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INTRODUCTION

I have been involved in the palynological study of the Neogene in Hungary since the beginning of the fifties. 
Up to that time there was no study of this kind in Hungary. The examinations required by geologists studying the 
Neogene. Therefore, in the beginning I studied samples collected in most different ways from various rock 
sequences.

My palynological studies have usually been biostratigraphy orientated. A part of the material accumulated 
during a period of nearly 40 years and furnishing a great number of partial results is only available in manuscript 
form. A publication of greatest importance in this field has been represented by a monograph of mine titled “Spo- 
romorphs of the Neogene in Hungary” published in 1985. This study is a taxonomic summary of 607 taxa. Of 
Bryophyta, Pteridophyta, Gymnospermae and Angiospermae taxa, 59 species and 3 genera are new. A summary 
of my data found in publications and manuscripts has enabled me to work up the pertinent evaluations of uni
form views described in this taxonomic monograph.
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A HISTORICAL REVIEW OF STUDIES

Parallel with my studies on Neogene, P. Simoncsics (1959, 1964) has also achieved outstanding results. In 
addition, several other authors such as M. K edves (1962), L. R ákosi (1963), J. B ona and M. R um li-S zentai 
(1966), M. M ihaltz- Faragó (1976), M. Sütő' -S zentai (1982) and E. B odor (1983) have also been involved in 
the palynological study of the Neogene of Hungary.

During my 40 years’ work I have endeavoured to reconstruct the palynostratigraphy of the Neogene in Hun
gary. This is rather difficult due mainly to the diversity of the flora. In the Neogene beds a very rich fossil flora 
can be encountered. In this flora a wide range of floral mixtures can be observed. They are as follows:

1. Paleogene floral elements are mixed with those appearing in the Neogene,
2. tropical, subtropical and temperate floral elements appear jointly,
3 . ecologically rather different floral elements representing different facies appear together.

The insufficiency of fundamental research has largely impeded the efficient work. On one hand, despite the 
large amount of diverse and dispersed data our knowledge of the spore—pollen material of the recent vegetation 
is insufficient. On the other hand, at the beginning of my studies, standards by geological key profiles and key bore
hole sections precisely studied stratigraphically and palynologically were not available in sufficient number for me.

It is the understanding of the one-time vegetation including data on paleoclimate that geology has awaited 
from paleopalynology. Consequently, paleobotanists and palynologists have simultaneously made efforts to outline 
the one-time climatic zones and work out stratigraphy. I have also endeavoured to reconstruct the changes in Neo
gene time, using a great variety of methods. In the Mecsek Mts I investigated a drilled sequence which overlies 
the Mesozoic (borehole Hidas 53 more than 1000 m deep). Included in this sequence were well evaluable samples 
ranging from the Karpatian to the Pontian (Upper Pannonian). Inspired by a paper from B. J ekhowsky et C. P. 
Varma (1959), in which 11 morphological groups were distinguished, palynological zones were defined for stratig
raphic correlation. I have distingvished 8 morphological groups, upon the study of samples taken from borehole 
Hidas 53 and, based on these morphological groups, the sequence of the borehole was divided into zones from A 
to D, including the subdivision of these zones into subzones (E. N agy 1960).

Using the palynologically studied material from the same borehole, a recontruction of paleovegetation has al
so been worked out (1962, Fig. 2). Moreover, the quantification of taxa identified from boreholes studied in the 
Mecsek Mts, classified into units of spore, Gymnospermae and Angiospermae, is shown in the time order of the 
profiles (1962, Fig. 3).

P. Simoncsics studied a Neogene sequence overlying Paleozoic in borehole Damak 1 drilled in the Borsod 
brown coal basin of N Hungary in 1963. In addition to the palynology of the Burdigalian, Helvetian, Sarmatian 
and Pannonian beds of the 400 m thick sequence, he involved in his study his own results concerning the Helve
tian brown coal in the vicinity of Salgótarján (Katalinbánya), as well as the results obtained by M. K edves who 
had studied the palynology of the Tortonian beds intersected by borehole Herend 13 and the contribution of E. 
N agy to the palynological knowledge of the Upper Pannonian brown coal seams of Mátraalja. Thus, it was the 
first time that results from the known studies of the Neogene in Hungary were summarized in tabular form and 
that efforts have been made to have furnished their features according to stages (P. S imoncsics 1963).

Data from my palynological studies performed in the eastern part of the Mecsek Mts were evaluated in a 
section ranging from the Eggenburgian to the Upper Pannonian (E. N agy 1967). During the reconstruction of the 
paleovegetation the following ones were distinguished : the Eggenburgian of Szászvár, the Ottnangian of Pusztakis
falu, the Karpatian of Magyaregregy, the Lower Badenian of Zengővárkony, the Upper Badenian and Sarmatian 
of Hidas. According to my statements of that time, the Pannonian vegetation was distinguished from the Sarma
tian paleovegetation only by the absence of tropical elements. For paleoclimatological evaluation, sporomorphs 
were divided into tropical, subtropical and temperate-climatic groups. The more complete floral diagrams relating 
the E Mecsek Mts and deduced from a large amount of materials were correlated with a diagram obtained from 
the W Mecsek Mts and based on a few materials Ottnangian, Karpatian and the Lower Badenian (1967a, Fig. 2).
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In my monograph dealing with the E Mecsek Mts (E. N agy 1969), paleofloral patterns were outlined in ac
cordance with the stratigraphic classification (G. H ámor 1970). Thus, the Eggenburgian sequence was represented 
by the Szászvár pattern, the Ottnangian sequence by the Pusztakisfalu pattern, the Karpatian fish-scale-bearing 
claymarl by the Magyaregregy pattern, the Lower Badenien schlier by the Zengővárkony pattern and the Middle 
Badenian brown coal sequence by the Hidas pattern. In addition, Sarmatian and Pannonian patterns were also 
distinguished.

As years went by, palynological studies were extended to a larger and larger area of the country. At the 
same time, this meant an expansion for the whole Neogene in a range from the Egerian to the boundary of the 
Plio-Pleistocene.

Of course, studies resulted, as needed, in the descriptions of species, together with various (paleogeographi- 
cal, paleoecological, paleoclimatological) evaluations. In a lecture I delivered in 1974 at a session of the Hun
garian Geological Society, palynological units were dealt with as having been set up in a range from the Egerian 
to the Upper Pannonian, on the basis of changes in floral elements (E. N agy 1976).

In a table I published the Oligocène species have been first regarded, then the new floral elements of each 
stage have also been listed. For each floral element the dominance ratio was also evaluated. Based on this all, the 
Egerian stage was divided into two parts and the Eggenburgian, Ottnangian and Karpatian were distinguished ac
cording to palynology. The Badenian was subdivided into three parts, and the Upper Badenian was linked with 
the Sarmatian. The Sarmatian was separated from the Lower Pannonian mainly by planktonic organisms and upon 
the disappearance of tropical elements. Due to a rather sharp appearance of the transgression, a so-called Middle 
Pannonian portion was inserted between the Lower and Upper Pannonian. A few paleontological results including 
the microforaminiferal studies of I. K orecz-L aky and the molluscan studies of M. B ohn- H avas were also shown 
in the table. A repeated attempt was made to set up a palynozonation : floral elements appearing in the Eocene 
(so-called subtropical and tropical elements), those appearing in the Egerian (the so-called new-subtropical and 
temperate elements) and the modern floral elements were shown in a diagram. A palynozonation of Hungary, 
ranging from the Egerian to the Pleistocene was prepared by representing the disappearance and appearance of 
each floral group (E. N agy 1980).
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METHODS OF STUDY AND INTERPRETATION

The identification of sporomorphs was a precondition of the evaluation. Tomograms of the sporomorphs 
(magnification 1.000) were made. The evaluation was performed using these graphs and the records of testing. 
In studies using microscope, efforts were made to exceed 100 specimens, therefore 2 plates were counted if it 
was necessary. If the material was rich, this number handly came over 150 but the sample was examined for 
species here not yet found before, by examining the plate to its end. Efforts were also made to classify the species, 
identified under microscope or in photos, in accordance with botanical taxonomy, at least to the phylum level.

No description or summary of planktonic organisms has been included in my taxonomic work so far. In spite 
of this a great number of planktonic organisms were identified and described (E. N agy 1965, 1966, 1967, 1982). 
These planktonic organisms were also included in the evaluation.

After the completion of my taxonomic monograph, the material of examinations including the testing records 
were reviewed. For a proper interpretation, diagrams were prepared for all borehole sections and other profiles 
that contained a sufficient amount of palynomorphs for representation. Thus, profiles for a total of 42 boreholes 
or exposures were completed in the following way: the planktonic organisms, spores (with Fungi not indicated and 
Bryophyta and Pteridophyta spores not separated), moreover Gymnospermae and Angiospermae pollen grains 
were figured for each profile, in the order of their appearance and amount.

Using these basic diagrams, further evaluation diagrams were made. As for stratigraphy, time-ranges of the 
species of spores, gymnosperms; and angiosperms were represented diagrammatically. With the time-ranges fi
gured, it came the turn of compiling a palynostratigraphic table in the following way: first, each, species including 
the persistent ones were entered into a table according to time units, in the order of appearance, with the indica
tion of their frequency, then paleoecological, paleoclimatological etc. diagrams and summarizing tables were pre
pared.

LOCALITIES OF NEOGENE SAMPLES TAKEN FOR PALYNOLOGICAL 
STUDIES IN HUNGARY

Samples representing the Neogene of Hungary and taken from a great number of profiles, outcrops, exposures, and 
mine galleries have been studied (Fig. 1).

The list of localities:

1. Borehole Abaliget 1/9
2. Boreholes Abaújszántó 7 and 10
3. Borehole Ajka 157
4. Borehole Alsótold 1
5. Exposure at Alsódobsza
6. Borehole Alsóvadász 1
7. Borehole Bakóca—Nagyvölgy 246
8. Borehole Baktalórántháza 70
9. Borehole Balaton 26

10. Borehole Balatonboglár 23
11. Borehole Balatonfenyves 49
12. Borehole Balatonfőkajár 22
13. Borehole Balatonkenese 1
14. Borehole Balatonkeresztúr 29
15. Borehole Balatonlelle 15
16. Borehole Balatonszentgyörgy— 

Brickyard
17. Borehole Bekecs 103
18. Boreholes Beremend 1, 5 and 9
19. Borehole Bódvaszilas 5
20. Borehole Bogács 915
21. Borehole Boldogkőváralja 10
22. Borehole Bük 1

24. Borehole Ceglédbercel 8
25. Borehole Csabrendek 562
26. Borehole Csákvár 31
27. Boreholes Csehbánya 1 and 8
28. Borehole Cserhátszentiván 1
29. Borehole Csesztreg 1
30. Borehole Dad 2
31. Borehole Debréte 1
32. Borehole Darány 1
33. Borehole Demjén 39
34. Borehole Derecske 1
35. Borehole Diósjenő 9
36. Borehole Dunaföldvár Vízmű 

П/1
37. Borehole Dombóvár 1
38. Borehole Dunavölgy XIX
39. Exposure and borehole at Wind's 

brickyard, Eger
40. Boreholes Eger 1 and 6
41. Borehole Egyházasgerge 1 

including an exposure
42. Borehole Egyházaskesző 1
43. Exposure, Erdóbénye Meleg-oldal
44. Borehole Erdőbénye 163
45. Borehole Fenyőfő 126

46. Boreholes Fehérvárcsurgó 126 
and 160

47. Felsónyárád, coal seams IV and V
48. Borehole Felsónyárád 166
49. Borehole Felsócéce 32
50. Borehole Fót 1
51. Borehole Garáb 1
52. Borehole Gelénes 1
53. Borehole Gérce 1
54. Borehole Guttamási 22
55. Boreholes Gönc 10/a and 32
56. Borehole Gyékényes 1
57. Borehole Gyöngyöstarján 15 
57a. Key profiles Gyulakeszi I—II—III
58. Borehole Hajdúhetény 4
59. Borehole Hárskút 21/2
60. Borehole Hernádréce 21/a
61. Boreholes Hidas 53, 88, 89, 91 

and 105
62. Hidasbánya, coal seams II, IV, V 

and VI
63. Borehole Hegymagos 78/18
64. Borehole Hollófészek 207/a
65. Borehole 

Ibafa 218
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66. Sandstone with footprints, 
Ipolytarnóc

67. Botos-árok, Ipolytarnóc
68. Borehole Jász I
69. Jászkisér, exposure
70. Borehole Jákfalva 16
71. Borehole Jászladány 1
72. Borehole Kadarkút 1
73. Kaposvár, exposures I, II, V 

and VI
74. Borehole Kapolcs 2
75. Exposure Komádi I
76. Borehole Kazár 514, 

key profile II
77. Borehole Komját 6
78. Borehole Komló 120
79. Borehole Kolontár 13/A
80. Borehole Kocs 7
81. Borehole Kóspallag 11
82. Kishajmás, sand pit
83. Exposures Kőbánya I, II, III 

and IV
84. Borehole Kővágóőrs 49
85. Borehole Kurd 2
86. Borehole Kurittyán 1
87. Borehole Lajoskomárom 1
88. Borehole Lak 1
89. Boreholes Lábatlan 1 and 11
90. Borehole Lázi II
90a. Borehole Legyesbénye 1
91. Borehole Litke 17
92. Boreholes Magyargencs 1 and 2
93. Environs of Magyaregregy: 

Magyaregregy—Almáspatak, 
Magyaregregy—Farkasordító, 
Magyaregregy—Kisréti-árok, 
Magyaregregy—Leánykő

94. Borehole Mány 61
95. Environs of Mányok
96. Borehole Mázaszászvár 16
97. Boreholes Márianosztra 3 and 12
98. Borehole Mátrafüred 144
99. Boreholes Mátraháza 76 /a  

and 144
100. Borehole Mátraverebély 79
101. Boreholes Megyaszó 1, 16, 17
102. Exposures Mezôberény I and II
103. Boreholes Mezőcsokonya 2 and 22
104. Borehole Mecseknádasd I
105. Monok, artesian well

106. Borehole Nagybátony 
Szoros-patak 326

107. Boreholes Nagybörzsöny adit, 7 /a  
and 14

108. Borehole Nagygörbő 1
109. Borehole Nagysáp 1
110. Borehole Nagyszénás 1
111. Borehole Nagyvisnyó 1012
112. Borehole Naszály 1
113. Borehole Neszmély 1
114. Borehole Nógrádmegyer 1
115. Boreholes Nógrádszakál 2 and 4
116. Borehole Nógrádsipek 1
117. Borehole Nyíri 1
118. Borehole Ostffyasszonyfa 13
119. Ostoros, exposure
120. Borehole Őcsény 1
121. Borehole Ősi 70
122. Borehole Öreglak 1
123. Borehole Pápa 2
124. Borehole Pásztó 4
125. Petófi-bánya, adit
126. Borehole Perőcsény 8
127. Borehole Pécsszabolcs 1
128. Borehole Pécsvárad 44
129. Borehole Piliny 8
130. Borehole Pukkanc 4 6 /a
131. Borehole Pula 3
132. Shafts Pusztafalu 3, 7, 8, 10, 11 

and 13
133. Borehole Pusztakisfalu VI
134. Borehole Püspökhatvan 4
135. Borehole Rábasömjén III
136. Ráckeve, thermal well
137. Borehole Rákoskeresztúr 1
138. Boreholes Recsk VIII, XII,

XXVIII
139. Boreholes Révfülöp 5, 6, 10, 28 

and 29
140. Rudabánya, Vilmos-táró, 

András-akna exposure
141. Borehole Rudabánya 462
142. Borehole Sárospatak 10 
142a. Borehole Sátoraljaújhely 8
143. Borehole Sajóhetény 2
144. Borehole Sávoly 2
145. Borehole Sirok 1
146. Borehole Sitke 1
147. Boreholes Szokolya 2, 3, 7, 11 

and 12

148. Borehole Szalonna 6
149. Borehole Szászvár 8
150. Borehole Szederkény 8303
151. Borehole Szendrő 1 and 2
152. Szentendre, exposure
153. Borehole Szilvásvárad 1
154. Borehole Szirma 2
155. Borehole Szurdokpüspöki 1
156. Borehole Szűcsi 1
157. Tab, thermal well
158. Borehole at brickyard Tab
159. Boreholes Tar 32 and 34
160. Borehole Tardona 30
161. Boreholes Tata 11, 12 and 14
162. Borehole Tápióbicske 10
163. Borehole Táska 1
164. Borehole Telkibánya 8
165. Borehole Tengelic 2
166. Borehole Tekeres 1
167. Exposure Tés II/2
168. Tihany key profiles, Boreholes 1 

and 62
169. Borehole Tököl 1
170. Borehole Törtei 10
171. Borehole Újudvar 7
172. Borehole Újhegy 17/a
173. Borehole Ukk 1
174. Borehole Üllő 3
175. Exploratory borehole Vajta 1
176. Borehole Vaszar 1
177. Borehole Váralja 43
178. Boreholes Várpalota 133, 219 

and 318
179. Borehole Vásárosnamény 22
180. Borehole Várkeszó 1
181. Brickyard, exposure at 

Veresegyháza
182. Borehole Veszprémvarsány 22
183. Borehole Vértessomló 10
184. Borehole Vilmány 29
185. Localities Villány 3, 4 and 5
186. Borehole Visonta 92
187. Opencast mine Visonta III
188. Zagyvapálfalva, sand pit, 

exposure
189. Borehole Zebecke 2
190. Boreholes Zengővárkony 45 

and 49
191. Zsujta, shafts 4 and 8, 

exposure
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A DESCRIPTION OF FLORA OF THE PROFILES STUDIED

This chapter gives a detailed description of the spore and pollen material (sporomorphs) of each borehole profile and 
exposure comprising a stratigraphic interval ranging from the Egerian to the Pontian. This is shown in Figs. 2 to 45 en
closed hereinafter.

THE DISTRIBUTION IN TIME OF THE ORIGIN OF FLORAL ELEMENTS

Based on the material I have studied a review of the distribution in time of the origin of Neogene flora in 
Hungary is given. The basis for my study has mainly been secured by data from T homson et P flug (1953) and 
W. K rutzsch (Atlas I—VII). From the tables assembled in systematical order according to geological stages, with 
the presumed climatic demands also indicated, the following conclusions can be drawn:

Species identified from the Egerian (Table 1) show that here, between the Oligocène and the Miocene, a 
change in flora took place, since of the 305 species only 103 (33.8 %) are of Paleogene origin whereas 202 spe
cies (66.2%) indicate Egerian.

In the Eggenburgian (Table 2) the number of species is smaller, amounting to 212. The number of Paleo
gene species amounting to 69 (32.5%) and that of the Egerian species amounting to 117 (55.2% ) are also re
duced. The Eggenburgian is represented by a comparatively smaller number (26, i.e. 12.3%) of new species. The 
change is smaller here than in the Egerian representing the boundary between the Oligocène and the Miocene.

The number of species identified from the Ottnangian is 220, of which 64 species (29.0%) originate from 
the Paleogene, 90 species (40.9%) from the Egerian, 11 species (5% ) are from the Eggenburgian and 55 species 
(25.0%) from the Ottnangian (Table 3).

The Karpatian flora (Table 4) indicates a major change. Of the 345 identified species, 87 (25.2%) are Pale
ogene, 143 (41.4%) are Egerian, and only 20 (5.8% ) are Eggenburgian, 24 (7% ) are Ottnangian and 71 
(20.6%) are Karpatian. The Paleogene and Egerian species of tropical origin are dominant but they give, in con
junction with typical, new, Karpatian species, a characteristic feature to the flora. In addition to the new tropical 
species, temperate and mediterranean elements also prevail.

421 species have been identified from the flora of the Badenian (Table 5). This flora indicates a full develop
ment of the Karpatian stage. In regard to their origin, 97 species (23% ) are Paleogene, 158 (37.5%) are Egerian, 
20 (4.6%) are Eggenburgian, 35 (8.3% ) are Ottnangian, 48 (11.4%) are Karpatian and 63 (15% ) are Badenian.

Distinction should be made between the Lower and Upper Badenian flora. The Lower Badenian flora is a 
rich one of 400 species 95 (23.7%) are Paleogene, 149 (37.3%) are Egerian, 20 (5% ) are Eggenburgian, 33 
(8.3% ) are Ottnangian, 46 (11.5%) are Karpatian, and 57 (14.2%) are Lower Badenian, however, the Upper Ba
denian has a rather poor flora.

In some areas of the country the so-called Middle Badenian can be distinguished as a facies. An assemblage 
consisting of 103 species points to the withdrawal of the flora. Of these 103 species, 33 (32% ) are Paleogene, 48 
(46.6%) are Egerian, 1 (1% ) is Eggenburgian, 3 (2.9% ) are Ottnangian, 7 (6.8% ) are Lower Badenian and 4 
(3.9% ) are Middle Badenian.

A cycle is ended in the Middle Badenian and the appearance of a new period with a smaller number of spe
cies has been verified. From the Upper Badenian a total of 75 species have been identified. Of them, 29 (38.7%) 
are Paleogene, 34 (45.3%) are Egerian, 2 (2.7%) are Ottnangian, 1 (1.3%) is Karpatian, 2 (2.7% ) are Lower 
Badenian, 1 (1.3%) is Middle Badenian and 6 (8% ) are Upper Badenian.

The Sarmatian flora (Table 6) includes 174 species of which 47 (27% ) are Paleogene, 71 (40.8% ) are Egeri
an, 4 (2.3% ) are Eggenburgian, 7 (4% ) are Ottnangian, 19 (10.9) are Karpatian, 12 (6.9% ) are Lower Badenian, 
2 (1.1%) are Middle Badenian, 2 (1.1%) are Upper Badenian and 10 (5.7% ) are Sarmatian.

160 species have been identified from the Pannonian (Table 7) of which 35 (21.8%) are Paleogene, 66 
(43.3%) are Egerian, 9 (5.6% ) are Eggenburgian, 8 (5% ) are Ottnangian, 10 (6.3% ) are Karpatian, 16 (10%) 
are Lower Badenian, 1 (0.6% ) is Upper Badenian, 3 (1.9%) are Sarmatian and 12 (7.5% ) are Pannonian.

Of the 202 Pontian species, 37 (18.3%) are Paleogene, 75 (37.1%) are Egerian, 9 (4.4%) are Eggenbur
gian, 8 (3.9% ) are Ottnangian, 20 (10%) are Karpatian, 20 (10%) are Lower Badenian, 2 (1% ) are Upper Ba
denian, 4 (2% ) are Sarmatian, 6 (3.1%) are Pannonian and 21 (10.3%) are Pontian (Table 8).

Table 9 classifying the origin of the Neogene flora of Hungary according to time units shows that Paleogene 
floral elements were present all the time which suggests that Tertiary time can be regarded as a large unit of floral
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history. The flora which developed after the post-normapolles had vanished was altered mainly by climatic 
changes. Since the climate gradually became cooler and cooler, the floral spectrum got to be considerably poorer 
by the end of the Neogene. However, Paleogene species can be observed therein. (For the quantity and per cent 
distribution of the Paleogene species see Table 9.) In the younger stratigraphic stages, except for the rich Karpa- 
tian and Badenian floras, the absolute number of species of the Paleogene floral elements is decreased, with their 
percentage exhibiting a clearly proportional decrease.

The number of species of Egerian floral elements shows a slight decrease, and in the Karpatian and Badeni
an an increase (Table 9). The number of Egerian species is highest in each stage. It can also be observed in the 
range from the Eggenburgian up to the Lower Badenian that the number of the species indicative of each con
cerned stage amounts to approx. 20% , whereas this specific proportion hardly exceeds 10% in the interval rang
ing from the Badenian through the Sarmatian to the Pannonian and Pontian.

FLORAL RELATIONSHIPS

Any further paleoecological, paleogeographical and paleoclimatological study is based on the determination of the 
similarities and botanical relationships of the paleoflora. Nearly all palynological studies mainly on the Late Tertiary have 
reference to floral relationships. Botanical relationships are determined by means of the comparative study of recent 
spores and pollen grains. The palynologists partly perform this job and partly use data published by others. A table pre
pared using the results of comparative studies (Table 10) show the fossil spore—pollen names in systematic order (see also 
lists in E. N agy. 1985. pp. 12—22.)

The recent relations of fossil species (taxon, ecological data, distribution etc.) have been given on the basis of the 
original descriptions of species and upon my own studies.

As shown by the table, conclusions to recent species were allowed to be drawn very rarely. In many cases reference 
was made only to recent genus or family. Therefore it would be rather hypothetical to allocate a floral realm or refer to a 
plantgeographical, areal extent. That is why a more realistic but not error-free method, namely, the evaluation of fossil flo
ral elements upon their recent botanical relationships with a classification into groups of species of tropical, subtropical, 
mediterranean and temperate-climatic origin, has been choosen. Their distribution in stratigraphic stages, according to 
spores, gymnosperms and angiosperms, including their climatic claims, is also summarized in a tabular form (Table 11). 
This table allows to assess, in addition to botanical relations, also the climatic conditions. The number of taxa and their cent 
distribution are likewise given in the table for a better representation of the changes in Miocene time (Table 11).

Besides the number of taxa, also the quantitative changes in the number of individuals should be regarded. Changes 
in these floral elements point not only to floral relationships but also to vegetation types. Changes in the quantity of sporo- 
morphs are characteristic of each stage.

Upon conclusions drawn from the botanical relations and the quantitative data on taxa, according to each stage, the 
following statements can be made :

From the 305 sporomorphs of the Egerian formations, 121 species are spores (39.7%). For a greater part of spores, 
at least the family can be concluded (Table 10). Their majority were tropical, subtropical (Table 11). Of moss spores, Saxo- 
sporis gerlachi, Phaecerosporites species, representatives of the family Anthocerotaceae are mainly tropical. The tropical 
origin of Lycopodiumsporites allranftensis and Echinatisporis species appearing refer to Selaginella genera is also pre
sumed. Included in spores of torpical ferns are also Osmundacidites gemmatus, О. nanus, О. primarius primarius, О. pri
marius crassiprimarius, О. primarius oligocaenicus, as well as Cicatricosisporites chattensis and C. lusaticus belonging to 
the Schizaeaceae family, and the spores of the Gleicheniaceae family. The Punctatisporites species, the Cibotiidites zona- 
tus, Corrugatisporites asolidus and Corrugatisporites species in general are usually tropical ones. The Corrugatisporites 
hungaricusN agy species shows similarity to the spore of a tropical fern-tree, the Dicksonia joungiae C. M oore. The Lei- 
otriletes adriennis and L. maxoidesgroups can be identified with the tropical—subtropical Lygodium species, whereas the 
other Leiotriletes species also appearing in the Lower and Middle Miocene must have been subtropical ones. The Dictyo- 
phyllidites species pointing to the Cyatheaceae as well as the Bifacialisporites species are also tropical ones. The Bifaciali- 
sporites mecsekensis species is completely identical with the recent Pityrogramma tortosa M axim . (Gymnogrammaceae) 
species originated from Cuba, and is, therefore, tropical. Leptolepidites magnipolatus is assigned to the tropical Denn- 
staedtiaceae family. Additional tropical ferns are : Polypodiisporites alienus compared by W. K rutzsch (1967) with two 
fern species, namely, the Microsorium diversifolium (W ild .) C opel paleotropical epiphyte and Pyrrosia lanceolata îerns 
from NE Asia. The tropical-subtropical fern Davallia canariensisis also epiphyte and is compared with Polypodiisporites 
clatriformis. According to W. K rutsch the Davallia genus is also represented by Polypodiisporitespseudoalienus, and the 
Polypodiisporites histiopteroides species corresponds to Histiopteris incisa which is neo- and paleotropically widespread. 
W. K rutzsch (1967. p.25) has also mentioned the species of Dryopteris, Polypodium, Thelypteris (Lastrea) terrestrial 
fern genera as the botanical relation of a genus represented by the Extrapunctatosporis megapunctus, E. microalatus and 
E. cf. miocaenieus species. However, Madagascar and Japan is mentioned as the habitat of some of its species, which also
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backs up that tropical, subtropical species are concerned. In the paper dealing with the macro flora from Eger, G. 
A ndreánszky (1966. p. 16. and the chapter dealing with macroflora) compares the fern described as Lastrea cf. oeningen- 
sis (A. B r.) H eer with Dryopteris vivipara (R addi) C. C hr., a tropical fern of Brasil.

In summary, of 121 species, 62 (51%) can be regarded as the spore of a tropical plant, whereas 8 taxa (6.6%) are 
tropical—subtropical, 10 (8.2%) are subtropical, 1 (0.8%) is mediterranean, 3 (2.5%) species are of temperate zone and 
37 (30.6%) are cosmopolitan or of uncertain origin (Table 11).

In the Egerian formations the quantity of spores, as compared to the high number of species, is comparatively small. 
Regarding the profile of the Eger brickyard and the samples taken from a lower interval of borehole Fót 1 spores show a still 
consistent diagram but even for the most frequent species the number per sample of specimens is less than 10.

In the Egerian formations the proportion of Gymnospermae pollens is 19.0% (58 species) which is comparatively 
the lowest value, in regard to the distribution of the plant phyla. Of them, Cycadopites and Dacrydium species pointing to 
Indo-Malaya are tropical ones, whereas several species such as Ginkgoretectina neogenica and presumably a part of 
Pinuspollenites labdacus indicate subtropical origin. Trevisan (1967. p. 21) compares Pinuspollenites latisaccatus latisac- 
catus with the pollens of Pinus taeda sectio living in the southern part of North America. The P. thunberiiformis can be 
compared with the pollen of Pinus thunbergii living in Japan. Pinuspollenites zaklinskaiana, resembling the pollens of Pi
nus banksiana section, is subtropical. The Abietineaepollenites microalatus microalatus can be correlated with the pollens 
of Pinus edulis E ngelm. living in the SW part of North America. Cathaya gaussenii and Tsugaepollenites igniculus of 
which the latter is of Tsuga diversifolia type pollen relate to the region of China and Japan. Keteleeriaepollenites komloën- 
iAindicates Keteleeria davidiana (B ertrand) B eissn . circle of species, whereas Sciadopitys species can be related with the 
S. verticillata Sieb , et Zucc. circle of species the place of life of which is in East Asia, Japan. The Taxodiaceaepollenites sp. 
points to Taxodiaceae marshes. Today this genus is confined to the S and SE parts of North America. The parent plants of 
Sequoiapollenites species can be presumably correlated with Sequoia sempervirens E ndl. living in the coastal areas of the 
Pacific Ocean (California). Pinuspollenites microinsignis is considered to be identical with Pinus pyrenaica D avid, where
as Pinuspollenites minutus is correlated with Pinus pinaster Sol. Some Cedripites species refer to mediterranean plants.

Of Gymnospermae, a part of Pinuspollenites labdacus the Tsugaepollenites viridifluminipites, Piceapollenites neo- 
genicus and Abiespollenites absolutus point to temperate parent plants. Ephedripites species require warm to temperate 
climate. Of 58 Gymnospermae species, 4 (6.9%) are tropical, 27 (46.5%) are subtropical. 3 (5.1%) are mediterra
nean, 3 (12.0%) are temperate zonals ones. The floral relationships of the rest of species (17 corresponding to 29.3%>) 
are uncertain (Table 11).

Gymnospermae pollen grains are observed, despite their relatively small number of species in the Egerian holostrato- 
type section, however, have turned out to be dominant in the spectra of Egerian stage. Their amount is larger than that of 
the Angiospermae (Fig. 3). In the lowermost part of borehole Főt 1 (Fig. 4) the amount of Gymnospermae is less, then in 
the upper part of the Egerian sequence it largely increases.

Angiospermae pollen grains have a great number of species in the Egerian, amounting to 126 (41.3%). Of this 
amount, 32 species (25.4%) such as Myrtaceidites myrtiformis and Proteacidites egerens is pointing to neotropical condi
tions or the Australian floral realm are considered to be tropical ones. Pentapollenites species assigned to the Dodonaea 
genus (Sapindaceae) by M. B essedik  ( 1985) also refer to an Australian floral realm. Sapotaceoidaepollenites, Porocolpo- 
pollenites species (Symplocos) and the palms are also assigned be tropical ones. One species (0.8 %), namely, Tricolporo- 
pollenites clethraceiformisis tropical—subtropical. Subtropical species amounting to 21 (16.6%) include, for instance, 
Magnoliaepollenites simplex, Tetracentracearumpollenites komloënsis, T. minimus (of SE Asian origin), Nyssapollenites 
species, Ilexpollenites species, Spinulaepollenites arceutobioides (Loranthaceae, Arceuthobium oxycedri), LobeliapolT 
enites erdtmanii (Lobelia wollastoniiE. C. B ak), Tubulifloridites grandis, Fagus pollen ites m inor( Fagus ferruginea A it. ), 
Tricolporopollenites cingulum fusus and T. cingulum oviformis, T. henrici (Fagaceae), Plicatopollis plicatus and Myri- 
picites species (Myricaceae).

The number of mediterranean species is 8 (6.3%) including Araliaceoipollenites reticuloides (Hedera), Cistacear- 
umpollenites species, Liquidambarpollenites species, Zelkovaepollenites thiergarti, Faguspollenites gemmatus (Fagus 
orientalis L ipsky).

The number of the temperate-zone species is 51 (40.5%). Included in these species are: Liriodendronpollis semiver- 
rucatus, Slovakipollis neogenicus (Elaeagnaceae), Myriophyllumpollenites species, Aceripollenites reticulatus, Tricolpo- 
ropollenties hedwigae (Cornaceae), Caprifoliipites species, Lonicerapollis gallwitzi, Intratriporopollenites species (Tilia
ceae), Oleoidearumpollenites species, Heliotropioidearumpollenites, Utriculariaepollenites, Plantaginacearumpolleni- 
tes species, Ulmus, Ostrya, Betula and Alnus species, Fagus pollen grains (without the tropical and subtropical species al
ready mentioned), Quercopollenites species, Juglanspollenites, Pterocaryapollenites, Caryapollenites species, Platycary- 
apollenites miocaenicus, Salixipollenites species and Sparganiaceaepollenites polygonalis. The rest of the species (13, 
amounting to 10.3%) either have unknown climatic demand or are cosmopolitan (e.g.: Graminea).

Angiospermae have a remarkable proportion in the holostratotype diagram, mainly in the molluscan claymarl beds: 
the subspecies of Tricolporopollenites cingulum, T. villensis and Sapotaceoidaepollenites species (Fig. 3). In layers 
marked “u”, beside Sapotaceoidaepollenites species and Tricolpopollenites liblarensis fallax, also Dicolpopollis cala- 
moides palm species appears, in a few samples, with a comparatively great number of specimens. The proportion of An
giospermae pollens is larger in borehole Főt 1 (Fig. 4).
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Of the Eggenburgian spore—pollen flora (212 species), 85 are spore species (40.1 %). Based on a table showing de
tails of Eggenburgian (Table 2), included in the tropical species appearing in the Eggenburgian, in addition to those pass
ing in from the Egerian, are as follows: Verrucingulatisporites muricingulatus, Corrugatisporites minoris, Leptolepidites 
magnipolatus, Macroleptolepidites krutzschi, Polypodiaceoisporites species and Bifacialisporites medius.

Of 85 spore species, 57 (67.1 %) are tropical, 3 (3.5%) are tropical—subtropical, 8 (9.4% ) are subtropical, 1 (1.2%) 
is mediterranean and 3 (3.5 %) are of temperate zone, whereas the rest of taxa amounting to 13 ( 15.3 %) are cosmopolitan 
or of uncertain origin. The 35 Gymnospermae species represent 16.5% of the total floral elements. Of this, 1 taxon (2.8%) 
can be regarded as tropical one, namely, Dacrydiumites mawsonii. 17 (48.6%) species are subtropical, with 2 of them be
ing mediterranean (5.7 %) and 6 (17.1 %) are temperate, whereas the rest of species amounting to 9 (25.7% ) are of uncer
tain origin.

Of 92 Angiospermae (43.3%), 14 species (15.2%) are tropical, including Sapotaceoidaepollenites thomsonii, 
a tropical species appearing in the Eggenburgian, and presumably, Malvacearumpollis bakonyensis also, whereas 18 spe
cies (19.5%) are subtropical, 3 (3.3%) are mediterranean, 49 (53.3%) are of temperate zone. The rest comprising 8 spe
cies (8.7% ) are of uncertain origin.

In regard to the quantitative distribution of species, the Eggenburgian beds consisting of loosely-bonded rocks of ma
rine facies contain much less amount of palynological material than the beds of the Egerian.

As for the quantitative distribution of spores it can be observed at the major Eggenburgian localities that spores have 
a great number of species and a small amount. Even the most widespread species like Laevigatosporites haardti, Polypodii- 
sporites alien us appears in a very small number of specimens (see borehole Püspökhatvan 4 (Fig. 7), borehole Budajenő 2 
(Fig. 8) and borehole Pápa 2 (Fig. 10).

As far as the quantitative distribution of Gymnospermae is concerned, Gymnospermae are poor in regard to the 
number of species and specimens. In addition to Pinuspollenites, only Abietineaepollenites microalatus occurs frequently 
(Figs. 7, 8, 10 and 11) but not in every sample.

The quantitative distribution of Angiospermae in the Eggenburgian formations is described as follows:
In samples from boreholes Püspökhatvan 4 and Budajenő 2 some species of the Angiospermae, having a 

great number of species (such as Momipites qietus, Tricolporopollenites cingulum oviformis and T. cingulum fusus, 
Ulmipollenites stillatus), appear in a larger amount in some intervals (Fig. 7).

In borehole section Szászvár 8 hardly any Angiospermae are observed because of the rather poor lithological 
conditions. This is manifested to a greater extent in samples from the vicinity of Ipolytarnóc, supplied by R. 
N yíró' .  Some materials referred to by her as “Ipolytarnóc marine beds” (R. N y ír ó , 1967) actually contain only 
Pleurozonaria sp. and Tytthodiscus algal specimens indicating a marin origin. The palynological study of some ex
posures and boreholes sections of the Zagyvapálfalva Variegated Clay Formation also proved to be an unsuccess
ful attempt.

The spóra—pollen flora of the Ottnangian formations comprises 220 species of which 98 are spores 
(44.5%). Of them, 54 (55.1%) are tropical, 3 (3.0%) are tropical—subtropical, 7 (7.1%) are subtropical, 1 is medi
terranean (1.0%), 9 (9.2% ) are of temperate zone, and 29 are cosmopolitan or of unknown origin (Table 11).

Tropical spores detected in the Ottnangian are Echinatisporis minimus, Osmundacidites primarius major, Ci- 
catricosisporites mecsekensis, C. minimus, C. pannonicus triplanus and Corrugatisporites tekeresensis. The new Poly
podiaceoisporites species include P. acutus, P. hamulatus, P. hidasensis, P. latigracilis, P. minutiosus, P. pulchellus 
and P. zolyomii. New elements are represented by Stereisporites St. semigranuloides refering to the Sphagnaceae 
indicating temperate climate, and the Lusatisporis species representing the Selaginellaceae family. The latter were 
assigned by W. K rutzsch (after E. K nox 1950) to the Selaginella sibirica circle of forms. Hydrosporis azollaënsis 
pointing to Azolla, Salvinia sp. is also likely to be of temperate zone.

Of 31 Gymnospermae pollen species (14%), 2 are tropical (6.5%), 15 are subtropical (48.4%), 2 are medi
terranean (6.5%), 6 are of temperate zone (19.3%), and 6 (19.3%) are cosmopolitan or of unknown origin. Out 
of the three Cedripites species included in Gymnospermae pollens, 2 species are considered to be mediterranean, 
but the floral relationship of C. deodaraesimilis points to the Himalayas and is, therefore, considered as a tropical 
(tropical—mountainous) element.

Of 91 pollen species of Angiospermae (41.4%), 24 are tropical (26.4%), 3 (3.3%) are tropical—subtropical, 
19 are subtropical (20.8%), 3 are mediterranean (3.3%), 32 are of temperate zone (35.1%) and 10 (10.9%) are 
cosmopolitan or of unknown origin (Table 11).

