














258

CoRrIC, S.: Calcareous nannofossils from the middle/upper Miocene succession of Pécs-Danitzpuszta, southern Hungary




Foldtani Kozlony 151/3 (2021)

259

dically, occurrences of these species can be a result of
reworking.

Interval 3): the upper part of the section in a thickness of
ca. 61 m (D19 to D225E). This interval is characterized by
blooms of didemnid ascidian spicules (P. fusiformis) and
endemic nannofossils belonging to the genus Isolithus (Iso-
lithus pavelici, Isolithus semenenko, Isolithus spp.). Samples
D2I9W to D223-2 contain endemic Praenoelaerhabdus
banatensis MIHAJLOVIC, 1993 (taxa without central spine),
Noelaerhabdus bekei JERKOVIC, 1971 (short spine in the cen-
tral area), N. jerkovici BONA & GAL, 1985 (longer spine) and
Bekelithella echinata BONA & GAL, 1985. Normal marine
nannofossils (A. cohenii, Catinaster cf. coalitus, C. pelagi-
cus, R. perplexa, R. haqii, R. pseudoumbilicus etc.) are very
rare in this interval. Interval 3 can be subdivided into the
following four subintervals based on the alternating predo-
minance of ascidians and Isolithus spp., respectively.

— Subinterval 3a) from sample D19 to D5 (between the
last occurrence of Syracosphaera spp. and first common oc-
currence of Isolithus spp.) is characterized by blooms of
ascidians, whereas the dominance of Praenoelaerhabdus
small was observed only in sample D11, and by the very
scarce presence of normal marine taxa (C. pelagicus, R.
hagqi, R. minutula, R. perplexa).

— Subinterval 3b): from sample D1 to D117W contains
assemblages with the blooms of Isolithus spp. with sporadi-
cally abundant ascidians (sample D116).

— Subinterval 3c): from sample D118 to D217. In the lower
part of this interval (D118 to D207) ascidians occur accom-
panied by diatoms and sponge spicules, whereas the upper part
is barren and does not contain any fossils (D209-D217).

Figure 3. Calcareous nannofossils from the Pécs-Danitzpuszta section

3. dbra. Mészvazii nannofosszilidk a pécs-danitzpusztai szelvénybol

1-4. Braarudosphaera bigelowi subsp. parvula STRADNER, 1960, D36.

S, 6 Braarudosphaera bigelowii (GRAN & BRAARUD, 1935) DEFLANDRE, 1947, D4l.

Ta, 9, 10. Praenoelaerhabdus banatensis MIHAJLOVIC, 1993, D219.

7b. Didemnid ascidian spicule, D219.

8, 11, 12. Praenoelaerhabdus small (<3um), 11: Sample D-219; 8, 12. D11.

13, 14. Coccolithus pelagicus (WALLICH, 1877) SCHILLER 1930, D41.

15a,22-24, 32. Calcidiscus leptoporus (MURRAY & BLACKMAN, 1898) LOEBLICH & TAPPAN,
1978, 15a: Sample D-39; 22-25, 37: D47.

15b, 16-18. Reticulofenestra pseudoumbilicus (GARTNER, 1967) GARTNER, 1969, 15b:
Sample D-39, 16, 17: Sample D-35, 18: D41.

19. Reticulofenestra perplexa (BURNS, 1975) Wiskg, 1983 D41.

20, 21. Sphenolithus moriformis (BRONNIMANN & STRADNER, 1960) BRAMLETTE & WIL-
COXON, 1967, Sample D-25; 28: D41.

25. Pontosphaera multipora (KAMPTNER, 1948 ex DEFLANDRE in DEFLANDRE & FERT,
1954) Roth 1970, D221.

26. Pontosphaera discopora SCHILLER, 1925, D25.

217, 28. Syracosphaera spp., D54.

29. Calciosolenia brasiliensis (LOHMANN, 1919) YOUNG in YOUNG et al. 2003, D55.

30, 31. Bekelithella echinata BONA & GAL, 1985, D221.

33, 37. Isolithus pavelici Cori¢, 2005, Figs 33, 45: D107; Figs 33, 44: D102.

34. Acanthoica sp.

35, 36, 40. Noelaerhabdus bekei JERKOVIC, 1971, D 221.

38, 39. Isolithus semenenko LULIEWA, 1989, D102.

