similar clustering pattern was identified in the Cluster
analysis which was carried out with the same data set as
used with the PCa (ruckwied and Götz 2009).  

Organic matter and δ13Corg analyses

low values of ToC (0.1 to 0.4%) observed in the
carbonate sequence of the sections studied indicate

Text-fig. 3. relative abundance of palynomorphs (marine plankton, pollen grains, spores) of total sedimentary organic matter (palynomorphs, 

phytoclasts, degraded organic matter), total organic carbon (ToC) content and δ13Corg values; furkaska section 



normally aerated water conditions (Text-figs 5 and 6).
an increased content of ToC (1.24 % and 2.83 %) was
detected in two samples from the uppermost part of the
fatra formation (398/399, 400) in the furkaska section
only. Generally, the enrichment in organic matter in-
dicates an over-production and/or an increased input of
organic matter from the hinterland followed by its ef-
fective burial during sedimentation. one such Corg-en-
riched bed occurs above the limestone bed with the last
megalodonts (398/399) and the second one is interca-
lated in so called “spherulae beds” (Michalík et al.

2007). Both layers are overlain by limestones poor in
fossils. Nevertheless, the organic carbon enrichment
can hardly be directly related to a biotic extinction
event. 

occasional ToC increase to 0.6–0.7 % (Text-fig. 5)
in the T/J boundary interval and in the lowermost part
of the hettangian kopienec formation (0.7–0.9 %) is
expected to correspond with a higher input of terrestrial
organic matter carried together with detritic sediment
from the weathered hinterland. Specific iron-enriched
(oolite) sediments and kaolinite clay occurrence in the
T/J boundary interval suggests an increased weathering
due to climatic change in the emerged area. This inter-
pretation is in accordance with sedimentological and pa-
lynological data. 

The δ13Corg values of marly sediments of the
furkaska section range between –24.78 and  –29.36 ‰
(Text-fig. 5). isotope values from this part of the fatra
formation are close to –27 ‰. a positive excursion of
the δ13Corg (–25 ‰) appears above bed 401 in the up-
permost part of the so called "transitional beds"
(Michalík et al. 2007) with a high ToC content. This
part of the sequence contains a synsedimentary slump

and small channels filled with redeposited oolitic and
detrital material. The first negative δ13Corg excursion oc-
curs just above the slump (bed 406), still below the top
of the carbonate deposits of the fatra formation, ac-
companied by a striking negative δ13Ccarb excursion
(Michalík et al. 2007). The two basal members of the
hettangian kopieniec formation (the Boundary Clay, as
well as the Cardinia Sandstone) are characterized by a
slightly positive trend of the δ13Corg curve. The second,
major negative δ13Corg excursion (up to –29.36 ‰, i.e.
–4 ‰ in comparison with the average) occurs upsection,
in the calcareous “lower limestone member” (Gaździcki
et al. 1979, Michalík et al. 2007; beds 415–416). in con-
clusion, the δ13Corg values (around –28 ‰) fit with a typ-
ical hettangian excursion (ward et al. 2007).

δ13Corg values of the kopieniec samples from the
Široký Žľab (Mt.Vidla) section range between –25.81
and –27.47 ‰ (fig. 6). although the δ13Corg data from
this section are not supported by any new palynological
or micropalaeontological sampling yet, the δ13Corg data
resemble the second negative isotope excursion ob-
served in the furkaska section and, together with the
clay mineralogical data, point to an early hettangian hu-
mid event.