The tropical species of Angiospermae, appearing in the Ottnangian, are Rutacearumpollenites komloënsis, Al- 
angiopollis barghoornianum pointing to the Indian—Indo-Malayan area (P h . G uinet 1962) and to the Aegla and 
Feronia genera, as well as the Sapotaceoidaepollenites species encountered here. Included in those originating 
from tropical—subtropical area are Acaciapollenites varpalotaënsis which can be regarded as member of the Mi- 
mosaceae family, with the Tricolporopollenites ceasalpiniaceaeformis that can be conferred with species pointing to 
Gleditsia heterophylla E ge. and Lysidica rhodostegia H oe floral area in South China, and Tricolporopollenites cle- 
traceiformis which also appears in the Egerian. Zelkovaepollenites potoniei is a new mediterranean species. Slovaki- 
pollis cechovici (Elaeagnaceae) is of temperate zone origin. New elements of temperate zone origin are Tubuli- 
floridites granulosus (Compositae),, Persicarioipollis meuseli, Pterocaryapollenites mecsekensis and P. rotundiformis 
species.
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The quantitative distribution of species in the Ottnangian formations is as follows: Whereas spores have a 
large number of species, only a few of them such as Laevigatosporites haardti encountered in the drilled sections 
Pusztakisfalu VI (Fig. 13), Zengővárkony 45 (Fig. 14) and Tekeres 1 (Fig. 12) have a remarkable number of indi
viduals.

In the Ottnangian part of borehole section Várpalota 133 the quantity of Laevigatosporites haardti shows only 
a minor increase. Of spores encountered in the Ottnangian of borehole Alsóvadász 1 the quantity of Polypodia- 
ceoisporites alienus, P. favus, Laevigatosporites haardti and Leiotriletes maxoides maxoides is remarkable.

Of Gymnospermae, an increase in the amount of Taxodiaceaepollenites can be observed in general, thus, in 
some samples from boreholes Pusztakisfalu VI, Zengővárkony 45, Tekeres 1, and Várpalota 133, and in the 
brown coal sequence penetrated by borehole Alsóvadász 1.

As far as the quantity of Angiospermae in the Ottnangian is concerned, borehole Pusztakisfalu VI has shown 
the dominance of Salixipollenites helveticus and .S’, densibaculatus, whereas in borehole section Tekeres 1, in addi
tion to the large amounts of Alnipollenites verus, Caryapollenites simplex simplex, Myricipites myricoides, and also 
Rhoipites pseudocingulum and Quercopollenites granutalus can be observed. In the Ottnangian part of borehole 
section Várpalota 133, in a few samples the amounts of Myricipites rurensis and Momipites punctuatus is in
creased. In borehole section Alsóvadász 1 (Fig. 9) Angiospermae are present by dominant Myricipites and sub
dominant Salixipollenites. In the Ottnangian drilled by borehole Tököl 1 (Fig. 17) the number of Angiospermae is 
rather small, for lithological reasons.

In the Ottnangian, a change in facies, ranging from the riparian forest to the development of brown coal
forming swamp forests can be traced areally from the Mecsek Mts through the Bakony Mts to as far as Northern 
Flungary.

Of the spore—pollen flora of the Karpatian stage comprising 345 species, 136 (39.4% ) are spores of which 
76 (55.9%) are tropical (Table 11). New tropical species include Rudolphisporis mecsekensis assigned to the An- 
thocerotaceae family, Phaeocerosporites transversus as well as Gleicheniidites rimosus and G. zengoeënsis repre
senting the Gleicheniaceae family. Additional new spore species are Corrugatisporites litkeënsis, Macroleptolepi- 
dites duplex, M. hexagonalis, Polypodiaceoisporites longus, P. paucirugosus, P. simplicatus, Bifacialisporites goer- 
boeënsis, В. magnus, B. murensis, В. ornatus and Mecsekisporites species. The latter point to the Gymnogramma- 
ceae family living in the tropical part of America.

Three species (2.2% ) are tropical—subtropical ones. 13 spore taxa (9.6% ) are regarded as subtropical ones 
(for instance, the new Ophioglossisporites grandis pointing to Ophioglossum lusoafricanum Welw. recent species). 
Three species are mediterranean (2.2%), whereas the temperate zone spore species are 8 (5.9% ) of which 2 new 
species pointing to the Ricciaceae family (Table 4) and the Ephemerisporites borsodensis which can be conferred 
with Ephemerum serratum (S chreb.) Hampe recent species are new. 35 species are cosmopolitan or of unknown 
origin (25.9%).

The number of species of Gymnospermae pollens is 59 (17.1%). Of them, 2 species (3.3% ) are tropical first 
identified from the Karpatian, namely, Cycadopites miocaenica N agy and Dacrycarpites australiensis (Indo- 
Malayan, Australian floral realm). Some 26 species are subtropical (44.0%), of them new ones are Cunninghamiae- 
pollenites lignitus N agy and Sciadopityspollenites catenatus (R. P ot. 1931) W. Kr. 1971. Of 6 species relatable 
with the temperate mediterranean climate, 2 are new, namely, Cedripites grandis and C. taxodiiformis. Four new 
Ephedripites species ( E. E. mecsekensis, E. D. bicostatus, E. D. ellipticus and E. D. miocaenicus) are included in 
the 12 temperate zone elements (20.3%). Some 13 species are cosmopolitan or of unknown origin (22%).

The number of species of Angiospermae is 150 (43.7%) of which 32 (21.3%) are of tropical origin. Of 
them Hydrocerapollis miocaenicus representing the Balsaminaceae family now living in the Indo-Malayan area and 
Meandripollis velatus species corresponding to the tropical Pacourina edulis (Compositae) in South America can 
be observed in the Karpatian stage. Two species are tropical—subtropical (1.3%). Of them, Tricolporopollenites 
cletraceiformis appears in the Egerian, whereas Acaciapollenites varpalotaënsis appears in the Ottnangian. Some 
18 species (12.0%) are subtropical, 5 (3.3% ) are mediterranean, 71 point to the temperate climatic zone (47.0%). 
Many of them are new as first found here like Nupharipollenites kedvesi, Nymphaceaepollenites minor, Slovakipollis 
mecsekensis, Sporotrapoidites hungaricus, Tricolporopollenites edmundi f. major which is likley to belong to the 
Cornaceae family (M aczar 1962) (and personal communication by L obreau-C allen), Umbelliferoipollenites nogra- 
densis, Caprifoliipites sambucoides, Scabiosaepollenites magnus, and from Compositae, Tubulifloridites anthemi- 
dearum, Cichoriacidites gracilis. Vaclavipollis sooi can be conferred with the Gomphraena genus. The Polygonaceae 
family is represented by Persicarioipollis lusaticus and P. welzowense. Additional species of temperate zone are Celti- 
pollenites komloënsis, Faguspollenites subtilis, Quercopollenites petrea typus, Liliacidites ellipticus, Cypera- 
ceaepollis neogenicus and Tetradomonoporites typhoides. Some 22 species (14.6%) are cosmopolitan or of unknown 
origin.

In several borehole section such as Zengővárkony 59, Komló 120 and Tekeres 1 in the Mecsek Mts, the 
quantitative distribution of the Karpatian flora is governed by the appearance of a spore assemblage with great 
many species and few specimens (Figs. 12, 14 and 22). The Karpatian interval in borehole section Hidas 53 (Fig. 
21) contains a small amount of spores owing presumably to tectonic reasons. The Karpatian beds drilled by bore
hole Várpalota 133 in the Bakony Mts (Fig. 16) also display a poor spore content but contain all species which
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are indicative of the stage. Drillings in N Hungary, such as Fót 1 (Fig. 4), Püspökhatvan 4 (Fig. 7), Nógrádszakál 
2 (Fig. 27), Piliny 8 (Fig. 26) and Litke 17 have yielded a spore material poor both in species and specimens.

In borehole sections Komló 120 and Zengővárkony 59 in the Mecsek Mts the quantitative distribution of 
Gymnospermae is described by great number of species and, in case of some species, a large number of speci
mens (Figs. 20 and 22). In the drilled section Tekeres 1, only Pinuspollenites labdacus is dominant, the rest of 
Coniferae taxa are insignificant. From borehole Hidas 53 an only remarkable amount of Coniferae showing a mi
nor increase of Pinuspollenites labdacus was collected. In the section Várpalota 133 drilled in the Bakony Mts 
(Fig. 16) the greatest number of specimens is represented by Pinuspollenites labdacus, Abietineaepollenites mic- 
roalatus and, in the third place, Taxodiaceaepollenites in the Karpatian stage. Regarding boreholes Fót 1 and 
Püspökhatvan 4 only Pinuspollenites labdacus forms a dominant diagram in the material of Gymnospermae with a 
small number of species. In boreholes sections Nógrádszakál 2, Litke 17 and Piliny 8 drilled in N Hungary, Gym
nospermae with a few species and small number individuals can be observed.

The Karpatian part of, the drilled sections Zengővárkony 59 (Fig. 20), Komló 120 (Fig. 22) and Tekeres 1 
(Fig. 12), is extraordinarily rich in Angiospermae species. The Karpatian part intersected by borehole Hidas 53 is 
poor, for lithological reasons, in the number of species and specimens alike (Fig. 21). The Karpatian spectra of 
the borehole section Várpalota 133 contain unique, interesting species, however, with a small number of species 
and of specimens (less than 10) (Fig 16). The drilled Karpatian interval of borehole Fót 1 (Fig. 4) is rather rich in 
species but has no considerable amounts of pollen groups. Borehole Püspökhatvan 4 has displayed only Carya- 
pollenites simplex simplex in an increased amount. Borehole section Litke 17 is also very rich in the number of 
species showing one or two of them with an increased number of specimens, however, only in one or two sam
ples. As for borehole Piliny 8, it is interesting that the number of Sapotaceoidaepollenites species is increased. 
These species are accompanied by Platycaryapollenites miocaenicus and Tetracentracearumpollenites sp. pollen 
grains.

The great change in flora of the Karpatian, the change in floral relationship is manifested in the changes in 
number of individuals of each species. The major part of spore species are tropical. They include new ones 
with small number of individuals, therefore they live in a small extent as undergrowth. The apperarance of 2 new 
tropical Gymnospermae, each of them by one specimen, points to a local extent. The fact that Coniferae pollens 
grains occur, in some places, in a large amount, also points to local extent and to a mountain environment (bore
holes Komló 120, Zengővárkony 59, Várpalota 133, Püspökhatvan 4; Figs. 7, 16, 20, 22). In some cases (for in
stance, boreholes Nógrádszakál 2, Litke 17, Piliny 8; Figs. 27, 26) their absence or the small amount of pollen 
grains may be for lithological reasons, whereas the greater number of species and number of individuals of pollen 
of angiosperms can be explained mainly by facies phenomena (e.g. the increase in pollen counts of species point
ing to marsh or riparian forest in borehole sections Zengővárkony 59, Komló 120, Tekeres 1, Fót 1 and 
Püspökhatvan 4).

The spore—pollen flora of Badenian formations comprises 421 species, of which 165 species (39.2%) are 
spores. Of the 165 spore species, 98 (59.4% ) are tropical (Table 11). New species appearing in the Lower Bade
nian are Echinatisporis spinosus, E. szaszvarensis, E. wiesenensis, Echinatisporis sp. I. (Selaginellaceae), Corrugati- 
sporites pseudovallatus, Polypodiaceoisporites boerzsoenyensis, P. triornatus, P. zengoevarkonyensis, Bifacialisporites 
badenensis, B. grandis, В. oculus, B. szokolyaënsis, Perinomonoletes goersbachensis. 3 species (1.8%) are tropi
cal-subtropical, 9 (5.5% ) are subtropical, 3 taxa are mediterranean (1.8%). 14 species (8.5% ) are of temperate 
zone, with 3 Stereisporites (Shagnaceae) species appearing in the Lower Badenian, whereas Lycopodiumsporites 
pseudoclavatus and Hydrosporis micaenicus are found in the Upper Badenian. 38 species (23% ) are cosmopolitan 
or of unknown origin.

Of 78 (18.5%) Gymnospermae species 6 (7.7% ) are tropical. Of them, Cycadopites intrastructus, C. macro- 
sculptus appear in the Lower Badenian. 27 species (34.6% ) are of subtropical origin, of which new species is 
Cathaya pseudocristata occurring in the Lower Badenian. Here 6 species (7.7% ) are mediterranean, 18 (23.0%) 
are of temperate zone, and Ephedripites E. boerzsoenyensis and E. Distachyapites matraënsis are new ones in the 
Lower Badenian. 21 species (26.9%) are cosmopolitan or of unknown origin (Table 11).

Of 178 Angiospermae species (42.3% ), 35 are tropical (19.6%). The tropical Jussiaepollenites champlainen- 
sis, Moraceae sp. and Nagyipollis szokolyaënsis, the latter being a tropical Buxus species, appear in the Lower 
Badenian. Two species (1.1%), namely, Tricolporopollenites clethraceiformis and Olaxipollis matthesi, are tropi
cal-subtropical. The latter appears in the Lower Badenian of Hungary, but is also mentioned by K rutzsch from 
the Paleogene and Lower Miocene in Germany.

In the Badenian 23 subtropical Angiospermae species (12.9%) are observed. New subtropical species ap
pearing in the Middle Badenian are Porocolpopollenites hidasensis (Symplocaceae) and Chloranthacearumpolleni- 
tes dubius. The number of mediterranean species is only 4 (2.2% ) (Table 5). Of the 94 temperate species 
(52.8%) the following species appear in the Lower Badenian: Nymphaeapollenites pannonicus, Sporotrapoidites 
erdtmani, Myriophyllumpollenites balatonicus, Tricolporopopollenites edmundi major pointing to Cornaceae, Um- 
belliferoipollenites nogradensis, U. speciosus, Rubiaceae sp., the Diervillapollenites megaspinosus pointing to North 
America, Scabiosaepollenites minimospinuosus, Verbenaceaepollenites pannonicus, V herendiensis, Pteracantho- 
pollenites discordatus, Tubulifloridites macroechinatus, Caryophyllidites rueterbergensis, Chenopodipollis maximus,
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Vaclavipollis sooiana, Triporopollenites coryloides and Cyperaceaepollenites neogenicus. Heliotropioidearumpollen- 
ites rotundus and Caryophyllidites hidasensis are of Middle Badenian origin. Intratriporopollenites polonicus ap
pears in the Upper Badenian. Some 20 species (11.2%) are cosmopolitan or of unknown origin (Table 5).

In the Badenian formations the spores generally have a great number of species and a small number of indi
viduals, particularly in the samples from boreholes Zengővárkony 59 (Mecsek Mts), Nagygörbó 1 (Bakony Mts), 
Tengelic 2 (drilled in the area between the Mecsek and the Bakony Mts) and Szokolya 2 and 3. At other localities 
they have a rather small number of species, too, presumably for lithological reasons (boreholes Hidas 53, Tar 34 
and Alsóvadász 1).

The number of species of Gymnospermae is decreased in the Badenian part of borehole section Zengővár
kony 59 but in some samples it exceeds, in regard to number of individuals, the amount of Coniferae of the Kar- 
patian formations. Apart from its Middle Badenian limestone part, borehole Hidas 53 is not too rich in species 
but mainly in the marly samples some species occur in large amounts. This holds true particularly for samples 
from the Middle and Upper Badenian part. Although to a smaller degree, but the same can be observed in sam
ples from borehole Tekeres 1. The claymarl samples from the 892.0 to 914.0 m interval of borehole Nagygörbó 1 
are richer in Gymnospermae than the sandy, silty samples of the underlying and overlying beds. Whereas in the 
Lower Badenian beds of borehole Tengelic 2 Pinuspollenites labdacus occurs in large amount, the Upper Badeni
an part of the borehole is characterized by the dominance of Gymnospermae pollen grains in regard to number of 
species and number of individuals alike. The samples taken from the lower part of borehole Szokolya 3 are domi
nated by Taxodiaceaepollenites sp., Pinuspollenites labdacus is of secondary dominance nearly up to the upper 
part of the sequence. This species, in conjunction with Abietineaepollenites microalatus, are dominant in the sequ
ence of borehole Szokolya 2, whereas samples from the upper part are dominated by this species, in conjunction 
with Abiespollenites absolutus. In borehole Nógrádszakál 2, probably for lithological reasons, Gymnospermae have 
a smaller number of species. In some samples from the Lower Badenian of borehole Alsóvadász 1 the amounts of 
Pinuspollenites labdacus, Abietineapollenites microalatus and Taxodiaceaepollenites sp. are larger.

In the lower part of borehole section Zengővárkony 59, as compared to the Karpatian, the number of spe
cies and number of individuals of Angiospermae pollen grains are largely reduced. The Badenian part drilled by 
borehole Hidas 53, even it not rich in species, however, in limestone and lignite beds, some species at some places 
are abundant (Fig. 21). In boreholes Szokolya 2 and 3 the richest Lower Badenian Angiospermae flora is repre
sented (Figs. 29 and 30). Borehole Nógrádszakál, due to the poor lithological conditions, has a much poorer flora 
(Fig. 27). In some samples from borehole Alsóvadász 1, the amounts of Myricipites myricoides, Zelkovaepollenites 
sp. and Caryapollenites simplex simplex are larger.

A total of 174 species have been indentified from Sarmatian formations. Of them, 37 are spore species 
(21.3%), of which 16 (43.2%) are tropical, 8 (21.6%) are subtropical (including a new species, namely, Echinati- 
sporis cserhatensis), 1 taxon is mediterranean (2.7%), 5 (13.5%) are temperate, and 7 (18.9%) are cosmopolitan 
or of unknown origin (Table 11).

Of the 36 Gymnospermae species (20.7%), no tropical species were observed. 19 species (52.8%) were sub
tropical ones of which Tsugaepollenites helenensis, Sequoiapollenites macropapillatus and Chamaecyparidipollis 
flexuosus appear as new ones. 2 species are mediterranean (5.5%), 7 (19.4%) are of temperate zone, and 8 are 
cosmopolitan or of unknown origin.

Of 101 Angiospermae species (58.0%), 12 (11.8%) are tropical [including a new one, namely, Manikinipol- 
lis tetradoides which represents Periplocaceae (living mainly in tropical Africa and East Asia)], 16 are subtropical 
(15.8%), 3 species (3.0%) are mediterranean, 61 (60.4%) are temperate (including Vitipites sarmaticus and Caly- 
steigapollis sarmaticus as new ones), and 9 (8.9%) are cosmopolitan or of unknown origin.

The spectra of Sarmatian formation have the following quantitative distribution of spores: In borehole sec
tion Hidas 53 only a few spore species occur in a single specimen, it is only the upper part of the sequence that 
has 14 specimens of Lycopodiumsporites pseudoclavatus (Fig. 21). Laevigatosporites haardti and Leiotriletes micro- 
lepioidites represent a few in-situ spore identified from structure-exploratory borehole Vajta 1. The Sarmatian part 
of boreholes Lajoskomárom 1 (Fig. 15) and Tengelic 2 (Fig. 28) has hardly any spores. In the 190.0 m Sarmatian 
sequence of borehole Cserhátszentiván 1 spores have a comparatively great number of species but their number 
od individuals is not so great (Fig. 32). Boreholes Tar 34, Alsótold 1 and Alsóvadász 1 have hardly any spores. 
Of spores identified from borehole Lak 1, Laevigatosporites haardti forms, although with a comparatively small 
number of specimens, a relatively continuous diagram (Fig. 35).

Of Gymnospermae pollens Pinuspollenites labdacus, Abietineaepollenites microalatus and Taxodiaceaepollen
ites sp. are dominant (with number of specimens ranging from 20 to 30) in the Sarmatian portion of borehole sec
tion Hidas 53. A few Gymnospermae pollens are included in structure exploratory borehole Vajta 1 and the Sar
matian part of borehole Lajoskomárom 1. In borehole Tengelic 1, partly for lithological reasons, the number of in
dividuals of Pinuspollenites labdacus is comparatively great in some samples. This species, in conjunction with 
Abietineaepollenites microalatus and Taxodiaceaepollenites sp., have somewhat larger amounts than the former 
ones, in some samples from borehole Cserhátszentiván 1 (Fig. 32). Whereas in borehole sections Tar 34 and Al
sótold 1 Pinuspollenites labdacus and Abietineaepollenites microalatus have a greater number of specimens than 
that of Taxodiaceaepollenites sp., the latter is dominant in the sections Alsóvadász 1 and Lak 1 (Figs. 19 and 35).
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The Sarmatian formations penetrated by borehole Hidas 53 are rich in Angiospermae pollen grains. In the 
sequence, Tricolporopollenites microhenrici, Myricipites rurensis, then Caryapollenites simplex simplex, IlexpoOen- 
ites species and Quercopollenites granulatus have the greatest number of specimens. In the section of structure ex
ploratory borehole Vajta 1 Salixiporopollenites have the greatest number of specimens (amounting to 20), fol
lowed by Tricolporopollenites microhenrici and T. cingulum oviformis. In the short Sarmatian sequence of bore
hole Lajoskomárom 1 Tricolporopollenites microhenrici, Ericipites sp., and Quercopollenites robur typus appear 
with a number of specimens exceeding 10. In the Lower Sarmatian part of borehole section Tengelic 2 some spe
cies with a comparatively great number of specimens occur, whereas sample taken from the Upper Sarmatian part 
are almost completely devoid of specimens.

The Angiospermae flora of pollen spectra of borehole Cserhátszentiván 1 is rich and characteristic. Some 
species such as Ulmipollenites sp. has a rather great number of specimens (attaining even 40 to 50 in some sam
ples), whereas in other samples the amounts of Quercopollenites sp., Zelkovaepollenites potoniei, Chenopodipollis 
sp., Faguspollenites and Caryapollenites are larger. Diagnostic species, for instance, specimens of Manikinipollis 
tetradoides, Calystegiapollis sarmaticus etc. are also encountered.

Borehole Tar 34 has a poor Angiospermae content. In borehole Alsótold 1 the number of species is rather 
great, and Caryapollenites simplex and, in some samples, Ulmipollenites undulosus appear in large amounts. In the 
Sarmatian spectra of borehole Alsóvadász 1 the Angiospermae have a remarkable number of species. However, 
only some species have a great number of individuals only in a few samples, in the lower one-third part of the se
quence (Fig. 19). In borehole Lak 1 Angiospermae are dominant, for the whole Sarmatian, by Alnipollenites ve
rus. In addition, Caryapollenites simplex, Faguspollenites sp., Zelkovaepollenites thiergarti and Ulmipollenites sp. 
occur in larger amounts (Fig. 35).

The number of sporomorphs identified from Pannonian formations is 160, of which 37 species (23% ) are 
spores, tropical species are 10 (27% ), whereas 7 species (18.9%) are subtropical including a new species, namely, 
Osmundacidites quintus, 8 (21.6%) are mediterranean of which 5 Stereisporites species, Lycopodiumsporites reti
culoides and Echinosporis sp. first appear here. 12 species (32.4%) are cosmopolitan or of unknown origin.

Of 31 (19.4%) Gymnospermae species, no tropical species are observed, 16 species (51.5%) are subtropical, 
1 species (3.2%) is mediteranean, 5 (16.1%) are temperate. Some 9 species are cosmopolitan or of unknown 
origin. '

Of 92 (57.5 %) Angiospermae pollen grains, 8 (8.7%) are tropical, 15 ( 16.3 %) are subtropical, 3 (3.2%) are medi
terranean, and 63 (68.5%) are of temperate zone specimens. Of the last ones, Persicarioipollenitesfranconicus first ap
peared in the Pannonian formations. 3 species (3.2%) are cosmopolitan or of unknown origin (Tables 7 and 11).

The quantitative distribution of sporomorphs of the Pannonian stage is as follows: as far as spores are concerned, a 
few specimens of some species that are in-situ in borehole section Hidas 5 3 can be observed. The rest of spores were trans
ported here from older beds by reworking. The spore content is rather poor in regard to number of individuals and number 
of species alike.

In boreholes Pápa 2, Tata 11,12,14, Naszály 1, Tököl 1, Megyaszó 1, Alsóvadász 1, Lak 1 Laevigatosporites haardti 
and Osmundacidites sp. occur with a number of specimens not attaining 10 almost in the whole sequence.

On the contrary, Gymnospermae are generally dominant in the whole Pannonian. 15 Gymnospermae taxa can be 
observed in borehole Hidas 53. In some samples the numbers of specimens of Pinuspollenites labdacus is nearly 200. 
Abietineaepollenites microalatus, Abiespollenites absolutus and Taxodiaceaepollenites sp. have attained the compara
tively greatest number of specimens (Fig. 21). The whole sporomorph content of borehole Pápa 2 is dominated by Pinus
pollenites labdacus, attaining, in some samples, nearly 40 specimens. In addition, Abietineaepollenites microalatus and 
Piceapollenites neogenicus also appear with a number of specimens exceeding 20, in a few samples. For boreholes Naszály 
1, Tököl 1 and those drilled in the vicinity of Tata, Gymnospermae have a number of species ranging from 10 to 14. Nearly 
all borehole sections are characterized by the dominance of Gymnospermae.

The spectra of Pannonian formations in N Hungary are also dominated by pine, although to a much less degree than 
the former ones (such as boreholes Tar 34, Alsóvadász 1, Megyaszó 1 and Lak 1).

Angiospermae have the following quantitative distribution: the pollen spectrum of the Pannonian portion of bore
hole Hidas 5 3 is not too rich (22 species). No great values of number of individuals are observed except for Myricipites rur
ensis and Caryapollenites simplex with number of specimens exceeding 10, in a few samples. Each of the 22 species of 
Angiospermae identified from borehole Pápa 2 has 3 or 4 specimens as a maximum. Spectra of materials from boreholes 
drilled in the vicinity of Tata have a number of species ranging from 19 to 35. Borehole Tata 11 is the richest in Angiosper
mae but the species included therein show no striking values (Fig. 36). In borehole Tata 12 the number of pollen grains of 
Typha attains 10, whereas in borehole Tata 14, in a single sample Quercopollenites sp.attains to 15. Alnipollenites verus is 
represented by 10 specimens in a highest sample from the Pannonian of borehole Naszály 1. The Pannonian formations 
penetrated by borehole Tököl 1 are also poor in species (18 species). Zelkovaepollenites sp. exceeds 10 only in one sample. 
Borehole Tar 34 is poor both in species and individuals. Borehole Megyaszó 1 has 34 species of Angiospermae but their 
number of individuals is very insignificant. Of 21 species indentified from borehole Alsóvadász 1, only Quercopollenites 
sp. has a number of specimens exceeing 10. The 44 species of Angiospermae observed in borehole Lak 1 are dominated, 
as compared with a diagram showing the whole borehole section, by Alnipollenites ven« pollens with their amount ex
ceeding, in some cases, even 80. In a sample, Faguspollenites sp. nearly attains a number of specimens of 50.
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Table 12. A COMPARATIVE TABLE OF THE MACROFLORA AND SPOROMORPHS OF THE EGERIAN

Macroflora Recent Occurence, climate, ecological data Spore—pollen

O s m u n d a  l i g n i t  u m  Gieb. О. ja v a n ic a  В. Ceylon annual mean temperature: 27 °C; 1500 mm O s m u n d a c id ite s  n a n u s
О. p a r s c h lu n g ia n a  (Ung.) Andr. 0 .  re g a lis  L. Kamchatka: 3 °C, 400 mm cosmopol., marsh forest 0 .  p r im a r iu s  p r im a r iu s  

О. p r im a r iu s  c r a s s ip r im a r iu s

B le c h n u m  b r a u n i i Ett. В. b r a s i l ie n s e  Desv. L a e v ig a to s p o r ite s d is c o rd a tu s  
L . p s e u d o d is c o rd a tu s

A s p lé n iu m  e g e d e n se  Andr. A . m a r in u m Mediterranean, oceanic climate L . n it id u s
P u n c ta t is p o r it e s  c ra s s ie x in u s  
P. c ra s s im a x im u s

P in u s  ta e d a e fo rm is  (Ung.) Heer P. ta e d a  L. SE part of N America, SW Tennessee, Cuba P in u s p o lle n ite s  la t is a c c a tu s
la t is a c c a tu s

P. p a la e o s t ro b u s  Ett. P. s tro b u s  L P. la b d a c u s

S e q u o ia  la n g s d o r f f l (Brgt.) Heer Metasequoia SE Asia T a x o d ia c e a e p o lle n ite s  sp.
S. c o u t ts ia e  Heer Glyptostrobus SE Asia T a x o d ia c e a e p o lle n ite s  sp.
C a l l i t r i t e s  b r o n g n ia r t i Endl. Callitris Australia C u p re s s a c ite s  sp.
M a g n o l ia  cf. g r a n d i f lo r a  L. Magnolia Asia, N America, tropical, subtropical M a g n o lia e p o lle n ite s  s im p le x
A r b u tu s  p ra e u n e d o  Andr. A . u n e d o  L. Mediterranean, laurel leaf or hard leaf type bush E r ic ip i te s  c a l l id u s  

E. d is c re tu s
E. e r ic iu s

L ó m a t ite s  a q u e n s is  Sap. L o m a t ia  lo n g i f o l ia  A. Br. Southern hemisphere, E Asia, tropical P ro te a c id i tes  e g e re n s  is
(Proteaceae) A ln ip l l le n i t e s  ve ru s

A in u s  cf. n e p a le n s is  Don A ln u s  n e p a le n s is  Don Himalaya, small deciduous tree C a r p in ip ite s  c a rp in o id e s
C a rp in u s  g r a n d is  Ung. C a rp in u s  J a p o n ic a  Bl. Japan T r ic o lp o r o p o l  l  en  i  tes
C a s ta n o p s is  ? fu r c in e r v is C a s ta n o p s is  sp. SE Asia, laurel leaf type tree or forest c in g u lu m  ju s u s

(Rossm.) Kr. et Wld. 
L ith o c a r p u s  c o lc h ic a  Kolak. L ith o c a r p u s  (P a s a n ia ) SE Asia, laurel leaf type tree or forest

T. c in g u lu m  p u s i l lu s

p s e u d o m o lu c c a  Rehd.
Q uercus tene rrim a  WEB. Q. c h ry s o le p is  Liebm. Pacific Ocean, N America, hard leaf type bush T. c in g u lu m  o v i fo r m is
Q. giganteum  E1T. Q. p a g o d a e fo l ia  (Aske) Elliott Warmer Atlantic N America, high, deciduous, Q u e rc o p o lle n ite s  g ra n u la tu s

Laurel leaf type forest T. h e n r ic i
Q. c r a s s ip e t io la ta — Deciduous—laurel forest T. m ic r o h e n r ic i

Andr. et Kov. T. p o r a s p e r  
T. v i l ie n s  is
T. m in im u s

E ng e lh a rd tia  b ro n g n ia rti SAP. E n g e lh a r d t ia  sp. Subtropical, S Asia, deciduous tree, in tropical mountain E n g e lh a r d t io id ite s
areas, temperate, riparian forest m ic ro c o ry p h a e u s

P te ro c a ry a  d e n t ic u la ta  (О. Web.) P  f r a x in i f o l ia  (Lam.) Spach. The Near-E, temperate, riparian, deciduous P te ro c a ry a p o lle n ite s  s te lla tu s
Heer

J u g la n s  cf. re g ia  L. J u g la n s  r e g ia  L. The Near-E, deciduous, riparian forest J u g la n s p o l l  en i  te s  ve ru s
J u g la n s  cf. c in e r e a  L. J. c in e re a  L. Pacific Ocean, N America, deciduous, laurel forest J. m a c u lo s u s

C a ry a  fe lc a ta  Andr. C. o l iv a e fo r m is  Nutt. Temperate-subtropical, N America, temperate riparian 
forest

C a ry a p o lle n ite s  s im p le x  s im p le x

M y r ic a  (C o m p to n ia )  a c u t i lo b a C o m p to n ia  a s p le n i fo l ia Atlantic, N America, deciduous bush, M y r ic ip i t e s  b i  t u i  tu s
Brgt, (L.) Spreng. palm, savannah

M . cf. ja v a n ic a  Bl. M . ja v a n ic a  Bl. E Asia, high bushes with laur. leaves-laur. forest M . ru re n s is
M .  cf. lo n g i fo l ia  Teysm. et Binn. M . lo n g i f o l ia  Teysm. et Binn. E Asia, Malaysia, laurel leaf type high bushes M . m y r ic o id e s
M . l ig n i t u m  (Ung.) Saporta — hard leaf type bush, Myrica swamp
S a l ix  le v a te r i Heer S. ru s s e  l ia n a  Sm. Europe, deciduous tree or bush S a l ix ip o l le n ite s  d e n s ib a c u la tu s
S. a r c in e r v ia  O. Web. S a l ix  sp. Temperate, riparion forest Europe, riparian forest S. h e lv e t ic u s
S a l ix  v a r ia n s  Goepp. S a l ix  f r a g i l i s  L.
U lm u s  sp. I. U  a m e r ic a n a  L., deciduous Atlantic, N America, Cedrela—Symplocos forest U lm ip o lle n ite s  m io c a e n ic u s
U lm u s  sp. II. — gigant tree U. p o ly a n g u lu s
U lm u s  sp. III. — idem U. s t i l la t u s
U lm u s  sp. IV. —

U lm u s  sp. V. U lm u s  le v is  Pall. Eurasia, deciduous, Cedrela—Symplocos forest U. u n d u lo s u s

R h u s  s u c c e d a n o id e s  Andr. R . s u c c e d a n e a  Sieb, et Zucc. Japan, deciduous, high bush. Cedrela—Symplocos forest R h o ip ite s  sp.
R . cf. g la b r a  L. R . g la b r a  L. Atlantic, N America, high deciduous bush, savannah with 

palms
R h o ip ite s  p s e u d o c in g u lu m

A c e r  h u n g a r ic u m  Andr, A . p e n n s y lv a n ic u m  L. Atlantic, N America, small deciduous tree, Cedrela- 
Symplocos forest A c e r ip o l le n ite s  r e t ic u la tu s

A . t r i lo b a tu m  (Stonbgt.) A. Br. A . r u b r u m  L. Atlantic N America, large deciduous tree, temperate
A . a g r ie n s e  Andr. riparian forest 

Deciduous tree
R h a m n u s  cf. p u r s h ia n a  DC. R . p u r s h ia n a  DC. Atlantic N America, high deciduous bush, Cedrela 

—Symplocos forest R h a m n a c e a e p o lie  n ite s  t r iq u e tru s
R. d e le tu s  Heer R . c o n f lu e n s  Boiss. Kurdistan, deciduous bush, savannah with palms
S y m p lo c o s  cf. p h a n e r o p h le b ia S. p h a n e r o p h le b ia  Merr Malaysia, tropical evergreen treee, Cedrela—Symplocos P o r o c o lp o p o l l  en  i  tes  s te re o fo rm is

Merr. forest
S. cf. ru b ig in o s a  Wall. S. r u b ig in o s a  Wall. Asia, tropical evergreen tree, Cedrela—Symplocos forest P  t r ia n g u lu s

C o rn u s  b ü c h i i Heer C. p a r ic u la ta  L ’ H E R I T . Atlantic N America, deciduous bush, Cedrela—Symplocos 
forest

T r ic o lp o r o p o lle n ite s  h e d w ig a e

T u z s o n ia  h u n g a r ic a  Andr. — “tuft” tree, palm, savannah D ic o lp o p o l le n i te s  c a la m o id e s
P h o e n ic ite s  le g a n y i i Andr. — idem S a b a lp o l le n ite s  p a p i l lo s u s
P h o e n ic ite s  sp. idem S. re ta re o la tu s

M o n o c o lp o p o lle n ite s  t r a n q u i l lu s
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From the Pontian formations a total of 202 species have been identified. Some 51 (25.2%) of them are spores of 
which 8 species are tropical (15.7%), 5 are subtropical (9.8%), and 25 are temperate ones (49%). Lycopodiumsporites 
pseudoclavatus and Stereisporites species such as St. St. involutus nochtenensis, St. St. megastereis, St. St. stictus woelfers- 
heimensis, St. St. tristereoides, St. St. semigranuloides, St. St. semigranulus, St. Distancoraesporis crassiancoris, St. D. hu- 
enfeldensis, St. D. minimoides first appear among the temperate zone ones; 13 species are cosmopolitan or of unknown 
origin (25.4% ) (Table 11).

The number of pollen grains of Gymnospermae is 50 (24.7%) and no tropical elements are included. 24 
species are tropical (48% ), of which Cathaya pulaënsis is a new one. 3 (6% ) are mediterranean, 10 (20% ) are of 
temperate zone, whereas 13 (26%) are cosmopolitan or of unknown origin. Two Tsugaepollenites species, namely, 
T. rueterbergensis which appears here first and T. robustus, both described by W. K rutzsch are of unknown 
origin.

Angiospermae are represented by 101 pollen species (50% ) of which 6 (5.9% ) are tropical, 16 (15.2%) are 
subtropical, 3 (3.0%) are mediterranean ones. Of 72 temperate zonal species (71.3%), Buxites buxoides, Cypera- 
ceaepollis sp. and Fraxinus sp. are new. 4 (4% ) species are cosmopolitan or of unknown origin, including Malva- 
cearumpollis sp. which appears in the Pontian.

The quantitative study of paleoflora on the basis of pollen spectra of the Pontian formations has led to the following 
results: In borehole section Hidas 53 the number of species of spores is rather small (amounting to 8) and only Laevigato- 
sporites haardtihas a number of specimens exceeing 10 in a few samples. In borehole Pápa 2 only Laevigatosporites haardti 
was observed. In boreholes drilled to explora alginite, like boreholes Pula 3, Várkesző 1 and Gérce 1, the amount of spores 
is small, and only Laevigatosporites haardti is represented with a comparatively greater number of specimens in them.

Borehole Naszály 1 and the profiles from the Kőbánya brickyard yielded hardly any spore. The upper part of the pro
file taken from Jászberényi út (Fig. 43) has 9 spore species of which Laevigatosporites haardti has a number of specimens 
almost attaining 10. The Pontian of borehole Tar 34 contains two or three spores. Although only 7 spores have been iden
tified from locality III of Petőfibánya adit, of them, Laevigatosporites haardtianá Osmundacidites sp. are, in some places, 
represented in a comparatively large amount. Of 5 spore species indentified from borehole Megyaszó 1, several specimens 
of Laevigatosporites haardti can be found in a few samples. The Pontian samples from boreholes Alsóvadász 1 and Lak 1 
are, in regard to palynology, barren, or have hardly any spores. Some samples from borehole Debréte 1 are only Laevigato
sporites haardti makes a feature (Fig. 45).

The quantitative conditions of Gymnospermae are as follows: Gymnospermae continue to be dominant in 
spectra in the Pontian formations penetrated by borehole Hidas 53. Pinuspollenits labdacus, Abietineapollenites 
microalatus and Taxodiaceaepollenites sp. occur, in a few samples, with 50 to 100 specimens. In samples from the 
studied portion of the Pontian part of borehole section Pápa 2 Pinuspollenites labdacus and Abietineaepollenites 
microalatus are dominant, with the maximum number of specimens attaining nearly 30. Boreholes drilled to ex
plora alginite (boreholes Pula 3, Gérce 1, Várkesző 1) are characterized by the dominance of Gymnospermae with 
a number of species ranging from 13 to 19, and the number of specimens sometimes far exceeding 100. All evalu
able spectra observed in borehole Naszály 1 and in the Kőbánya brickyard exposure are also described by the 
above mentioned dominance conditions. The spectrum in samples from the Petófi-bánya (Petőfi mine) adit is 
dominated by Taxodiaceaepollenites sp., with a number of specimens exceeing 500 in some samples. Piceapollen- 
ites labdacus, Abietineaepollenites microalatus, Piceapollenites neogenicus occur in comparatively large amounts. 
The Pontian part of borehole Tar 34 contains only a few Coniferae pollens. Mainly the upper samples from bore
hole Megyaszó 1 are rich in Pinuspollenites labdacus, Abietineaepollenites microalatus, Taxodiaceaepol
lenites sp. and Piceapollenites neogenicus. Included in the Pontian samples of borehole Alsóvadász 1 are several 
Pinuspollenites labdacus, Abietineaepollenites microalatus and Taxodiaceaepollenites sp. pollen grains. Borehole 
Lak 1 has a few specimens of Abietineaepollenites microalatus and Piceapollenites neogenicus. One or two samples 
from borehole Debréte 1 contains a larger amount of Pinuspollenites labdacus.

Angiospermae occur in borehole Hidas 53 in a remarkable number of species (approx. 48 species). Some 
samples have several Alnipollenites verus, Betulaepollenites betuloides and Ulmipollenites polygonalis but none of 
the species has a number of specimens exceeding 10.