41. Noelaerhabdus jerkovici BONA & GAL, 1985, D221.

42, 43. Catinaster calyculus MARTINI & BRAMLETTE, 1963, D221.

44-47, 51, 52. Didemnid ascidian spicules: Perforocalcinella fusiformis BONA, 1964, 45-
47.:D6; 43, 51, 52: D36.

48-50. Loose demosponge spicules, different types of oxeas, D204-3

53. Calcifying dinoflagellates ( Thoracosphaera spp.), D25.

54, 55. Planktonic gastropods, D25.

— Subinterval 3d) includes samples from the top of the
section (D219W to D225E). This short interval (ca. 4 m) is
characterized by occurrences of endemic calcareous nanno-
fossils belonging to family Noelaerhabdaceae JERKOVIC,
1970 emend. YOUNG & BOWN, 1997: Bekelithella echinata,
Praenoelaerhabdus banatensis, Noelaerhabdus bekei, N.
bozinovicae, N. jerkovici in samples D219 to D223-1 co-
occurring with ascidians. Subinterval 3d ends with samples
containing Isolithus spp. (Samples D223 and D225).

Thin green clay/silt layers from the top of the profile
Pécs-Danitzpuszta (D226, D226E) are barren of calcareous
nannofossils.

Very rare occurrences of Watznaueria barnesiae (BLACK
in BLACK & BARNES, 1959) PERCH-NIELSEN, 1968, Micula
staurophora (GARDET, 1955) STRADNER, 1963 and Nanno-
conus steinmannii KAMPTNER, 1931 throughout the whole
section point to reworking from the Cretaceous.

Species distribution by multivariate analyses

Cluster analysis by the Euclid method differentiated
three clusters (Figure 4).

A single species, Perforocalcinella fusiformis, is an indi-
cator component for clustering samples into Cluster 1. This
cluster includes 25 samples mostly from interval 2 and from
subintervals 3a and 3c. All samples from this cluster are
grouped in the 4™ quadrant of nMDS (Figure 5).

High percentages of endemic genus Isolithus spp. cha-
racterize Cluster 2, which groups in total 14 samples exclu-
sively from Subintervals 3b and 3d. Samples from Cluster 2
are placed in the 3" quadrant of nMDS (Figure 5).

Most significant species in Cluster 3 are Calcidiscus lep-
toporus, Syracosphaera spp., Sphenolithus moriformis, R.
pseudoumbilicus and Praenoelorhabdus small. This cluster
contains samples from Subintervals la (11 samples), 1b (2
samples), Interval 2 (6 samples), Subinterval 3d (with B.
echinatta, Praenoelaerhabdus banatensis and Noelaerhab-
dus spp.) and only one sample from Interval 3a. Samples from
Cluster 3 are grouped in the central part of nMDS (Figure 5).

Discussion

Palaeoecology

The interpretation of the palaeoenvironment is based on
the changes in abundance patterns of nannofossils within
assemblages. All samples contain very low diversity assem-
blages with higher values in the lower part of the section
(Intervals 1 and 2 with a maximum value of 13 taxa in D41,
Figure 2). Assemblages from the middle and upper part of
the section (Intervals 3a — d) consist mostly of only one or
two species. Calcareous nannofossil assemblages from the
lower part of the section (Intervals 1 and 2) are defined by
Calcidiscus leptoroporus, Reticulofenestra pseudoumbili-
cus, Syracosphaera spp. and Praenoelaerhabdus small as
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Figure 4. Dendrogram of sample clusters resulting from WARD’s method
4. dbra. A vizsgalt mintdk dendrogramja (WARD médszere alapjin)

main components. Isolithus spp. and didemnid ascidians are
dominating components in the upper part of the section in
Interval 3.

Didemnid ascidian spicules are generally common and
well-preserved in basins characterised by high bottom water
temperature, rapid sedimentation rate and low water circu-

lation (VAROL & HOUGHTON 1996). Perforocalcinella fusi-
formis that belongs to this group was described from the
lower Pannonian of the Mecsek Mountains (borehole Hi-
das), Hungary (BONA 1964). Blooms of P. fusiformis were
also documented from the upper Sarmatian in different parts
of the Central Paratethys (GALovIC 2017, CoRIC et al. 2017)
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Figure 5. Nonmetrical Multidimensional Scaling (nMDS) of samples

5. dbra. A mintdk eloszlasa nem-metrikus tobbdimenzios skdlazdsi modszerrel
(nMDS)

and, as sporadic occurrences, from the Badenian (KovAC et
al. 2005, 2008). The changes in occurrences of P. fusiformis
are strongly influenced ecologically by changes in palaeo-
conditions and cannot be used for biostratigraphic subdi-
vision.