Clay mineralogy

in the furkaska section, mixed-layer illite-smec-
tite and illite dominate the entire stratigraphic interval,
constituting 79% to 98% of the clay mineral fractions
(Text-fig. 7). however, their relative ratios vary sig-
nificantly. in general, the content of illite-smectite
increases from the Carpathian keuper (34% on aver-
age) towards the kopienec formation (47% to 85%).
an increase in illite-smectite coincides with a de-
creased illite content from 65% to 4%. This continu-
ous trend is disturbed near the fatra/kopienec for-
mation boundary (between beds 400 and 407) where
illite suddenly reaches a local maximum of 63%.
Mixed-layer illite-smectite shows r1 or r>1 (r = re-
ichweite; reynolds 1980) type of ordering. The per-
centage of expandable (=smectitic) layers gradually
increases upsection with a rapid increase from ~6% to
~20 %S observed at the Carpathian keuper/fatra for-
mation boundary. kaolinite appears in the uppermost
part of the fatra formation (~2%), increases gradually
to reach a peak abundance of 11% below bed 409 in
the kopienec formation and decreases to ~5% (Text-
fig. 7) upsection. Chlorite is present throughout the
section, varying between 4% and 21%. Traces of
mixed-layer chlorite-smectite occur sporadically;
however, this phase was not included in semi-quanti-
tative calculations.

Jozef MiChalík ET Al.
540

Text-fig. 4. Principal Components analysis of palynological sam-

ples from the furkaska section



Besides the quantitative mineralogical changes,
the compositional variability of clay minerals was also
recorded. The Xrd characteristics of illitic material

separated from Carpathian keuper mudstones reveal
significant octahedral substitution of fe, as indicated
by a low 002/001 intensity ratio, as well as by the d
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Text-fig. 5. distribution of organic carbon and δ13Corg in the T/J boundary interval of the furkaska section



(060) spacing near 1.503 Å. Text-fig. 7 also shows the
variability of the octahedral composition of chloritic
minerals across the profile expressed as a variation of
the intensity ratio r (fransolet and Schreyer 1984). fe-
Mg chlorite (r<0.46) dominates the entire section
with two exceptions encountered in the upper part of
the fatra formation (between beds 387 and 389 and
between beds 405 and 406), where it is replaced (or
mixed) with Mg-al variety (r = 0.64–0.94). its su-
doite-like composition was also confirmed by the po-
sition of the 060 reflection varying between 1.509 and
1.511 Å.

in the Široký Žľab (Mt. Vidla) section, illite-
smectite (83%) prevails over illite (8%) in the up-
permost part of the Carpathian keuper mudstones
only (Text-fig. 8). in contrast, rhaetian and hettan-
gian claystones are marked by a slight dominance of
illite over illite-smectite. Percentages of both min-
erals in this interval show steady-state distributions
oscillating around average values of 50% and 35%
respectively. The Carpathian keuper mudstones con-
tain r1 ordered iS with the % S in a 21–17% range.
These values are slightly higher than those observed
in overlying strata where expandabilities vary from
18% to 9% S (r1 or r>1 ordering). Chlorite is a mi-
nor (4% to 14 %) but omnipresent component in the
material studied. No clear vertical trend of chlorite
distribution was observed. kaolinite is sparse in the
Carpathian keuper and in the fatra formation
(<3%). The lower part of the kopienec formation is
marked by a gradual increase in kaolinite, which
reaches a maximum of 9% in bed 46. however,
kaolinite disappears in the uppermost sample of the
section (bed 47).

diSCuSSioN

Clay minerals and their relative abundance may
record information on climate, however, the influence
of eustasy, burial diagenesis and reworking should be
also taken into account. Particularly, the relative abun-
dance of kaolinite (the most important climate-sensitive
clay mineral indicator in this study) as a detrital mineral
may be affected by proximity of the depositional area to
the source area and by the intensity of postsedimentary
alteration (Chamley 1989; Thiry 2000; ruffell et al.