The alginite exploratory boreholes have 30 to 35 Angiospermae species. They are of no significance in bore
hole Várkesző 1. The whole borehole Pula 3 is characterized by the dominance of Ulmipollenites sp. The number 
of specimens of Alnipollenites verus attains a maximum in the lowermost sample of the borehole, then shows an 
increasing trend. Upwards in the profile Ulmipollenites sp., and Caryapollenites simplex occur in a comparatively 
large amount. Of 49 species identified from borehole Naszály 1, Alnipollenites verus occur in a large amount and 
in samples taken from the lower part of the sequence Sparganiaceaepollenites polygonalis. Betulaepollenites betu
loides appears with a greater number of specimens in samples from the upper part of the sequence (Fig. 38). The 
upper part of the Jászberényi út portion of profiles taken up at the Kőbánya brickyard has several pollens of An
giospermae (Fig. 43). The Petófi-bánya profile is characterized by the dominance of Alnipollenites verus (with a 
number of specimens exceeding even 600). In addition, Quercopollenites sp. also occurs in a large amount. In 
borehole Megyaszó 1 Alnipollenites verus appears with a number of specimens of 15 to 25. Borehole Tar 34 has 
only a few pollens of Angiospermae. In borehole section Alsóvadász 1 only Quercopollenites, out of the 19 spe
cies of Angiospermae has a number of specimens exceeing 10. Of 16 Angiospermae species, only Alnipollenites
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verus has, in some samples, a number of specimens exceeding 10, in some parts regarded as Pontian of borehole 
Lak 1. All samples taken from borehole Debréte 1 and subjected to a study are characterized by the dominance 
of Angiospermae. Of them, Fagus pollen grains are dominant. The major ones of theirs occur in a number of 
specimens of around 40.

The spectra of Pontian formation point to temperate zonal floral relationship, based on their number of spe
cies and number of specimens alike.

RELATIONSHIPS OF MACROFLORA AND PALYNOFLORA IN HUNGARY

Besides the material of plant origin microfossilis of animals have also been studied (microforaminifers, Scolecodon- 
ta, Pedivillus etc.). In many cases plant fossils could only be identified to a phylum level, and only very rarely too the levels 
genus or species. In our studies macrofossils were jointly instrumental many times in doing proper interpretations, first of 
all when the one and the same locality was to be evaluated. It is of great importance to compare palynological data with 
those of the macro flora. In recent years attempts have been made to perform a joint study of macro fossilis and palynologi
cal data (N agy et P álfalvy 1958, 1961, 1963).

The major studies on the Neogene macroflora of Hungary are linked with G . A ndreánszky and his disciples. 
A ndreánszky studied the flora of the Egerian (1966) and, in association with his followers, also studied the Middle and 
Upper Miocene and Pliocene floras (1949, 1950, 1951, 1952, 1953,1955, 1957), and the Sarmatian floras 1959. Of his 
disciples I. P álfalvy studied the period ranging from the Egerian (1951) to the Lower Pliocene (1952) but was mainly in
volved in the study of the Middle Miocene of Hungary (1953,1957,1971). L. H ably studied many floral assemblages of 
the Egerian ( 1982,1988,1989,1990) and the Lower Miocene flora of Ipolytarnóc ( 1985). A summarizing study on Neo
gene fossil woods of Gymnospermae (1967) and Angiospermae ( 1969) is found in the studies by P. G reguss. Using these 
studies, attempts have been made to compare data on the Neogene palynoflora of Hungary. For this only those macrofos
sils were selected the equivalents of which were referred to in the palynological data, without trying to identify them ac
cording to species. Taxa not included in both lists were not used for.

In his study ( 1966) A ndreánszky mentions the exposure of the Eger brickyard as containing the richest Upper Oli
gocène flora (p. 23), listing and studying 123 species. Included in the palynological data are 304 taxa of the Egerian. As 
shown before, in addition to the holostratotype, also borehole sections of other Egerian formations were also dealt with 
(borehole Főt 1 ). Data on macro flora represent 40.4 % of the palynological data. From the macrofloral fossils of the Egeri
an, 49 species have turned out to be joinable with palynological data, without attempting to identify them beyond a genus 
level. This means 54 spore—pollen species which represent 17,8 % of the total amount of spore—pollen species encoun
tered in the Egerian formations. The number of comparable fern species and Gymnospermae was very small (Table 12). 
The number of Angiospermae of this kind was somewhat greater.

Despite this, the macrofloral data yielded more information on floral relationships and climate than those of palyno
flora. These data are shown in Table 12.

The data on macroflora, collected from the material of the Eggenburgian stage, are rather scarce. A few finds are 
mentioned by J. J ablonszky ( 1914), K. R á s k y  ( 1959) and I. P álfalvy (1976) from the Ipolytarnóc sandstone slab with 
footprint records. Sandstone is less suitable for preserving not only pollen grains but also macrofossils. Comparing the 
brief floral list compiled by J. J ablonszky and I. P álfalvy with the floral list of borehole section Püspökhatvan 4, rich in 
pollens, it can be stated that all taxa that can be botanically identified are included therein, except for species of lauraceae 
and Cyperaceae families and the Araceites hungaricus species described by K. R ásky ( 1959).

L. H ably (1985) repeatedly studied the flora of the sandstone and mentions that Ulmus pyramidalis G oepp. 
occurs only in the sandstone. It is also noted that the flora cannot be separated from that of the overlying tuffs. 
The Eggenburgian flora of the sandstone was largely preserved by tuff beds corresponding to the Ottnangian sub
stage (R ásky 1959 and H ably 1985).

The Ottnangian flora of Ipolytarnóc was published by H ably ( 1984) and a total of 64 species were described there
from. It is not recommended to compare on a quantitative basis the macro flora indicative of the lower part of the Ottnan
gian with the palynological data gained from a number of boreholes and from all over the country, since 209 species have 
been identified. However, the macrofloral list was compared with the palynological data in the following way:

The representatives of Dryopteris and Asplénium species mentioned by Hably as belonging to the Polypodiceae 
family are likely to be encountered in our material among the great number of small Leiotriletes and Laevigatosporites spe
cies. The Pinus species, Pinus satumi U ng., Pinus sp. detrital fossils of Coniferae and the worldwide-known Pimaylon 
tarnocziense (T uzson) G reguss can also be correlated with the Pinuspollenites labdacus collecting taxon. H ably has de
scribed or mentioned 5 Magnolia species. As for M. dianae U nger, H ably described that it had been identified, in addi
tion to the Egerian flora, also in the Ottnangian and Karpatian and even Sarmatian beds. The pollen grains of Magnoliae- 
pollenites simplex have so far been observed in Egerian, Ottnangian, Middle and Upper Badenian materials.

Two species, namely, Quercus apocynophyllim and “Quercus” cruciata wich are assigned to the Quercus ge
nus and are partly of uncertain botanical relation can be correlated with the Tricolporopollenites henrici and T. 
microhenrici collecting taxa. Engelhardtia orsbergensis can be connected with Engelhardtioidites microcoryphaeus.
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Table 14. A COMPARATIVE TABLE OF THE MACROFLORA AND SPOROMORPHS OF THE SARMATIAN

Macroflora Recent range, ecological and climate data Spore—pollen

R ic c ia  cf. f r o s t i i A ust. River bank R ic c ia e s p o r ites h u n g a r ic u s
O sm u n d a  p a rs c h lu g ia n a  (U ng.) A nd r . O. re g a lis  L., swamp forest O sm u n d a c id ite s  n a n u s  

0 .  p r im a r iu s  p r im a r iu s
P te r is  p a la e o a u r ita  Kov. High humidity forest P o ly p o d ia c e o is p o r ite s  s p in iv e rru c a tu s  (P te r is  p e l lu c id a )
G in k g o  a d ia n to id e s  (U ng.) H eer G in k g o re te c tin a  n e o g e n ica
C e d ro x y lo n  sp. A nd r . 
Abies sp.
P ic e a  (vel Tsuga)
P ic e a  sp.
P in u s  (Taeda) r ig io s  U ng .

4 Cedripites species 
A b ie s p o lle n ite s  a b s o lu tu s
5 Tsugaepollenites species 
P ic e a p o lle n ite s  n e o g e n icu s  
P in u s p o lle n ite s  la t is a c c a tu s  m e d ia

P in u s  ko tsc h ya n a  Ung . 
P  cf. h a le p e n s is  M il l . P in u s p o lle n ite s  la b d a c u s

Taxo d ium  d is t ic h u m  m io c a e n ic u m  H eer 
T a x o d ia x y lo n  ta x o d ii Gothan

T a x a d ia c e a e p o lle n ite s  sp. 
T a x o d ia c e a e p o lle n ite s  sp.

S e q u o ia  la n g s d o r f i i (B rgt.) H eer 
T a xo d io xy lo n  s e q u o ia d e n d r i A ndr.

T a xo d ia c e a e p o lle n ite s  sp. 
S e q u o ia p o lle n ite s  p o ly fo rm o s u s

T e tra ce n tro n  h u n g a r ic u m  A ndr. 
T e tra ce n tro n ite s  h u n g a r ic u s  G reguss

T e tra ce n tro n  s in e n se  O l iv , subtropical, SE  China 
high tree

T e tra c e n tra c e a ru m p o lle n ite s  m in im u s

L iq u id a m b a r  e u ro p a e a  A. B r . Temperate, river bank, Atlantic N America L iq u id a m b a rp o lle n ite s  s ty ra c if lu a e fo rm is
N yssa  h u n g a r ic a  Andr. N . a q u a tic a  L. N yssa p o  l ie  n ite s  c o n to rtu s  

N . p s e u d o c ru c ia tu s
? E la eagnus a c u m in a ta  W e b . 
R h u s  cf. g la b ra  L.
Acer 87 species

N America, annual mean temp. 12,3 °C, January 
0,6 °C , July 23.9 °C , 990 mm, continental 
E  Asian genus

S lo v a k ip o llis  e la e a g n o id e s  
R h o ip ite s  p se u d o c in g u lu m  
A c e r ip o lle n ite s  ro tu n d u s  
A . re tic u la tu s

I le x  p a rs c h lu g ia n a  U n g . I. a q u i fo liu m  L., evergreen I le x p o lle n ite s  i l ia c u s
I le x  o re a d u m  Ett . 
I . cf. o p a c a  A it .

W  Virginia I .  m a rg a r ita tu s  
/. p ro p in q u u s

V it is  cf. a e s t iv a lis  Mc h x . 
V. to ka ye n s is  Stur 
V. te u to n ic a  A. B r .

V it ip ite s  s a rm a tic u s

V ib u rn u m  h u n g a r ic u m  A ndr.
V  cf. d e n ta tu m  L..
V  cf. t in u s  L.

V  s ie b o ld i i M iq ., Japán
V d e n ta tu m  L ., N America
V t in u s  L., mediterraean bush, summer green

C a p r ifo l i ip i te s  a n d re a n szky i 
( V irb u rn u m  rh y tid o p h y llu m  H em sl .) 

C a p r ifo l i ip i te s  g ra c i l is
( >rnus cf. sa n g u in e a  L. 
( cf. a lb a  L.
('. p ra e o m o n u m  Kov.

Balkan, xerotherm bush
Atlantic N America, mesophyl bush
C. am o n u rn  M il l ., Atlantic N America, marshy

T r ic o lp o ro p o lle n ite s  e d m u n d i m a jo r  
T. h e d w ig a e

U m ic e ra  cf. c h ry s a n th a  Turcz. 
L  lip th a y a n a  And r .

NE Asia
L . arbo rea BOISS. var. pers ica  REHD., Iberia, 

Persia, bush or small tree

L o n ic e ra p o ll is  g a l lw i tz i

T i l ia  v in d o b o n e n s is  Stur 
Г  s a rm a t ic a  A ndr. 
Sterculiaceae 2 species 
L ig u s tru m  sp.
Ericaceae 8 species

5 Intratriporopollenites species

R e e v e s ia p o llis  tr ia n g u lu s  
O le o id e a ru m p o lle n ite s  ch ine nse  
5 Ericipites species

S a p o ta c ite s  m in o r  E tt . S a p o ta c e o id a e p o lle n ite s  o b sc u ru s  
S. ro tu n d u s  
S. s a p o to id e s

Ulmus genus 12 species Nothern temperate zone U lm ip o lle n ite s  s t i l la tu s  
U. u n d u lo s u s

Zelkova genus 6 species 
C e lt is  o c c id e n ta lo id e s  Kov. 
Carpinus 7 species 
C a rp in o x y lo n  h u n g a r ic u m  GREGUSS 
Ostrya 4 species

Corylus 4 species 
Betula 14 species 
Alnus 23 species

Non microtherm, W  Asia, Caucasus,
N America

S Europe, W  Asia, China, Japan, Pacific Ocean, 
N America, Atlantic Ocean

Z e fk o v a e p o lle n ite s  p o to n ie i 
C e lt ip o lle n ite s  ko lm lo ë n s is

C a rp in ip ite s  c a rp in o id e s  
O s try a p o lle n ite s  rh e n a n u s

T rip o ro p o lle n ite s  c o ry lo id e s  
B e tu la e p o lle n ite s  b e tu lo id e s  
A ln ip o l le n ite s  verus

Fagus cf. o r ie n ta l is  L ipsky 
Fagus cf. g r a n d ifo l ia  E hrh . 
Fagus 6 species

Balcan, Caucasus, Black Sea, Atlantic Ocean 
N America

F a g u s p o lle n  i tes g em m atus  
F a g u s p o lle n ite s  m in o r  
Faguspollenites 4 species

Castanea 5 species 
Quercus 41 species

Nothern extratropical zone T r ic o lp o ro p o lle n ite s  c in g u lu m  o v ifo rm is  
Quercopollenites 3 species
T r ic o lp o ro p o lle n ite s  m ic ro h e n r ic i

Juglans 5 species J u n g la n s p o lle n ite s  m a cu lo su s  
J. verus

Carya 5 species Atlantic N America, China C a ry a p o lle n ite s  s im p le x
P te ro c a ry a  d e n t ic u la ta  (0. W e b .) H eer 
P. c a s ta n e ifo lia  (Go epp .) Schlecht . 
P te ro c a ry o x y lo n  sp.

E and W Asia
P te ro c a ry a p o lle n ite s  m ecsekensis  
P. ro tu n d ifo rm is  
P  s te lla tu s

E n g e lh a r t ia  b ro g n ia r t i Sa p . 
M y r ic a  lo n g ifo l ia  Ung .
M . cf. m ic ro c a rp a  B en th . 
M . d e p e rd ita  U ng .
M . in te g r ifo l ia  U ng .

Uncertain E n g e lh a rd t io id ite s  m ic ro c o ry p h a e u s

M y r ic ip ite s  m y r ic o id e s  
M . ru re n s is

S a lix  a n g u s ta  A. B r .
S. cf. f r a n g i l is  L.
S. a rc in e rv ia  O. W e b .
S. p e n ta n d ra  m io c a e n ic a  K ubát

Riparian and swamp forest S a lix ip o lle n ite s  d e n s ib a c u la tu s  
S. h e l ve ti eus

P h o e n ic ite s  sp. I.
P h o e n ic ite s  sp. II.
E u c a ry o c y lo n  c ry s ta llo p h o ru m  M ü ller -Stoll et MÄDEL

A re c ip ite s  c h a m a e d o r ifo rm is
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Cyclocarya cyclocarpa species is regarded as Carya or Pterocarya species, and thus it can represent, on palynologi- 
cal basis, both Caryapollenites and Pterocaryapollenites genera. According to H ably (1984. p. 109) the “Myrica” 
hakeafolia species is assigned to the Myricaceae family but is said to be of uncertain taxonomic position (I. c. p. 
110) .

Its identification with Myricipites species which occur in significant amount in the whole Neogene but parti
cularly in the Ottnangian can only be uncertain. The Ebenaceae family is represented in the macroflora. In the 
pollen flora only the Sapotaceae family belongs to the Ebenales. Podogonium oehningense (K oenig) K irchheimer 
assigned to the Caesalpiniaceae family is present in the Lower Miocene. A species described as Tricolporopollen- 
ites caesalpiniaceaeformis assigned to the Caesalpiniaceae family has been identified from the Ottnangian in bore
hole Zengővárkony 45.

Leaf fossils of Myrtophyllum sp. assigned to Myrtaceae family can be correlated with the pollen of Myrta- 
ceidites myrtiformis Sim . described by S imoncsics from the Salgótaiján Brown Coal Formation. This pollen has 
been found in the Egerian (borehole Fót 1).

Acer tricuspidatum can be correlated with Aceripollenites rotundus. Of the Araliaceae family, 3 macrofossils, 
namely, Oreopanax proto multicaulis and 2 Schefflera species (Sch. gaudini and Sch. protolucescens) are included. 
In the Ottnangian formation of Hungary 3 pollens assigned to the Araliaceae family are included. They are as fol
lows: Araliaceoipollenites edmundi, A. edmundi cf. reticulatus and A. euphorii. However, I do not mean that they 
actually correspond to the aforesaid macrospecies. H ably also mentions the occurrence of Oreopanax genus in the 
Oligocène of South France. The Araliaceoipollenites species are of Paleogene origin.

In 1959 R ásky described Tricalsya protojavanica, a macrofossil belonging to the Rubiaceae family. It can be 
compared with Rubicaceae sp. included in the pollens and identified, among others, from the Ottnangian of bore
hole section Várpalota 133.

An uncertain leaf fossil of aff. Andromeda sp. of the Ericaceae family was correlated with the Vaccinium ge
nus by H ably (see c. p. 118). Three Ericipites species are included in the Ottnangian flora, namely E. baculatus, 
E. ericius and E. discretus.

Of Palmae, Calamus noszkyi and Sabal major species are found at Ipolytarnóc. Calamus is not included in 
the palynoflora but two other palm species, namely, Monocolpopollenites tranquillus and Sabalpollenites retareola- 
tus are included therein. As for Ipolytarnóc, the material supplied by L. B artko was studied.

The sample taken directly from beneath the sandstone bed with footprint records [sample 3 from Borókás
árok (ravine D—2) at Ipolytarnóc], in addition to a large amount of organic matter, only 1 Salixipollenites and 1 
Polypodiaceoisporites sp. and a few fungus spore were included. Sample 2 from Botos-árok (ravine B—1), from 
the lower level of rhyolite tuff contains few organic plant fossil and a few fungus spores, whereas a sample taken 
from the sandstone with footprint records (ravine, Botos-árok B/За) contained a few spores such as Leiotriletes 
sp., Polypodiisporites favus and P. alienus, Lavigatosporites haardti and some fungus spores. Coniferae were repre
sented by a few specimens of Pinuspollenites labdacus, P. miocaenicus, Abietineaepollenites microalatus, whereas 
Angiospermae were represented by Malvacearumpollis sp., Ulmipollenites stillatus, llexpollenites margaritatus, 
Carpinipites carpinoides, Momipites punctatus, M. quietus, Caryapollenites simplex triangulus and Salixipollenites 
sp. The Botryococcus braunii points to freshwater. Had been this flora, fragmental for a lithological reason, frag
mental soley correlated with the macroflora of Ipolytarnóc, the result obtained would have been rather poor.

A comprehensive study of the Helvetian—Tortonian flora in the Mecsek Mountains made by P álfalvy 
(1964) has provided a basis for the correlation of the Karpatian—Badenian macroflora with the palynoflora. P ál
falvy does not differentiates the species belonging to the Karpatian (Helvetian) from those of the Badenian (Tor
tonian) beds. Considering, however, that no other comprehensive study on this matter is available, P álfalvy’s 
work had to by used in my studies (Table 13).

A total of 78 macroflora species can be compared with 109 taxa of the Karpatian—Badenian palynoflora. 
This quantitative difference itself points to the fact that taxa have usually been correlated to genus level.

In his study on the Sarmatian macroflora (1959), A ndreánszky gives summary of comprehensive studies he 
had done in association with his disciples, and also presents a number of data from G reguss. Of macrofossils, 
those that can be correlated with the palynological data are listed in the table. Typical data of the macroflora, to
gether with the recent species, and the ecological and climatic data, if any are given in the second column. The 
third column includes palynological data used for correlation (Table 14). The 101 macrofloral data could be corre
lated with 85 palynological data.

The Pannonian macrofloras are, on the one hand, less studied and, on the other, rather poor. Of the Ruda- 
bánya localities assigned by N agy et P álfalvy in 1961 to the Upper Pannonian the Vilmos-külfejtés (the Vilmos 
opencast) is the older one, whereas the opencast mine Andrássy 111 is the younger but uncertain one (pers. com. 
by L. K ordos).

As shown by macrofossils and microfossils, the beds of the Vilmos opencast mine have a rather poor flora. 
Nevertheless, this is the only one to be reckoned with since other one is uncertain. Fossilized tree-trunk remains 
from Megyaszó, described by E. H orváth (1954) contribute the knowledge of the macroflora (Table 15).

A total of 41 macrofossil species were compared with 41 spore—pollen species (sometimes, species corre
sponded to another genus, see Table 15). This comparison can hardly be used as a tool of age dating since all the
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concerned species can also be found in Pontian formations. Perhaphs, this fact allows to make it perceptible that 
the number of finds is much smaller here than in the Pontian.

A brief summary of the macroflora of Pontian formations, in relation to the flora of Rózsaszentmárton, was 
made partly by I. P álfalvy (1952) and partly by Г. V örös (1955) (Table 16). Some 25 macroflora species were 
within reach for correlating them with 23 pollen species.

PALEOVEGETATION IN THE NEOGENE OF HUNGARY

Floral element live in plant groups, vegetation associations. It is of great importance to reconstruct the paleo- 
vegetation on the basis of paleofloral elements mainly because the same habitat can be presumed for the same as
sociation of plant species, the same type of vegetation. Thus, conclusions can also be drawn mainly to paleoecol- 
ogy, paleoenvironment and paleoclimate if the types of paleovegetation, the paleoassociation can be determined.

As far as recent vegetation is concerned, “Die Vegetationskunde ist...e in  Teil der Ökologie. Nur die 
Klärung der kausalen ökologischen Zusammenhänge führt zu einen vertieften Verständnis der Pflanzendecke” — 
as written by Walter (1964, p. 23) who also attached a great importance to the “Veränderung der Standortbedin
gungen’', for instance, the decrease in ground-water level, and the elevation of the relief. So, if these factors are 
considered as such an important element of assessing the present day vegetation, they are of even greater impor
tance for palynology dealing with residual floras (thanatocenosis).

As also written by Walter (1. c. p. 26): “Die Vegetationskunde ist nicht nur ein Teilgebiet der Pflanzen
kunde, und zwar der Geobotanik, sondern zugleich ein Grenzgebiet zur Geographie”. Adapting this Statement to 
plant fossils, the research of paleovegetation including the statement concerned represent the boundary zone of 
geology and paleogeography.

The recent vegetation has two alternatives, namely, either to become adapted to the conditions of life, i.e. to 
the ecological conditions, or to perish. In the same way, the flora of bygone times became adapted to the ecologi
cal factors. Changes in conditions of life have been reflected in changes in paleovegetation.

The microfloral material was sorted according to vegetation types in order to examine changes in paleovege
tation when assessing the one-time contditions of life. The borehole and exposure sections have been represented 
in diagrams showing vegetation associations set up on the basis of ecological demands. Based on the aforesaid di
agrams, the Neogene paleovegetation in Hungary is described as follows:

At the beginning of the Egerian, the marine planktonic organisms such as Achomosphaera grallaeformis, 
Deflandrea spinulosa and microforaminiferal remains encountered in the glauconitic tuffaceous sandstone in depth 
ranges 31.9 to 32.5 m and 21.5 to 21.9 m in a borehole drilled in the area of the Eger brickyard (Fig. 46) point 
to an Oligocène sea. The samples contains a rather small amount of sporomorphs, partly for lithological reasons. 
Cyrillaceaepollenites megaexactus points to swamp, whereas Caryapollenites simplex and Pterocaryapollenites stel
latus including a few fern species ( Osmundacidites primarius, Cibotiidites zonatus, Leiotriletes triangulus) as un
dergrowth indicate riparian forest. The small amount of pollen grains points to thermophilous evergreen and sub
tropical forest (such as Sapotaceae species, Tricolporopollenites cingulum oviformis and Zelkovaepollenites thier- 
garti). Rhoipites pseudocingulum (Rhus), Lonicerapollis gallwitzi, Diervillapollenites megaspinosus, and the parent 
plants of some Ericipites species might have lived as undergrowth. Engelhardtioidites microcoryphaeus, Ginkgorec- 
tectina neogenica, Dacrydiumites elegans, Piceapollenites neogenicus and Tsugaepollenites viridifluminipites suggest 
piedmont—hillside forest.

In the later period of the Egerian (molluscan claymarl, 0.0 to 18.3 m and beds x2, x, of the Eger exposure) 
in addition to the marine planktonic organisms, the swamp vegetation (Cyrillaceaepollenites) and swamp forest 
(with Taxodiaceae and Nyssa pollens) point to coastal environment. Salixipollenites sp., Alnipollenites verus, Carya
pollenites simplex, Pterocaryapollenites stellatus species pointing to warm—temperate climatic plants suggest an 
extensive riparian forest living on freshwater shore. Their undergrowth includes tropical, subtropical fern species 
[spores pointing to this are Gleicheniidites elegans, Leiotriletes triangulus, L. maxoides maxoides, L. maxoides m i
noris, L. seidewitzensis, Polypodiaceoisporites triangularis, P. muricinguliformis etc. (Fig. 2)]. Ilexpollenites, Ar
temisia, Chenopodiaceae pollens indicates requirement in drier soil. The mixed subtropical forest is rich in thermo
philous elements ( Tricolporopollenites cingulum oviformis, a large amount of Sapotaceae pollens and palm pol
lens). The piedmont forest is not too rich but the spectra of samples still contain a great number of tropical and 
subtropical elements (Dacrydiumites, Podocarpidites, Cedripites, Ginkgoretectina, Engelhardtioidites). However, 
beside them, also temperate Piceapollenites and Carpinipites pollen grains are also encountered.

The subtropical vegetation is characteristic but the warm to temperate forest contains tropical elements, as 
well, even at higher terrains (“lower”, “middle floras”). Swamp can be encountered still during the late Egerian 
but only a few swamp forests can be detected. The tree substance of forest living on freshwater shore is not too 
rich. Caryapollenites simplex, Betulaepollenites betuloides, Salixipollenites densibaculatus, Alnipollenites verus occur 
in a small number of specimens and are supplemented by ferns living on humid soil.

33 9



The mixed subtropical forest has a rather rich spectrum consisting of Sapotaceae pollens, Tricolpopollenites 
liblarensis fallax, Dicolpopollenites calamoides and in some sample Zelkovaepollenites thiergarti, Quercopollenites 
granulatus, Ulmipollenites stillatus, Rhamnaceaepollenites triquetrus, Tetracentracearumpollenites minimus, Penta- 
pollenites punctoides. Sabalpollenites retareolatus, Monocolpopollenites tranquillus palm pollens are also notewor
thy. Although A ndreánszky mentions the Symplocaceae family as a typical element of the Egerian macroflora 
(see A ndreánszky 1966. p. 124), Porocolpopollenites triangulus hardly occurs.

The hillside—piedmont forest takes, from time to time, a very large share. In addition to Coniferae, also En- 
gelhardtioidites microcoryphaeus occur almost constantly, in a large amount.

During the Egerian, in the Fdt area the marine planktonic organisms, sometimes with freshwater plantonic 
organisms can be found throughout, except for a few samples (349.5—352.5 m, 355.5—357.0 m, 346.5—348 m,
181.0—189.8 m). Freshwater is represented, mainly at the beginning of the period, by a large amount of Botryo- 
coccus braunii (Figs. 4 and 47). Utriculariaepollenites elegans, Sparganiaceaepollenites polygonalis, Myriophyllum- 
pollenites minimus, M. quadratus also representing freshwater conditions are observed in a small number of speci
mens. A developed swamp forest dominated by Taxodiaceaepollenites, in addition to Cyrillaceae species, should 
be reckoned with. Besides, Myricipites species and a few specimens of Nyssapollenites are also encountered.

The riparian forest living on freshwater shore might have consisted of the parent plants of Caryapollenites 
simplex, Pterocaryapollenites stellatus, Liquidambarpollenites styracifluaeformis, Alnipollenites verus, Salixipollen- 
ites sp. and Betulaepollenites betuloides species.

The mixed drier forest might have been a rich subtropical forest consisting of a great number of species 
could be deciduous trees included evergreen species Sabalpollenites retareolatus, Arecipites chamaedoriformis, Sa
potaceae, Pentapollenites (Dodonaea B essedik  1985), Symplocaceae.

The hillside—piedmont forest includes Carpinipites carpinoides, Faguspollenites crassus, F. verus, a great 
number of Engelhardtioidites microcoryphaeus and Coniferae species. In addition to the predominant Pinuspollen- 
ites labdacus, also Podocarpidites, Cedripites, Cathaya sp., Dacrydiumites elegans, Sciadopityspollenites serratus, 
several Tsuga species, and Picea lend variety to the vegetation.

A s a summary ,  in the beginning of the Egerian the vegetation contains, in addition to the new species, a 
great number of Oligocène elements, in the study area. The coastal area is occupied by swamp (Cyrilla), mixed 
subtropical forest with poor canopy level, rich in tropical ferns and tropical elements and by tropical, subtropical 
hillside—piedmont forest also incorporating temperate elements (Carpinus).

In addition to swamp, also swamp forest are developed in the late period of the Egerian. Riparian forest is 
of a greater significance and still has a large amount of ferns. Likewise in the early Egerian, the mixed subtropical 
forest contains a great number of tropical elements but some species that were typical of the Oligocène have with
drawn (Plicatopollis, Pentapollenites). The number of species increases (Aceripollenites, Tricolporopollenites mic- 
rohenrici). The hillside—piedmont forest contain, in addition to warm to temperate zone species, also typical tro
pical species and mediterranean elements.

In N Hungary the Eggenburgian (borehole Püspökhatvan 4, Fig. 48) is backed up by planktonic organisms 
of marine development, a part of which also occurred in the Oligocène sea (such as Pleurozonaria manumi, P. m i
nor, P. concinna, P. digitata, P. cooksoni, a few Deflandrea spinulosa, Tytthodiscus sp., Pterospermopsis sp., Mic- 
rhystridium sp.). The freshwater Botryococcus braunii occurs, in most cases, when the amount of marine plank
tonic organisms is reduced.

As suggested by the rather small amount of Taxodiaceaepollenites sp., Nyssapollenites and Myricipites spe
cies, the swamp or marsh forest is not likely to have had a considerable extent.

The forest living on freshwater shore is represented by Caryapollenites simplex, Alnipollenites verus, Betulae
pollenites betuloides, Salixipollenites densibaculatus, including ferns rich in species.

The canopy of the drier forest has Tricolporopollenites microhenrici, T. cingulum fusus, T. cingulum pusillus,
T. villensis, Tricolpopollenites liblarensis and T. fallax, Sapotaceae species, Quercopollenites sp., Sabalpollenites pa- 
pillosus, Arecipites trachycarpoides, Monocolpopollenites tranquillus, Ulmipollenites stillatus, Zelkovaepollenites 
thiergarti, Momipites punctatus, M. quietus, Intratriporopollenites pseudocruciatus, Myrtaceidites myrtiformis.

At shrub level the parent plants of the Ephedripites species, Ilexpollenites margaritatus, Caprifoliipites sp., 
Rhoipites pseudocingulum and Lonicerapollis gallwitzi might have lived.

In the hillside—piedmont forest the parent plants of Coniferae species: Pinuspollenites labdacus, Podocarpid
ites szaszvarensis, Sciadopityspollenites quintus, S. serratus, Keteleeriaepollenites komloènsis, Engelhardtioidites mtc- 
rocoryphaeus, and Carpinipites carpinoides, Faguspollenites minor, Abies and Picea were also included (Fig. 48).

In borehole Budajenô 2 drilled in the Buda area (Fig. 8) a few marine planktonic organisms such as Leios- 
phaeridae, Tytthodiscus sp., Cymatiosphaera sp., Hystrichosphaeridae and some limnic planktonic organisms such 
as Botryococcus braunii, Spirogyra sp. point to nearshore environment.

Taxodiaceaepollenites sp., Cyrillaceaepollenites exactus and C. megaexactus, Myricipites rurensis, Nyssapollen
ites pseudocrutiatus indicate marsh or swamp forest.

The forest living on the freshwater shore consisted of Caryapollenites simplex, Pterocaryapollenites stellatus, 
Alnipollenites verus, Betulaepollenites betuloides, Salixipollenites densibaculatus and ferns.
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In this case the drier mixed subtropical forest is likely to have included Tricolporopollenites cingulum fusus, 
T. cingulum oviformis, T. cingulum pusillus, T. microhenrici, T. villensis, Tricolpopollenites liblarensis, Zelkova, Ul
mus, Quercus, Sapotaceae species, Juglanspollenites verus, Momipites punctatus, M. quietus, Araliaceoipollenites 
euphorii, Liquidambarpollenites styracifluaeformis, Sabalpollenites retareolatus. Their underwood plants included 
Rhoipites pseudocingulum, Ericipites sp., in the more open areas the parent plants of Tubulifloridites grandis, Mal- 
vaceaerumpollis bakonyensis, Araliaceoipollenites reticulatus, Alangiopollis barghoornianum, Graminidites media 
and Chenopodipollis multiplex species might have occurred.

The hillside—piedmont forest consisted of Carpinipites carpinoides, Faguspollenites, Engelhardtioidites, and 
Coniferae species. In addition to Sciadopityspollenites serratus, Keteleeriaepollenites komloënsis, Podocarpidites 
multicristatus, Cedripites sp., Tsugaepollenites sp., also Pinuspollenites labdacus and Abiespollenites were observed 
(Fig. 8).

In the area surrounding the Bakony Mts (boreholes Nagygörbő 1 and Pápa 2) the planktonic material — a 
few Botryococcus — points to a nearshore sea. The marsh or swamp forest was also developed (Taxodiaceae, Cyr- 
illaceae, Myricaceae). The riparian forest (Carya, Alnus, Betula, a few ferns), the mixed subtropical forest (Tricol
poropollenites cingulum oviformis, Zelkova, Ulmus, Momipites, Juglans, Liquidambar, Sapotaceae, Platycarya, Os- 
trya) including few underwood (Ilex, Urtica), and the hillside—piedmont forest (Pinus species, Cedrus, Podocar- 
pus, Ginkgo, Tsuga, Picea, Abies) can also be detected despite their few species and specimens (Figs. 9, 10).

A s a s u m m a r y :  the Eggenburgian is characterized by some decrease in the number and amount of floral 
elements forming the vegetation, and by the disappearance of some — mainly Oligocène species.

The lithological facies of sequences varies as heading from the south toward the north in the territory of the 
country and contains, starting from the terrestrial (Mecsek Mts), either limnic and a few marine planktonic organ
isms (N Transdanubia) or almost only marine planktonic organisms (N Hungary). Accordingly, the marsh or 
swamp forest is negligible and, in some borehole sections it is completely missing (boreholes Szászvár 8, Pápa 2).

The freshwater shore is surrounded by ferneries with a small amount of trees. The mixed subtropical forest is 
comparatively well developed and, in addition to the vegetation with a canopy level consisting of warm temperate 
elements, also a large amount of tropical elements (Sapotaceae, palms, Symplocos) are observed and at some 
places it is represented by shrub and herbaceous plants pointing to a more open vegation.

Some of the species pointing to tropical environment and occurring in the Egerian is missing from the hill
side forest. The vegetation generally consists of subtropical and temperate species.

During the Ottnangian the vegetation in the Mecsek Mts is very characteristic and is described by the oc
currence of mainly freshwater plants such as Ovoidites ligneolus, Spirogyra, Utriculariaepollenites elegans.

The marsh forest was not developed everywhere and the generally small amount of Myrica and Cyrilla pol
lens grains points to swamp.

The forest living on freshwater shore has the largest areal extent. It is especially rich in Salix, and has a large 
amount of ferns characterized by the dominance of Laevigatosporites haardti, and some Pterocaryapollenites stella
tus and Caryapollenites simplex.

The subtropical forest lived on a drier terrain. Pollens grains pointing to this type of vegetation are as fol
lows: Sapotaceoidaepollenites sp., Tricolporopollenites cingulum fusus, T. cingulum oviformis, T. cingulum pusillus, 
T. microhenrici, Tricolpopollenites liblarensis liblarensis, T. liblarensis fallax, Intratriporopollenites microreticulatus, 
Tetracentracearumpollenites minimus, T. komloënsis, Proteacidites egerensis, Platycaryapollenites miocaenicus, 
Momipites punctatus, Cycadopites follicularis, Araliaceoipollenites euphorii. Shrub level is represented by IlexpoT 
lenites margaritatus, Ephedripites D. minimus and Caprifoliipites gracilis, whereas herbaceous plants are represent
ed by Tubulifloridites grandis and T. granulosus.

In the piedmont forests Gymnospermae pollen are: in addition to Ginkgoretectina neogenica, Pinuspollenites 
labdacus. Abietineaepollenites microalatus and Piceapollenites sp., also Faguspollenites minor, Carpinipites carpi
noides and Engelhardtioidites microcoryphaeus. All this points to a warm and subtropical forest [see boreholes 
Pusztakisfalu VI (Fig. 49), Zengóvárkony 45 (Fig. 14) and Tekeres 1 (Fig. 12)].

In the Bakony Mts the alternation of marine plantonic organisms (Leiosphaeridae, Hystrichosphaeridae, Mic- 
rhystridium, Pleurozonaria concinna) with limnic or brackish planktonic organisms (Botryococcus braunii, Hidasia 
sp., Cooksonella circularis, Ovoidites ligneolus) is observed. The association points to nearshore condition.

The marsh or swamp forest is rich as suggested by the occurrence of Taxodiaceaepollenites sp., Sequoiapol- 
lenites polyformosus, Myricipites sp., Cyrillaceaepollenites exactus, C. megaexactus. Nyssapollenites contortus (the 
swamp forest is likely to have also been surrounded by alder trees (Alnipollenites verus) since their diagrams have 
the same trend.

In the freshwater shore forest the parent plants of Caryapollenites simplex, Pterocaryapollenites stellatus, Be- 
tulaepollenites betuloides, and Liquidambarpollenites styracyfluaeformis whereas in the freshwater the parent plant 
of Myriophyllumpollenites quadratus lived. On the shore thermophilous tree ferns are likely to have lived. In the 
mixed subtropical forest Tricolporopollenites microhenrici, T. villensis, T. cingulum fusus, T. cingulum pusillus, T.
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cingulum oviformis, Tricolpopollenites liblarensis, Monocolpopollenites tranquillus and Sabalpollenites retareolatus 
palm pollen, Momipites punctatus, Acaciapollenites varpalotaënsis, Zelkovaepollenites thiergarti, Intratriporopollen- 
ites instructus, Alangiopollis barghoornianum, Aceripollenites rotundus, and, as underwood plants, the parent 
plants of Ilexpollenites sp., Rhoipites pseudo cingulum, Caprifoliipites gracilis, C. andreanszkyi, Malvacearumpollis 
bakonyensis, Ericipites sp., Umbelliferoipollenites tenuis are likely to have lived. All these point to a temperate 
warm subtropical forest.

The hillside—piedmont forest consisted of Pinuspollenites, Abietineaepollenites, Tsugaepollenites viridiflumin- 
ipites and I  igniculus, Podocarpidites nageiaformis, Cedripites szaszvarensis, Keteleeriaepollenites komloënsis, En- 
gelhardtioidites microcoryphaeus species (borehole Várpalota 133, Fig. 16).

Based on planktonic organisms, Mezőföld was a typical nearshore area during the Ottnangian (borehole La- 
joskomárom 1). Myrica shallow swamp might have existed along the coast. The freshwatershore forest, the drier 
mixed subtropical forest and the hillside forest can hardly be detected (Fig. 15).

In additition to planktonic organisms (Pleurozonaria concinna, Tytthodiscus sp., Cymatiosphaera sp.), micro- 
foraminiferal tests, also Hidasia sp., Geiselodinium miocaenicum and Botryococcus braunii are, although in a 
small amount, present in the Ottnangian spectra identified from the vicinity of Budapest. One specimen of Myri- 
cipites sp., and Cyrillaceaepollenites sp. reminds of swamp. Caryapollenites simplex and a fernery with a small 
number of individuals (Polypodiaceoisporites lusaticus, Polypodiisporites histiopteroides etc.) are likely to have 
lived on the shore of the freshwater.

The mixed deciduous forest is represented by some pollens of Momipites punctatus, Tricolporopollenites 
microhenrici, T. cingulum fusus, T. cingulum oviformis, Ulmipollenites sp., Zelkovaepollenites sp., Sapotaceoidae- 
pollenites sp., Quercopollenites granulatus and palm pollen grains.

A  few Pinuspollenites sp., Keteleeriaepollenites komloënsis, Cedripites deodaraesimilis, Piceapollenites neo- 
genicus, Engelhardtioidites and Fagus pollen grains [boreholes Rákoskeresztúr 1 (Fig. 5), and Tököl 1 (Fig. 17)] 
point to subtropical hillside—piedmont forest.