Interval I with the highest diversity throughout the sec-
tion (average value 5.12 taxa/sample) contains assemblages
with normal marine nannofossils.

Subinterval 1a is dominated by Calcidiscus leptoporus,
an extant taxon with the first occurrence within NN2 (lower-
most Aquitanian) and still present in recent oceans. Ecolo-
gical preferences of C. leptoporus were investigated in Por-
tuguese coastal water by SILVA et al. (2009). This opportunis-
tic cosmopolitan coccolithophore species points to warmer,
low turbulent, normal salinity, oligotrophic waters. High oc-
currences of warm oligotrophic S. moriformis on the top of
Subinterval 1a (samples D42 and D41) point to a short in-
terval of increased salinity during Sarmatian. The absence
or only sporadic occurrence of Coccolithus pelagicus,
which is well-known as a marker of nutrient-rich cold water
(OkADA & MCINYRE 1979, WINTER & SIESSER 1994), and
those of helicoliths with ecological preference for upwelling
(PERCH-NIELSEN 1985, RAHMAN & ROTH 1990) support this
interpretation.

In Subinterval 1b, Calcidiscus leptoporus is replaced by
large R. pseudoumbilicus (>7 um). The abundance of this
species, together with the occurrences of B. bigelowii in the
top of Subinterval 1a and throughout Subinterval 1b, points
to a period of increased eutrophy within the Sarmatian. In-
creased nutrient supply was probably caused by more intense
river runoff. Abundant occurrences of B. bigelowii may

point to decreased salinity; however, this species never ex-
ceeds 2% in nannofossil assemblages from Pécs-Danitz-
puszta outcrop. Braarudosphaera bigelowii is predominant-
ly observed in neritic and shelf seas (PERCH-NIELSEN 1985).
An increase in species diversity from Subinterval 1a to Sub-
interval 1b confirms araise in the nutrient supply in the upper
part of Interval 1. Common occurrences of C. leptoporus, Sy-
racosphaera spp., and reticulofenestrids accompanied with
ascidians were also reported from the upper Sarmatian sedi-
ments from other parts of the Central Paratethys (GALOVIC
2017, SARINOVA et al. 2018), and are interpreted as a con-
sequence of decreasing water depth at the end of the middle
Miocene (as documented by e.g., PILLER et al. 2007).

Samples from Interval 1 are grouped into Cluster 3 (Fig-
ure 4) occupying the central and the upper part of nMDS, and
biostratigraphically can be attributed into the Sarmatian.

Interval 2 represents a thickness of ca. 3 m and contains
very low diversity assemblages with an average value of 3.14
taxa/sample. The lower part of this interval (D34 to D28) is
dominated by ascidians, whereas in the upper part (D27 to
D23) Praenoelaerhabdus small and Syracosphaera spp.
prevail. Acanthoica cohenii and ascidians are also common.

Genus Praenoelaerhabdus with P. banatensis is an en-
demic taxon described from Pannonian deposits of Serbia
(MIHAJLOVIC 1993). Small Praenoelaerhabdus with a dia-
meter less than 2 um were documented from the Sarmatian
and Pannonian of Croatia (COrIC et al. 2017). Blooms of
small Praenoelaerhabdus together with Syracosphaera spp.
during Interval 2 can be interpreted as a period of strongly
reduced salinity. It represents a transitional interval contain-
ing normal marine (A. cohenii and Syracosphaera spp.) and
endemic forms (Praenoelaerhabdus small) in a low diversi-
ty association. Samples of Interval 2 containing ascidians
are grouped into Cluster 1, whereas samples with coccoliths
(Syracosphaera spp, and Praenoelaerhabdus small) were
statistically grouped into Cluster 3.