2002). 
The degree of diagenesis of the Mesozoic samples

is relatively high as indicated by advanced illitization
observed in shales of both sections. The low content
of smectite interlayers (<5–25% S) and the r1 to
r>1 ordering of iS indicate diagenetic conditions

corresponding to a burial temperature of at least 160–
170°C (e.g. Pollastro 1993; Środoń 1999). estimated
temperatures are in good accordance with data given
by Środoń et al. (2006) for Mesozoic sedimentary
units of the Polish part of the Tatra region. also the
presence of unusual sudoite-like Mg-al chlorite in
four samples from the fatra formation of the
furkaska section, instead of the commonly encoun-
tered tri-trioctahedral chlorite, probably indicates a
strong influence of diagenetic fluids with high Mg ac-
tivity (also accompanied by carbonate dolomitiza-
tion). however, the above mentioned diagenetic al-
terations are usually considered to be kaolinite-
consuming, rather than kaolinite-producing ones.
Therefore, the origin of kaolinite in our samples is in-
terpreted here as detrital. kaolinite develops typically
in tropical soils which are characterized by warm,
humid climates, well-drained areas with high precip-
itation and accelerated leaching of parent rocks
(robert and Chamley 1991; ruffell et al. 2002). 

Both sections reveal a strikingly similar distribu-
tion of kaolinite. it appears only in the boundary clay-
stones, while underlying strata are free of kaolinite
with one exception recognized in the Široký Žľab
(Mt.Vidla) section (kraus 1989). Moreover, the
furkaska section is also characterized by a relatively
continuous increase in iS content at the expense of dis-
crete illite. These changes are interpreted here as a re-
sponse to increasing intensity of chemical weathering
in the hinterland due to increasing humidity. The per-
sistent prevalence of iS (most probably originating
from a smectitic precursor) in clay-size fractions of
both rhaetian and hettangian samples, however, may
suggest that the source material for these sediments
was formed during weathering in seasonally wet and
dry climates (righi and Meunier 1995). another line
of evidence in favour of both climatic and environ-
mental turnover during the rhaetian comes from a
change of chemical composition of illitic material.
authigenic fe-illite, characteristic of the Carpathian
keuper mudstones, is indicative of playa oxidizing
conditions of arid/semi-arid climate (Środoń 1999).
The overlying strata of the kopieniec formation do not
show such characteristics. 

Several authors have tried to use geochemical data
as a correlation tool of the T/J boundary (Mcroberts et

al. 1997; Pálfy et al. 2001; hesselbo et al. 2002, 2004;
ward et al. 2004). despite many local differences (willi-
ford et. al. 2007), two negative δ13Corg excursions have
been recognized in the T/J boundary interval in differ-
ent sections world-wide. 

The lower negative excursion (about 2–4 ‰ of or-
ganic carbon) is isochronous with the lo of rhaetian
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ammonites (Guex et al. 2003) and the lo of con-
odonts (Pálfy et al. 2001; lucas et al. 2005). re-
markably, this anomaly occurs close to synsedimentary

slumped beds recorded in distant sections of the uk
(Simms 2007), hungary (Pálfy and dosztály 2000),
and Slovakia (Michalík et al. 2007).
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Text-fig. 6. distribution of organic carbon and δ13Corg in the T/J boundary interval of the Široký Žľab section



The second negative δ13Corg excursion starts near the
fo of the Jurassic ammonite Psiloceras planorbis (hes-
selbo 2002), Odoghertyceras and Psiloceras marcouxi

(Guex et al. 2003), or of Rhacophyllites and Kamerka-

rites (Pálfy et al. 2001; ward et al. 2001, 2007) and bi-
valves (Mcroberts et al. 1997). 

isotope studies of west Carpathians sections con-
firm a complex character of the isotope curve with two
major negative excursions, alternating with positive
shifts. we suppose that these excursions reflect an en-
vironmental change in the sedimentary basin as well
as a change in sea water properties evoked by release
of a great volume of Co2 (hautmann 2004; Berner
and Beerling 2007). This greenhouse climate evolu-
tion continued by clastic sediment influx from the
continent into the basin. The change of δ13Corg values
corresponds with variations in the content of organic
matter. The data indicate a mixed marine and terres-
trial origin of organic particles, transported by river
and accumulated in a submarine delta fan. The study
of recent organic particles has shown that organic
matter enriched in humic acid and humins retains its
δ13Corg content (–27 to  –31‰, lamb et al. 2007). 