Based on pollen spectra of profiles taken from the Nógrád basin (borehole Kazár 514, key profile Gyulake- 
szi, boreholes Mátraverebély 79 and Tar 32) the swamp forest and the swamp can be detected everywhere. Ripar
ian forest is represented by Carya, Alnus pollen grains and ferns. The subtropical forest also has pollens of a few 
thermophilous elements (Araliaceoipollenites euphorii, Monocolpollenites tranquillus, Sabalpollenites retareolatus) 
and, in addition, temperate zone elements such as Faguspollenites sp., Ulmipollenites stillatus, U. miocaenicus.

In the diagrams of Cserehát the alternation of marine and freshwater associations is observed (borehole Alsó
vadász 1, Fig. 50). The marsh or swamp forest is characterized by the dominance of Myrica, and a few Cyrilla- 
ceae supplemented by Taxodiaceae. The swamp forest corresponds to a swamp zone outlined by P. S imoncsics 
(1960) and is also a brown coal forming one. The riparian forest was also rich and well developed, appearing in 
conjunction mainly with Salix, Carya and Alnus pollen grains and, to a lesser extent with Betula and Liquidambar 
species.

The riverside is likely to have been surrounded by a well developed, rich fern forest where thermophilous 
fern species might have also been lived (Fig. 50). Lusatisporis species also occurred here.

The mixed subtropical forest is also rich. In addition to Tricolporopollenites cingulum oviformis, T. microhen
rici, Zelkova, Ulmus, Acer, Quercus pollen grains, also Sapotaceoidaepollenites, Araliaceoipollenites edmundi, 
Porocolpopollenites orbiformis (Symplocos) lived here in association.

At shrub level the parent plants of Ephedra, whereas at grass level those of Chenopodipollis, Graminidites 
and Artemisia pollen might have lived.

The hillside—piedmont forest included, in addition to Pinuspollenites labdacus and Abietinesepollenites mic- 
roalatus, Keteleeria, Cedrus, Ginkgo, and Podocarpus pollen grains, also Picea, Tsuga, Fagus, Carpinus and En- 
gelhardtia pollen grains.

A s a summary ,  it can be state that vegetation types of the Ottnangian are as follows: freshwater plankton
ic organisms are characteristic of the Mecsek Mts, Mezőföld, whereas the Bakony Mts and the vicinity of Buda
pest are described by the dominance of marine planktonic organisms, and at Cserehát freshwater planktonic 
organisms alternate with marine planktonic organism in the brown coal bearing beds. In the Mecsek Mts, on the 
Mezőföld and in the vicinity of Budapest rather swamps are manifested, whereas the Bakony Mts, Cserehát and 
Nógrád are dominated by swamp or marsh forests. The Ottnangian boreholes in the Mecsek Mts are have showed 
a dominance of riparian forest as the type of vegetation, mainly with rich fernery, and Carya, Salix and Alnus 
pollens point to deciduous trees of the riparian forest. This riparian forest can also be identified, with a great 
number of species and number of individuals, in the Bakony Mts and on the Cserehát. In the Ottnangian spectra 
the mixed subtropical forest is of less significance which, due mainly to the great richness of the vegetation sur
rounding the embedding area, is less effective (Figs. 12, 14, 16, 49, 50).

However, the occurrence of hillside—piedmont forest may depend on the distance from the presumed moun
tainous region. This is proved by the fact that the spectrum of hillside—piedmont forest is very rich in the Mecsek 
Mts, the Bakony Mts and at the Cserehát. N of the Mecsek Mts and in the vicinity of Budapest the spectra are 
usually poor (Figs. 5, 15, 17).
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The Karpatian stage of the Mecsek Mts is dominated by freshwater planktonic organisms, mainly Botryococ- 
cus braunii (in the areas of Zengővárkony and Komló), in association with Ovoidites ligneolus, and Spirogyra sp. 
A specimen of Cooksonella circularis, Hidasia sp. and Actinocyclus diatom points to brackish water. A few ma
rine plankton are also encountered (Baltisphaeridium multispinosum, Plankton “A”, Figs. 12, 22, 51). Based on 
pollen spectra the marsh or swamp forest was developed but not dominant, and in some cases, probably owing to 
the surface morphology rather a swamp has to be reckoned with (Fig. 12).

The riparian forest living on the freshwater shore is well developed, and particularly the great number of 
specimens of spores forming the underwood vegetation is noteworthy. The new species have a great number 
(22.9% ). Of them, a great number of moss spores (Anthocerotaceae, Riccia) are included. In addition, also 
thermophilous fers (Mecsekisporites, Bifacialisporites species) live among them.

In drier areas the species pointing to subtropical forest are Tricolpopollenites liblarensis, Tricolporopollenites 
cingulum oviformis, T. cingulum fusus, T. microhenrici, T, asper, T. porasper, Aceripollenites reticulatus, A . rotun
dus, Zelkovaepollenites thiergarti, Ulmipollenites maculosus, Juglanspollenites verus, Intratriporopollenites insculp
tus, T. instructus, Platycaryapollenites miocaenicus, Porocolpopollenites latiporis (Symplocos), Slovakipollis elaeag- 
noides, Sapotaceoidaepollenites turgidus and S. kirchheimeri. They are likely to have had an abundant under
wood. In the clearings and drier areas the parent plants of several Ephedra and Ilex species, herbaceous plants 
like Malvaceae, Persicarioipollis lusaticus, Cichoriadicites gracilis etc. might have lived. They are likely to have 
been linked with a rich hillside—piedmont forest. A great number of Podocarpidites species, in association with 
Pinuspollenites, Abiespollenites, Keteleeriaepollenites, Cedripites, Faguspollenites, Carpinipites species, formed 
one of the richest Neogene vegetations (Figs. 12, 22, 51, 52).

In the Bakony Mts, in the region of Várpalota, the marine and freshwater planktonic organisms point to 
nearshore conditions. The deep swamp is represented by Taxodium—Nyssa, whereas shallow swamp is represented 
by Myrica and Cyrilla pollens. Plants living on freshwater shore are indicated by Caryapollenites simplex, Ptero- 
caryapollenites, Quercopollenites pollen and a comparatively few fern spores.

The drier subtropical forest is not too rich. The parent plants of Tricolporopollenites microhenrici, Momipites 
punctatus, Intratriporopollenites instructus, Zelkovaepollenites potoniei, Ulmipollenites sp., Sapotaceoidaepollenites 
species might have lived therein. In the more open parts of the forest the parent plants of Ilexpollenites margarita- 
tus, Ericipites sp., Plantaginacearumpollenites sp., Graminidites, Caprifoliipites species are likely to have lived. In 
the hillside—piedmont forest the association of Fagus, Engelhardtia, Pinus, Picea, Abietineae, Keteleeria, Cedri
pites and Tsuga pollen species can be detected (Fig. 16).

In the vicinity of Budapest, of marine planktons ( Cymatiosphaera undulata, Tytthodiscus, Pleurozonaria con
cinna, Hystrichosphaeridae, Micrhystridium) and some freshwater planktons (Botryococcus, Spirogyra, Geiselodi- 
nium) point to shallow—marine, nearshore facies, and a simultaneous existence. The coastal Taxodiaceae-bearing 
deep swamp forest and the Cyrilla—Myrica shallow swamp might have been of a smaller extent only.

The riparian forest is represented by Carya, Alnus, Liquidambar, Betula pollens and Quercopollenites robur 
type species.

Fern spores have a comparatively small amount. The drier forest which is still diverse was formed by Tricol- 
poropollenites microhenrici, T. cingulum oviformis, T. cingulum fusus, T. cingulum pusillus, Tricolpopollenites lib
larensis, Intratriporopollenites sp., Platycaryapollenites miocaenicus, Ulmipollenites, Zelkovaepollenites etc. species.

The forests of mountain and piedmont regions appeared with Fagus, Carpinus and a large amount of Coni
ferae pollen and are characterized by the dominance of Pinus pollen species (Fig. 47, borehole Fót 1, 75.4 to
189.8 m).

The Karpatian interval of the Cserhát sequence includes marine planktonic organisms (Tytthodiscus, Pluro- 
zonaria concinna, microforams, Pterospermopsis, Cymatiosphaera and Plankton A) and, in a small amount, Botry
ococcus and Spirogyra. Freshwater riparian forest (Carya, Pterocarya, Liquidambar and a few ferns) and the sub
tropical forest (Tricolporopollenites microhenrici, Ulmipollenites, Rhoipites pseudocingulum, Intratriporopollenites 
instructus, Ostryapollenites rhenanus) can hardly be detected.

The forests of mountain and piedmont regions can be detected as indicating the pre-existence of a mountai
nous region lying farther away from the shores [ Pinuspollenites labdacus, Abietineaepollenites microalatus, Ketelee
riaepollenites komloënsis, Piceapollenites neogenicus, and Carpinipites carpinoides (Fig. 48, borehole Püspökhat
van 4)].

The rocks of the Garáb Schlier Formation in the Nógrád Basin were not suitable for preserving pollen in 
abundance, therefore each spectrum gained from boreholes and studied (boreholes Garáb 1, Litke 17, Nógrádsza- 
kál 2) is rather poor (Figs. 24 and 27.)

Samples containing a better palynological material (borehole Piliny 8, Fig. 53) allow us to give a good de
scription of the one time vegetation of the region. Planktonic organism pointing to marine conditions are Tyttho
discus sp., Plurozonaria concinna, and microforaminifers. The shwamp forest and fen turned out to be less deve
loped. The freshwater riparian forest includes Carya, Alnus, Betula and Salix species and shows an abundance in 
ferns. Species forming the canopy of drier subtropical forest is represented by Tricolporopollenites cingulum ovi
formis, T. cingulum pusillus, T. cingulum fusus, T. microhenrici, Ulmipollenites sp., Zelkovaepollenites sp., to
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gether with a large number of Sapotaceoidaepollenites sp., Tetracentracearumpollenites sp., Platycaryapollenites mi- 
ocaenicus, Intratriporopollenites instructus and Araliaceoipollenites sp. At shrub level the parent plants of Rhoipites 
pseudocingulum, Myrtaceidites myrtiformis, Ostryapollenites rhenanus, Caprifoliipites sp., Lonicerapollis gallwitzi 
and Lobeliapollenites erdtmani, whereas at grass level the parent plants of Tubulifloridites grandis, Malvacearum- 
pollis sp., Chenopodipollis sp. and Meandripollis velatus may have lived.

The mountain—piedmont forest Faguspollenites sp., Engelhardtioidites microcoryphaeus, Carpinipites carpi- 
noides and Coniferae such as Pinuspollenites labdacus, Abietineaepollenites microalatus were dominant, but other 
species also occured (Figs. 26 and 53).

In sum ma ry ,  the Karpatian beds of the E Mecsek Mts are found to have included mainly limnic or brack
ish-water planktonic elements with a small amount of marine ones.

As far as the southern margin of the Bakony Mts is concerned, freshwater planktonic organisms are domi
nant, whereas the marine ones are of minor significance. However, in the vicinity of Budapest as well as in N 
Hungary marine planktons are dominant.

Evidences of well-developed marsh forests have been found in the Mecsek Mts and on the southern margin 
of the Bakony Mts. In the vicinity of Budapest and in N Hungary marsh forests occur in a rather insignificant 
amount. The freshwater riparian forests are well developed and are rich in new floral elements (subtropical and 
temperate zone species) in the Mecsek Mts. The significance of this type of forest is rather small in the Bakony 
Mts and in the vicinity of Budapest, whereas in N Hungary it varies as a function of the paleogeographical condi
tions. As compared to other types of vegetation, the drier subtropical forest is less frequent in the Mecsek Mts 
and, in turn, more frequent in the region of Budapest. In N Hungary the drier subtropical forest has a significance 
fairly equal to other types of forest. The Mecsek, Bakony Mts and N Hungary mountain—hillside forests have 
been detected as dominant.

In the areas around the Mecsek Mts the planktonic organisms point to shallow-marine, nearshore conditions 
prevailing at the beginning of the Badenian (Figs. 22 and 52).

Marsh or swamp forest and Myrica swamp can also be detected in the region of Hidas, whereas only swamp 
can be presumed to have existed in the region of Zengóvárkony (Figs. 20 and 21).

The freshwater-shore forest is negligible. This is indicated by Carya, Pterocarya, Alnus, Betula pollen grains 
and a few fern spores.

The drier forest is of warm subtropical type but it is not likely to have had a remarkable extent. Canopy le
vel is indicated by Zelkovaepollenites potoniei, Ulmipollenites maculosus, Araliaceoipollenites euphorii, Sapotaceoi
daepollenites kirchheimeri, S. rotundus, S. biconus, Intratriporopollenites instructus, Porocolpopollenites, whereas 
Ilexpollenites margaritatus points to shrub level, and Graminidites media and Caryophyllidites indicat grass level.

The mountain—piedmont forests comprising Pinuspollenites labdacus, P. zaklinskaiana, P. thunbergiiformis, 
Abietineaepollenites microalatus, Picea, Abiespollenites absolutus, Cedrus, Podocarpus pollen species and Cycado- 
pites mixed with Fagus and Engelhardtia species (Figs. 20 and 21) point to rich and warm subtropical forests.

In Late Badenian time the number of species must have decreased. A characteristic feature of the period is 
given by the predominance of Coniferae pointing to piedmont—hillside forests (Fig. 21).

The coal measures complex of the Mecsek Mts is overlain by beds containing brackish-water and limnic 
planktonic organisms in the Hidas region, in the Middle Badenian.The extensive deep swamp as the environment 
of coalification is represented by Taxodiaceaepollenites—Nyssapollenites association, whereas of the a reduced 
shallow swamp Myricipites, and at some sites Cyrillaceaepollenites pollen grains are indicative (Figs. 21, 52, 31 
and 55). Nymphaeaepollenites sp. points to freshwater, whereas Caryapollenites simplex, Alnipollenites and Betu- 
lapollenites indicate riparian forest with a rather small amount of fern spores. The canopy level of the drier sub
tropical forest is characterized by Zelkovaepollenites potoniei, Ulmipollenites undulosus, Tricolporopollenites cingu
lum oviformis, T. cingulum fusus, T. microhenrici, T. villensis, Quercopollenites sp., Tricolpopollenites liblarensis, 
Intratriporopollenites instructus, Sapotaceoidaepollenites sp., M omipites punctatus. The shrub level is indicated by 
the parent plants of Caprifoliites sp., Ilexpollenites margaritatus, I. propinquus, Rhoipites pseudocingulum, Triporo- 
pollenites coryloides, Magnoliaepollenites simplex, whereas grass level is featured by Ericipites ericius, Graminidites 
media, Chenopodipollis multiplex, Umbelliferoipollenites sp., Ephedripites sp., Heliotropioidearumpollenites rotun
dus. The hillside forest included, in addition to Engelhardtia, Fagus, Carpinus, also Coniferae. Larger amounts of 
Abietineaepollenites microalatus, Pinuspollenites labdacus, Piceapollenites neogenicus, and a few specimens of Tsu- 
gaepollenites sp., Abiespollenites absolutus, Keteleeriaepollenites komloënsis, supplemented with Cedripites sp.

In the southern part of the Bakony Mts shallow-marine planktonic organisms pointing to nearshore condi
tions are also found. On the basis of pollen spectra, a major part of marsh forest is deep swamp, Taxodiaceae 
swamp forest. The Myrica—Cyrilla shallow swamp might have been of a greater extent. The appearance in mass 
of Spomtrapoidites erdtmani points to a freshwater with still flow, a backwater or an eutrophical lake. The fresh
water shore is presumed to have been surrounded by riparian forest, Carya, Alnus, Betula, a few Pterocarya, in
cluding Salix and a large fernery.

The drier forest is also rich in species. Included in its major constituents are Zelkovaepollenites sp., U lmi
pollenites sp., M omipites punctatus, Sapotaceoidaepollenites obscurus, S. sapotoides, S. kirchheimeri, S. turgidus,
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Pentapollenites neogenicus, Sabalpollenites retareolatus, Intratriporopollenites instructus, Porocolpopollenites stereo- 
formis, Tricolporopollenites cingulum oviformis, T. cingulum fusus, T. microhenrici, Platycaryapollenites miocaeni- 
cus. The shrub level is represented by parent plants of Ilex, Ostrya, Lonicera, Rhus, Corylus, Caprifoliaceae 
pollen grains, whereas the grass level includes parent plants of Compositae (Tubulifloridites ambrosiinae, Artemi- 
siaepollenites sellularis), Gramineae, Ericeae, Urtica pollen grains.

In the hillside—piedmont forest, in addition to Pinuspollenites labdacus, also Abietineaepollenites microalatus 
has a comparatively larger amount. Pollen of gymnosperms pine species occur only in a few specimens (such 
as Cedripites, Tsugapollenites, Abiespollenites, Podocarpidites and Ginkgoretectina). In addition, the parent plants 
of Faguspollenites, Engelhardtioidites and Carpinipites carpinoides are likely to have been included in the forest 
(Fig. 9).

The pollen spectra of areas found between the Mecsek and Bakony Mts are rather rich in marine planktonic 
organisms which point to open-water (pelagic) facies. Its organisms pointing to shallow-sea and nearshore condi
tions are Hidasia sp. and the Pedivillus sp. fossils, the latter encountered in the Lower and Upper Badenian 
alike. Botryococcus can be observed sporadically and is encountered here usually in conjunction with brackish-wa
ter and shallow-marine species.

Based on the small amount of Taxodiaceae and Myrica pollen grains, the swamp or marsh forest is likely to 
have had a rather small extent. Freshwater is indicated by Nymphaea, Nuphar, Utricularia species, and Cypera- 
ceae that was ornamental. The riparian forest was represented mainly by Carya, and also Betula, Pterocarya, Li- 
quidambar, Quercopollenites robur type pollen grains and of a rich fernery. Species of the drier subtropical forest 
living on a higher terrain level include Tricolporopollenites microhenrici, T. cingulum fusus, T. cingulum oviformis, 
Quercopollenites granulatus, Zelkovaepollenites sp., Ulmipollenites sp., Momipites punctatus, Intratriporopollenites 
miocaenicus, Slovakipollis elaeagnoides, Intratriporopollenites instructus. Shrub level is represented by Rhoipites, 
Caprifoliipites sp., Ilexpollenites species, and Oleoidearumpollenites sp. Herbaceous species, such as Ericipites eri
cius, E. callidus, E. exactus, Scabiosaepollenites magnus, Malvacearumpollis sp., Graminidites sp., Tubulifloridites 
anthemidearum, Chenopodipollis sp. formed the grass level.

The hillside—piedmont forest is dominant in regard to spectra during the whole Badenian, but abruptly in
creases in the Upper Badenian. In addition to Pinuspollenites labdacus, also Abietineaepollenites microalatus occur 
in the largest amounts but Keteleeriaepollenites and Abietineaepollenites absolutus are also dominant. Cedripites is 
represented by 5 species whereas Tsugaepollenites by 2 species. Sciadopitys, Podocarpidites have 2 species. Be
sides, Faguspollenites minor, Carpinipites carpinoides and Engelhardtioidites microcoryphacus are also included.

In the region of the Börzsöny Mts, in the Lower Badenian the planktonic organism indicate open-sea, shal
low-sea area, at some places nearshore marin conditions (Figs. 29 and 54). First the swamp (Myrica, Cyrilla), 
then the swamp or marsh forest was developed.

Freshwater plants are encountered towards the bottom of the sequence and include Myriophyllumpollenites, 
Utriculariapollenites elegans, Cyperaceae, and—in a greater number—Sparganiaceae pollen grains. The presence of 
freshwater riparian forest is observed throughout the sequence. The most important constituents of this forest are 
Caryapollenites simplex, Salixipollenites densibaculatus, Pterocaryapollenites stellatus, P rotundiformis, P. mecseken- 
sis, Betulaepollenites betuloides, Alnipollenites verus, Quercopollenites robur type and a comparatively wide range 
of ferns.

The drier subtropical forest is likely to have had the richest spectrum in Neogene time. At canopy level Tri
colporopollenites cingulum oviformis, T. cingulum fusus, T. villensis, T. microhenrici, Zelkovaepollenites and Ulmi
pollenites species, Momipites punctatus, Porocolpopollenites vestibulum, Intratriporopollenites instructus, 4 Sapota- 
ceae species, Tetracentracearumpollenites minimus, Sabalpollenites retareolatus are observed. The shrub level in
cludes Ephedripites Distachyapites miocaenicus, E. E. boerzsoenyensis, Nagyipollis (Buxus), Lonicerapollis gallwit- 
zi, Caprifoliipites andreanszkyi, C. gracilis, C. sambucoides, Ilexpollenites iliacus, Alangiopollis barghoornianum, 
Slovakipollis elaeagnoides, Ostryapollenites rhenanus etc. The grass level is represented by Chenopodipollis erdt- 
mani, Umbelliferoipollenites sp., Graminidites media, Tubulifloridites ambrosiinae, Verbenaceaepollenites sp., Plan- 
taginacearumpollenites sp., Caryophyllidites sp. (Figs. 29, 30 and 54).

The hillside—piedmont forest is rich in gymnosperms and is featured, in addition to the dominance of Pinus
pollenites labdacus, by Abietineaepollenites microalatus, also by 3 Cycas, 3 Cedrus species, 4 Podocarpidites spe
cies, Sciadopitys, Abies, Keteleeria, Tsuga, together with Fagus, Carpinus pollen grains and Engelhardtioidites 
microcoryphaeus (Figs. 29 and 54).

The Badenian part of the Nógrád region is of pelagic, nearshore facies. Cyrillaceae—Myrica pollen grains 
point to shallow swamps. In some areas Taxodiaceae swamp forest might have also lived. Freshwater is indicated 
by Utriculariaepollenites elegans, Nymphaeaepollenites sp. and Myriophyllumpollenites sp. The riparian forest in
cludes Carya, Betula, Alnus and Liquidambar pollen grains and some fern species (Osmunda).

The drier subtropical forest is not too rich.. The canopy level is likely to have included mainly the parent 
plants of Ulmipollenites and, to a less extent, the part plants of Zelkovaepollenites, Momipites punctatus, Tricol
poropollenites cingulum oviformis, T. cingulum fusus, T. cingulum pusillus, T. microhenrici, Intratriporopollenites 
instructus, Sapotaceoidaepollenites obscurus, S. turgidus, Porocolpopollenites sp., Arecipites sp. Included in the 
shrub level were Ephedripites species, Rhoipites pseudocingulum, Caprifoliipites sambucoides, Triporopollenites co-
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ryloides, Ilexpollenites sp., and in the clearings the parent plants of herbaceous plants such as Chenopodipollis 
sp., Tubulifloridites ambrosiinae, Cichoriacidites gracilis, Ericipites callidus, Umbelliferoipollenites sp., Verbena- 
ceaepollenites pannonicus might have lived.

The hillside—piedmont forest appears with smaller numbers of species and individuals. Pinuspollenites labda- 
cus is dominant, and Abietineaepollenites microalatus is subdominant. The rest of conifers is represented by one 
or two specimens (Picea, Cedrus, Podocarpus), whereas Fagus, Carpinus and Engelhardtioidites microcoryphaeus 
is included only in a few samples.

At the Cserehát portion the Badenian part has a poor spectrum, for lithological reasons. Based on its plank
tonic organisms, it is taken for a marine facies. Deep swamp (Taxodiaceae) and shallow swamp (Myrica—Cyrilla- 
ceae) are observed. Riparian forest (Carya, Betula, Alnus and Liquidambar) appears with a few ferns. The mixed 
subtorpical forest has a few species and specimens (Tricolporopollenites cingulum oviformis, T. microhenrici, Zel- 
kovaepollenites sp., Momipites punctatus, Ulmipollenites sp., Intratriporopollenites instructus, Slovakipollis elaeag- 
noides). At shrub level Ilexpollenites iliacus, Ostryapollenites rhenanus are observed, whereas at grass level Gra- 
minidites media, Chenodipollis sp., Tubulifloridites ambrosiinae, Ericipites sp., Polygalacidites miocaenicus as her
baceous ones can be reckoned with (Fig. 50).

The hillside—piedmont forest has a few species and a small number of specimens. They are represented by 
Pinuspollenites labdacus, Abietineaepollenites microalatus, Abies, Picea and Tsuga.

As a summary, the Badenian had the richest vegetation of Neogene time (421 species, see Tables 5,- 9 and 
11). It is well visible that the great abundance in species comes to an end in the Upper Badenian but without any 
decrease in the number of individuals of the vegetation (Fig. 21).

The rich Badenian vegetation is best represented by borehole sections drilled in the Börzsöny region, in the 
vicinity of Szokolya where palynomorphs have been preserved in claymarl and clay.

In the Lower Badenian of the Mecsek Mts only the hillside—piedmont forest is manifested to a greater ex
tent due to transgression. In the Middle Badenian the coal swamps and marsh forests are largely increased.

In the Bakony Mts the Lower Badenian is featured by a subtropical, tropical vegetation that is very rich in 
species. In the territory of the whole country the Upper Badenian is characterized by the dominance of Coniferae 
of hillside-piedmont forests. This dominance can be observed in the whole Late Neogene.

Based on planktonic organisms the Sarmatian in the Mecsek Mts is of marine facies. Hidasia species appear
ing at the end of the Sarmatian are preseumed to point to brackish conditions. Near the shore a Taxodiaceae— 
Nyssa deep swamp forest and Myrica—Cyrilla shallow swamp are likely to have existed. Utriculariaepollenites poly- 
gonalis points to freshwater. Near the freshwater a riparian forest consisting of the parent plants of Caryapollenites 
simplex, Alnipollenites verus, Betulaepollenites betuloides, Pterocaryapollenites rotundiformis, P. mecsekensis includ
ing a few fern spores might have lived.

The canopy level of the drier forest was represented by Tricolporopollenites microhenrici, T. cingulum ovifor
mis, Ulmipollenites stillatus, U. miocaenicus. U. undulosus, Zelkovaepollenites sp., Momipites punctatus, Querco- 
pollenites granulatus, Sapotaceoidaepollenites obscurus, Celtipollenites komloènsis, Intratriporopollenites microreti- 
culatus, I. polonicus and Triporopollenites minimus.

The shrub level includes Ephedripites mecsekensis, Ilexpollenites margaritatus, I. iliacus, l. propinquus, Rhoi- 
pites pseudocingulum, Caprifoliipites andreanszkyi, Triporopollenites corylo ides, whereas the grass level is repre
sented by herbaceous plants such as Chenopodipollis multiplex, Ch. neogenicus, Artemisiaepollenites sellularis, 
Graminidites media, Ericipites baculatus and E. hidasensis.

The hillside—piedmont forest is rich in species and is dominated by Pinuspollenites labdacus and Abieti
neaepollenites microalatus. The rest of species is represented by less specimens (the parent plants of Tsugaepollen- 
ites minimus, T. helenensis, T. igniculus, Piceapollenites neogenicus, Pinuspollenites longus, Abiespollenites absolu
tus, A . sivaki, Sciadopityspollenites serratus, Podocarpidites libellus, P. nageiaformis, Larixidites gerceënsis, and in 
addition, of deciduous trees, Faguspollenites verus, Carpinipites carpinoides, Engelhardtioidites microcoryphaeus) 
(Fig. 52).

Localities in the eastern part of Transdanubia represent nearshore parts of the sea in which marine, brackish- 
water and limnic planktonic organisms can also be encountered and several special elements are observed (Pedivil- 
lus sp., Hidasia species, Thalassiphorapelagica).

The swamp or marsh forest appears with Taxodiaceae—Myrica pollen grains. The riparian forest is indicated 
by a few Carya, Pterocarya, Liquidambar, Betula, Alnus, Salix pollens grains and a few fern spores. The drier for
est includes Tricolporopollenites cingulum oviformis, T. microhenrici, Querocopollenites granulatus, Intratriporopol- 
lenites instructus, Sapotaceoidaepollenites biconus, Platycaryapollenites miocaenicus, Slovakipollis e/aeagnoides at 
the canopy level, whereas Ephedripites sp., Caprifoliipites sp., Ilexpollenites margaritatus, I. iliacus, Rhoipites pseu
docingulum at the shrub level and Scabiosaepollenites sp., Chenopodipollis sp. at grass level.

The hillside—piedmont forest is very rich in gymnosperms species including Pinuspollenites labdacus, Abie
spollenites absolutus, Piceapollenites neogenicus, Podocarpidites libellus, Tsugaepollenites helenensis, T. igniculus, 
Cedripites sp., Keteleeriaepollenites komloènsis. Of deciduous ones, Faguspollenites minor and Engelhardtioidites 
micro coryphaeus can be identified therein (Fig. 15).
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In the area of Cserhát the planktonic organisms also point to nearshore, open-water, brackish-water condi
tions. Taxodiaceae deep swamp and Myrica—Cyrilla shallow swamp is presumed to have been developed near the 
shore. A  Myriophyllum, Nymphaea and Sparganium pollen grains point to freshwater. The riparian forest in
cluded Carya, Pterocarya, Liquidambar, Salix, Alnus, Betula and ferns.

The drier forest is dominated at canopy level by Ulmus, Zelkova, Quercus, Momipites punctatus, Intra- 
triporopollenites sp., Acer, a few Sapotaceoidaepollenites, Porocolpopollenites (Symplocos), Slovakipollis elaeag- 
noides, Arecipites sp. etc., at shrub level by Ephedripites sp., Vitipites sarmaticus, Triporopollenites coryloides, Cap- 
rifoliipites sp., Ostryapollenites rhenanus, Rhoipites pseudocingulum, Tricolporopollenites hedwigae (Cornaceae), 
Ilexpollenites iliacus, at grass level by Graminidites sp., Manikinipollis tetradoides, Ericipites sp., Vaclavipollis 
soobiana (Amaranthaceae), Tubulifloridites anthemidearum, Tricolporopollenites urticoides and Verbenaceaepol- 
lenites pannonicus.

The hillside—piedmont forest is rich in species and is dominated by pollens grains pointing to Pinuspollenites 
labdacus, Abietineae and Picea species. In addition, Abies, Cedripites species, Tsuga species, Larix, Keteleeria, 
Sciadopitys, Podocarpus and Engelhardtia pollen grains indicate an association of the hillside forest (Fig. 56).

In the Nógrád area the planktonic organisms indicates nearshore shallow-marine conditions. Taxodium— 
Nyssa—Myrica swamp used to live on the shore. The riparian forest might have been of significance and included 
Caryapollenites simplex that was dominant among Angiospermae, as well as Pterocaryapollenites stellatus, Alni- 
pollenites verus. Besides, a few fern spores are also encountered. The drier forest includes, at canopy level, mainly 
parent plants of Ulmipollenites undulosus, Zelkovaepollenites potoniei, Intratriporopollenites instructus, Quercopol- 
lenites robur typus, Q. granulatus, Tricolporopollenites cingulum oviformis, Sapotaceoidaepollenites sapotoides, Ace- 
ripollenites reticulatus, Momipites punctatus and Monocolpopollenites. The hercbaceous plants were represented by 
Chenopodipollis sp., Persicarioipollis sp., Graminidites media and Ericipites ericius. The hillside—piedmont forest 
is dominated by Pinuspollenites labdacus, Abiespollenites absolutus, Piceapollenites alatus, Tsugaepollenites helen- 
ensis, T. viridifluminipites, Cedripites sp., Keteleeriaepollenites komloènsis, supplemented by Faguspollenites verus 
and Carpinipites carpinoides (Figs. 33 and 34).

At Cserehát the spectra comprise planktonic organisms pointing to coastal, shallow-marine, brackish-water 
conditions. Along the coastline, besides rocks steril on lithological reasons (tuffite, or samples with higher sand 
content) — Taxodium deep swamp forest also existed and was supplemented by Myrica—Cyrilla shallow swamp. 
The riparian forest was dominated by Alnus and is likely to have included Carya, Pterocarya, Betula, Liquidam
bar, Salix and ferns, as well. The freshwater is indicated by Myriophyllum and Sparganiceae pollen grains. The 
drier forest was dominated by Ulmipollenites, Zelkovaepollenites potoniei and included, at canopy level, a smaller 
amount of parent plants of Momipites punctatus, Intratriporopollenites sp., Sapotaceoidaepollenites sp., Aceripol- 
lenites reticulatus, Tricolporopollenites asper, T. microhenrici, T. cingulum oviformis, Quercopollenites granulatus, 
whereas at shrub level Ilexpollenites margaritatus, I. iliacus, Rhoipites pseudocingulum, Ostryapollenites rhenanus 
were included. The grass level was represented by herbaceous plants such as Chenopodipollis sp., Graminidites 
media, Malvacearumpollis sp., Ericipites ericius.

The hillside—piedmont forest contained a large amount of Gymnospermae dominated by Abietineae, includ
ing the presence of Pinus, Picea, Ginkgo and Tsuga. Fagus, Carpinus and Engelhardtia are also included (Figs. 50 
and 57).

A s a summary ,  as far as Sarmatian vegetation types are concerned, it can be stated that among planktonic 
organisms generally pointing to shallow marine condition the brackish-water elements are characteristic including 
species typical of the Sarmatian of Hungary. Only a few pollen grains point to marsh forest.

Riparian forests are negligible in the Mecsek Mts and in the foreland of the Mezőföld, as well as in most 
areas of N Hungary. The riparian forest is well manifested in the Cserhát Mts in some parts of the Sarmatian and 
in the region of Lak.

The drier forest is well developed in the Mecsek Mts. This type of vegetation has a poor spectrum at 
Mezőföld and is negligible in N Hungary. Of forest types, the hillside—piedmont forest is dominant in the Mecsek 
Mts and in N Hungary, except for deposits that were not suitable for the fossilization of the palynological material.

In the Pannonian a Taxodium deep swamp and Myrica shallow swamp were developed in the Mecsek Mts, 
near the brackish-water shore. The riparian forest was represented mainly by Carya, Pterocarya, Betula, Alnus, Li
quidambar and a negligible amount of ferns.

The canopy level of the mixed deciduous forest is likely to have been dominated by the parent plants of 
warm temperate elements such as Ulmipollenites stillatus, Zelkovaepollenites potoniei, Tricolporopollenites micro
henrici, T. cingulum oviformis, T. cingulum pusillus, Quercopollenites granulatus, Juglanspollenites verus, and J. 
maculosus.

The shrub level was represented by Sabalpollenites retareolatus, Ilexpollenites margaritatus, Rhoipites pseudo
cingulum, whereas the grass level included Graminidites media, Ericipites hidasensis, E. baculatus, Chenopodipollis 
multiplex.

The hillside—piedmont forest included a forest rich in Coniferae. It was dominated by Pinuspollenites labdacus and 
Abietineaepollenites microalatus. In addition, the parent plants of Keteleeriaepollenites komloènsis, Piceapollenites neogeni-
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eus, P. alatus, Abiespollenites absolutus, A. sivaki, A. crassus, Podocarpidites nageiaformis, P. macrophylliformis, Tsugae- 
pollenites igniculus and T. viridifluminipites species also made the forest diverse (Figs. 21, 52, borehole Hidas 53).

In the NW margin of the Balcony Mts the Pannonian sea was brackish. The nearshore deep swamp was 
formed by Taxodium and Nyssa, whereas the shallow swamp is indicated by Myrica and Cyrilla pollen grains. 
Freshwater is indicated by Sparganiaceaepollenites polygonalis, Myriophyllumpollenites quadratus and Nymphaeae- 
pollenites pannonicus. Besides, in addition to the dominance of Betula, also Alnus, Carya, Pterocarya, Liquidam- 
bar and a few ferns (consistently Laevigatiosporites haardti) were characteristic of the riparian forest.

The mixed deciduous forest is featured, at canopy level, by the dominance of Ulmipollenites polyangulus, the 
subdominance of Tricolporopollenites cingulum oviformis, Zelkovaepollenites potoniei, Intratriporopollenites instruc
tus, Quercopollenites sp. and accessory, Juglanspollenites verus, at shrub level by Ilexpollenites iliacus, I. margari- 
tatus, whereas at grass level by Chenopodipollis multiplex, Graminidites media, Ericipites discretus.

Here the hillside—piedmont forest is also dominated by Pinuspollenites labdacus, Abietineaepollenites mic- 
roalatus, Abiespollenites absolutus and Keteleeriaepollenites komloënsis. Some Podocarpidites microreticuloidata, 
Tsugapollenites viridifluminipites, T. igniculus, Sciadopityspollenites serratus are also included. This type of forest is 
also associated by Faguspo/lenites subtilis and Carpinipites carpinoides (Fig. 10, borehole Pápa 2).

A particular feature of the material of nearshore, shallow sea and brackish facies of areas found in the Gere
cse Mts is the presence of Tectatodinium sp. plankton. A Taxodium—Nyssa swamp forest—deep swamp and a 
Myrica shallow swamp were found along the coastline. Freshwater is indicated by Nymphaeaepollenites sp., My
riophyllumpollenites sp., Sparganiaceaepollenites polygonalis. A riparian forest dominated by Alnus, Betula, Liqui- 
dambar, Quercus and supplemented by Carya, Typha and a few ferns surrounded the shore.

The mixed deciduous forest is likely to have had open clearings and included, at canopy level, Ulmus, Cas
tanea, Zelkova, Quercus petrea type, Acer, Tilia and Juglans, whereas Ilex, Ostrya, Lonicera, Rhus and Corylus at 
shrub level, and the parent plants of herbaceous plants such as Ericipites callidus, E. discretus, Graminidites sp., 
Chenopodipollis sp., Artemisiaepollenites sellularis at grass level.

The hillside—piedmont forest included, in addition to Faguspollenites minor and Carpinipites carpinoides, a 
rich Coniferae spectrum characterized by the dominance of Pinuspollenites labdacus, Abietineaepollenites micro- 
alatus and the subdominance of Piceapollenites neogenicus and Keteleeriaepollenites komloënsis. Small amounts of 
Cedripites deodaraesimilis, C. crassiundulicristatus, Podocarpidites sp., Tsugaepollenites igniculus, T. viridiflumini
pites and Abiespollenites absolutus are also included (Figs. 36, 37, 39).

In the vicinity of Budapest the Pannonian is of brackish-water and nearshore facies. The upper part of the 
sequence has a significant amount of Dinoflagellata fossils.

Near the shore, at some places, well-developed swamp or marsh forests were growing (Fig. 17). The riparian 
forest living on freshwater shore is now indicated by Carya, Betula, Alnus, Pterocarya and a few ferns (including 
Osmundacidites quintus).

The mixed deciduous forest consisted of the parent plants of Ulmipollenites sp., Zelkovaepollenites potoniei, 
Juglanspollenites sp., Intratriporopollenites sp., and a few Castanea (Tricolporopollenites cingulum oviformis), T. 
microhenrici at canopy level, that of Caprifoliipites sp., Triporopollenites coryhides, Elaeagnaceae pollen grains, 
Ostryapollenites rhenanus at shrub level, and the parent plants of Ericaceae and Chenopodiaceae pollen grains at 
grass level.

The spectrum of hillside forest is featured by the dominance of Pinuspollenites labdacus, Abietineaepollenites 
microalatus, the subdominance of Tsugaepollenites species, Keteleeriaepollenites and Piceapollenites, and the oc
currence of Abies, Cedrus, Podocarpus and Carpinus pollen as supplementary ones (Fig. 17).

In Ndgrád, N Hungary, the planktonic organisms indicate a nearshore sea. Taxodiaceae—Myricaceae swamp 
forest and Carya—Alnus—Betula—Liquidambar riparian forest are also likely to have existed. Based on palynolog- 
ical data the Ulmus—Zelkova—Tilia mixed deciduous forest might have included Caprifoliaceae shrub, and Chen
opodiaceae at grass level, whereas the hillside forest is presumed to have had Pinus—Abietineae—Picea— 
Keteleeria—Podocarpus and Carpinus (Fig. 33).

In the Szerencs Hilly Region the small amount of planktonic organisms points to brackish-water conditions 
(Figs. 39 and 58). Near the shore a Taxodium—Nyssa deep swamp with Sabal as underwood and a Myrica shal
low swamp are identified. Sparganiaceaepollenites polygonalis, Nymphaeaepollenites pannonicus point to the pres
ence of freshwater, whereas Alnus, Betula, Carya, Liquidambar, Salix, Pterocarya pollen grains and a few fern 
spores (Osmundacidites quintus, Leaevigatosporites haardti) indicates riparian forest. The mixed deciduous forest is 
likely to have include Ulmus, Tilia, Zelkova, Celtis pollen grains, Tricolporopollenites microhenrici, T. cingulum 
oviformis, T. porasper, Juglans, Quercus pollen grains at canopy level, Corylus, Elaeagnus, Caprifoliaceae, Rhus, 
Ostrya pollen grains at shrub level, and Graminea, Plantago, Chenopodiaceae and Artemisia species at grass level.