The longest part of the section (ca. 61 m) belongs to In-
terval 3, which is subdivided into four subintervals accord-
ing to the predominance of P. fusiformis (Subintervals 3a
and 3c), Isolithus spp. (3b and 3d) or P. banatensis and Noe-
laerhabdus spp., respectively. Isolithus semenenko LULJE-
WA, 1989 was originally described from the lower Pliocene
marls of the Eastern Paratethys (Taman region, Russia).
The occurrences of this genus were documented in the up-
permost Sarmatian and Pannonian sediments of the Central
Paratethys in Croatia, Serbia and Romania (CORIC et al.
2017, GALoviC 2017). CHIRA & MALAcCU (2008) reported
about the abundance of various Isolithus species in the Pan-
nonian of Transylvania (Romania). CoRri¢ (2004, 2005a, b)
investigated quantitatively the calcareous nannofossils
from the Pannonian of Croatia (NaSice) and found periodi-
cally repeated blooms of Isolithus spp. alternating with
periods of blooms of P. fusiformis. Periods with blooms of
ascidian spicules (3a and 3c¢) can be interpreted as periods
of shallowing whereas intervals with abundant Isolithus
spp. (3b and 3d) can point to the opposite trend. Results of
quantitative analyses can be used for the correlation
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between various locations and sub-basins within the
Pannonian Basin.

Samples from Subintervals 3a and 3¢ (dominated by P.
fusiformis) are mostly grouped into Cluster 1 together with
samples from Intervals 1 and 2, which have similar compo-
sition, thus they cannot be separated from each other strati-
graphically. On the other hand, samples containing Isolithus
spp. (Subintervals 3b and 3d) build Cluster 2 (Figure 4),
clearly separated in the lower left part of the nMDS diagram
(third quadrant).

The middle part of Subinterval 3¢ (D200-1 to D207) is
characterized by the occurrences of well-preserved diatoms
and sponge spicules. HAJ0s (1985) investigated occurrences
of Pannonian diatoms from several localities in Hungary.
All occurrences may point to sedimentation in very shallow
areas, or lagoons dominated by NW wind. The investigated
diatom assemblages are very often accompanied by sponge
remains. Occurrences of sponge remains can be a sign of
extremely stressing conditions, such as water level variation
(MANCONI & PROZANTO 2015, 2016). Therefore, Subinterval
3c in the Pécs-Danitzpuszta section can be interpreted as a
period of strong shallowing. Interestingly, freshwater
sponge remains (Ephydatia fossilis) were first described
from the middle/upper Miocene from Hungary (Dubrovi-
cza) and Romania (Kevna Bremia) by TRAXLER (1894).

Subinterval 3d contains rich, well-preserved assem-
blages. The lower part of this Subinterval is dominated by
the co-occurrence of ascidians and endemic nannofossils,
such as Bekelithella echinata, Praenoelaerhabdus banaten-
sis, Noelaerhabdus bekei and Noelaerhabdus jerkovici. Oc-
currences of placoliths from family Noelaerhabdaceae is a
sign of short deepening of this part of the basin. Subinterval
3d ends with blooms of Isolithus spp.

Biostratigraphy

Generally, the Pécs-Danitzpuszta section can be subdi-
vided into a lower part (Intervals 1 and 2 including samples
D56 to D20) with normal marine calcareous nannofossils,
and an upper part (Interval 3 including samples D18 to
D225) characterized by the presence of ascidians and
endemic nannofossils and very rare marine nannofossils.

In the lower part of the section, the absence of Sphenoli-
thus heteromorphus DEFLANDRE, 1953 points to an age young-
er than NN5 (MARTINI 1971). Interval 1b contains a high
amount of R. pseudoumbilicus (up to 30% of total nannofos-
sils and about 90% of all counted reticulofenestrids). FOR-
NACIARI et al. (1996) used common and abundant R. pseudo-
umbilicus to define the Reticulofenestra pseudoumbilicus
Partial-range Subzone (MNNG6D) in the Mediterranean re-
gion, which can be correlated with the upper part of standard
nannoplankton Zone NN6. RAFFI et al. (2006) dated Highest
Occurrence (HO) of Cyclicargolithus floridanus (ROTH &
HAy in HAy et al. 1967) BUKRY 1971 at 12.1 Ma in the upper-
most Serravallian. The absence of C. floridanus in all inves-
tigated samples allows an attribution of the lower part of the
section (D56 to D20) to the upper NN6 or younger, which

can be correlated to the upper Sarmatian. The zone marker
for NN7, Discoaster kugleri MARTINI & BRAMLETTE, 1963,
was not observed in the section. The absence of discoasters
(open marine taxa) is most probably caused by the shallow-
ing environment during the Sarmatian in this area. Accord-
ing to the last continuous occurrence of marine nannofos-
sils, the Sarmatian—Pannonian boundary can be placed bet-
ween samples D20 and D19. Sample D36 contains common
Braarudosphaera bigelowi subsp. parvula STRADNER 1960.
Bloom of this small pentalith was observed in the upper
Sarmatian of the southern Vienna Basin (STRADNER 1960)
and was interpreted as the result of a drop in salinity.
Occurrences of this species confirm the attribution of this
part of the section into the upper Sarmatian.