The original δ13Ccarb has been affected by local
postsedimentary (emergence, weathering) changes.
Such an alteration is documented in the Široký
Žľab section. during lowstands, part of the se-
quence emerged and eroded, and the limestone was
dolomitized and cemented in a vadose-meteoric
regime. in consequence, more negative (–4‰) val-
ues of the δ13Ccarb curve, affected by a more inten-
sive diagenetic overprint, were recorded below the
sequence boundaries. Sedimentary conditions in
more distal parts of the carbonate ramp documented
in the furkaska or kardolina sections (see Text-fig. 1)
were more favourable to the preservation of the
primary carbonate isotope (δ13Ccarb) signal. a dis-
tinct negative δ13C excursion is clearly recogniza-
ble in these sections (Michalík et al. 2007). a cer-
tain modification of the δ13Ccarb content by fresh
water input and by carbonate re-crystallization may
be expected in lower parts of the sedimentary
rhythms, consisting of more porous biosparitic
wackestones and packstones, affected by late dia-
genetic cementation, and even by slight selective
dolomitization. 

Jozef MiChalík ET Al.
544

280

281

314

318

323

325

330

277

278

316

333

338

341

345

350
369

373
376
.
.

380

384

389

393

395

396

398

400

406

407

408

409

413

414

415

416
417

420

418

C
A

R
P
A

T
H

IA
N

 K
E

U
P

E
R

F
A

T
R

A
 F

O
R

M
A

T
IO

N
K

O
P

IE
N

IE
C

 F
M

.

kaolinite (%) chlorite (%) illite (%) illite-smectite (%)
0 2 4 6 8 10 0 4 8 12 16 20 40 60 80200 604020 0.2 0.4 0.6 0.8 1.0010 15 2550 20

% S in 
illite-smectite

ICh(003)/ICh(002) 
+ ICh(004)

H
 

I 
R

 
 A

E
 T

 
A

 N
A

N
H

E
T

T
N

G
IA

Text-fig. 7. distribution of clay minerals in the T/J boundary interval of the furkaska section



CliMaTe ChaNGe aT The TriaSSiC/JuraSSiC BouNdary
545

CoNCluSioNS

Both sections reveal a strikingly similar distribu-
tion of kaolinite. it appears only in the Boundary Clay-
stone, while the underlying strata are free of kaolinite.
Moreover, the furkaska section is also characterized
by relative continuous increase in mixed-layer illite-
smectite content (at the expense of discrete illite).
These changes are interpreted here as a response to in-
creasing intensity of chemical weathering in the hin-
terland due to increasing humidity. however, the per-
sistent prevalence of iS (most probably originating
from a smectitic precursor) in clay-size fractions of
both rhaetian and hettangian samples may suggest
that the source material of these sediments was formed
during weathering in seasonally wet and dry climates.

a major T/J boundary mass extinction event cannot
be inferred from the palynological data of the Nw
Tethyan realm. however, the striking increase in spores
within the palynomorph assemblage points to a rela-
tively sudden climatic change, i.e., increasing humidity,
most probably caused by the volcanic activity of the
Central atlantic Magmatic Province (CaMP) associated

with the onset of rifting of Pangaea during early Meso-
zoic times. 

The δ13Corg excursion within the T/J boundary in-
terval documents a perturbation of the global carbon
cycle during this period, recorded also from many
other sections world-wide. Two negative δ13Corg ex-
cursions correspond to variations in the sedimentary
organic matter content, decreasing carbonate content,
as well as changes in clay mineralogy, pointing to a
major climatic change. Therefore, these signatures
contribute to a more precise regional and global cor-
relation.
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