The hillside—piedmont forest had a large amount of Pinuspollenites labdacus, Abietinaepollenites and Picea
pollenites. Besides, Ginkgo, Cedrus and Tsuga species and Podocarpus and Keteleeria pollen grains indicate 
warm-temperate climate. They are associated by 2 Abies pollen species (Fig. 58).

At Cserehát the boundary between the Pannonian and the Pontian is uncertain. The lower part is featured 
by a few marine, then brackish plankton. In the upper part the marine plankton are replaced by limnic ones such
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as Spirogyra sp. In the silt samples from the lower part well developed deep swamp, lignite forming swamp forest 
with Myrica pollen grains and a shallow swamp can be observed. The riparian' forest is likely to have included 
Carya, Alnus, Betula, Liquidambar, Pterocarya, Salix and a few ferns (Osmundacidites primarius). The mixed de
ciduous forest is characterized by Zelkova, Ulmus, Tilia, Quercus pollen grains at canopy level, Ostrya, Elaeagnus, 
llexpollenites margaritatus at shrub level, and Graminea, Chenopodiaceae, Ericaceae pollen grains at grass level.

The dominance of Pinuspollenites labdacus, Abietineaepollenites microalatus, the subdominance of Piceapol- 
lenites, and the presence of Abies, Cedrus, Keteleeria, Ginkgo, Podocarpus, Tsuga pollen grains as accessorial ele
ments allow us to draw conclusion on the constituents of the hillside—piedmont forest.

The upper part is formed by sandy beds in which a few herbaceous plants are noteworthy (Chenopodiaceae, 
Compositae) (Figs. 19, 50, 35, 57).

A s a sum m ary, as far as the vegetation types of the Pannonian are concerned it can be stated that the 
planktonic organisms of the sea are usually brackish. In areas found in the Gerecse Mts Dinoflagellata, for in
stance Tectatodinium, can sometimes be observed. The marsh or swamp forest is in relation with the coastal 
geomorphological conditions but is of no significance anywhere. The riparian forest also has insufficient areal ex- 
teint and is, at some places, a completely negligible vegetation type in the Pannonian. The mixed decidous forest is 
dominated, at canopy level, usually by Ulmaceae, beside other, mainly temperate elements.

The dominance of hillside—piedmont forest is usually typical. This forest consists of temperate elements and, 
besides, sporadically subtropical species, as well.

The spectra of the Pontian include marine, brackish planktonic organisms, Dinoflagellata in the Mecsek Mts. 
Near the shore a Taxodium—Nyssa swamp forest and Myrica—Cyrilla shallow swamp existed. The freshwater is 
indicated by Sparganiaceae and Myriophyllum pollen grains. A dense riparian forest is likely to have existed on 
the bank of the slow-flowing river or stagnant water. In the riparian forest the dominance of Carya is gradually re
placed by that of Alnus and Betula. Besides, in addition to Liquidambar and ferns (Laevigatosporites haardti, L. 
gracilis, Perinomomoletes spicatus, Ophioglossisporites grandis) moss level (Encalyptaesporites and Saxosporis 
hidasensis) are also observed.

The spectrum of the mixed deciduous forest is dominated by Ulmipollenites stillatus, U. undulosus, Zelkovae- 
pollenites potoniei, Tricolporopollenites microhenrici, Quercopollenites granulatus, Castanea (Tricolporopollenites 
cingulum oviformis) including a smaller amount of Tetracentracearumpollenites minimus, T. komloënsis, Momipites 
punctatus, Juglanspollenites verus, Tricolporopollenites asper, Celtipollenites komloënsis, Acer, Tilia (Intratriporo- 
pollenites polonicus), Quercopollenites petrea type pollen grains at canopy level. Caprifoliaceae, Elaeagnus, Rhus, 
Ilex, Corylus and Ostrya pollen grains point to shrub level, whereas species observed at grass level are Chenopodi- 
pollis multiplex, Ch. neogenicus, Ch. maximus, Umbelliferoipollenites sp., Plantaginacearumpollenites miocaenicus, 
Ericipites hidasensis, E. baculatus, Artemisiaepollenites sellularis.

The hillside—piedmont forest is likely to have had a rich Gymnospermae spectrum including Engelhardtioid- 
ites microcoryphaeus and Fagus species. Pinuspollenites labdacus and Abietineaepollenites microalatus are domi
nant. Subdominant species are Keteleeriaepollenites komloënsis, Piceapollenites neogenicus, Cedripites deodaraesi- 
milis and, in some samples, Abiespollenites absolutus. Besides, 3 Tsuga species, Ginkgo, Podocarpidites, Sciado- 
pitys, Cathaya genera are also included in the rich mid-mountains forest (Figs. 21 and 52).

In the Pontian a brackish, oligohaline, coastal portion is observed on the NW margin of the Bakony Mts. In 
addition to the deep swamp that is hardly manifested, rather freshwater plant pollen such as Sparganiaceae, Myrio
phyllum,Nymphaeaceae and Typha are encountered. The riparian forest is represented by, in addition to Betula, 
Alnus, Liquidambar, and Pterocarya pollen grains, also a few spores. The mixed deciduous forest is likely to have 
had Ulmus, Zelkova, Juglans, Acer at canopy level, and Ostryapollenites rhenanus at shrub level, whereas Erici
pites discreatus at grass level.

The hillside—piedmont forest is featured by the dominance of Faguspollenites subtilis, Pinuspollenites labda
cus, Abietineaepollenites microalatus, and the occurrence of Pinuspollenites neogenicus, Podocarpidites microreticu- 
loidata, Abiespollenites absolutus, Keteleeria, Sciadopitys and Tsuga pollen kinds (Fig. 10).

In the sourthern part of the Bakony Mts and at Kemeneshát—in the area of the one-time crater lakes— Bot- 
ryococcus braunii and Pediastrum are encountered in alginite—forming amount, beside Cooksonella circularia and 
Mougeotia sp. In the beginning of this period a Taxodium—Nyssa deep swamp is manifested. Sparganiaceae, 
Nymphaceae and Typha pollen grains also point to freshwater. Riparian forest is represented by Caryapollenites 
simplex, Alnipollenites verus, Betulaepollenites betuloides, Liquidambarpollenites sp., Pterocaryapollenites sp., and 
a few Salixipollenites sp. and a rather large amount of fern species (Osmundaceae, Laevigatosporites species). 
The presence of 6 Sphagnum spores species represents the moss level.

The mixed deciduous forest living under drier conditions, at higher terrain level is dominated at canopy level 
by Ulmus pollen, subdominated by Zelkova and Celtis pollen grains and featured by the presence of Quercopolle
nites petrea type, Aceripollenites sp., Intratriporopollenites cordataeformis and Juglanspollenites sp., at shrub level 
by Ephedripites sp., Ostryapollenites rhenanus, Lonicerapollis sp., Triporopollenites coryloides, llexpollenites mar
garitatus, and at grass level by Lycopodiumsporites pseudoclavatus, Ericipites sp., Graminidites sp. (in a large 
amount), and Chenopodipollis sp., Caryophyllidites hidasensis, Cichoriacidites gracilis, Malvacearumpollis sp.
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In the hillside—piedmont forest, in addition to the dominance of Gymnospermae, also Carpinus and Fagus 
species were observed in a large amount. Of Gymnospermae, Pinuspollenites labdacus is of greatest significance, 
whereas Piceapollenites neogenicus, Abietineaepollenites microalatus, Abiespollenites absolutus and Keteleeriaepol- 
lenites komloënsis are subdominant and 2 Tsuga species, Podocarpidites, Cedripites sp., Sciadopityspollenites sp. 
etc., are accessorial ones (Figs. 40, 41, 42, 59).

The Pontian part of the area found W of the Gerecse Mts is the shore of an inland sea with very low salinity, 
whereas the Taxodiaceae deep swamp of smaller areal extent is manifested, with Sabalpollenites as underwood at 
the bottom of the Pontian. Pollen grains of freshwater plants, mainly Sparganium, and in addition, Nymphaeae, 
Myriophyllum, Trapa and Typha are found in large amounts. A riparian forest lived near the freshwater. Its ca
nopy level is likely to have been dominated by Alnus, Betula, and subdominated by Carya, Liquidambar, Ptero- 
carya, Salix, and featured by a few Quercus robur. Its underwood is represented by ferns (Laevigatosporites haard- 
ti, L. major, L. gracilis etc.) and moss level (6 Sphagnum species). At a higher terrain level the canopy level of 
the mixed deciduous forest included Ulmus, Zelkova, Celtis, Acer, Tilia. Its shrub level was represented by a great 
number of Ephedra, Corylus, Caprifoliaceae, Oleaceae, Elaeagnus, Rhus, Ilex, Lonicera, Ostrya and Buxus. The 
pollens of grass level such as Chenopodiaceae, and Ericaceae, Graminea, Compositae are observed in many sam
ples, Scabiosa, Malvaceae, Umbelliferae, Amaranthaceae pollen species and Lycopodium, Selaginella spore species 
are also included.

In the hillside—piedmont forest the deciduous trees were represented by Fagus and Carpinus but conifers 
species such as Pinus, Abietineae, Picea, Keteleeria, Abies, 3 Tsuga species, Cedrus, Larix, Podocarpus were dom
inant, as shown by pollen grains (Fig. 38).

On the NW margin of the Great Hungarian Plain, in the middle portion of the Pontian a Taxodium—Nyssa 
deep swamp and a Myrica shallow swamp are likely to have existed near the shore of the brackish-water inland 
sea. The pollen grains of Myriophyllum and Nymphaceae point to freshwater. The riparian forest is likely to have 
consisted of Carya, Betula, Pterocarya, Liquidambar, a few Salix and some fern species (Laevigatosporites haardti, 
Leiotriletes wolffi, Osmundacidites sp., Perinomonoletes spicatus etc.). The mixed deciduous forest that lived more 
distant from the shore might have contained Ulmus, Zelkova, Quercus, Tilia, Juglans, Acer at canopy level, Ilex, 
Ephedra, Rhus at shrub level, whereas the representatives of Ericaceae, Chenopodiaceae, Gramineae, Compositae, 
Umbelliferae, Plantaginaceae families and Lycopodium are likely to represent the grass level.

The hillside—piedmont forest is dominated by gymnosperms species of the nearby midmountains. The major 
part is represented by Pinus, Picea, Abietineae, Abies, Ginkgo, but deciduous trees such as Carpinus and Fagus 
are also likely to have been included in the forest (Fig. 43).

In the Mátraalja region the planktonic organisms point to the presence of a inland sea. Taxodium—Nyssa 
swamp forest is dominant. The large amounts of Cyperaceae, Sparganiaceae, Myriophyllum and Nymphaeaceae 
pollen grains indicate the presence of freshwater. Riparian forest is featured by the dominance of Alnus, the sub
dominance of Betula, Carya, Salix, the presence of Liquidambar, Pterocarya as accessorial species, a great number 
of ferns (Laevigatosporites haardti, Osmundacidites etc.) and a remarkable moss level. The mixed deciduous forest 
includes Quercus, Ulmus, Zelkova, Castanea, Juglans, Acer, Tilia species at canopy level, Ostrya, Corylus, Rhus, 
Ilex at shrub level, and Ericaceae, Leguminosae, Umbelliferae, Artemisia, Chenopodiaceae and Graminae as well 
as Lycopodium at grass level.

The hillside—piedmont forest had Carpinus and was rich in Gymnospermae, dominated by Pinus, Abietineae 
and Picea. In addition, Tsuga, Abies, Cedrus, Sciadopitys and Larix species also occurred (Fig. 60).

The plankton organisms in the Pontian formations of the Szerencs Hilly Region point to freshwater and 
brackish condition. Sparganiaceae and Nymphaceae pollen grains and Taxodium deep swamp indicate freshwater. 
Riparian forest is indicated by Alnus, Carya, Betula, Salix, Pterocarya, Liquidambar pollen and fern spores. The 
mixed deciduous forest is represented by Ulmus, Zelkova, Tilia, Juglans, Acer, Celtis, Corylus, Chenopodiaceae, 
Ericaceae and Malvaceae pollen grains.

The hillside—piedmont forests are likely to have consisted of Fagus, Carpinus and various Gymnospermae 
species such as Abietinae, Picea, Keteleeria, Tsuga, Podocarpus, Cedrus, Ginkgo, Abies and Larix (Fig. 58).

In areas found N of the Bükk Mts only freshwater planktonic organisms are encountered. Myriophyllumpol- 
lenites points to freshwater, whereas Alnus, Pterocarya, Betula, Salix, Liquidambar pollen grains, a few fern and 
moss spores indicate riparian forest.

The mixed deciduous forest is likely to have included Ulmus, Zelkova, Celtis, Quercus, Juglans, Tilia and 
Acer at canopy level, Rhus, Ilex, Ostrya at shrub level, and Ericaceae and Graminea at grass level.

In addition to Carpinus, the rather large amount of Fagus pollen grains is characteristic of the hillside—pied
mont forest. Various Gymnospermae species such as Pinus, Abietineae have similar amounts of pollens in the for
est. In addition, also Picea, Tsuga, Cedrus, Keteleeria and Podocarpus pollen grains point to this type of forest 
(Fig. 61).

A s a sum m ary , the vegetation types of the Pontian in the Mecsek Mts and the other areas in Transdanubia 
point to a pelagic (open-water), brackish, or limnic inland sea. In addition to freshwater planktonic organisms, al
so one or two plankton indicating water with very low salinity are sometimes observed in samples from one-time 
crater lakes, in N Hungary only limnic planktonic organisms are encountered.
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Marsh forests are usually linked with coasts, and are developed in different degrees as a function of paleo- 
geographical conditions: in N Hungary and in the Szerencs Hilly Region it is dominant, whereas in areas where 
crater lakes were formed, it can hardly be observed. In the norther area of Hungary it is missing. Riparian forest 
can be well identified from samples from crater lakes at Mátraalja, the Szerencs Hilly Region and in areas found 
N of the Bükk Mts. The mixed deciduous forest is a forest type of smaller significance and can be mostly identifi
ed in the areas of crater lakes. During the whole Pontian the hillside forest with temperate-zone elements was 
dominant.

Summarising: The three most typical part in the Hungarian Neogene paleovegetation were the Egerian, Ba- 
denian, and Pontian vegetation (Fig. 62).

PALEOCLIMATOLOGICAL RESULTS

The paleoclimatological reconstruction is based on the botanical relations of the paleoflora, the floral rela- 
tionshisp. Our paleoclimatical evaluation has been based on a total of 32 diagrams showing quantitative data on 
sporomorphs of plants with different climatical requirements (Figs. 63 through 78).

A quantitative assessment needs the knowledge of the different spore—pollen yield of various plants (polli
nation by wind or insects), the differences coming from the vegetational conditions (vegetation levels), and the se
lective fossilization. Taxa that became extint, geomorphological conditions (for instance, sites with southern expo
sure), and the local climate and microclimate etc. should also be reckoned with.

Taking all these fectors into consideration, the following conclusions can be concluded on the Neogene cli
matic conditions in Hungary:

In contrast to subtropical spore elements (Fig. 3), the tropical ones (subspecies of Gleicheniidites, Polypodia- 
ceoisporites, Leiotriletes maxoides) were dominant at the beginning of Egerian time (borehole Eger, Wind-brick
yard). In addition to ferns with their majority forming shrub level, the members of Sapotaceae family represented 
the tropical vegetation dominantly at canopy level. In addition, Pentapollenites, a few palms, and Engelhardtioid- 
ites were noteworthy. In the spore-pollen spectra, species belonging to the canopy level of the subtropical forest 
have the largest amounts which represents the actual macroclimate (subspecies of Tricolporopollenites cingulum). 
Subtropical species have remarkable amounts also indicating the shrub level. Although in a small amount but 
warm temperate and temperate species can also be encountered as respecting either the canopy level (Carpini- 
pites, Abies) or the shrub level. In the further portion of the Egerian, in the so-called lower flora (beds “x”) fern 
spores also have a comparatively large amount—larger than in the middle and upper floras—and the number of 
subtropical species is also increased. In regard to quantity, the amount of subtropical spore—pollen species is dom
inant in the upper part of the Egerian (Figs. 63 and 64).

A ndreánszky (1966. p. 138) dealt with an increase in the rate of precipitation for the lower flora, which is 
also backed up by spore—pollen data, as described above. As indicated by A ndreánszky (l.c.) the middle flora is 
comparatively cool. This is also suggested by the fact that the number of tropical fern species becomes less, the 
amount of subtropical ferns increasing, and even temperate fern is also encountered. Among Gymnosperms spe
cies, Keteleeria pollen first occurs here. Of deciduous trees, the mediterranean Zelkova and the Ulmus pointing to 
temperate zone conditions can be encountered here. The palm pollen and the Engelhardtia pollen appears with 
hardly any specimens. When describing the upper flora of the Eger exposure, A ndreánszky mentions an increase 
in temperature and precipitation (1966. p. 139) which is supported not only by the increased amount of fern 
spores but also by the great number of palm pollen grains again, mainly Calamus, many Sapotaceae, Pentapollen
ites species, and finally Symplocos. Then, in the top of the upper part of the sequence, in a sample series of alter
nating lithological facies, some of the barren samples may point to the warm and dry periods mentioned by 
A ndreánszky. In sequences representing the top of the upper part of the Egerian, which selected the spore—pol
len grains transporate more distant from the shore better, the cooler subtropical feature of vegetation is best mani
fested (Figs. 4 and 63). Ferns have a great number of species but a smaller number of individuals. The Sapota
ceae family has a smaller amount.

The sequences in the Mecsek Mts and the NW part of the Bakony Mts testify to a terrestrial facies pre-exist
ent at the beginning of the Eggenburgian. The sequences in the Mecsek Mts are sterile (devoid of pollen grais). 
The NW part of the Bakony Mts is dominated by tropical ferns, and later the subtropical floral elements become 
dominant. The number of floral elements requiring temperate conditions is very small (Fig. 10). The region of Bu
da Mts is dominated by subtropical elements. Here the local climate is influenced by the nearby mountains with 
temperate elements (Picea, Abies, Tsuga canadensis) (Fig. 8). In the northern part of Hungary, in an offshore and 
pelagic area found at the foot of Cserhát, the number of floral elements is smaller. Nevertheless, they give an ex
act indication of subtropical climate. Tropical elements with their majority represented by tropical ferns are also 
included. The temperate species, although they are constantly included, are of less significance, due to the fact the 
mountains are found more distant from them (Fig. 65).
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In the Eggenburgian the climate was subtropical, and more humid than that of the Egerian.
The climate prevailing during the Ottnangian, as compared to that of the Eggenburgian is featured by the 

dominance of temperate-zone elements. In the rivers bank facies in the Mecsek Mts (Figs. 14 and 66) the number 
of spore species is largely increased. Thus, as for spores, the number of subtropical species is increased, whereas 
an increas in the number of individuals of temperate zone species is characteristic of angiosperms (Salix).

In the Bakony Mts (borehole Várpalota 133) (Fig. 16) a warm, subtropical facies with tropical elements was 
manifested due to the presence of a swamp forest. However, the flora outside the swamp reflected a decrease in 
temperature. At canopy level, Picea, Abies and Tsuga association for Gymnosperms, and in addition to Sapota- 
ceae, Sabalpollenites and Monocolpopollenites tranquillus, also Carya, Pterocarya, Acer, Caprifoliaceae, Liquidam- 
bar, Juglans. Tilia and Fagus for deciduous trees show that macroclimate became cooler. In coal-depositional 
swamps of northern Hungary this dominant local climate is attributable to the subtropical climate of the swamp 
forest. The fern is rich in tropical and subtropical species. However, forests found outside the swamp have a larger 
amount of Alnus, Fagus, Salix, Tilia and Carpinus (Fig. 67).

Based on the remains of rhyolite tuff from Ipolytarnóc, G. A ndreánszky (1959. p. 281) and L. H ably 
(1985. p. 130) describe a warm subtropical climate without freezing. According to A ndreánszky (1. c.) the flora is 
rather rich in temperate-zone elements. H ably mentions leaves ending with dripping tips (Laurus princeps), and 
palms and large amount of ferns. The fern containing grass level can also be justified palynologically and is ex
pressly typical of riparian forests living on freshwater shore. This type of vegetation is also likely to have been 
formed in the subtropical, marshy valley with local climate at Ipolytarnóc.

The Karpatian is usually characterized by the nearly same amount of subtropical and temperate elements, or 
in some cases the larger amount of the latter. However, tropical elements still have a significant amount here. The 
marsh forest has a small number of Cyrilla species, the fernery forming the underwood of the riparian forest has a 
rather large amount of tropical species. There is a rather significant change in spore species. The number of spe
cies extending over from the Egerian becomes less but new tropical species are also included such as the new 
Gleichenia species, as well as Macroleptolepidites, Polypodiaceoisporites, Bifacialisporites and Mecsekisporites. 
The tropical elements of the drier subtropical forest and the piedmont forest are represented by the Sapotaceae 
family and the pollen of Engelhardtia. Rich subtropical pine forests are likely to have existed in the areas of the 
mountains which are of southern exposure. Carya, Liquidambar, Alnus and Betula pollen represent the temperate 
riparian forest, whereas the mixed drier forest includes Ulmus and Tilia species, and a small amount of Acer pol
len. The temperate Riccia moss_ species might have lived in these forest, too.

Mediterranean elements occur in a rather large amount in the Mecsek Mts (Phaeocerosporites moss spores 
and Ophioglossisporites rotundus fern spores) (Figs. 22, 68, 69 and Table 4). Owing to its geographical situation, 
this area is still exposed to mediterranean climatic effects.

The paleomorphological reasons for the development of the vegetation are manifested in the Bakony Mts 
(borehole Várpalota 133, Fig. 16) where an increase in the number of temperate-zone elements can be observed 
in a not very rich forest. This points to a nearshore mountainous region.

In the Nógrád area in N Hungary (Fig. 70) several mediterranean elements are observed in a more deve
loped subtropical forest. From off-shore areas subtropical forest pointing to temperate conditions can be detected 
in a smaller degree, partly for lithological reasons, and the amount of mediterranean elements is also small.

In Karpatian time a warm subtropical climate prevailed. Tropical elements occurred mainly as underwood or 
at lower canopy levels. Temperate species can be identified from the canopy level of riparian forests and mixed 
subtropical forests and in hillside pine forests. In some areas mediterranean elements occurred.

The Badenian was also dominated by warm subtropical climate. The change in flora between the Karpatian 
and Badenian is of less significance, and so is, therefore, the change in climate.

The Early Badenian should be regarded as a perfection of the Karpatian time. In general, the number of 
tropical species, particularly the number of fern genera (Mecsekisporites, Bifacialisporites) increased. Included in 
the tropical elements are, in addition, a few Cycas, Alangium, Symplocos, palm species, a comparatively great 
number of Sapotaceae, Pentapollenites species and Engelhardtia. The number of subtropical species is increased to 
a less extent. It should also be reckoned with that the number of temperate zone species also increases during the 
Badenian (from 8 to 13 for spore species, from 12 to 18 for conifer pollen species, and from 72 to 92 for angio
sperms) (see Table 11).

In the Mecsek Mts the vegetation on lower terrain level such as Taxodium swamp and tropical ferns were 
eliminated by the transgression during the Badenian. Thus, the spectrum was dominated during the Badenian 
by mixed subtropical forest and subtropical and temperate pines living on higher terrain levels (Figs. 68 and 69).

The lignite samples (Middle Badenian) from the Mecsek Mts are “dead” in regard to palynology. The number 
of subtropical elements representing swamp forests is increased in beds between coal seams. The tropical elements 
represent ferns and the Sapotaceae family. In addition, deciduous trees (Ulmus, Acer, Carpinus) and temperate pine 
species (Picea, Abies) also occur in a significant amount in the subtropical forest and the piedmont forest (Fig. 
71). In the upper part of the Badenian, in the borehole Tengelic 2, in addition to the smaller but permanent pres
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ence of tropical elements, also subtropical pine forest is dominant in the spectrum, as with that of the Mecsek 
Mts. In addition, the permanent and definite presence of temperate zonal conifers and deciduous trees can also be 
observed. Here the compensating effect of the sea should also be reckoned with. Subtropical elements are particu
larly dominant in the Börzsöny Mts, in the region of Szokolya with an excellent geographical position (Figs. 29 
and 72). Moreover, temperate floral elements are also observed in a large amount at the canopy level of the sub
tropical forest (Ulmus, Tilia, Acer, Quercus, Fagus species). Tropical elements had a significant number of species 
among ferns, whereas tropical trees are likely to have been represented in a significant number of species and 
number of individuals in the subtropical forest, based on palynological data (Figs. 29, 30, and 72).

The same facts are supported by the diagrams for N Hungary wich are, however, less complete by lithologi
cal reasons (Fig. 27, borehole Nógrádszakál 2, Fig. 33, borehole Tar 34, Fig. 67, borehole Alsóvadász 1).

I. P álfalvy ( 1964. p. 185—191) summarized the Helvetian—Tortonian flora of the Mecsek Mts and also drew con
clusions on the climate. Based on macrofossils an “even, humid, monsoon-like climate” was suggested by him (p. 190).

After the Early Badenian time with a warm subtropical flora richest in the whole Neogene, the flora became poor. 
Due to coal-depositional swamp forests the Middle Badenian has a comparatively richer vegetation but the number of taxa 
is considerably reduced (from 398 to 106). The transgression that devastated the coal-forming swamps caused the climate 
to become deteriorated, therefore only 73 taxa were identified from the Upper Badenian. A great number of taxa, mainly 
tropical ones vanish. However, the vegetation is abundant and the remaining species — instead of those that have vanished 
— have an increased amount. This holds true, particularly, for the Late Badenian conifer kinds (in the Mecsek Mts, and in 
borehole Tengelic 2).

The climate of Sarmatian time was dependent on the geological changes and the general cooling processes. As a re
sult, the salinity of the sea was decreased as indicated by the appearance of new planktonic organisms (Hidasia species, Cy- 
matiosphaera microreticuloidata, Thalassiphorapelagica). The area came into contact with the Eastern Paratethys, which 
is backed up, in addition to the appearance of Manikinipollis tetradoides described from Belorussia and encountered in 
Hungary in the Sarmatian, also by the diatom studies carried out by M. H ajós (pers. comm.). This factors undoubtedly 
caused the climate to change.

The changes in climatic conditions are indicated by the fact that, as compared to the Upper Badenian, here the num
ber of taxa is somewhat greater, some species vanish but new species also appear. As for the major part of the new taxa, 
temperate floral relationship can be assumed. The number of subtropical elements is smaller. Manikinipollis (Periploca- 
ceae) might have been a tropical one. Of conifers, as compared to the Badenian, the tropical species have vanished. For 
spores, out of 97 tropical taxa only 16 remained, whereas for angiosperms, out of 37 ones only 12 remained.

The Sarmatian of the Mecsek Mts is well featured by the increasing number of Coniferae, starting from the Upper Ba
denian. Of them, the temperate zonal ones have a considerable amount (Fig. 68). However, the major part of conifers are 
subtropical. The individuals of Abietinaepollenites microalatus taxon are likely to include mediterranean species, too. 
Among deciduous ones, Tricolporopollenites microhenrici, Quercus, Castanea, Ulmus, Carya pollen grains are dominant, 
whereas Betula, and Alnus pollen are subdominant. Mediterranean and even tropical elements are also included (Sapota- 
ceae and Engelhardtia pollen grains are found in some samples). A subtropical and warm temperate climate is 
likely to have prevailed. The climate might have been somewhat drier than in the Badenian and a summer 
drought is presumed to have been manifested. This is suggested by the presence of fern species and the Ephedra 
pollen, and at some places, the greater number of specimen of Ericaceae and Ilex pollen species. However, in ad
dition to them, subtropical Taxodium—Myrica swamp forests requiring the local climate also lived here on the 
coast, due mainly to geomorphological factors.

In borehole Tengelic 2 had a poorer vegetation. It has a rather small amount of tropical elements which is due to the 
compensating effect of the sea. It has a climate poor in precipitation which is suggested by the absence of fern spores and 
the presence of plants requiring a drier climate such as Ilex and Ericaeae pollen grains. Swamp development can only be 
observed in a few samples.

In the Cserhát region (Fig. 73) the ferns are rather rich in species but are poor in individuals. A  minor part of ferns is 
tropical whereas the major part is subtropical and temperate. Conifer species are dominant. The number of paludal ele
ments is low but Chenopodiaceae pollens are, in some cases, dominant which points to saline and dry coastal conditions. 
Tropical elements, mainly the pollen grains of the Sapotaceae family, occur in a small number of specimens and are likely to 
have lived at shrub level. In the beginning of the Sarmatian palm pollen grains are also observed. The climate is likely to 
have been warm—temperate, mediterranean—subtropical, dominated by temperate zone deciduous trees.

In N Hungary, in addition to the rather few tropical elements, spectra also point to a subtropical warm—temperate 
climate (Figs. 67, 74).

In a monograph on the Sarmatian flora, written by A ndreánszky (1959) data on climate are mentioned at several 
places. Localities are found in N Hungary, except for the Várpalota locality. They are suitable for use in correlation with 
palynological data, despite the fact that conclusions drawn on the basis of macrofossils, mainly leaf fossils are of different 
value. Macrofossils allow researchers to draw conclusions on recent species in more cases than spores and pollen grains do. 
The shape and structure of the leaf is of great importance in drawing conclusions in regard to climatology, for instance, it al
lows to identify laurel leaf and hard leaf type species etc. The palynological data, however, furnish data not only on the cli
matic conditions of areas of local origin but on those of more distant areas.

3 5 3



According to A ndreánszky, subtropical climate is presumed to have prevailed at the beginning of the Sarmatian 
which represents a transition from the laurel-leaf-type subtropical flora to the hard-leaf-type subtropical flora where the 
deciduous tree species were of great importance. In the Early Sarmatian, more rains than in the Badenian and large tem
perature fluctuations are presumed to have existed. The summer was dry and all plant that were not able to bear it, thus per
ished (1. c. 286—287). The typical subtropical climate is featured by an increase in the amount of hard leaf type evergreen 
ones, but the deciduous ones are dominant. Towards the end of the Early Sarmatian the subtropical dominance decreased, 
and the rate of precipitation increased. In the Late Sarmatian the mean temperature was rising, the winter temperature de
creasing and the rate of precipitation continued to increase (1. c. p. 305). The subtropical character was further weakened. 
Some subtropical species vanished from the canopy level and the temperate species were dominant.

The palynological data do not contradict data from A ndreánszky. A s shown before, the change in flora is also indi
cated by the pollen grains. The climate was subtropical—mediterranean becoming temperate.

The floral elements occurring in almost identical amount point to no significant difference between the Pannonian 
and Sarmatian climates (Table 11). Any change in planktonic organism is due to the decrease in sea-water salinity.

The general cooling down was increased in the Pannonian. This is indicated by the withdrawal of tropical species. 
The number of tropical species decreased from 16 to 10 for spores and from 13 to 8 for angiosperms. Gymnospermae in
clude no tropical elements since the Sarmatian. The number of subtropical and mediterranean species also became less 
(Table 11). The number of temperate species exhibits a slight increase. The amount of temperate zone species including 
their dominance is of greater significance. On the basis of the dominant deciduous species, the climate was warm temper
ate with winter rains.

In the Mecsek Mts the large amounts of temperate species, particularly Pinus, Picea and Abies, and out of the decidu
ous ones, Carya and Quercus pollen grains can be observed. Only one or two fern spores point to tropical conditions (Table 
7). The flora identified from boreholes drilled in the vicinity of Tata has a smaller number of individuals but the same pro
portions, and comprises a few tropical and mediterranean species (Figs. 36, 37 and 38).

In the western foreland of the Bakony Mts (borehole Pápa 2, Fig. 10) an increase in the number of individuals of tempe
rate elements is manifested, as well. Tropical elements are completely missing and the number of mediterranean elements is 
small. Of borehole drilled in N Hungary, in those found in the area of the Szerencs Hill Region (Fig. 75) in addition to the 
dominance of temperate plant, subtropical elements also occur in a considerable amount at the bottom of the Pannonian. 
In the later part of the Pannonian the amount of pollen grains became less but the temperate elements continued to be 
dominant. The number of tropical species is the least, and the amount of mediterranean ones is also negligible. As far as the 
silicified tree trunks (Pannonian) from Megyaszó are concerned, E. H orváth (1964) came to rather interesting climato
logical conclusions by studying a few botanical species now not existing in Hungary. He presumes that warm temperate, 
humide climate prevailed when the flora was developed.

At Cserehát, temperate zone elements are dominant, as compared to the subtropical ones, everywhere during the 
Pannonian. Tropical and mediterranean plants are also observed. The tropical elements are likely to have existed as under
wood. The local climate was warm—temperate (Figs. 67 and 74).

In the Pontian the number of species of the flora, owing to paleogeographical and climatic influences (Tables 9 and 
11), becomes somewhat greater. The number of tropical elements continues to decrease. The number of subtropical ele
ments increases by conifers which is mainly due to the increased amount of local, brown coal forming swamp forests. This is 
also manifested in a slight increase in the mediterranean pine species. The number of temperate elements show a signifi
cant increase, as compared to the Pannonian (from 8 to 25 for spore species, from 5 to 10 for conifers and from 63 to 71 for 
angiosperms) (see Table 11). Of spores, the 17 Stereisporites species, and of the conifers, 9 Tsuga species appearing in the 
Pontian is noteworthy.

In the Mecsek Mts, besides, the vast dominance of temperate zone elements (Fig. 9) the great number of subtropical 
individuals can be explained by the pre-existent swamp forests. A few tropical and mediterranean species are also in
cluded. Temperate zone elements are dominant in the vicinity of the one-time crater lakes and in areas found N of the Ba
kony—W Gerecse Mts. No tropical elements are encountered any longer and only a few mediterranean species are ob
served (Figs. 10,38,76,41 and 42). Diagrams representing coal-depositional swamps, owing just to the uniform feature of 
Taxodiaceae swamps, indicate local climate, dominated, at some sites, by subtropical flora (Mátraalja, Fig. 77). However, 
they are also accompanied by taxa of temperate zone, pointing to the fact that the climate became colder.

Studying plant fossils collected in the vicinity of Rózsaszentmárton, mainly from the refuse dump of Petófi-bánya,
I . P álfalvy (1952) stated that “ the climate was more humid and milder than today” and that “ the thermophilous Miocene 
species could find a shelter at the more protected sites of the basin in order to bear the cold climatic condition”.

In an area found N of the Bükk Mts (Fig. 78) the Faguspollenites sp. which is the noteworthy constituent of a temper
ate association has a considerable amount and forms and association with Quercus, Alnus, Betula, Carpinus and Ulmus 
pollen species. The conifers, with the dominance of Pinus and Picea pollen grains contribute to the “temperate” spectrum. 
Tropical elements are only sporadically encountered, in the underwood.

A s a s ummar y :  the climate during the Pontian was warm—temperate. In the protected, geomorphologically fa
vourable areas the subtropical species formed associations. These subtropical elements in marshes—swamp forests point 
to local subtropical climate.
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Data on sporomorphs obtained from samples from Neogene boreholes and exposures are shown, as a function of 
their distribution according to climatic requirements (Figs. 63 through 78). Of them, a summarizing diagram was also pre
pared (Fig. 79). Three curves in the diagram show the distribution of sporomorphs for tropical, subtropical and temperate- 
zone plants.

Radiometrical age dates by H ámor et al. (1978, 1987) and Vass et al. (1986) were regarded in, plotting the con
cerned diagram. The radiometric divisions indicate the ± deviations which are not shown in the diagram. My data are em
piric as having been based on the statements of stratigraphers.

Curves plotted as described above are for use as climatic curves and enable us to draw the following conclusions:
The time when the Egerian sediments were deposited the climate was warm subtropical, and included a floral asso

ciation which also contained a great number of tropical species. The earlier Egerian was dominated by tropical elements, 
whereas the later Period displayed a dominance of subtropical ones. Temperate zone floral elements are likely to have ex
isted on hillsides with northern exposure, and in riparian forests and deep valleys.

In Eggenburgian time a subtropical climate prevailed. The climate might have been balanced, and the tropi
cal species were more numerous than those of the temperate zone.

In the Ottnangian the subtropical elements occur in a larger amount, owing, presumably, to local coalifica- 
tion. This is suggested by the fact that at some places the tropical species occur in a larger amount. At the same 
time the number of temperate zone species increases which shows a general tendency of decrease in temperature. 
In the middle portion of the Ottnangian the curves for the tropical and temperate zone species are largely parallel 
but the number of tropical elements is generally greater than that of the temperate floral elements. That is where a 
phenomenon is observed, namely, that the quantitative curve of temperate elements considerably exceeds the 
curve of tropical elements (see Fig. 79).

The change in flora is remarkable in the Karpatian. In the underwood, mainly among the fern spores, a great 
number of tropical elements but also subtropical ones are included. At canopy level the subtropical elements are 
dominant which points, in conjunction with the underwood, to a warm and humid subtropical climate (Fig. 79). 
In addition, the number of temperate zone elements pointing to hilly region is also large.

This climate favourable to vegetation turns to be even better in the early Badenian. The number of species 
continues to increase. However, from this point the tropical plant have a further decreasing significance, not 
reaching the Karpatian maximum even regarding the time the swamp forest are developed. The peaks of subtropi
cal flora point to the favourable conditions of swamp forest development. They are always backed up by peaks 
consisting of minor tropical elements, which area ligned with the temperate floral curve. This curve has, for the 
most part, a smoother run, indicating generally the independence from swamp forests (Fig. 79). The great change, 
namely, that curves showing the subtropical and temperate zone floras are aligned, began in the Late Badenian.

In the Sarmatian the tropical elements almost completely vanished. The appearance of new species also 
points to change in the climate. G. A ndreánszky (1959), when presuming that climate must have changed into 
winter rains, very likely is right. In addition to the rather great decrease in the number of species, also the align
ment of subtropical and temperate zonal curves is valid for the whole Sarmatian.

Later, in the Pannonian and Pontian the tropical plant vanish. Temperate plant are dominant and the con
stant presence of the subtropical curve points to the fact that the climate was warmer than today. Peaks in the 
subtropical curve usually indicate development of swamp forests which very more expressed in the Pontian than in 
the Pannonian.

Each climatic curve, within one period, except for the lower part of the Egerian that was only made on the 
palynological study of the holostratotype, summarizes results from studies on samples from several boreholes, 
therefore, they can be more or less generalized, and contain laws that are suitable for use in setting up climatic 
zones, at least within the boundaries of Hungary. Hereinafter a description will be given for each climatic zone:

I. E g e ria n  climatic zones: In the period usually representing warm subtropical conditions, and divided into 
three subzones, in accordance the three warming periods (a, b, c).

a) In its lower part the peak is formed by tropical elements which is followed by subtropical elements, in a 
smaller degree.

b) In the Upper Egerian the peak is formed by subtropical elements and the tropical ones are subdominant. 
Both periods represent warm subtropical condition since, as discussed before, in the lower part of the Egerian the 
tropical elements are ferns and they are presumed to be of undergrowth type.

c) Climatic subzone of the Egerian—Eggenburgian boundary: The third warm subtropical subzone, also 
dominated by subtropical elements.

II. E g g e n b u r g i a n  climatic zone: comparatively even subtropical period.
III. O t t n a n g i a n  climatic zone: the fourth subtropical period, with a two-peak maximum dominated by sub

tropical elements.
IV. K a r p a t i a n —E ar ly  B a d e n ia n  climatic zone (including the Middle Badenian): Very diverse period 

comprising several peaks with the dominance of subtropical elements. It is featured by the fact that peaks formed 
from temperate elements are subdominant.

V. La t e  B a d e n ia n  —M idd le  Sa rm a t i an  climatic zone: a cooler, comparatively even subtropical (mediter
ranean) period.
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V I. Middle  Sa rm a t i an  climatic zone: a climatic phase of cooling down.
VII.  La te  Sa rm a t i an  —Ear ly  P a n n o n i a n  climatic zone: a comparatively balanced warm—temperate 

period.
VIII. T he rest  part of the P a n n o n i a n  extending to the La tes t  P a n n o n i a n  climatic zone: a temperate 

period between two cooler ones.
IX. The Lates t  P a n n o n i a n  —Po n t ia n  climatic zone: very diverse warm—temperate period.
In recent years efforts have been made to draw conclusions on paleoclimatology: in 1958 a reconstruction of 

the local climate of the brown coal seam of Petó'fi-bánya (locality III, 1958. p. 126—130) was only performed. In 
1969 a diagram was compiled on the basis of temperature requirements of sporomorphs, using data from bore
holes drilled in the Mecsek Mts (Eggenburgian, Pannonian) (N agy 1969. p. 278; 1970. p. 95). Diagram compiled 
at that time does not comprise the whole Miocene and is not backed up with absolute age data. The trend of lines 
are more or less in conformity with the latest reasults.