The lower part of Subinterval 3d (samples D219 to D223)
is characterized by high amounts of ascidians, endemic
coccoliths Bekelithella echinata, Praenoelaerhabdus bana-
tensis, Noelaerhabdus bekei, Noelaerhabdus jerkovici and
only sporadic occurrences of normal marine species; thus, it
can be attributed to the Pannonian. MARUNTEANU (1997) pro-
posed an evolutionary lineage for the endemic Noelaerhab-
dus species in Transylvania. Due to the shallow position of the
section, only the nannofossil assemblages from the up-
permost part of the Pécs-Danitzpuszta section (Subinterval
3d) fit this proposed model. According to MARUNTEANU et al.
(1994), a similar endemic assemblage occurs above marine
species that represent the NN9 zone in the Temes Valley,
Romania. Thus, the endemic assemblage must be younger
than the beginning of NN9 Chron (10.55 Ma). Sample D221
contains the very rare Catinaster cf. calyculus MARTINI &
BRAMLETTE, 1963. This cup-shaped nannofossil has a short
stratigraphic range with the first occurrence within NN9 and
the last occurrence within NN10. Therefore, this part of the
section can be correlated either with NNO (9.53-10.55 Ma) or
with NN10 (8.29-9.53 Ma).

Conclusions

All samples from the Pécs-Danitzpuszta outcrop contain
low-diversity calcareous nannofossil assemblages. The sec-
tion can be divided into three intervals that reflect palacoeco-
logical changes during the late Sarmatian and Pannonian pe-
riod. Interval 1 (samples D56 to D35) is dominated by normal
marine nannofossils, such as C. leptoporus, R. pseudoumbili-
cus, S. moriformis, Syracosphaera spp., and by didemnid
ascidian spicules (sea squirts). This assemblage points to
warm, shallow oligotrophic marine conditions. A slight in-
crease in eutrophication in the upper part (Subinterval 1b) is
probably caused by enhanced nutrient supply by rivers. Inter-
val 2 (D34 to D20) displays very low diversity. The co-
occurrence of endemic Praenoelaerhabdus small and normal
marine A. cohenii and Syracosphaera spp. indicates a drop in
salinity, which can be interpreted as a stepwise transition from
marine to brackish lacustrine conditions. The longest interval,
Interval 3 (D18 to D225) is characterized by alternation of
monospecific assemblages with either P. fusiformis or Iso-
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lithus spp. Assemblages dominated by ascidians (P. fusifor-
mis) are interpreted as periods of shallowing based on the co-
occurrences of diatoms and sponge remains within this inter-
val (3c). On the contrary, the intervals with abundant Isolithus
spp. are interpreted as periods of slight deepening. In addition,
a short interval (lower part of 3d) with endemic calcareous
nannofossils (B. echinata, Noelaerhabdus spp.) also indicate a
period of deepening of the basin. Changes in the Pannonian
assemblages are influenced by changes in environmental
circumstances, most probably water depth and salinity.

Based on the abundance of R. pseudoumbilicus and the
absence of S. heteromorphus and C. floridanus, Intervals 1
and 2 can be attributed to the upper NN6 (and/or NN7) stan-
dard nannoplankton zones (younger than 12.1 Ma), and are
interpreted here as belonging to the marine upper Sarma-
tian, whereas Interval 3 correlates with the brackish lacus-
trine Pannonian. Based on the occurrences of Bekelithella
echinata and species belonging to the genus Noelaerhab-
dus, the upper part of the section is attributed to NN 10 nan-
nozone. Our investigations show that quantitative assess-
ment of endemic calcareous nannofossils might be a tool for
stratigraphic correlation within the Pannonian.

The applied statistical methods document the response
of nannofossil assemblages to the rapid environmental
and paleoecological changes that took place during the
Sarmatian and Pannonian in this part of the Pannonian
Basin.
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