My data were also compared with the paleoclimatic data supplied by É .  P l a n d e r o v á  in Slovakia. In a paper 
published by her in 1962 (p.152), 3, respectively 4 climatic zones are set up. Climatic zone I (Aquitanian—Early 
Burdigalian) is designated as a warm subtropical climate, with a hiatus in the Early Burdigalian. The earlier 
Helvetian and Tortonian times are regarded as transitional periods representing a subtropical one, with a great 
number of mediterranean elements. Climatic zone II comprises the Late Tortonian and the Sarmatian and is de
signated as a cool subtropical climate. Climatical zone III is represented by the Early and Late Pannonian in 
which a warm and temperate climate with subtropical elements prevailed. The main trend, i.e. the gradual cooling 
of the Neogene climate is in good conformity with my data and, even in details, they correspond to the climate in 
Hungary, as well.

In the year 1987 in a paper of the 4th International Stratigraphic Congress on the Neogene of the Pacific 
Ocean K. O gasawara published paleoclimatological conclusions coming from studies on molluscs. These conclu
sions say that there was a “ 1st climatic optimum” in the Neogene more than 15 M.y. ago, which is in compliance 
completely with the portion indicating a warming up in the Karpatian—Badenian as shown in the diagram. The 
“2nd climatic optimum”, as having been stated by O gasawara, is found at 13 M.y. which corresponds to a warm 
period prevailing during the lower third of the Sarmatian in Hungary. The “cooling of Late Miocene” indicated at 
7 and 8 M.y. coincides with the cooling in the later part of the Pannonian.

PALEOENVIRONMENTAL CONDITIONS

Reconstructing the paleoenvironment is an attempt to reveal relationships between the one-time geographical 
relief and its vegetation. To represent the paleoenvironment, a great variety of data should be collected and corre
lated, and even doing so will only allow us to reach the boundary of likelihood.

The residual flora identified hitherto is considered as a basis for the assessment of paleoenvironment. More
over, the botanical relationships of the paleoflora also provides a basis for a detailed study. In addition, contribu
tions to the knowledge of macroflora, and the outlined data on paleovegetation, paleoecology and paleoclimate 
have also been relied upon.

A  common feature of samples I have studied from the Neogene of Hungary is the fact that their majority are 
of coastal facies, and therefore, certain fundamental paleoenvironmental conditions are manifested in them all. 
The presence of sea, inland sea or lake can usually be recognized everywhere. This is also a precondition of the 
embedding of the palynological material. Plant associations indicative of coastal or more humid ecological condi
tions can be observed nearly in every case. Besides, owing to the transportability of spores and pollen grains the 
sporomorphs of plant associations found more distant from the coast and needing drier conditions, as well as 
those of plant associations pointing to the mountain range are also included. In addition to their quantitative 
changes influenced by a great number of factors, the vegetation types are made distinguishable mainly by floral 
changes. The paleoecological and paleovegetation diagrams worked out keeping all these in mind allow us to 
trace, in detail, the changes in paleoecology, paleocenology and paleovegetation within each time unit. Using them 
all, the picture of paleoenvironment typical of the particular age has been given for each stratigraphic stage. As 
compared with the former ones, they are stationary pictures but are characteristic of the particular stage (Fig. 62).

The lower part of the Egerian stage is represented by the holostratotype: the Egerian portion of the Eger 
brickyard borehole section and the lower part of the exposure at the Eger brickyard. Data suggest that the coastal 
vegetation is missing or is very poor. Moving away from the coast towards the inland, a rich tropical fernery living 
on freshwater shore is likely to have existed. The fernery might have also been the underwood of a mixed sub
tropical forest found in the most elevated area. The lower part of the Egerian is dominated by mixed subtropical 
forest including a great number of tropical elements. In the upper part of the Lower Egerian it is slightly with
drawn and its dominance is taken over by the forest of mountain range. This type of vegetation included a few 
tropical and a great number of subtropical species. All these show that the climate might have been warm sub
tropical.
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In the upper part of the holotype the alternating presence and absence of shwamp forest indicates a chang
ing coastline also controling the appearance of riparian forest. The lower part of the Upper Egerian is dominated 
by warm subtropical forest with palm trees. Mainly in the upper part even this forest type is also reduced owing to 
to the transgression of the sea. This is indicated by the fact that drier subtropical forest is withdrawn and the hill
side forest becomes dominant (Fig. 46).
As a result of transgression, the climate became balanced and was cooled down.

The more pelagic facies of borehole Fót 1 representing the upper part of the Egerian is indicated by marine 
planktonic organisms and the pollen grains of the marsh forest that is present permanently. The degree of deve- 
lopement of riparian forest points to the presence of constant freshwater. The trends in diagrams worked out on 
the basis of sporomorphs of drier subtropical forest and hillside—piedmont forest are, more or less, in conformity 
with that of the holostratotype. Of forest vegetation types, the hillside—piedmont forest is dominant (Fig. 47).

A feature of the paleogeographical image of the Egerian is that the flora still has a comparatively great num
ber of Oligocène elements but many new taxa also appear. Some vanish at the end of the Egerian, some other 
species occur, with a few specimens, in the younger Neogene stages (in warmer periods). The vegetation has a 
great number of tropical elements, in the fernery at the lower part of the Egerian, and in the drier subtropical for
est at the upper part of the Egerian. For the time unit a warm subtropical climate is supposed to have existed. For 
the Late Egerian, in response to a probable transgression, a cooler period can be assumed (Figs. 63 and 64).

The terrestrial beds of the Eggenburgian, in the Mecsek Mts (borehole Szászvár 8) have no studiable sp o re - 
pollen fossils.

In the NW foreland of Bakony Mts (borehole Pápa 2) and at Cserhátalja (borehole Püspökhatvan 4) palyno- 
morphs point uniformly to a pelagic (open-water), nearshore paleoenvironment. The changes in the amounts of 
brackish-water planktonic organisms and of planktonic organisms needing higher salinity indicate a slight fluctua
tion of the coastline (Figs. 10, 48). Samples containing marine planktonic organisms point to a negligible areal ex
tent of Taxodium deep swamp and Cyrilla shallow swamp. Botryococcus algal colonies point to freshwater, with 
riparian forest containing ferneries, on its shore. The increased amount of pollen grains of subtropical forest and 
hillside forest, both living on a drier area, is more or less simultaneous with the rise in the number of marine 
planktonic organisms which point to the fact that the coastal forest was flooded by the sea-water. In the foreland 
of the Bakony Mts, mainly the prevailing NW winds must have been responsible for the poor embedding of pol
len grains derivable from the eastward-lying mountain, range (Fig. 10). At the canopy level of the drier forest, in 
addition to temperate zone elements, also a large amount of subtropical and tropical species are observed (Sapo- 
taceae, palms). The hillside forest includes temperate and subtropical species. Besides, pollen grains of tropical 
species are also included therein (Podocarpus, Dacrydium).

The pollen grains identified from samples from a borehole drilled in the area of the Buda Mts point to a 
nearby coast (borehole Budajeno 2) accompanied by a permanently occurring marsh forest with a not too large 
areal extent. In areas found more distant from the coast inwards the land well developed riparian forest and drier 
subtropical forest are likely to have lived. The proximity of the mountain range to the sea is justified by the larger 
amount of pollens of the hillside forest (Fig. 8).

The paleogeographical picture of the Eggenburgian is represented by nearshore regions in Middle and Nor
thern Hungary, and by terrestrial regions in S Hungary. The flora differs from that of the Egerian. The vegetation 
including its underwood has a smaller amount of tropical and a larger amount of subtropical elements. The oc
currence of temperate zone elements is also considerable. All this allows us to assume a uniform subtropical 
climate.

The paleogeographical pattern of the Ottnangian was dominated by rich riparian forest with ferns, grown 
along a waterflow which ended in the sea. This type of forest was so developed that the pollen grains of mixed 
deciduous forest and hillside—piedmont forest can hardly be detected in the area of embedding (boreholes Puszta
kisfalu VI and Zengővárkony 45).

In the western part of the Mecsek Mts the planktonic organisms point to the transgression of sea. According
ly, in the beginning the limnic shallow swamp and deep swamp occur jointly, later the deep swamp vanishes and 
only shallow swamp can be observed. Parallel therewith, first the drier forest and the hillside—piedmont forest are 
represented in addition to the riparian forest with smaller areal extent. Afterwards, the areal extent of the rich 
ferny riparian forest becomes larger (Fig. 12, borehole Tekeres 1).

For the eastern part of Transdanubia a sandy shore can be verified. In areas found toward the south (bore
holes Lajoskomárom 1, Tököl 1) a rather small Taxodium swamp and a larger Myrica or Cyrilla shallow swamp 
lived. The rather few palynological samples from a locality toward the north (borehole Rákoskeresztúr 1) the 
proximity of shore can be stated. In areas found toward the south (borehole Lajoskomárom 1) the riparian forest 
is poorer, whereas in areas toward the north (borehole Tököl 1) the ferny riparian forest is more abundant. Drier 
subtropical forest and hillside forest show a general extent (Figs. 5, 15 and 17).

In the SE part of the Bakony Mts, to as far as the Cserehát, coal-forming swamps alternate with marine in
tervals.
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In the Bakony Mts planktonic organisms point to the proximity of sea (in samples from borehole Várpalota 
133). Upwardly finely stratified, lignite-striped sediments are testifying to the pre-existence of coal-depositional 
swamp. The forest living on freshwater shore is likely to have been negligible, whereas the drier subtropical forest 
might have been of larger areal extent on more elevated terrains. Afterwards, it was the pollens of the vegetation 
of the nearby mountain range that appeared in a larger amount after the forests types found closer to the coast 
were flooded and vanished due to transgression.

This coal-forming swamp range can be identified in N Hungary in key profiles Gyulakeszi, in boreholes Mátra- 
verebély 79 and Tar 32. At Cserehát (borehole Alsdvadászi 1), deep swamp with a smaller extent and shallow 
swamp with a larger extent existed. The environment was complemented by a rich Salix forest living on freshwater 
shore and a riparian forest dominated by ferns. The drier forest consisted of a rich spectrum of temperate zone 
and thermophilous plants which, in conjuction with hillside forest, gave the paleogeographical image of the region 
(Fig. 50).

A  general feature of the Ottnangian is a rich ferny riparian forest which is of limnic facies in the Mecsek 
Mts. However, in the Bakony Mts, in the region of Budapest and N Hungary deep swamp was dominant and the 
brown coal seams originated therefrom point to the proximity of coast.

In the eastern Mecsek Mts the paleoenvironment of the Karpatian gives a rather varied picture in the pro
files studies. In the Zengővárkony area coastal, brackish-water and freshwater conditions are observed.

In the vicinity of Komló, the area found more distant from the coast becomes nearshore in response to re
gression, and is featured by the dominance of, in addition to shoreline riparian forests, also of hillside pine forest 
of the mountain range. Both the drier forest, and the marsh forest were subdominant (borehole Komló 120, Fig. 
22). With its dominant hillside and riparian forests, the W Mecsek profile found close to the area shows similarity 
to that of the Komló one. The shallow swamp and the drier mixed forest is of larger areal extent than in the 
Komló area (borehole Tekeres 1, Fig. 12).

The paleogeographical picture of the Hidas region differs from them (borehole Hidas 53) and points to an 
offshore marine environment. In the continent a shallow swamp with small extent, humid, freshwater-shore tropi
cal, subtropical ferny riparian forest, subtropical, drier forest, whereas on the hillsides also subtropical forest might 
have lived (Figs. 21, 52, 68).

Close to the Karpatian coast of the Bakony Mts (borehole Várpalota 133) deep and shallow swamps were 
developed on the terrestrial area. It was followed by a few freshwater-shore group of trees. Owing probably to 
geomorphology the area was insufficient for the development of a drier subtropical forest. This is likely to have 
been directly connected with the mountain range covered by warm-temperate hillside forest.

The pollen spectra of Karpatian formations of N Hungary are, generally, poorer, for lithological reasons 
(boreholes Fót 1, Püspökhatvan 4). Coastal changes can be well shown by planktonic organisms (borehole Fót 1, 
Fig. 47). The freshwater-shore forest has a rather large areal extent, and so has the drier subtropical forest. The 
constant presence of hillside forest points to mountains. The paleogeographical sketch drawn upon borehole sec
tions Püspökhatvan 4 and Garáb 1, that is the dominance of pollen grains of more distant hillside forest, as com
pared to those found at a lower terrain level, points to shallow-marine areas found more distant from the shore 
(Figs. 48 and 24).

In the region of Litke and Piliny in the Nógrád area, as the amount of shallow-marine planktonic organism 
increases, also the amount of pollen grains of hillside forest grows. Marsh or drier subtropical forest with a smaller 
areal extent can be observed in an opposite rhythm (Fig. 53).

The material of borehole Nógrádszakál 2 was developed more distant from the shore. Its Karpatian schlier 
profile has a poor spectrum, and is featured by marine planktonic organisms. Marsh forest is hardly detectabel. 
Only the thicker fern spores of the underwood of forest living on freshwater shore are preserved. Only a few plant 
with great pollen yield allow us to presume mixed subtropical forest ( Tricolporopollenites cingulum oviformis). As 
far as hillside forests are concerned, only Pinuspollenites labdacus pollen grains are included therefrom and, al
though being corroded, indicate the one-time mountain range (Fig. 27).

The Karpatian is described by a great change in flora. The paleogeographical relief in S Hungary is featured 
by a very abundant vegetation. The warm—temperate floral elements that were negligible before appear in a 
larger number in the riparian forest and drier subtropical forest alike. In N Hungary the alternation of shallow 
marine and freshwater shores is typical and the transgressive sea has a more intensive influence.

In the eastern Mecsek Mts the Badenian paleogeographical conditions are described by the fact that a trans
gression during the Lower Badenian completely eliminated the deep swamp forest. The subtropical vegetation of 
hillside—piedmont forest is dominant. The exposition of the hilly region, in conjunction with the balancing effect 
on climate of the sea, are likely to have caused the forest to include a great number of thermophilous species.

In the Hidas area the shallow sea turns into a coastline with limestone klippes, or reef which is indicated by 
the fact that the sporomorph association became poorer. The marsh or swamp forests turning into a swamp on 
flat coasts were, at some places, flooded. Heading from the shore the land inwards, the pollen grains of riparian 
forest, drier subtropical forest and mountain forest allow us to reconstruct geomorphological conditions (borehole
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Hidas 53, Fig. 52). The most typical facies in the area is represented by the swamp forest at Hidas which was 
several times flooded by sea (Hidasbánya mine and boreholes in the vicinity of Hidas, Fig. 55). Due to the prox
imity of the mountains, the riparian and subtropical forests were able to develop only at a few sites and are, in 
most cases, far exceeded by the Coniferae spectrum of the hillside forest.

In the SW foreland of Bakony Mts a marsh forest, deep swamp and shallow swamp were developed in the 
coastal area. Close to the slowly moving freshwater with large areal extent, a riparian forest, whereas at higher ter
rain level a rich subtropical forest comprising Symplocos and Sapotaceae species might have lived. The paleogeog- 
raphical picture also included a hillside—piedmont forest (borehole Nagygörbő 1, Fig. 9).

In North of the Mecsek territory in the Badenian is represented by an opean-water shallow coast (borehole 
Tengelic 2). In addition to a few marsh forests, also a subdominant riparian forest living on the shore of a slow- 
moving freshwater can be observed. At higher altitude a subtropical forest lived. The pollen grains of a large 
amount of shrubs and herbaceous plants point to clearings. The hilly region appears with the dominance of its 
rich pine spectrum.

In the N Central Range, in the Börzsöny Mts (boreholes drilled in the vicinity of Szokolya) the pollen spect
ra point to the open-sea facies of the deposits. In the paleoenvironment a shallow swamp and freshwater are pre
sumed to have existed at the bottom of the Badenian. Later, followed by deep swamp, Taxodiaceae swamp forest, 
later eliminated by the transgression of the sea was developed. Riparian forest comprising a large amount of ferns 
can be evenly observed. The subtropical forest is abundant and dominant. The hilly region is represented by a rich 
hillside—piedmont forest, generally pine forest (Figs. 29 and 54).

Palynomorph fossils from borehole Nógrádszakál 2 exhibits an open-water nearshore condition, As com
pared to the former one, here the vegetation is poorer, neither marsh forest nor deep swamp were developed and 
even the shallow swamp is likely to have had a small areal extent. The slow-flowing freshwater was surrounded by 
riparian forest. The mixed subtropical forest and the hillside—piedmont forest can well be observed in the marly 
portion but the spore—pollen grains were not preserved in other deposits, for lithological reasons (Fig. 27).

At Cserehát, the shallow-marine Badenian sequence of borehole Alsóvadász 1 is also poor in spore—pollen 
grains. Deep swamp forest and shallow swamp are also observed here. Evidences of all the three forest types such 
as riparian forest, subtropical forest and hillside—piedmont forest, even if by a few pollens, are found.

At the bottom of the Badenian stage, in the Mecsek Mts a rapid transgression is characteristic. It might have 
been a slower process in the Bakony Mts and N Hungary. The Middle Badenian brown coal forming swamp for
est occurs in our samples only from the Mecsek Mts. The dominance of pines that is typical of the Late Badenian 
points to an elevated terrain level, an uplifting of a mountain, i.e. the development of today’s geographical condi
tions (pers. comm, by G. H ámor). The Badenian subtropical—warm—temperate climate resulted in a paleoenvi
ronment with rich vegetation.

In the Mecsek Mts the Sarmatian represents marine facies (borehole Hidas 53, Fig. 52). Some plankton in
dicate a decrease in seawater salinity. As suggested by the pollen spectrum, deep and shallow swamps, riparian 
forest and, on higher-situated terrains mixed deciduous forest were developed. In this forest, at some places, more 
drier elements (Ephedra, Ilex species) are encountered. The hillside—piedmont forest was rich and well-deve
loped, indicating a mountainous region.

A few Sarmatian profiles from an area in the eastern part of Transdanubia, N of the Mecsek Mts are, for 
lithological reasons, not so rich in palynomorphs (sand, sandstone, limestone etc. samples). In the paleoenviron
ment reconstructed from the usable spectra, in the sourthern part of the area (borehole Tengelic 2) — along the 
coastline of sea with decreased salinity — marsh forest, freshwater riparian forest, thermophilous mixed deciduous 
forest of drier ecological type and hillside—piedmont forest were observed.

In the northern part of the area (the Sarmatian part of structure exploratory borehole Vajta 1 and of bore
hole Lajoskomárom 1, Fig. 15) coastal conditions, marsh forest and drier, thermophilous mixed deciduous forest 
containing special Sarmatian species as well as a midmountains covered by hillside—piedmont forest were 
identified.

In the Cserhát Mts (borehole Cserhátszentiván 1) there are a great number of sandy samples which is not fa
vourable to the preservation of palynoflora. The planktonic organisms point to onshore conditions. This is also in
dicated by the increased amount of Chenopodiaceae pollen grains. The paleoenvironment was formed by small 
swamp forest, freshwater and riparian forest. The mixed deciduous forest living on areas that are more distant 
from the coast include a rather large amount of floral elements resistant to drought (Ephedra, Ilex). The increase 
in the amount of Ulmaceae pollen is significant. The hillside—piedmont forest is also abundant which points to a 
nearby mid mountains (Fig. 56).

The sporomorphs in samples from claymarl overlying volcanites and limestone sequences and penetrated by 
the nearby borehole Alsótold 1 indicate nearshore shallow sea conditions close to which a swamp forest lived. Ri
parian forest with the dominance of Carya pollen grains is significant. The mixed deciduous forest dominated by 
Ulmus pollen points to an elevated terrain level. The hillside—piedmont forest is also of significance which indi
cates a nearby mountainous region (Fig. 34).

Only one sample from the Sarmatian portion of borehole Tar 34 allows us to draw conclusions on paleoen
vironment on the basis of spore—pollens. Coastal swamp forest, and riparian forest also lived in this region. The
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mixed deciduous forest and the hillside—piedmont forest are also represented. The repetition of tuffite beds of the 
sequence allowed only one or two planktons, spores or pollen grains to get preserved (Fig. 33).

At Cserehát two major borehole logs were suitable for the assessment of an paleoenvironmental picture. 
Both boreholes penetrated shallow-marine, brackish, coastal facies. As shown by the pollen spectra of the Sarma- 
tian part of borehole Alsóvadász 1, a less developed deep and shallow swamp might have existed here. The fresh
water with a smaller areal extent was surrounded by a small riparian forest. Subtropical areas, clearings that were 
more open in mixed deciduous forest appeared with an enrichment of Coniferae. The hillside—piedmont forest 
comprising cooler but still also warmer elements indicates mountains.

As suggested by the pollen spectra identified from borehole Lak 1, a well developed swamp forest is likely to 
have lived along the coast. Freshwater-shore forest dominanted by Alnus might have existed by a slow-moving or 
stagnant freshwater. The warm elements (Sapotaceae, Sterculiaceae) are likely to have been included at shrub le
vel in the mixed deciduous forest featured by the dominance of Ulmus-Zelkova. Pollen of Pinus, Picea and Abiet- 
ineae species are dominant in the hillside—piedmont forest but even the subtropical elements were able to exist in 
the mountains.

A decrease in the sea-water salinity also played a role in the paleogeographical reconstruction of the Sarma- 
tian stage. This decerease in salinity is indicated by new planktonic organisms. New element appear in the flora, 
whereas the old ones vanish. Thermophilous elements indicate that climate has become somewhat drier, whereas 
the cooling down of the climate is indicated by the increase of temperate zone elements and the decrease of tropi
cal elements to a minimum. The vegetation is made more varied by the larger areal extent of clearings. Although 
the general relief of paleoenvironment remained, marsh and riparian forest had a smaller areal extent.

Based on pollen spectra, deep swamp and shallow swamp were found along the coast of the brackish-water 
sea of the Mecsek Mts in the Pannonian (Lower Pannonian). The riparian forest was of less importance and so 
was the mixed deciduous forest which contained mainly warm-temperate floral elements. The Coniferae forest 
with a great dominance indicates the presence of mountains from the direction of which the prevailing winds were 
blowing.

On the brackish-water sea shore in the NW foreland of the Bakony Mts (borehole Pápa 2) a shallow swamp 
was added to a small swamp forest. The riparian forest living on the shore of slow-flowing or stagnant water was 
dominated by Betula pollen accompanied by, in a small degree, warmer—temperate elements. The mixed decidu
ous forest had small areal extent and was dominated by temperate zone elements. Among Coniferae, still a few 
subtropical species are also encountered in the hillside—piedmont forest.

Pollen spectra from profiles taken in the vicinity of Tata (boreholes Tata 11, 12 and 14) indicate brackish 
water, shallow-marine, nearshore paleogeographical conditions. Taxodium swamp forest and Myrica shallow 
swamp existed close to the shore. An Alnus—Betula riparian forest comprising warm-temperate elements lived 
along the freshwater lake. The mixed deciduous forest with a more open canopy level was made varied by clear
ings. The hillside—piedmont forest mainly included Coniferae without the absence of warmer elements therefrom.

Based on palynological studies, N of this area (borehole Naszály 1) swamp forest was developed only in a 
small degree in the vicinity of the coastline of the brackish-water sea. No, freshwater-shore forest occupied a large 
area. The mixed deciduous forest found at a higher terrain level is likely to have included many clearings, bushes 
and herbaceous plants. The hillside—piedmont forest was the most developed on and was mixed with not only 
temperate elements but subtropical pine species as well.

Towards the SE, on the coast of the brackish-water sea, marsh or swamp forest can be identified on the ba
sis of claymarl samples (from the Pannonian penetrated by borehole Tököl 1). The freshwater shore forest is of 
less importance and dominated by warm—temperate pollen grains. The mixed deciduous forest also includes a 
negligible amount of warm—temperate elements. The hillside—piedmont forest, probably due to the effect of the 
NW wind, indicates mountains by the larger amount of pollen grains. The pollen point to a warm temperate forest 
with balanced climate and comprise, in protected areas, also subtropical elements.

Based on palynomorphs a lignite-forming swamp forest lived on the coast of the brackish sea in the Szerencs 
Hilly Region (borehole Megyaszó 1). The process was, from time to time, disturbed by voler ic fallout. In addi
tion to the dominant Alnus and Betula, also warm temperate Juglandaceae and Liquidambar were included in the 
riparian forest. The mixed deciduous forest was of warm temperate type. In the hillside—piedmont forest, in addi
tion to temperate conifer species, also warm temperate and subtropical species lived on the hillside of the nearby 
midmountains.

The Pannonian and the Pontian cannot be exactly separated in two profile taken at Cserehát (boreholes 
Alsóvadász 1 and Lak 1) (R adócz 1969, 1971). At both sites brackish sea can be identified at the bottom part of 
the profile. This part is described by Taxodium deep swamp and the related shallow swamp. The swamp was eli
minated by the transgression of the sea. From the coast inwards, a riparian forest consisting of warm—temperate 
species in abundance and dominated by Alnus is identified in the Lak profile. In elevated areas a drier mixed de
ciduous forest lived in which, in addition to warm-temperate elements, a few species of the Sapotaceae family 
lived only at shrub level. The hillside forest comprised temperate, warm—temperate elements. A  great number of 
Sciadopitys pollens can be identified in the Lak profile. This species lived in the midmountains in Japan. From the 
middle of the Pannonian—Pontian sequence on, sporomorph associations becoming completely poor can be en-
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countered which only justify the presence of riparian forest and hillside—piedmont forest (boreholes Alsóvadász 1 
and Lak 1, Figs. 19 and 35).

The Pannonian is featured by a brackish-water sea with a salinity lower than during the Sarmatian and by a 
more and more decreasing temperature. As a result, riparian forest are, as compared with swamp forests, larger. 
Between mixed deciduous forests found at higher terrain level and dominated by temperate species clearings are 
likely to have been found. The hillside forest were featured by the dominance of Coniferae.

Borehole Hidas 53 is a representative of the Pontian in the Mecsek Mts where the brackish-water inland sea 
(mesohaline, B a r t h a  1971) shows a typical occurrence. The region was characterized by deep and shallow 
swamps alike. A rich but more and more temperate climatic region was manifested on the freshwater shore. At 
higher terrain level warm—temperate mixed deciduous forest including a rich underwood lived. The midmountains 
appeared with forests comprising temperate zone and subtropical elements alike.

A few samples from borehole Pápa 2 drilled in the foreland of the Bakony Mts, in Kisalföld (the Little Hun
garian Plain) also allow us to reconstruct the sea becoming limnic, with the small deep swamp close to it.

Riparian forest living by the freshwater, mixed deciduous forest originated from a higher terrain level and a 
dominant conifer forest comprising temperate elements and pointing to mountainous environment are observed.

In the southern part of the Bakony Mts the material of the one-time crater lakes reflects the following paleo- 
environment: the limnic lake was surrounded by Taxodium swamp forest linked with riparian forest where, due to 
the proximity of the embedding sedimentary basin, the moss level can be well identified. The mixed deciduous 
forest of more elevated position is made varied by clearings with bushes and by a great number of pollen grains 
pointing to herbaceous plants. The mountains found nearby was surrounded by a pine forest with thermophilous 
elements.

The brackish-water and freshwater plankton in the spectra of profiles taken at Kemeneshát point to a con
fined system. The Taxodium swamp forest withdrew and in addition to the pollens of shrubs and herbaceous plant 
also a moss level is identified in the riparian forest. At higher terrain level mixed deciduous forest with clearings, 
probably was composed of thermophilous elements of shrub level. Mainly grass species lived in the clearings. The 
hillside forest appeared with warm temperate elements, presumably due to the influence of the footlands of the 
Alps (Figs. 41 and 42).

Beside the dominantly limnic plankton, the brackish-water ones in a profile taken at a site towards the north 
(borehole Várkesző 1) point to a less confined water system. The Taxodium swamp is small, as well. In addition 
о the shrub and grass levels, also moss level is included in the underwood of the freshwater shore riparian forest, 

which points to rather humid ecological conditions. At higher terrain level a well-developed temperate mixed de
ciduous forest lived, including open clearings where the thermophilous species were also involved in the existence 
of shrub level. The clearings were covered by an abundant vegetation of herbaceous plants. The hillside—pied
mont forest is rich and has, in addition to temperate species, also subtropical ones.

The paleoenvironment in the northen part of Transdanubia shows similarities to the previous one. An almost 
limnic inland lake can be identified (borehole Naszály f). Nearshore deep swamp is observed but the freshwater 
that might have been represented either by a slow-flowing river or a lake, surrounded by a riparian forest with al
der trees is of much greater importance. Under the canopy level, consisting of temperate plant, of the mixed de
ciduous forest living in an area found more distant from the shore, mainly thermophilous shrubs and herbaceous 
plant forming larger clearings are encountered. The hillside—piedmont forest only includes temperate-zone and 
thermophilous elements (on palynological basis) pointing to mountains above sea level (Fig. 38).

Toward the east, in the vicinity of Budapest a Taxodium swamp forest lived on the shore of a brackish-water 
inland sea as shown by a profile (Jászberényi road exposure, Kőbánya brickyard at Budapest) that is assigned to 
the middle part of the Pontian and can be studied in regard to palynology. This forest turned into a smaller Myri
ca shallow swamp. A well developed riparian forest is likely to have surrounded the hardly agitated freshwater. 
Clearings with bushes covered by a wide range of associations of herbaceous plant were found in the drier mixed 
deciduous forest livmg at higher terrain level.

The lignite formation of Petófi-mine is found in the southern foreland of the Mátra Mts, on the shore of a 
Pontian inland lake (oligohaline oscillatory part, B a r t h a  1971). Its feature of greatest importance is the coal
forming swamp forest (Taxodium—Nyssa). The slow-flowing freshwater was surrounded by a riparian forest with 
alders, accompanied by a great number of ferns. The mixed deciduous forest is of less importance here. The hill
side-piedmont forest containing a large amount of Coniferae and being dominant in the Mátra Mts is likely to 
have had a large areal extent.

A few Pontian samples from the northern border of the country (borehole Debréte 1) is described by the ap
pearance of a riparian forest dominated by Alnus, and of the freshwater. The mixed deciduous forest consists of 
temperate zone elements and a somewhat drier type shrub level which was supplemented by herbaceous plant at 
grass level. A typical feature of the hillside forest is that Fagus is present in the same ratio as conifers is.

In the southern part of the country, in the lower to middle part of the Pontian, swamp forests of less signific
ance lived on the shore of a brackish-water inland sea allowing the formation of lignite towards the north (for in
stance, in Mátraalja). The riparian forest were developed and their humidity was also indicated by a more power-
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fui moss level. The mixed deciduous forest consisted mainly of temperate zone elements. Towards the north, with 
the inland lake absent, Fagus dominance is observed, in addition to Coniferae which is dominant in the moun
tains.

A CONTRIBUTION TO THE PALYNOSTATIGRAPHY 
OF THE NEOGENE IN HUNGARY

The description of palynostratigraphy of the Neogene in Hungary is based upon the palynological study of 
samples from over 60 deep and shallow boreholes, exposures and mine galleries. The study is mainly based on 
data on the occurrence of spores and pollen grains. In less frequent cases the presence of some planktonic organ
isms was also reckoned with.

The range of spore, Gymnospermae and Angiospermae pollen available in my material were shown in dia
grams in order to determine the palynological changes (Figs. 80 a, b, c). Certain taxa appearing in corresponding 
ranges were recorded. So were the first and last appearances of some taxa (Oppel Zone). In addition to taxa ap
pearing with a great number of specimens, also some rare taxa manifested in some specimens characteristic of a 
certain period or age, i.e. the so-called accessories species were also regarded.

Of the sequences studies, there are some sequences which have allowed me to set up palynozones, where the 
stratigraphic position of sequences can be precisely determined. These palynozones are, however, of local value at 
some places but they may provide a basis for starting in further studies.

Using data on the appearance and disappearance of each species in the Neogene of Hungary, a table was as
sembled and shown at a lecture given in 1985 at the 8th RCNMS Congress. Palynozones set up according to this 
table and designated by PN were used by G. Hámor in his summarizing table (Hámor et al. 1987. Fig. 1 follow
ing p. 352). In the Neogene of Hungary the following palynozones were set up:

Deflandrea spinulosa—Dicolpopollenites calamoides Oppel zone
Palynological zone: PNI—PN2
D efin ition : Featured by the last occurrence of D e fla n d re a  sp in u lo sa  Alberti 1959, and the appearance 

and dominance of D ic o lp o p o l le n ite s  c a la m o id e s  Nagy 1963. The flora of the Egerian is regarded as one zone by 
the aforesaid species but it can be definitely divided into two subzones, namely, PN1 and PN2. It is only PN2 that 
includes F a v o isp o r is  h u n g a r ic u s  Nagy 1963, F. c o n c a v u s  Nagy 1963 and G le ic h e n iid ite s  e le g a n s  Nagy 1963 spe
cies.

O ccurrence: The Egerian holostratotype, the portion of 0.0 to 32.0 m of the borehole drilled in the Eger 
at Wind-brickyard, and the beds of Báldi’s members (1966) designated by 6 to 20 in the exposure at the Eger at 
Wind-brickyard. In the borehole it is underlain by Middle Oligocène, Kiscellian Clay (36.2 to 80.3 m) and over- 
lain by an Ottnangian “lower rhyolite tuff” level, with a hiatus, over beds “u” of the Eger brickyard exposure.

Local correlation: the upper part of the zone is represented by range 189.8 to 372.0 m of borehole Főt 1.
C hronostratigraphic c la ssifica tion : Egerian.
L ithostratigraphic cla ssifica tion : Eger Formation, Szécsény Formation.
B iostratigraphic correlation: nannoplanktonic zone: NP25, NN1.
Remarks: A specific feature of this zone is that C ic a tr ic o s isp o r ite s  c h a tte n s is  W. Kr. 1971 ssp. m in o r ' l l .  

Kr. 1967 becomes extinct at its upper part. Although in a low number of specimens but that is where G le ic h e n i
id ite s  e leg a n s  Nagy 1963 can only be encountered. At the bottom of the zone (PN1) P o d o c a r p id ite s  a c m o p y le fo r -  
m is  Nagy 1969, T u b u lif lo r id ite s  g ra n d is  Nagy 1969 and A r te m is ia e p o lle n i te s  se llu la r is  Nagy 1969 appear. In the 
upper part of the zone (PN2) the following species appear: P o ly p o d ia c e o is p o r i te s  g ra c ill im u s  Nagy 1963, C o rru -  
g a tis p o r ite s  h u n g a r ic u s  (Nagy 1963) Nagy 1985, V e rru c in g u la tisp o r ite s  u n d u la tu s  Nagy 1963, P e r in o m o n o le te s  s p i 
c a tu s  Nagy 1973, P o d o c a r p id ite s  m u ltic r is ta tu s  (Trev. 1967) Nagy 1985, P ro te a c id ite s  e g eren s is  Nagy 1963 and 
T ric o lp o ro p o lle n ite s  m in im u s  Nagy 1969.

Verrucingulatisporites grandis—Foveotriletes pessinensis Oppel zone 
Spore-pollen zone: PN3
D efin ition : The only occurrence of V e rru c in g u la tisp o r ite s  g ra n d is  N agy 1985 and F o v eo tr ile te s  p e ss in e n s is  

W. Kr. 1967. The last occurrence of L y c o p o d iu m s p o r i te s  a ltra n ften s is  (W. Kr. 1963) N agy 1985, L a e v ig a to s p o r -  
i le s p s e u d o d is c o r d a tu s  W. Kr. 1959, E c h in a tis p o r is  m ic ro e c h in a tu s  W. Kr. 1963.

O ccurrence: borehole Püspökhatvan 4, 185.0 to 302.0 m (underlain by ?Egerian, overlain by Ottnangian 
“lower rhyolite tuff’).

Local correlation: borehole Budajenő 2, 544.4—575.9 m; borehole Pápa 2, 192.0—337.5 m; borehole 
Szászvár 8, 137.5—428.2 m; borehole Tekeres 1, 995.0—1094.5 m.
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C hronostratigraphic c la ssifica tion : Eggenburgian.
L ithostratigraphic c lassifica tion : Putnok Schlier Formation (Szászvár Formation, Budafok Formation).
B iostratigraphic correlation: nannoplanktonic zone NN2, NN3, lower portion.
Remarks: V e ru c in g u la tisp o r ite s  g ra n d is  Nagy 1985 occurs, although in a small amount but in the whole 

territory of Hungary (identified in borehole Püspökhatvan 4 in N Hungary, in borehole Pápa 2 in the NW fore
land of the Bakony Mts). F o v eo tr ile te s  p e s s in e n s is  W. Kr. 1967 also occurs in a small amount in N Hungary 
(boreholes Balaton 26 and Budajenó 2). In addition to the last occurrence of species mentioned in “définition”, 
also a number of new species appear in this biozone. They are as follows: V e rru ca tisp o rite s  te k e re se n s is  Nagy 
1985, M a c ro le p to le p id ite s  k ru tz sc h i Nagy 1961, P o ly p o d ia c e o is p o r ite s  c o rru to ra tu s  Nagy 1985, P. m e d iu s  Nagy 
1963, P. m ic ro c o n c a v u s  W. Kr. 1967, V e rru c in g u la tisp o r ite s  m e c se k e n s is  Nagy 1969, V  m u r ir e tic u la tu s  Nagy 
1963, B ifa c ia lis p o r ite s  m e d iu s  Nagy 1969, E p h e d r ip i te s  D is ta c h y a p ite s  m in im u s  Nagy 1969, M a lv a c e a ru m p o llis  
b a k o n y e n s is  Nagy 1962, H e lio tr o p io id e a r u m p o lle n i te s  g ra c ilis  Nagy 1969.

Gemmatosporis delicatus—G. decoratus—Lusatisporis perinatus Oppel zone
Spore-pollen zone: PN4
D efin ition : Featured by the only occurrence of G e m m a to s p o r is  d e lic a tu s  Nagy 1985 and the last occur

rence of G . d e co ra tu s  Nagy 1985; and the appearance of Lusatisporis kind in the Bakony Mts and in N Hungary.
O ccurrence: In the Mecsek Mts, borehole Pusztakisfalu VI, 5.2—51.8 m (underlain by a terrestrial sequ

ence, M2hb overlain by Q); in the Bakony Mts—borehole Várpalota 133, 175.6— 226.3 m; in N Hungary— bore
hole Alsóvadász 1, 875.0 —1059.0 m.

Local correlation: borehole Zengővárkony 45, 16.0—21.2 m (underlain by Kb overlain by M2h5).
C hronostratigraphic c la ssifica tion : Ottnangian.
L ithostratigraphic c la ssifica tion : Szászvár Formation, Salgótarján Brown Coal Formation.
B iostratigraphic correlation: the upper part NN3 and lower part NN4 of the nannoplanktonic zones.
Remarks: In the Ottnangian a great number of new species appear. Of them, in addition to G e m m a to s p o 

ris  d e lic a tu s , also C o n v e rru c o s isp o r ite s  b a ra n y a ë n s is  (Nagy 1963) Nagy 1985 the occurrence of which in the Pon
tian is likely to be caused by reworking occurs only in the Ottnangian. Species appearing in the Ottnangian are as 
follows: V e rru c in g u la tisp o r ite s  g re g u ss i Nagy 1963, V e rru ca tisp o rite s  in a e q u a lis  Nagy 1969, L e p to le p id ite s  m a g n i-  
p o la tu s  Nagy 1963, C ic a tr ic o s isp o r ite s  m e c se k e n s is  Nagy 1963, E c h in o s p o r is  e ch in a tu s  W. Kr. 1967, O p h io g lo s s i-  
sp o r ite s  ro tu n d u s  Nagy 1969, P o ly p o d ia c e o is p o r i te s  p u lc h e llu s  Nagy 1985. Lusatisporites species occur in the Ba
kony Mts and in N Hungary.

Coniferae species appearing in the Ottnangian are A b ie t in e a e p o l le n ite s  in c lin a tu s  (Nagy 1969) Nagy 1985, 
C e d r ip ite s  m a x im u s  Nagy 1985, angiosperme: P o ly g a la c id ite s  m io c a e n ic u s  (Nagy 1969) Nagy 1985, P te ro c a ry a -  
p o l le n i te s  ro tu n d ifo rm is  Nagy 1969. The most striking difference in facies is the occurrence of limnic beds in the 
Mecsek Mts (Hámor 1970), and of brown coal beds in the Bakony Mts (borehole Várpalota 133), in the vicinity 
of Salgótarján, and in borehole Alsóvadász 1.

Mecsekisporites main zone, range zone
Spore-pollen zone: PN5, PN6, PN7
D efin ition : the only occurrence of Mecsekisporites kind. It can be divided into three palynozones which 

are as follows:

1. Rudolphisporis—Phaeocerosporites transversus—Ricciaesporites transdanubicus range zone
Spore-pollen zone: PN5

D efin ition : Characterized by Rudolphisporis, or Bohemiasporis genera and the single occurrence of P h a e 
o c e ro sp o r ite s  tra n sd a n u b ic u s  kind.

O ccurrence: borehole Zengővárkony 59, 44.7— 94.6 m (underlain by M2h5, Congeria-bearing sequence 
and overlain by M2h10, a regressive sequence) in the Mecsek Mts; borehole Piliny 8, 59.8—138.5 m (underlain by 
—, overlain by M2k) in N Hungary.

Local correlation: borehole Komló 120, 6.0—386.8 m; borehole Tengelic 2, 861.8—863.6 m; borehole 
Várpalota 133,161.0—167.7 m; borehole Litke 17, 22.0—265.0 m; borehole Nógrádszakál 2, 213.0—290.0 m.

C hronostratigraphic c la ssifica tion : Karpatian.
L ithostratigraphic c la ssifica tion : Tekeres Schlier Formation, Budafa Formation, Garáb Schlier Forma

tion.
B iostratigraphic correlation  : the upper part of nannoplankton zone NN4, and the lower part of NN5.
Remarks: Characterized by the single occurrence of Rudolphisporis genus including Bohemiasporis genus, as 

well. Species occurring here are as follows: P h a e o ce ro sp o rite s  tran sversu s Nagy 1968, R ic c ia e sp o r ite s  tra n sd a n u b icu s  

Nagy 1968, M a c ro le p to le p id ite s  h e x a g o n a lis  Nagy 1985, C o rru g a tisp o r ite s  l i tk e ë n s is  Nagy 1968, G le ic h e n iid ite s  
z e n g o e ë n s is  Nagy 1969, V e rru c in g u la tisp o r ite s  ru g o so s  Nagy 1985, S c ia d o p ity s p o l le n i te s  tu b e rc u la tu s  (Zakl.
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1957) W. Kr. 1971, S. v a riu s  W. Kr. 1971, C e d r ip ite s  g ra n d is  (Nagy 1969) Nagy 1985, S lo v a k ip o l l is  m e c se k e n s is  
Nagy 1969, L il ia c id i te s  e llip tic u s  Nagy 1969, H y d r o c e ra p o ll is  m io c a e n ic u s  Nagy 1969, M e a n d r ip o l l is  ve la tu s  Nagy 
1962 etc. M a c ro le p to le p id ite s  d u p le x  (Nagy 1968) Nagy 1986, S a x o sp o r is  g ra c ilis  W. Kr. et Paclt. 1963, A b ie t in -  
e a e p o lle n ite s  in c lin a tu s  (Nagy 1969) Nagy 1985, E p h e d r ip i te s  D . fu s ifo r m is  (Shakm. 1965). W. Kr. 1971 have 
their last occurrence on this zone. Species appearing here but continuing to exist in the subsequent zone are as 
follows: M e c se k is p o r ite s  a e q u u s  Nagy 1968, M . m io c a e n ic u s  Nagy 1968, M . c ere b ra lis  Nagy 1961, P o ly p o d ia c e o i-  
sp o r ite s  p a u c iru g o s u s  Nagy 1985, P. s im p lic a tu s  (Nagy 1969) Nagy 1985, P. lo n g u s  Nagy 1969, P. la tig ra c ilis  (W. 
Kr. 1967) Nagy 1985, O p h io g lo s s isp o r ite s  g ra n d is  ( Cooks. 1947) Nagy 1961, G le ic h e n iid ite s  r im o s u s  Nagy 1985, 
P o ly p o d iis p o r ite s  p o to n ie i  Nagy 1969, V e rru c in g u la tisp o r ite s  n o g ra d e n s is  Nagy 1980, V. k a rp a tie n s is  Nagy 1985, 
P o d o c a r p id ite s  g ig a n tu s  (Zakl. 1957) Nagy 1985, E p h e d r ip i te s  D . b e rn h e id e n s is  W. Kr. 1961, S ip h o n o d o n tip o ll -  
e n ite s  h u n g a r ic u s  Nagy 1969. R ic c ia e s p o r ite s  h u n g a r ic u s  Nagy 1968 and C e ltip o lle n ite s  k o m lo ë n s is  Nagy 1969 ap
pear here but are also observed in the upper zones. The dominant occurrence of T r ic o lp o ro p o lle n ite s  s ib ir ic u m  
(Lub. 1972) Nagy 199 2and the frequent occurrence of Plankton “A” are typical.

2. Bifadalisporites badenensis—Mecsekisporites range zone
Spore-pollen zone: PN6
D efin ition : It is featured by the fact that in addition to B ifa d a li s p o r ite s  b a d e n e n s is  Nagy 1985, the Bifa- 

cialisporites species occur only here, and in a large amount ( В . g o e rb o e e n s is  Nagy 1985, B. g ra n d is  Nagy 1985,
B. m a g n u s  Nagy 1969, B. s z o k o ly a ë n s is  Nagy 1985). The rest of Bifacialisporites species appearing in the Early 
or Middle Miocene end with this zone, except B . o c u lu s  Nagy 1985 which occurs in zone PN9, as well.

O ccurrence: borehole Zengővárkony 59, 24.9—44.7 m (underlain by M2h6, fish-scale type claymarl, over- 
lain by M2hu Leitha sequence), borehole Szokolya 3, 21.0—77.4 m (underlain by amaM2k amphibole andesite, 
overlain by Q).

Local correlation: borehole Hidas 53, 735.0—738.0 m (underlain by M2h10 Leitha Kalk sequence, overlain by 
M2t2 Hidas brown Coal sequence); borehole Tengelic 2, 826.6—853.3 m; borehole Szokolya 2, 2.8—106.4 m; borehole 
Ndgrádszakál 2, 23.7—213.0 m.

C hronostratigraphic c la ssifica tion : Early Badenian.
L ithostratigraphic cla ssifica tion : Badenian Clay Formation.
B iostratigraphic correlation: nannoplanktonic zone NN5.
Remarks: The Bifacialisporites dominance zone is the final zone for M e c se k is p o r ite s  a e q u u s  Nagy 1968, M . m io 

c a e n ic u s  Nagy 1968. The range of M . c e re b ra lis  Nagy 1968 and M . z e n g o e v a rk o n y e n s is  Nagy 1968 ends in the upper part 
of the zone. This also indicates that the Middle Badenian is actually the final stage of the Early Badenian, ending with the 
Hidas Brown Coal Formation. Species with their range ending in this zones are as follows: O s m u n d a c id i te s  p r im a r iu s  
(Wolff 1934) Nagy 1985 c ra ss ip r im a r iu s  W. Kr. 1967, E c h in a tis p o r is  e c h in o id e s  W. Kr. et Расы. 1963 ech in o id e s , 
C ic a tr ic o s isp o r ite s  m in im u s  Nagy 1963, C o r  ru g a  t is p o  r ite s  c o rru v a lla tu s  ÇW. Kr. 1967) Nagy 1985, C. g ra p h ic u s  Nagy 
1985, P o ly p o d ia c e o is p o r ite s  c y c lo c in g u la tu s  W. Kr. 1967, P. re c to la tu s  Nagy 1963, P. b a ltic u s  m a jo r  (W. Kr. 1962) 
Nagy 1973, P o ly p o d iis p o r ite s  c e re b r ifo rm is  (Nagy 1963) Nagy 1985, C e d r ip ite s  h id a se n s is  Nagy 1985, C. m a x im u s  
Nagy 1985, C. b a la n sa e fo rm is  (Nagy 1969) Nagy 1985, P o d o ca rp id ite s  m a cro p h y llifo rm is  Nagy 1969, S c ia d o p ity s-  
p o lle n ite s  ver tic illa ta e fo rm is  (Sauer 1960) W. Kr. 1979, P ersica r io ip o llis  lu sa ticu s W. Kr. 1962, P. m eu se li W. Kr. 
1967, R u ta c e a r u m p o lle n ite s  k o m lo ë n s is  Nagy 1969, S a p o ta c e o id a e p o lle n ite s  tu rg id u s  Nagy 1969, P o ly g a la c id ite s  
m io c a e n ic u s  Nagy 1969, P e n ta p o lle n ite s  n e o g e n ic u s  Sim. 1964, A r e c ip i te s  tra c h y c a rp o id e s  Nagy 1969.

A number of new species can be identified in this zone. They are as follows: C o rru g a tisp o r ite s  d e lic a tu s  Nagy 1985,
C. p se u d o v a lla tu s  Nagy 1985, F o v eo tr ile te s  tr ia n g u lu s  Nagy 1968, P o ly p o d ia c e o is p o r i te s  b o e rz .so e n y e n s is  Nagy 1985, 
B ra n d e n b u rg isp o r is  b e c k w itz e n s is  W. Kr. 1967, O la x ip o ll is  m a tth e s i  W. Kr. 1962, N a g y ip o ll is  s z o k o ly a ë n s is  Nagy 
1963, U m b e llife ro ip o lle n ite s  n o g ra d e n s is  Nagy 1985, U. sp e c io s u s  Nagy 1985, C a ry o p h y llid i te s  ru e te r b e r b e n s is (W. Kr. 
1966) Nagy 1969.

Appearing species are as follows: P o ly p o d ia c e o is p o r i te s  z e n g o e v a rk o n y e n s is  Nagy 1969, V e rru c in g u la tisp o r ite s  
g ra n u s  W. Kr. 1967, P o ly p o d ia c e o is p o r i te s  tr io rn a tu s  Nagy 1985, E n c a ly p ta e s p o r i te s p lio c a e n ic u s  Nagy 1968, E p h e m -  
e r is p o r i te s b o r s o d e n s is  Nagy 1968, B r a n d e n b u r g is p o r is tr e p lin e n s isW. Kr. 1962, T su g a e p o lle n ite s g ra c il is jW . Kr. 1971) 
Nagy 1985, H e lio tr o p io id e a ru m p o lle n ite s  ro tu n d u s  Nagy 1969. From PN5 on, Plankton “A” and T ric o lp o ro p o lle n ite s  
s ib ir ic u m  (Lub. 1972) Nagy 1992 are also present but extend over into PN8 as well (Early, Middle and Late Badenian).

3. Echinatisporis variabilis—Cupressacites insulipapillatus Oppel zone or Taxodiaceaepollenites—Myricipites
acme zone.

Spore-pollen zone: PN7
D efin ition : A palynozone linked with Bifacialisporites badenensis—Mecsekisporites Oppel zone, featured by the 

single occurrence of E c h in a tis p o r is  v a r ia b ilis  Nagy 1969 and C u p re ssa c ite s  in su lip a p il la tu s  (Trev. 1967) W. Kr. 1971, 
both having a large amount. Also featured by the occurrence of species representing the Neogene brown coal-forming 
swamp.
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O ccurrence: borehole Hidas 53, 600.5—669.8 m (underlain by M2t,, overlain by M2t3).
Local correlation: seams Hidasbánya II, IV, V, VI, boreholes Hidas 88, 89, 91 and 105.
C hronostratigraphic c lassifica tion : Middle Badenian.
L ithostratigraphic c lassifica tion : Hidas Brown Coal Formation.
Remarks : The number of specimens of species the pollen zone is named after is low. It is recommended to distin

guish this zone owing to the specific floral association of brown coal beds: it is rather rich in T a x o d ia cea ep o llen ites sp. and 
Myricipites pollen grains, mainly in the deadrocks. The material of lignite is composed of fossil trees and is, in general, bar
ren in regard to palynology. C a ry o p h y llid ite s  h id a se n s is  Nagy 1969 and H e lio tr o p io id e ra u m p o lle n ite s  h id a se n s is  Nagy 
1969 have so far been identified only in zone PN7. For a great number of species, the range ends with this zone. They in
clude L a e v ig a to s p o r ite s  n it id u s  ( Mamczar 1960) W. Kr. 1967, P o ly p o d ia c e o is p o r ite s  h id a se n s is  Nagy 1969, P. lo n g u s  
Nagy 1969, P. m e c se k e n s is  Nagy 1969, P. m e d iu s  Nagy 1969, P  z o ly o m i i  Nagy 1969, F o v eo tr ile te s  v e r ru c a to id e s  W. Kr. 
1962, M e c se k is p o r ite s  c ereb ra lis  Nagy 1968, M . ze n g o e v a rk o n y e n s is  N a g y  1968, P o ly p o d i is p o r i te s  m e g a fa v u s  ( W. Kr. 
1967) Nagy 1973, C y c a d o p ite s  m io c a e n ic a  Nagy 1969, C u n n in g h a m ia e p o lle n ite s  lig n itu s  Nagy 1969, H e lio tr o p io d e a -  
ru m p o lle n ite s  ro tu n d u s  Nagy 1969, P o ro c o lp o p o lle n ite s  o r b ifo r m is  Pf. etTm 1953, P. tr ia n g u lu s  (R. Pot. 1931) Th. et 
Pf. 1953, T ric o lp o ro p o lle n ite s  c le tra c e ifo rm is  Nagy 1963, T u b u lif lo r id ite s  g ra n d is  Nagy 1969, S a p o ta c e o id a e p o lle n ite s  
a b d i tu s  (Pf. 1953) Nagy 1969, S. m ic ro r h o m b u s  (F t. 1953) Nagy 1969.

A  few new species appear in this zone: L y c o p o d iu m s p o r i te s p s e u d o c la v a tu s (W. Kr. 1963) Nagy 1985, O s m u n d a -  
c id ite s  q u in tu s (Тн. et Pf. 1953) Nagy 1985 m ic ro q u in tu sW . Kr. 1967, C h lo r a n th a c e a r u m p o lle n ite s  d u b iu s  Nagy 1969 
and P o ro c o lp o p o lle n ite s  h id a se n s is  Nagy 1963.

Hydrosporis miocaenicus—Intratriporopollenites polonicus Oppel zone
Spore-pollen zone: PN8
D efin ition : featured by the appearance of H y d r o sp o r is  m io c a e n ic u s  Nagy 1969 and In tra tr ip o ro p o lle n ite s  

p o lo n ic u s  Mai 1961.
O ccurrence: borehole Hidas 53, 558.0—575.0 m (underlain by M2t2, overlain by M3s).
Local correlation: borehole Tengelic 2, 726.4—826.5 m (underlain by M2t,, overlain by M,s).
C hronostratigraphic c lassifica tion : Late Badenian.
B iostratigraphic correlation: nannoplanktonic zone NN6.
Remarks: The appearance of species this palynological zone is named species for a good many of which 

this is the last occurrence: L e io tr i le te s  m a x o id e s  ( W. Kr. 1962) m a x im u s  (Pf. 1953) W. Kr. 1959, E c h in a tis p o r is  
m io c a e n ic u s  W. Kr. et Sontag 1963, V e rru c in g u la tisp o r ite s  n o g ra d e n s is  Nagy 1985, P o ly p o d i is p o r i te s  b o c k w itz e n -  
s is  (W. Kr. 1967) Nagy 1973, P ic e a p o lle n ite s  a la tu s  (R. Рот. 1931) Thierg. 1937, P. sa c c u life ro id e s  (W. Kr. 
1971) Nagy 1985, C e d r ip ite s  lu sa ticu s  W. Kr. 1971. The pollen spectra of pollen spectra zone PN8 are featured 
by a poorer flora and an increase in the amount of Coniferae.

Tsugaepollenites helenensis—Manikipollix tetradoides Oppel zone
Spore-pollen zone: PN9

Def init ion:  Featured by the appearance and dominance of T su g a e p o lle n ite s  h e le n e n s is  (W. Kr. 1971) Nagy 
1985 and the only occurrence of M a n ik in o p o ll is  te tra d o id e s  W. Kr. 1970.

O ccurrence: borehole Cserhátszentiván 1, 13.2—200.0 m (underlain by none, overlain by Q).
Local correlation: borehole Hidas 53, 417.0—554.3 m (underlain by M2t2, overlain by PI 1/1), structure 

exploratory borehole Vajta 1, 724.0—728 m, borehole Tengelic 2, 678.0—726.4 m (underlain by M2t2, overlain 
by PI 1/1), borehole Nagygörbő 1, 322.0—350.7 m, borehole Lajoskomárom 1, 671.0—718.0 m, borehole Tar 34,
207,0—638,0 m, borehole Lak 1, 22.6—363.7 m, borehole Alsóvadász 1, 240.0—709.5 m.

C hronostratigraphic cla ssifica tion : Sarmatian.
L ith o log ica l c lassifica tion : Sajóvölgy Formation, Kozárd Formation.
Remarks: In addition to the diagnostic M a n ik in ip o l l is  te tra d o id e s , also E c h in a tis p o r is  c se rh a te n s is  Nagy 

1985, and T h a la ss ip h o ra  p e la g ic a  (Eis. 1954) Eis. et Gocht 1960 have occurred so far only in this spore—pollen 
zone (borehole Hidas 53, 534.8—537.0 m; borehole Tengelic 2, 718.1—720.1 m, borehole Lak 1, 357.7—360.7 m. 
The only exception is made by its occurrence in the Early Badenian in borehole Nógrádszakál 2, 185.0—187.0 m).

For a great number of species this zone is the last occurrence. They are as follows: R ic c ia e s p o r ite s  h u n g a r i-  
cu s  Nagy 1968, O s m u n d a c id ite s  q u in tu s  (Тн. et Pf. 1953) Nagy 1985 m ic ro q u in tu s  W. Kr. 1967, L u sa tisp o r is  
p e r in a tu s  W. Kr. 1963, E c h in a tis p o r is  lo n g e c h in u s  W. Kr. 1969, E . h id a se n s is  Nagy 1969, C ib o ti id ite s  z o n a tu s  
Ross 1949, B ra n d e n b u rg isp o r is  tre p lin e n s is  W. Kr. 1962, L e io tr i le te s  m a x o id e s  W. Kr. 1962 ssp. m a x o id e s , Ver- 
ru c a tisp o r is  in a e q u a lis  Nagy 1969, P o ly p o d ia c e o is p o r i te s  lu sa tic u s  W. Kr. 1967, P. m in u tu s  Nagy 1969, P. sp in i-  
v e rru c a tu s  Trev. 1967, P. tr io rn a tu s  Nagy 1969, P o ly p o d i is p o r i te s  c la tr ifo rm is  (Th. et Pf. 1953) Nagy 1973, 
P. p se u d o a l ie n u s  (W. Kr. 1967) Nagy 1973, P in u s p o lle n ite s  lo n g u s  Nagy 1985, P. th u n b e rg iifo r m is  (Nagy 1969) 
Nagy 1985, S e q u o ia p o lle n ite s  m a jo r ' l l .  Kr. 1971, E p h e d r ip ite s  E . m e c se k e n s is  Nagy 1963, E . tre p lin e n s is  W. Kr.
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1961, C y r illa c e a e p o lle n ite s  e x a c tu s  (R. Рот. 1931) R. Рот. 1960, C a ly s te g ia p o ll is  s a r m a tic u s  Nagy 1985, U tricu -  
la r ia e p o lle n ite s  e le g a n s  Nagy 1969, A r a lia c e o ip o lle n i te s  e d m u n d i  (R. Pot. 1931) R. Pot. 1960, A . e u p h o r ii (R. 
Pot. 1931) R. Pot. 1960, A . r e tic u lo id e s  Thiele-Pfeiffer 1980, l'r ic o lp o ro p a llie s  h e d w ig a e  (Pflanzl 1956) Nagy 
1985, M a lv a c e a ru m p o lle n ite s  b a k o n y e n s is  Nagy 1962, S a p o ta c e o id a e p o lle n ite s  b ic o n u s  (Pf. 1953) Nagy 1969, S. 
o b sc u r u s  (Pf. et Th. 1953) Nagy 1969, S. s a p o to id e s  (Pf. 1953) R. Pot. 1960, P o r o c o lp o p o lle n ite s  h id a se n s is  
Nagy 1963, T r ic o lp o p o lle n ite s  l ib la re n s is  (Th. 1950) Th. et Pf. 1950 ssp. l ib la re n s is , T r ic o lp o ro p o lle n ite s  m in im u s  
Nagy 1969, P la ty c a r y a p o lle n ite s  m io c a e n ic u s  Nagy 1969, em. Fredericksen et Christ. 1978. In addition to Tsu- 
g a p o lle n ite s  h e len en sis , only a few species, namely, S te re isp o r ite s  D is tv e r ru s p o r is  c in g u la tu s  W. Kr. 1963 ssp. c in -  
g u la tu s  and St. D is ta n c o ra e sp o r is  c ra ss ia n c o r is  W. Kr. 1963 have their first appearance here.

Mecsekia ultima zone M. Sütő-Szentai 1982a, b 1988
Spiniferites bentori main zone M. Sütő-Szentai 1982a, 1988

These zones were set up by M. Sütő-Szentai (1982, 1988) and are suitable for use in the area of the Pannonian in
land lake. It is difficult to use them in those areas where no planktonic organism is observed or which are outside the area of 
the Pannonian inland lake.

Spore-pollen zone: PN10

O ccurrences: borehole Hidas 53, 210.0—395.0 m (Bartha F. 1971) (underlain by M3s, overlain by PI 1/2), 
borehole Megyaszó 1, 50.0—400.0 m (underlain by PI 1 /1, overlain by PI 1/2). Part studied: range 52.0 to 206.15 m.

It is featured by the great number of Stereisporites species, of which S te re isp o r ite s  D is ta n c o ra e sp o r is  m e c k le n b u rg e n -  
s is  W. Kr. 1963 have so far been identified only in this zone. It is, however, so rare that it alone was of no diagnostic value. 
St. D is tv e r ru s p o r is  c in g u la tu sW . Kr. 1963 ssp. c in g u la tu s  occurs last in this zone. Stereisporites species extending into the 
subsequent zone are as follows: St. St. p s e u d o s p ila tu s  W. Kr. 1963 ssp. p s e u d o p s ila tu s , St. St. s te re o id e s  (R. Рот. et Ven. 
1934) T h . et Pf. 1953 ssp. s te re o id e s  and St. St. s t i c tu s (Wolff 1934) W. Kr. 1963 ssp. s tic tu s , as well as O sm u n d a c id ite s  
q u in tu s  ( P f. et Th. 1953) Nagy 1985 ssp. q u in tu s , L y c o p o d iu m s p o r i te s  re tic u lo id e s  (W. Kr. 1963) Nagy 1985 ssp. red u c-  
to id e s  W. Kr. 1963.

V e rb e n a c e a e p o lle n ite s  h e re n d ie n s is  Nagy 1992 has so far been only identified in zone PN 10. Besides V. p a n n o n i-  
cu s  Nagy 1992 also occurs lastly here. For a number of spore species their range ends with this zone: L e io tr i le te s  tr ia n g u lu s  
(Mürr. etPF. 1952exW. Kr. 1959) W. Kr. 1962, L . tr ia n g u la to id e sW. Kr. 1962, L . m ic ro a d r ie n n isW . Kr. 1959, C o rru -  
g a t is p o r i te s  p a u c iv a l la tu s  (Pf. 1953) Nagy 1985, P o ly p o d ia c e o is p o r i te s  c o rru to ra tu s  Nagy 1985, P. h id a se n s is  Nagy 
1969, V e rru c in g u la tisp o r ite s  g ra n u s  W. Kr. 1967 ssp. g ra n u s, P e r in o m o n o le te s  p l io c a e n ic u s  W. Kr. 1967. Of Coniferae, 
P in u s p o lle n ite s  v e r ru c u la tu s ( Trev. 1967) Nagy 1985, P o d o c a r p id ite s  lib e llu s  (R. Рот. 1962) W. Kr. 1971, E p h e d r ip ite s  
E . c ra sso id e sW . Kr. 1961, E . E . h u n g a r ic u s N agy 1963, whereas of Angiospermae, In tr a tr ip o ro p o lle n ite s  m ic ro re ticu la -  
tu s  Mai 1961, E r ic ip ite s  c a llid u s  ( R .  Рот. 1931) W. Kr. 1970, M y r io p h y l lu m p o lle n ite s  m in im u s  Nagy 1985, U m b e llife r -  
o ip o lle m te s  ten u is  Nagy 1985, T u b u lif lo r id ite s  a n th e m id e a ru m  Nagy 1969 and S a b a lp o lle n ite s  re ta re o la tu s  ( Pf. 1953) 
Nagy 1985 appear lastly in this zone. The strikingly large amounts of Coniferae, starting from as early as zone PN8 are 
usually typical, including a decrease in the number of species.

Spiniferites balcanicus main zone M. Sütő-Szentai 1982b, 1988
Dinoflagellata—Zygnemataceae interzone M. Sütő-Szentai 1982a, 1988 and Mougeotia laetevirens zone 

M. Sütő-Szentai 1982a, 1988

Spore-pollen zone: PN11

O ccurrences: borehole Hidas 53, 51.0—210.0 m (Bartha, F. 1971) (underlain by PI 1/1, overlain by Q), bore
hole Megyaszó 1,17.0—50.0 m (underlain by PI 1/1, overlain by Q), borehole Pula 3 ,6 .0—38.4 (underlain by Pliocene 
basalt, overlain by Q).

Additional spore—pollen data concerning the zone: Stereisporites kind, in addition to those coming over from zone 
PN10 are as follows: St. St. in  v o lu tu s  ( D o k i . - H r к в. 1960) W. Kr. 1963 ssp. n o c h te n e n s isW . Kr. etSoNTAG 1963, St. St. 
s te r e o id e s (R .  Рот. 1934) Тн. et Pf. 1953 ssp. s te r e is (W . Kr. 1959), W. Kr. 1963, St. St. s t ic tu s (  Wolff 1934/W. Kr. 1963 
ssp. w o e ls fe r sh e im e n s is  W. Kr. 1959) W. Kr. 1963, St. St. m eg a s te re is  W. Kr. 1963, St. St. tr is te r e o id e s  W. Kr. 1963, St. 
D is tg ra m sp o r is  m im m o id e s  W. Kr. 1963, St. S te re ig r a n isp o r is s e m ig ra n u lu s  W. Kr. 1963, St. D is ta n c o ra e sp o r is  c ra ss ia n -  
c o r isW . Kr. 1963. Besides, the presence of P e r s ic a r io ip o lI is fra n c o n ic u s W . Kr. 1962, P. w e lzo w e n se W . Kr. 1962, V aleri- 
a n a c e o ip o l le n ite s n e s z m e ly e n s is  Nagy 1992and In tr a tr ip o r o p o l le n i te s c o r d a ta e fo r m is ("W o l f f  1934)Mai 1961 ischarac- 
teristic. Moreover, this zone is featured usually by the dominance of Coniferae, and in lignite-forming areas, by the large 
amounts of T a x o d ia c e a e p o lle n ite s  sp. and A  In ip o lle n ite s  verus. In addition to other forest-forming deciduous species also 
F a g u sp o lle n ite s  sp. can be detected plentifully in the northen region of Hungary.
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PALYNOZONATION OF THE MIDDLE PARATETHYS

In the area of the Middle Paratethys, only the territory of Slovakia makes possible to work out a compara
tive palynobiostratigraphy or palynobiozonation in the Neogene, since during the past few years É .  Planderová 
has developed a palynozonation for the Neogene of Slovakia, using materials from a number of exploratory bore
holes.

In 1978, É. Planderová set up, in regard with the Neogene of Slovakia, 8 microfloral zones, ranging from 
the upper part of the Egerian to the Pliocene. These macrofloral zones based mainly on dominance conditions are 
as follows: Zone 1 — the upper part of the Egerian and the lower part of the Eggenburgian; Zone 2 — the upper 
part of the Egerian, including the Ottnangian; Zone 3 — the Karpatian stage and the lower part of the Badenian; 
Zone 4 — the Middle and Upper Badenian and the lower part of the Sarmatian; Zone 5 — the Sarmatian without 
the upper Sarmatian; Zone 6  — the upper part of the Sarmatian and the Pannonian; Zone 7 — the Pontian, Zone 
8 — the Romanian stage.

In 1985 Planderová continued to develop the pollen biozonation of Slovakia by listing more than 200 spe
cies, then slightly modified it on the basis of additional studies. Mainly the appearance of species were regareded 
and the occurrence of spores was largely relied upon. Thus, the zones were modified in the following way: Zones 
1, 2 and 3—unchanged; Zone 4 — Middle Badenian; Zone 5 — Upper Badenian, Lower Sarmatian; Zone 6 — 
Sarmatian, to its middle part, Zone 7 — the rest of the Sarmatian (Figs. 81, 82). The comparison of the Neogene 
palynozones of Slovakia with those of Hungary has led us to the conclusion that in the Lower Miocene a great 
conformity can be observed in the zonation, due to the fact that this includes the major Lower Miocene localities 
in N Hungary. Here the zonation concerning Hungary is somewhat more detailed but the Lower Miocene boun
dary drawn by G. Hámor (Hámor et al. 1987) is backed up by the palynological zones in both areas. In the 
Middle Miocene, two biozones are distinguished in the Slovakian area, and three biozones are distinguished in the 
area of Hungary. Zones PNS and PN6 have common elements but can be distinguished by means of very typical 
species. The common upper boundary of zones PN7 and MF4 also backs up the cycles determined by G. Hámor.

In the Upper Miocene, two biozones could be detected in Hungary, whereas two biozones could be identifi
ed in Slovakia. In this case, the geographical situation of the Hungarian and Slovakian areas has played a major 
role. In Hungary, tropical elements are encountered in a small amount. Besides, the palynological material is of a 
more uniform character than that of the Slovakian areas towards the north, where no other tropical floral elements 
than Cycadopites minutus and Reevesiapollis triangulus are found.

The conformity in palynostratigraphy between the two countries points to the fact that the change in the 
Carpathian Basin took place in response to simultaneous geological and climatological events of great importance, 
considering that the two different classifications were developed using different species. Although different palyno
logical elements provided a basis for the zones, the data used has led nearly to the same results.

COMPARISONS MADE BETWEEN THE NEOGENE PALYNOFLORA OF HUNGARY
AND OF THE SURROUNDING AREAS

Data from my studies on the Neogene palynoflora of Hungary were first compared with the areas of Central Parate
thys, and then with Paratethys. Forthermore, I have also analysed the results of study of the Neogene areas of Northern and 
Mediterranean facies linked with Paratethys.

In my study the division of Neogene into three parts ( H á m o r ,  1984) was taken for a basis. In this classification the 
Lower Miocene is represented by the Egerian, Eggenburgian and Ottnangian, whereas the Karpatian, the Lower and 
Middle Badenian represent the Middle Miocene and, finally, the Upper Miocene include Upper Badenian—Sarmation, 
Pannonian and Pontian. According to a classification by S t e i n i n g e r  and R ö g l ,  1984 the Karpatian stage is assigned to the 
Lower Miocene ( 1985, Fig. 4). My research material, outlining the changes in the flora and vegetation, seems to veryfy the 
stratigraphic and chronological classification stated by H á m o r  (1984).

A list of floras of Hungary, assembled in accordance with this classification dividing the Neogene into three parts 
were compared with a floral list of the aforesaid areas (Tables 17,18 and 19). This comparison was not done quite easily.

Owing partly to the great variety of names, partly to the absence of figures, the species were not identified in every 
case. On the other hand, papers written by the authors at different times bear witness to the changes in nomenclature and 
also to the different opinion, of the authors. Many authors mention botanical relations but use a complete morphological 
nomenclature. Other authors, on the contrary, use only botanical names, some of them referring to names generally used in 
palynology. I did my best in making proper identification of taxa in accordance with the data found in literature. For in
stance, when only a genus name or a family name was given, then it was assigned to the species upon the highest probability, 
and the uncertainty was expressed by a question mark (Tables 17,18 and 19). Of course, mistakes cannot be avoided even 
in this way, however, if an author mentions only the family name e. g. of the Sapotaceae, I think it better to include this im
portant family instead of omitting it from the list. On the other hand, new difficulty arises when the geological classification 
is not unambiguosly clear. Many times we can find so ample definitions that e. g. the flora is of Oligocène or Miocene 
origin. For instance, the term “Lower Miocene” is not completely clear, since it cannot be decided what the author 
means by that. -



As far as the whole Neogene is concerned, the majority of materials from the northern region of the Central Parate- 
thys were originated from Slovakia. Some papers were also made in Poland. More westwardly, I was able to deal only with a 
few papers on Neogene palynology published in Austria. A few brief but comprehensive palynological studies deal with 
the N—E territory of Central Paratethys.

Studies linked with macrofossils have been known from the area of Transylvania since the first half of this century. 
Research in this direction is in progress.

Towards the south, only a few results concerning Central Paratethys have been available from the territory of Yugos
lavia. These data concern small, limnic basins the areal belonging of which is rather difficult to tell. Here also macrofossil 
studies are dealt with.

From the data of the Eastern Paratethys, those were used, which were connected with the Hungarian area. From out
side the Paratethys, the most significant examinations were done in Poland and Germany. Most data included in the rele
vant literature as bearing on the western, central and eastern Mediterranean region are from the younger part of the Neo
gene.

Of the areas belonging to Central Paratethys, Slovakia has been thoroughly studied. A number of papers by É. Plan- 
derova have been devoted to the study of Neogene time in Slovakia. Of these papers, only the summarizing ones ( 1962, 
1963, 1972) are referred to here. Of her papers on the Neogene, a comprehensive paper published in 1978 includes 143 
spore—pollen taxa. Their frequency provided a basis for setting up pollen zones. Comparing the table prepared by Plan- 
derova with those relating to the floras in Hungary, a very agreement can be observed between them. Not only typical spe
cies are identical but also dominance conditions exhibit a striking similarity. In many cases, as a result of difference in lati
tude, the warmer conditions in Hungary are shown by the fact that some thermophilous taxa existed here longer than in 
Slovakia. For instance, in Slovakia the occurrence of Sapotaceae family and palm species ends with the Karpatian and 
Momipites punctatus ends with the Upper Badenian, whereas in Hungary Sapotaceae extends into the Sarmatian, and 
Momipites punctatus and Sabalpollenites occur even in the Pontian in the coal-bearing facies (underwood).

In the year 1985 in a table assembled by É. Planderová for the Neogene Congress, 228 time ranges were published. 
Of them, the number of species identical with those of Hungary is 125. The flora of Slovakia reconstructed using this list 
shows the greatest similarities to the Neogene flora of Hungary. The palynozones were set up by Planderová on the basis 
of the above-mentioned table. These palynozones were also compared with those of Hungary in a lecture delivered at the 
Neogene Congress (Figs. 81, 82).

В . P a c l t o v á  ( 1966) described 95 spore and pollen species from the Aquitanian—Chattian of Slovakia. The number 
of common species is 73 (see part relating to Slovakia in the comparative palynological table).

Data on the palynological study of several Neogene limnic basins in Bohemia that are not Paratethys deposits but can 
be compared with the Neogene of Hungary due to their geographical situation, are available to us. They are as follows: the 
palynological study of lignite-bearing beds ranging from the Uppermost Oligocène to the Middle Miocene in S Bohemia. 
From them, 86 spore—pollen species, apart from algae and fungi, are mentioned in a palynological study by Pacltová 
(1960). The number of common species is 73. The flora shows great similarities to the floras of Hungary and Slovakia. 
The Sapotaceae family is represented by several species. In addition, this period was featured, according to Pacltová, by 
taxa of Corrugatisporites spore and of tricolporate pollen.

M. Konzalová ( 1976) dealt with the palynology of the Lower Miocene in N Bohemia. A total of 60 Ephedra and 
Angiospermae species were described of which 42 species are common. The material from N Bohemia, apart from spores, 
are also well correlatable with the material taken from the Lower Miocene beds in Hungary. The similarities are increased 
by the presence of a coal-bearing sequence which always comprises warmer elements, too. Thus, Calamus palm, and the 
Symplocaceae family are also included. However, the Sapotaceae family is represented to a rather small degree.

In the palynological studies on the Upper Pliocene beds of S Bohemia by Pacltová ( 1963), 59 taxa were described. 
Of them, 50 taxa are common with those identified in Hungary (see “Bohemia” in the comparative table).

Studies concerning an area of Poland belonging to the southern Central Paratethys are as follows: From Piaseczno
J .  O s z a s t  (1967) made a palynological study of the sequence of a sulphur deposit linked with Middle Miocene Middle 
Badenian gypsum beds which include 115 taxa. Of them, 80 are common with those observed in Hungary. As shown in the 
tables, the spectra have a rather small amount of spores and a large amount of Coniferae. Neither Symplocaceae nor Sa
potaceae were encountered any longer.

Tran Dingh Nghia ( 1984) studied pollen from Novy Targ—Orawa in the W Carpathian Basin, considered to be de
posited in the Late Miocene. Of a total of 146 spore—pollen species, 90 are common with those identified in Hungary. The 
number of spore species being identical with species encountered in Hungary is rather great but Sapotaceae pollen are 
missing there. So were they at the former localities.

The limnic basins in the southern part of Poland are found outside the Paratethys. Nevertheless, they are worth of 
being compared in regard to palynology. J. Doktorovicz-Hrebniczka ( 1954) described 56 species from the Lower Mio
cene browncoal beds of Lower Silesia (Zary). Of them, 43 species are common. Due to the origin of the flora, the amount 
of pollen of Taxodiaceae pointing to a swamp and of plants living ashore is large. As compared to that of Hungary, the 
amount described is comparatively small. As mentioned by the author, the old Oligocène elements vanish here as they do 
in beds of similar age in Hungary. The described floral pattern is in conformity with the Neogene of Hungary.

In a study by J. O s z a s t  (1960) on Middle Miocene (Tortonian) materials (Stare Glivice) 70 species were 
described of which 55 taxa are common with those encountered in Hungary. The grey claybeds are considered to be as
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old as Late Tortonian. This seems to be contradictory regarding the presence of Gleicheniaceae but, at the same time, sup
ported by the absence of Sapotaceae.

Samples from the locality Sosnica SW of Wroclaw were studied by A. Stachurska and A. Sadowska ( 1973). In this 
study a total of 108 taxa are mentioned which correspond to 77 Late Neogene taxa in Hungary. The fossils are considered 
by the authors as Early Pliocene. The occurrence of Symplocos is mentioned but this genus is no longer encountered in the 
Pliocene in Hungary. Studies by H. R. Goeppert, O. H eer, R. Kräusel, H. Czeczott, M. Mai etc. mention Late Mio
cene and Pliocene as the age of the locality, upon macroflora.

J . Oszast (1983) assigns the flora at Domanski Wierch (near Czamy Dunajec, in the W Carpathians) to the younger 
Pliocene, and compares the paleobotanical data bearing on this locality with data concerning the best-known localities 
studied by him in the Nowy-Targ—Orawa Basin. As shown by this comparison, the locality at Huba is older, Late Miocene, 
whereas the flora at Kroscienko is as old as Early Miocene. The flora at Kroscienko shows similarities to the upper part of 
Czamy Dunajec, whereas the flora at Huba is similar to the lower part of Czamy Dunajec.

Contributions to the palynology of the Neogene concerning the area of Austria are rather few in the relevant litera
ture. Hochuli (1978) scanned, taking individual samples, in addition to the territories of Switzerland and Bavaria, the 
Egerian, Eggenburgian and Ottnangian stages (Upper Oligocène — Lower Miocene) of Austria. Moreover, a few samples 
from the holostratotype of the Egerian in Hungary were also studied. Based on this it can be stated that a total of 104 spe
cies of which 86 are common with those found in Hungary correspond to the Neogene of Austria, Bavaria and Switzerland. 
There are differences in the areas of species considered to be of stratigraphic importance. This indicates a warmer climate 
to be prevailing in Hungary.

A comparative study by Klaus ( 1952,1955) deals with a few localities corresponding to the range between the Ott
nangian (Langau) and the Upper Pannonian (Neufeld). 44 taxa are mentioned (some of these taxa are regarded as collect
ing ones). Of them, only 7 was not identifiable with the species found in Hungary. A study by H. O rbitzhauser-Toifl 
(1954) was also devoted to the microflora at Langau. In this study a total of 49 species were described of which 35 species 
are identical with those identified in Hungary.

In Romania, in addition to macrofossils, also sporomorphs from the Lower Miocene (Burdigalian) of the Transylva
nian Basin (NW Romania, Almás) were studied by Petrescu (1971). The Upper Oligocène macro- and palynofloras of 
Zsilvölgy are dealt with in a joint paper by R. G ivulescu and I. Petrescu (1986). 68 macrofossils and 80 palynomorphs 
are listed in this study. Of the latter, 69 species can be recognized in the Egerian flora of Hungary. As for the quantitative 
distribution of phyla, ferns are 18%, Coniferae are 5%, and Angiospermae are 76%. In the most significant borehole 
penetrating the Eggenburgian in Hungary, borehole Püspökhatvan 4, the proportions of species are 37% for ferns, 15 % 
for Coniferae and 48 % for Angiospermae.

Petrescu et al. 1979 studied Upper Miocene fossils (Pannonian s.str. and Pontian s.str.) from a borehole drilled E of 
Oradea (Nagyvárad). The age of this borehole has been dated upon ostracods. 30 Pannonian and 32 Pontian species are 
mentioned. 26 species are common with the Pannonian, and 27 taxa are common with the Pontian. So, the floras that are 
actually completely identical with those encountered in Hungary are concerned.

R. G ivulescu and B. D iaconeasa (1985) published palynological results from Máramaros, and drew a conclusion 
on climatic oscillation on the basis of quantitative data on Gymnospermae and Angiospermae of the Pontian.

Studies by E. Pop (1936) on the macro- and micropaleobotany of the Pliocene flora at Borszék using samples from 
the uppermost Pliocene deposits are of pioneering feature. Lörenthey stated these bed to be Lower Levantian, on the ba
sis of the fauna, as correlatable now with the Dacian stage (Pop 1936, p. 138). 27 sporomorphs that may represent the up
per part of the Upper Pannonian but may also be from earlier time are mentioned and shown (Tsuga, Keteleeria, Ptero- 
carya, Carya, Rhus etc.) (see part relating to Romania in the comparative table).

N. A. Shchekina performed palynological studies ( 1958) of samples from the Upper Tortonian (Upper Badenian) 
brown coal region (Nagyszóllós, Vinogradov—Ungvár) in the NE area of the Central Paratethys. In general, botanical na
mes were used and the fossils were referred to by genus or family name. As for spores, except for Dryopteris thelypteris, 
data are incorporated into taxa of higher order such as Filicales, Bryales. A total of 87 taxa are distinguished, of which 64 
taxa can be compared with those included in my study. After all, it is to be noted that spores are not treated in details. Seve
ral tropical, subtropical genera (Sapotaceae, Symplocaceae, Myrtaceae, Cyrillaceae) are missing, and Magnolia and Liri- 
odendron have so far been identified from the older Neogene beds in Hungary.

As for the Middle Sarmatian of the Sub-Carpathian region, S. V. Syabryai reported a very rich pollen flora there 
from (Syabryai et Vodoryan 1976) in wich species of Magnoliaceae, Sapotaceae, Symplocaceae, Myrtaceae, Palmae, 
Ebenaceae, Santalaceae and Araucariaceae are also included. In addition, a great number of herbaceous grass species are 
included. The author presumes that a warm, partly subtropical climate is likely to have existed there.

The Pannonian flora described in the area outside the Carpathians contains hardly any species corresponding to 
tropical families mentioned above (Diospyros). The author makes a comparison with floras in Hungary and Slovakia 
(Syabryai 1975). The browncoal seams found in the area of Ilnitsa are assigned, on a palynological basis, to the Levantian, 
by the same author (1967).

Owing to studies by Shchekina, we have been informed of the area of the Eastern Paratethys. The flora in the S Uk
raine assigned to the Middle Maikopian contains great number of taxa comparable with the Egerian ones in Hungary, such 
as spores like Gleichenia, Cyathaceae. However, some of the spores described by W. Krutzsch from the Upper Oligocène 
which have not been so far identified in Hungary but can be identified in the Ukraine are mentioned (Shchekina 1969. p.
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44). As for conifer species, like in Hungary, Dacrydium genus was also found. On the other hand, representatives 
of the Sapotaceae family are not mentioned among Angiospermae.

The rest of data from the area of the eastern Paratethys relate to the youngest Miocene, Pliocene, Meotian, Pontian 
and Kimmerian stages (Shchekina 1974,1975,1977). These localities are represented by very rich floras: some tropical 
fern species (Gleichenia, Schizaeaceae) and warm—temperate forests, many herbaceous plants are encountered in the 
Meotian. The climate was warmer and more humid than today. The aforesaid tropical species are not included in the Ponti
an any longer but Salvinia, Lycopodium, Selaginella and Sphagnum spores are mentioned. The climate is warm—tempera
te. At the end of the age warming-up and aridization are typical. As shown by the diagram and floral lists (Shchekina 
1977. p. 76—77) a very large increase in the amount of dry elements is indicated by samples from the Levantian, (see part 
relating to Central Paratethys and Eastern Paratethys in the Ukraine in comparative tables).

In Yugoslavia, palynological data covering the whole Neogene were supplied by studies made in the Zenica—Saraje
vo Basin (Pantic et al. 1966). Based on a table showing 52 species, it can be stated that some taxa are ranging into younger 
stratigraphic units. Thus, Monocolpopollenites tranquillus still occurs in the Pannonian, and Sapotaceoidaepollenites and 
Symplocos can only be found in the Pannonian. Stereisporites genus is abundant in younger beds in Hungary and farther 
northerly, whereas here it is encountered in a lower-situated horizon of the Miocene and is missing from younger beds. The 
late appearance of Sapotaceae—Symplocaceae is presumably due to local reasons.

Further data are available from Yugoslavia on browncoal deposits (Weyland, Pflug et Pantic 1958). These depo
sits are found in various parts of the country and contain also macroflora. Fossil floral lists of the Upper Oligocène-Lower 
Miocene localities in North Bosnia and Croatia, of Middle Miocene localities in North Montenegro and of Upper Pontian 
localities in Croatia are evaluated. The major part of species listed can be correlated with those identified in Hungary (see 
part relating to Yugoslavia in the comparative table).

Some 25 sporomorphs, in addition to Ephedra distachya only Angiospermae were described by Sl. Petrov and Tz. 
Drazeva- Stamatova (1974) from the Pliocene coal deposits in SW Bulgaria (Belibreg, Belobriag). In addition to the gene
rally warm—temperate species, also subtropical—tropical Periploca graeca L. (Manikipollis tetradoides W. Kr.) identi
fied in the Sarmatian of Hungary is also included. This area is found more southerly from Hungary. This gives an explanation 
to the presence of this species in the Pliocene (see part relating to Bulgaria in the comparative table).

My study results are also compared with those attained in regions being situated outside the Parathethys but repre
senting its direct continuation in Poland (Rypin, N of Warsaw, L. Stuchlik 1964) and likewise in areas belonging to the 
Great Polish Plain in W Poland (M. Z iembinska-Tworzydlo 1974).

Stuchlik performed studies on the Upper Oligocène—Lower Miocene series (corresponding to Periods I and II) 
and on the Upper Miocene series (Period III) in the Rypin II area of Poland. Of the spore—pollen taxa described by Stuch
lik, 128 are common with those encountered in Hungary. Of taxa occurring in a larger amount only 6 taxa cannot be iden
tified with those observed in Hungary, the rest of difference is given by taxa classified by Stuchlik as “sporadically occur
ring ones”. In contrast to Hungary, here the number of Sapotaceae were negligible in the earlier periods (Periods I—II) as 
well. Taxa assigned to the Polypodiaceoisporites genus were also represented only by one or two specimens each. Of cour
se, there are taxa which are relatable to Periods I and II in Poland (Sapotaceae, Tricolporopollenites henrici), but are also 
present, although in a smaller amount as compared to the Lower Miocene, in the upper part of the Miocene of the Central 
Paratethys.

Z iembinska-Tworzydlo (1974) studied many localities in the western part of the Northern Plain of Poland. 174 
sporomorphs are reported from samples from sequences ranging from the Middle Oligocène to the Upper Miocene. Of 
them, 147 taxa were identified from Upper Oligocène—Upper Miocene beds in Poland. Of these taxa, 140 are common 
with those identified in Hungary. Of taxa with latest occurrence in the Middle Oligocène in Poland, the following species 
are also included in the Neogene of Hungary: Leiotriletes triangulatoides W. Kr. 1962, Corrugatisporites microvallatus 
(W. Kr.1967) Nagy 1985, Cicatricosisporites chattensis W. Kr. 1961, Polypodiaceoisporites marxheimensis (Mürr. et. 
Pf. 1952). W. Kr. 1959, P. speciosus (К. Рот. 1934) R. Рот. 1956, Retitriletes lusaticus W. Kr. 1963, Polypodiisporites 
megahalticus W. Kr. 1967, P. bockwitzensis (W. Kr. 1967) Nagy 1973, Piceapollenites tobolicus (Panova 1966) Nagy 
1985, Sciadopityspollenites verticillatiformis (Zauer 1960) W. Kr. 1971, S. tuberculatus (Zakl. 1957) W. Kr. 1971, 
Ephedripites D. bernheidensisW. Kr. 1961, Sabalpollenitespapillosus (Mürr. et Pf. 1961) Nagy 1969, Tricolporopolle
nites villensis (Тн. 1950) Th. et Pf. 1953, T. cingulum(R. Рот. 1931)Тн. et Pf. 1953 ssp.fususR. Рот. 1953, Spargania- 
ceaepollenites polygonalis Thierg. 1937.

There are species which appear in Hungary as early as the Early Miocene and occur in in the northern part of Poland 
only in the Middle or Upper Miocene. They are as follows: Tsugaepollenites minimus (Raatz 1937) Nagy 1985, T. verru- 
catus (W. Kr. 1975) Nagy 1985 Platycaryapollenites miocaenicus Nagy 1969, Betulaepollenites betuloides (Pf. 1953) 
Nagy 1969 Porocolpopollenites latiporis Pf. etTm 1953, P. triangulus (R. Pot. 1931) Th. et Pf. 1953, Cyrillaceaepol- 
lenites megaexactus (R. Pot. 1931) Thierg. 1937, Eaguspollenites verus Raatz 1937, Persicarioipollis meuseli W. Kr. 
1962. Thus, despite its many similarities, the flora reflects the differences in geographical extent and the relationships with 
western areas (see data relating to Poland in the comparative table).

A large amount of comparative data from Germany was available to me since it was this country where palynological 
studies of the Neogene started from (R. Potonié, F. Thiergart, P. Thomson, H. Pflug, see references in my previous vo
lume 1985). My evaluations were based on their works accompanied by other German authors. Upon the initiative of G. 
Brelie and V. Rein, it was W. Krutzsch who setup floral groups of greater stratigraphic importance, achieving out stan
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ding stratigraphic results (1961, 1967, 1971, 1977) and rendering help to palynologists in dealing with Neogene. 
K rutzsch published mainly spores in his Atlases (I to VII). I deem that the study of spores is of great importance 
since they are, in all probability autochtonous, moreover they are resistant and thus comparatively well preserved 
even in Neogene deposits which underwent a number of cataclisms. In addition, they are rather diagnostic of cli
mate and stratigraphic position. Some of a number of spore species appeared later or persisted longer in Hungary 
than in Germany. For instance, Punctatisporites crassiexinus lived in the Early Miocene in Germany but in the 
Early and Middle Miocene in Hungary. Foveotriletes semifovearis, F. rueterbergensis, F. triangulus, Intrapuctutatis- 
poris gracilis and Verrucingulatisporites granus granus lived in the Early Miocene in Germany but in the Middle 
Miocene in Hungary. Dictyophyllidites teupitzensis medioris existed in the Middle Miocene in Germany but in the 
Late Miocene in Hungary. Echinatisporis longechinus lived in the Early Miocene in Germany but in the Early, 
Middle and Late Miocene in Hungary whereas Echinatisporis cyclocingulatus lived in the Early Miocene in Ger
many but in the Middle and Late Miocene in Hungary. Of conifers species, Cupressacites bockwitzensis lived in 
the Early Miocene in Germany and inthe Early and Middle Miocene in the present day Hungarian territory. Due 
to the difference in latitude, these taxa indicate that the climate was warmer in Hungary for a longer time than in 
Germany. Some species, however, seem to have propagated from Hungary towards the north. Of spores, for in
stance, Polypodiisporites margaënsis lived in Hungary in the Early Miocene and in Germany in the Middle Miocene. 
Perinomonoletes goersbachensis lived in the Middle Miocene in Hungary but in the Late Miocene in Germany. Of pine 
species, Pinuspollenites labdacus reticulatis lived in the Early and Middle Miocene in Hungary but in the Middle Miocene 
in Germany.

A specific feature of the flora in Germany (T h iele-P feiffer  1980, M ohr 1984) is given by the Cicatricosisporites 
species that are typical of the Paleogene of Hungary are also indicative of the Middle and Late Miocene in Germany. In 
Hungary Cicatricosisporites chattensis minor occurs last in the Egerian (see data on Germany in the comparative table).

As for the Mediterranean territory, desciples at Montpellier of Van C ampo have greatly contributed to the know
ledge of the flora of the Western Mediterranean. B essedik  (1985) scrutinized the whole Neogene at localities in Catalonia, 
Languedoc, Provence and at localities found in the Rhone valley. A large amount of Sapotaceae, Engelhardtia, Symplocos 
were observed in the Lower Miocene and even in the Middle Miocene. Their amount is smaller in the Upper Miocene. In 
the uppermost part (the upper part of the Tortonian and the Messinian) tropical elements are only represented by Engel
hardtia, and Palmae. In the western part of the Mediterranean the mangrove associations are represented by Avicennia in 
the Lower and Middle Miocene but Taxodium swamp can be observed in the Pontian. Unfortunately, neither B essedik , 
nor Sue (1980) who studied mainly the Plio-Pleistocene areas in Languedoc-Rousillon (S France) and Catalonia 
(N Spain), regarded spores (see data relating to France and Spain in the comparative table).

L avinia T revisan from Italy performed a palynological study on the upper part of Gabbro Messinian in Toscana, the 
middle part of the Mediterranean ( 1967). In this study 105 spore-pollen species were described of which 89 taxa were new. 
Some of them are also encountered in Hungary. For the sake of comparison, each taxa was regarded upon its botanical rela
tions given by Trevisan. It can well be compared with the Pontian of Hungary, mainly with the absence of tropical species. 
As for the Mediterranean region, these data can be compared with data on the flora of similar age in Greece.

Greece is part of the Eastern Mediterranean which is of great importance for us since it has detectable relations with 
Hungary through Tracia in the Balkan Peninsula. First data on the palynology of Greece were supplied by W eyland and 
P flug (1957,1958,1961). Based on the palynological study of some samples, the flora described from the area of Ptole- 
maios was assigned to the Pontian. The samples from Peloponnesos, Megapollis are also considered to be of the same age 
and are also compared with the Late Pannonian (Pontian) flora of not only Yugoslavia but Hungary, as well ( 1961. p. 116). 
C h . Ioakim ( 1984) studied Pliocene beds, and as a result of Ioakim’s investigations in the Ptolemaios area in NW Greece, 
data on the Pliocene similar to those obtained in Hungary were supplied, including the dominance of Coniferae and the 
Taxodium swamp. This flora differs from the Pliocene vegetation of Hungary in its thermophilous elements (Symplocos, a 
great number of palms, Araliaceoipollenites edmundi). Of its wide range of herbaceous taxa, Amaramthaceae—Che- 
nopodiaceae, Ephedra point to drier areas. Unfortunately, spores are not listed in detail but the occurrence of Sphagna- 
ceae, Osmundaceae, Schizeaceae as well as the “Spores monoletes, S. triletes ’’probably point to the occurrence of Laeviga- 
tosporoites haardti and Leiotriletes in Pliocene time.

Based on the palynological study of samples from beds of Vallesian age of Samos Island, I oakim ( 1985) indicated a 
vegetation requiring a climate that is warmer and more humid than the former one. Besides, a drier forest also lived here 
including Sapotaceae and palms. The presence of Cyrillaceae species and Taxodiaceae swamp is also presumed.

Pollen grains from the island of Crete were studied (B enda et al. 1974) in order to correlate them with areas in Italy 
and Turkey. The exact stratigraphic classification was determined on the basis of studies of forams and Mammalia. Palyno
logical data from the island of Crete were supplied by I oakim ( 1986) parallel with data from magnetostratigraphic measu
rements. A Taxodium swamp is presumed to have existed in the Late Miocene, Pannonian, Vallesian vegetation by the au
thor. I oakim deems that the flora of that time of Crete is likely to have been more thermophilous than its flora of today (see 
part relating to Greece in the comparative table).

As for the part of the Eastern Mediterranean in Turkey, studies by L. B enda have led to a stratigraphic classification 
( 1971). The author regarded 71 taxa or groups of taxa. Comparing it also with a correlation table prepared by Steininger 
et al. (1983) it can be stated that its “Bilds” or “assemblage” zones, despite the indicated question mark are, in many cases, 
in conformity with the units of the Central Paratethys. Kurbalik’s association is roughly in compliance with that of the Ege-
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nan, including the lower part of Kale. The greatest difference is that the Oligocène species of Cicatricosisporites genus va
nish in Hungary in the Egerian but extend, in Turkey, to the Eskilusar (Sarmatian). Another major difference is that nearly 
all members of species Nos. 56 through 78 (see B enda 1971, Table 1) in the range between Juglans and Myriophyllum are, 
although in a small amount, observed in the Egerian of Hungary. These facts indicate differences due to different latitudes 
since the arctotertiary elements should, of course, appear earlier in Hungary, but taxa requiering a warmer climate vanish 
sooner (see part relating to Turkey in the comparative table).

/
/

i
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TAXONOMY

I believe that it is of great importance to add a taxonomic part to my study published in 1985, because, on 
the one hand, some species which supplied data on stratigraphy, ecology or climatology were identified and, on 
the other hand, the reflection to my previous volume made it necessary to perform some modifications, in regard 
mainly to nomenclature.

As compared to the volume devoted to taxonomy, modifications included mainly the changing of quantita
tive data, since it has been found so, after the photos and study materials accumulated during a period of more 
than 30 years had been examined that several species, of which only one specimen was indicated, had more than 
one specimens. This conditions is visible from the floral list of each locality.

Here I should express my due thanks to dr. C. Lobreau-Callen (France), N. J. Jansonius (Canada) and 
dr. V. A. Vakhrameev (USSR) for their contribution to my work by their remarks and by supplying data from 
the relevant literature.

P H Y L U M : B R Y O PH Y T A
Classis: Musci
S u b c la s s is :  S p h a g n o id a e  
Ordo: Sphagnales
Familia: Sphagnaceae

Genus: Stereisporites (Pf. 1953) W. Kr. 1963

Stereisporites sg. Distancoraesporis microancoris W. Kr. 1963 

Plate I. Figs. 1 and 2

1963. Stereisporites (Distancoraesporis) microancoris n. fsp. W. Kr. Atlas III. p. 54. 9. 1—11.

The spore is 20 pm and has smooth edges and thin wall, and is ornamented with fine-developed winged ele
ments on the distal side. Its specimen that is completely identical with the holotype was found in the Eggenburgi- 
an penetrated by borehole Budajend 2, in the range of 538.4 to 539.4 m. W. Krutzsch (1. c.) described this spe
cies from a clay connected with Pliocene glacial drift, but he also found it in the Middle Miocene.

Stereisporites sg. Distgranisporis sprembergensis W. Kr. et Sontag 1963 

Plate I. Figs. 3 through 6

1963. Stereisporites (Distgranisporis) sprembergensis n. fsp. W. Kr. et S ontag—In W. K r . Atlas III. p. 84. PI. 23. 1—4.

Its specimen with size of 31 pm has a wall thickness of 2 pm. Its corners are thick. The line of the side is wavy. It has 
a central verrucae on its distal side, and all the distal side is ornamented with verrucae extending over to the proximal 
side. This specimen was identified from the Ottnangian penetrated by borehole Lajoskomárom 1, in the depth range 
of 1349.3 to 1364.1 m. W. Krutzsch and Sontag described this species from the Middle Miocene, from the Lausitz 
brown coal seam 2.

PH Y L U M : G Y M N O S P E R M A E  
SUBPHYLUM: CONIFEROPHYTINA 
Classis: Coniferopsida 
Ordo: Pinales (Coniferales)
Familia: Abietaceae—Pinaceae 
Subfamilia: Abietoidae

Genus: Larixidites Maljavkina 1958

1958. Larixidites M aljavkina V. S., Sporii i plica Nizsnevo Mela p. 109—110.
1985. Laricispollenites Nagy, Geol. Hung. ser. Pal. Fasc. 47. p. 140—141.
G e n e ro ty p u s : Larixidites orbipatelliformis Maljavkina 1958

Remark: The monotypical genus reported by M aljavkina in 1958 from the Lower Cretaceous of Mongolia corre
sponds to the recent Larix genus (1. c.).
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Larixidites gerceënsis (N agy 1984) n. com b.

1985. Laricispollenites gerceensis n. g. n. sp. — Nagy, Geol. Hung. ser. Pal. Fasc. 47. p. 141. Pl. LXXIV. Fig. 2—5.

Several specimens of the species in size ranging from 56 to 100 pm were found in Ottnangian samples from the bore
hole Tekeres 1, in the Sarmatian from borehole Cserhátszentiván 1, in the Pontian from boreholes Gérce 1, Naszály 1, Hi
das 53 and the Petófi-bánya adit.

PHYLUM: ANGIOSPERMAE, ANGIOSPERMATOPHYTA 
Classis: Dicotyledonopsida (Dicotylédones)
S u b s e r ie s :  P  o ly  c a r  p ic a e  —R и b ia le s  
Ordo: Rhamnales 
Familia: Vitaceae

Genus: Vitipites Wodehouse 1933
1933. Vitipites gen. nov. — Wodehouse, The oil shales of the Green River Formation. Torr. Bot. Club. 60. 7. 514.
1980. Vitispollenites n. g. — Thiele-Pfeiffer, Die Miozäne Mikroflora aus dem Braunkohlentagebau Oder bei Wackersdorf/Ober

pfalz. — Palaeontographica B. 174.4—6. p. 166.

G e n e ro ty p u s : Vitipites dubius Wodehouse 1933

Vitipites sarmaticus n. sp.

Plate I. Figs. 7 through 9

Holotypus: sample 71 from borehole Csi 1; plate I, 108.9—20.5 
Locus typicus: borehole Cserhátszentiván í , 194.0—196.0 m 
Stratum typicum: Sarmatian, sandy silt

Diagnosis.-Tricolporate pollen grain which is prolate-spheroidal in equatorial plain. The exine is tectate, mic- 
roreticulate. The wall is thicker in the polar region than at the equator. Microreticula have larger lumens at the 
poles and are finer towards the equator. The exocolpi are long and runs along the contour. The margo is thin. 
The endopores are small and round.

Dimensions: The holotype is 23X22 pm in size. The exine has a thickness of 1.5 pm in the polar region and
0.5 pm at the equator. The collumellae are approx. 1 pm high and 0.5 to 0.6 pm wide in the polar region. The 
muri forming the microreticulums is 0.2 to 0.3 pm in size. The colpi have a width of 1 pm and the margo run
ning on two sides of theirs are 0.5 pm in size.

Differential diagnosis: In regard to its form and size, Vitipites sarmaticus n. sp. most resembles Vitipites ze
le n kens is Konzalová 1976 and V. tener (Thiele-Pfeiffer 1980) n. comb. (Thiele-Pfeiffer, Paleontographica 
B. 174.4—6.166. Vitispollenites tener n. sp.). They are different in regard to the width—length index which is 0.9 
for the new species and 0.8 for the other two species. Thus, it differs from them in its round shape and the 
rougher reticulums of the polar region.

Occurrence: In a small number of specimens.
Botanical relations: They are considered to be assigned to Vitis genus.
Remarks: In 1958 a species which exhibits features of Vitis genus despite the fact the photo is not of oil-im

mersion type, was described as cf. Vitis sp. from locality II of the brown coal mine of Petófi-bánya (Nagy 1958. 
p. 73 and 200, 201, Plate XX, Fig. 10). This genus is rather rare. Vitis species were published by Stuchlik 
(1964) from the Lower Miocene of Poland, by Oszast (1967) from the Middle Miocene of South Poland, by 
Konzalová from the Middle Miocene of Bohemia, by Thiele-Pfeiffer (1980) from the Middle Miocene of Ger
many, by Ingwersen (1954) from the Upper Tertiary of Denmark, and by Stachurska and Sadowska (1973) 
from the Pliocene of South Poland.

Familia: Valerianaceae

Genus: Valerianaceoipollenites sp.

G e n e r o t y p u s :  Valerianaceoipollenites neszmelyensis n. g. n. sp.
Diagnosis: Tri- or tetracolporoidat middle-sized pollen grains. The tegillate sexine is thicker than the nexine and is 

spinuliferous. The colpi are comparatively short.
Differential diagnosis: The exine structure of Scabiosaepollenites genera shows similarity to Valerianaceoipollen- 

ites genera but is remarkably different in size. As compared to the size of the new genus, the size of spines and the colporai
dat structure are different.
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Plate I. Figs. 10 through 13

Holotypus: borehole Nsz. 1, borehole 3, 111, 6X11 
Locus typicus: borehole Neszmély, 1.0 to 1.6 m 
Stratum typicum: Pontian, silty clay

Diagnosis: Suboblate, tricolporoidat pollen grain. The exine is comparatively thick, tegillate, and ornamented with 
spinulae and spinae. Minor spines (spinulae) are found between the spines that are found at uniform spacing. The endo- 
sexine is intrabaculate. The colpi are relatively short whereas the endopori are lolongate.

Dimensions: The size of pollen grain is 59 pm. The exine is 3 pm thick. The spinae is 2.1 pm in size. The length of 
colpi is approx. 23 pm.

Differential diagnosis: see the description of the genus.
Botanical relations: It is Lobreau-Callen who has stated that the pollen corresponds to the Valerianaceae 

family. The assignment of the pollen into this genus is backed up by descriptions and figures prepared by E rdt- 
man (1952, 1954). Only a single specimen has been found hitherto.

Valerianaceoipollenites neszmelyensis n. g. n. sp.

S e r ie s :  M a lv a le s  — S o la n a le s  
Ordo: Tricoccae 
Familia: Buxaceae

Genus: Nagyipollis Kedves 1962
1962 Nagyipollis n. fgen. — K e d v e s ,  Acta Univ. Szegediensis, Acta Biol. N. S. VIII. 1—4. p. 83 

G e n e r o t y p u s :  Nagyipollis globus K e d v e s  1982

Nagyipollis szokolyaënsis n. sp.

Plate I. Figs. 14 and 15

Holotypus: borehole Szokolya 3, sample 35, 115.9X20.0 
Locus typicus: borehole Szokolya 3, 47.0 to 48.6 m 
Stratum typicum: Lower Badenian, grey claymarl

Diagnosis: Roundish, tricolpate, polyporate pollen grain. Its exine is baculate, the ectexine has 3 short colpi. In the 
endexine 5 round, marginless endopori aligned beneath the thin colpi are found.

Dimensions: The holotype is 37 pm in size. The size of exine is approx. 1.4 pm. Colpi are 10 pm long. Endopori 
have a diameter of approx. 1 pm.

Differential diagnosis: Nagyipollpollis szokolyaënsis n. sp. differs from N. globus Kedves 1962 in size and in 
regard to the facts that exine and colpi are thinner and that exopori are missing.

Remark: Based on a study by M. Bessedik (1983) it is assigned to Buxus L. genus. Only a few specimens 
have been found so far.

Genus: Buxites Martynova 1960
1960. Buxites M artynova— in P okrovskaia et Stelmak , Atlas of Upper Cretaceous, Paleocene and Eocene Spore—Pollen Comp

lexes of Several Regions of the USSR (In Kremp et Ames 1962. Catalog of Fossil spores and pollens, Vol. 16. p. 8.).
1966. Buxapollis n. fgen.—W. K rutzsch , Geologie, 15. (55) p. 32.

G e n e r o t y p u s :  Buxites unicoloris Martynova 1960

Buxites buxoides (W. Kr. 1966) n. comb.

Plate I. Figs. 16 through 19

1966. Buxapollis buxoides n. fsp.—W. Kr., Geologie, 15. (55) p. 32. Taf. VI. 8—12.

One specimen with size of 31 pm identified from the Pontian beds of borehole Naszály 1, in depth range 12.2 to
14.4 m. Based on the relevant European literature, W. Krutzsch refers to the Middle and Upper Miocene and reports 
the holotype from the Upper Miocene. Botanical relations: referring to Buxus L. genus (see Bessedik 1983).
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Ordo: Tubiflorae (Polemoniales—Boraginales)
Familia: Verbenaceae

Genus: Verbenaceaepollenites n. g.
G e n e r o t y p u s :  Verbenaceaepollenites pannonicus n. g. n. sp.

Diagnosis: Brevicolpate, tricolporate pollen grains. The exine is tectate, collumellate. The endoporus turns to an 
atrium beneath the small and round expoporus. The colpi are thin and comparatively short.

Differential diagnosis.Tt is Porocolpopollenites T h . et P f. 1953 genus that shows similarity to the new genus. How
ever, it has a vestibulum in the pore structure. In addition, their exine structures are also different. This genus also shows 
similarities, in regard to its roundish shape, to Oleoidearumpollenites Nagy 1969 but it has a completely different pore 
structure.

Verbenaceaepollenites pannonicus n. g. n. sp.

Plate II. Figs. 1 through 7

Generotypus: borehole Cserhátszentiván 1, sample 55, 100, 1X12, Plate II, Figs. 1 through 3 
Locus typicus: borehole Cserhátszentiván 1, 163.0 to 165.0 m
Stratum typicum: Sarmatian, light grey, faunal, carbonaceous, slightly micaceous marl

Diagnosis: Roundish, brevicolpate, tricolporate pollen grain. The upper part of the exine is formed by a tectum gen
erated from the coalescing of bacula. Minor particles are observed on its surface. The endexine is thin. The exoporus has a 
small diameter and the endoporus forms an atrium. The colpi are short and thin. The exine is featured by secondary fold
ings which cause, in some cases, the exine to protrude as a hemisphere.

Dimensions: The holotype has a diameter of 25 pm. The thickness of the exine is 1.5 pm at each pore and 1 pm be
tween the pores. The exoporus has a diameter of 1.3 pm. The size of endoporus is 1 pm. Colpi are 9 pm long.

Differential diagnosis: Verbenaceaepollenites pannonicus n. sp. differs from V herendiensis n. sp. mainly by the 
facts that it has a smaller size, a longer atrium and that it has typical secondary foldings.

Remarks: It has so far been found in size ranging from 21 to 27 pm, in addition to the holotype, in the Lower Bade- 
nian in depth range of 95.5 to 999.5 m of borehole Nógrádszakál 2, and in the depth range 107.9 to 109.0 of borehole 
Szokolya 2, and in the Pannonian depth range 18.0 to 21.0 m of borehole Tata 11.

Botanical relations: Based on several photos it is comparable with several species belonging to the Verbena
ceae family. The Verbena negundo var. cannabifolia=Vitex negundo L. species shown on page 219 of a mono
graph titled “Angiosperm Pollen Flora of Tropic and Subtropic China 1982” points to the fossil species by its size 
and pore structure whereas the pore and exine structures of Verbena lancifolia=Stachytarpheta incida Vahl. also 
point to the fossil species. (Changes in names are based on Index Kewensis.) Both species are tropical and sub
tropical, respectively. The former one may also be subtropical and lives in Asia whereas the latter is cosmopolitan.

Verbenaceaepollenites herendiensis n. sp.

Plate II. Figs. 8 through 11

Holotypus: borehole Herend 53, 30.0 m, 106,9X5.8, Pl. II. Figs. 8 through 11 
Locus typicus: borehole Herend 53, 59.8 to 73.6 m
Stratum typicum: Lower Badenian, light grey, slightly compact, largely calcareous clay

Diagnosis: Roundish, brevicolpate, tricolporate pollen grain. In the ectexine the tectum is comparatively thin and 
has minor grains on the surface. The collumella layer is well developed. The exine is thinner in the pore regions and compa
ratively thick between the two pores. All these give a special angular contour to the pollen grains. The exoporus is a small, 
round opening. The endoporus forms an atrium. The colpi are thin.

Dimensions: The pollen diameter is 56 pm. The exine has a size of 4 to 5 pm in the space between the pores and 1.0 
to 1.5 pm around the pores and colpi. The diameter of exoporus is approx. 2 pm, whereas the atrium is 9 pm in size. 
The length of colpi is 20 pm.

Differential diagnosis: Verbenaceaepollenites herendiensis n. sp. differs from V. pannonicus n. sp. The new species 
differs from it by its larger size, the different way how exine becomes thicker and the smaller atrium as related to its size.

Remarks: Only one specimen has been identified so far. In regard to botanical relations it shows similarities to 
the recent tropical species Callicarpa arborea Roxb. living in Asia and C. purpurea Juss. (Verbenaceae) species living in 
China.
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Ordo: Asterales
Familia: Compositae

Genus: Meandripollis Nagy 1962
1962. M e a n d r ip o llis  n. g. — Nagy, Acta Bot. Hung. 8. (1—2) 161.

Meandripollis velatus Nagy 1962 

Plate IL Fig. 15

1962. M e a n d r ip o llis  ve la tu s n. sp. — Nagy, Acta Bot. Hung. 8. (1—2) 161—162.

Pollens has a length of 90 to 96 pm and a width of 80 to 85 pm. A  great number of fragmental specimens are also 
encountered when only the fragments of meander type ornamental pieces and — like formations are preserved on the oval 
pollen body.

The holotype has been described on the basis of a sample from the Karpatian, from depth range 166.0 to 166.7 m of 
borehole Várpalota 133 (1. c.) where a fragmental specimen was also found. Several specimens have been identified from 
depth ranges 86.0 to 89.0 m and 89.0 to 92.0 m in the Karpatian beds penetrated by borehole Piliny 8.

The botanical relationships of the species are uncertain. Based on a figure prepared by Erdtman (1952. p. 244), it 
was compared with the Ctenolophon engleri species when describing the species. On the contrary, as shown by a photo 
made by Erdtman (1969. p. 334—335), it shows similarities in morphology to Pacourina edulis (Compositae) species 
due to its veil-like formation and meander-type ornamentation. Only one surface is visible on E rdtman’s photos but the 
difference is striking due to the presence of a rectangular row of holes beneath the thick meandering lines which is missing 
from the fossil specimens.

1 S u b ser ie s: C e n tro sp erm a e— M o n o ch la m yd a e  
Ordo: Santalales 
Familia: Olacaceae

Genus: Olaxipollis W. K r. 1962
1962. O la x ip o ll is  n. fgen. — W. Kr., Geologie, 11. (3) p. 276.

G enerotypus: Olaxipollis m atthesiW . Kr. 1962

Olaxipollis matthesi W. Kr. 1962 

Plate II. Figs. 12 through 14

1962. O la x ip o llis  m a tth e s i n. fsp. — W. K r . Geologie, 11. (3) p. 277. Taf. V. B. 7—9

Pollen grains with size of 17 to 22 pm, 3 fine-compound pores and a particular dissolution field. Its specimens are 
found in a small amount in the Lower Badenian, depth range 106.4 to 107.9 m in borehole section Szokolya 2. It was first 
identified by W. Krutzsch in the Lutetian beds of Geiseltal. Later it has been encountered at a great number of sites in the 
Lower—Middle Miocene in Germany. Their size ranges from 22 to 35 pm. Specimens identified in Hungary have a size up 
to the lower size limit.

According to D. Lobreau-Callen, the specimen with size of 22 pm can be correlated with Olax nana Wall. Lo- 
breau- Callen also deems that the recent Olax species include ones living as undergrowth and needing humid and tropical 
climate as well as ones requiring subtropical and dry climatic conditions. According to I. C. Willis ( 1966, p. 790) 55 spe
cies corresponding to the Olax genus live in Africa, on the island of Madagascar, and in the Indomalayas and Australia.

INCERTAE SEDIS

Genus: Tricolporopollenites Th . et Pf. 1953

Tricolporopollenites sibiricum  (L ubomirova 1972) emend, et n. comb.

Plate III. Pigs. 1 through 9, Plate IV. Figs. 1 through 8

1969. D a c r y d iu m ite s  g u illa u m in ii n. sp. — Nagy, MÁFI Évk. LH. 2. p. 161. Pl. XXIII. 4.
1969. D ip te ro c a rp a c e a ru m p o lle n ite s  h id a sen s is n. g. n. sp. — Nagy, MÁFI Évk. LII. 2. p. 203. PI. XLVIII. 7.
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1972. Alangium sibiricum  sp. n. — L ubomirova, Pilca novih vidov paleogenovih... in Novie vidi drevnih rostennii. pp. 331—333.
Tab. 72. 8—9, Moskva.

1980. Tricolporopollenites wackersdorfensis n. sp. — T h ie le- P fe iffer , Palaeontographica B. 174. 4—6.153—154. I. 12. 22—28. 
1985. Fupingopollenites wackersdorfensis (T h ie le- P fe iffer ) gén. et comb. nov. — Liu, Acta Palaeont. Sinica 24. 1. Jan. 69.1. 5—7.,

9-16.
1985. Fupingopollenites minutus gén. et sp. nov. — Liu, Acta Palaeont. Sinica, 24. 1. Jan. 69—70.

Em ended diagnosis: Tricolpate, roundish suboblate pollen grains. The exine differs in thickness and is tectate and 
collumellata. In top view the collumelles form a rugureticulate structure that is largergrained at the thick exine parts and 
fine-grained at the thinner exine parts. The endocolpi are thin and short. The endopori are lolongate. Both structural ele
ments can hardly be observed and only on specimens found in lateral position. Along the line of colpi and on the opposite 
side 3 — 3 oval surfaces with thin exine can be found. The ways how pollens are manifested are very diverse due to the dif
ferent thickness and fossilisation position of the exine.

On some specimens the folding of the exine looks like colpi and pori in lateral position. In polar position the colpi 
are, in many cases, split up and the parts of the exine rolled up on its two sides, between the thin, round or oval surfaces the 
pollen grains are fossilized in various forms. On pollen grains with proper position a total of 6 thinner fields are visible: of 
them, 3 are found along colpi — which can be studied on both sides of the pollen grain in case of colpi splitting up in polar 
position—and 3 of them in the part between colpi.

In regard to si'zethey show a great diversity: Lubomirova mentions specimens with size of 56 to 75 pm, on the basis 
of a total of 15 specimens studied. In Hungary, based on the size of several hundred specimens, specimens with size rang
ing from 34 to 76 pm are known. Rossignol-Strick reported specimens with size of 37 to 42 pm, whereas Thiele- 
Pfeiffer described specimens with size of around 40 pm. Liu separates a larger shape in the range 40 to 65 pm and a 
smaller shape in the range 30 to 39 pm.

Remarks: I first described this species in 1969 from the Karpatian of the Mecsek Mts (see the list of synonyms). The 
form in lateral position was described as Dacrydiumites guillauminii, and another, folded form also in lateral position was 
described as Dipterocarpacearumpollenites hidasensis n. g. n. sp. Unfortunately, the preparátum containing the latter is 
poorly preserved. So is the photo but specimens included in the preparátum back up the fact that it also corresponds to T. 
sibiricum species. L. Rákosi recognized, as early as in 1964, the two forms, of the taxa, different in position, in samples 
from the Bakony Mts. It was also shown in photos but not published. In 1972 Lubomirova gave a detailed description of 
the species from Upper Eocene beds in Siberia. No figure showing it in lateral position was published and the species was 
considered to be Alangium . A good description, drawing and photo of the taxon were given and they provide a basis for 
emendation. Rossignol-Strick (1973. p. 977) gave a good morphological description of the taxon among the unidentifi
ed species. Thiele-Pfeiffer (1980) and Liu (1985) mention in their descriptions that the pores are sometimes invisible. 
Liu (1985. p. 24) furnishes important data on the extent of the taxon in the range from the Middle Eocene to the bottom of 
the Quaternary, in the middle parts of Asia and Europe. The genus is also presumed to be of East Asian, subtropical, Mid
dle Eocene origin, and is deemed to have been propagated in the eastern parts of Asia in the Oligocène and in Europe in 
Miocene time. In the beginning of the Quaternary it vanished — for climatical reasons. On the other hand, it has been men
tioned by Lubomirova (1972) from W Siberia, from the Upper Eocene, relying upon various authors. Thiele-Pfeiffer 
(1980) describes it from the Middle Miocene, from the Upper Pfalzian.

Occurrence: In Hungary this species was found in the Middle Oligocène at the Eger Brickyard, in depth range 51.2 
to 51.5 m. In the Karpatian it occurs in a smaller amount. Its acme is in the Badenian. In the Sarmatian and Upper Panno
nian beds it occurs by one or two specimens. Detail: Karpatian: borehole Zengővárkony 59, 51.3 to 56.0 m, borehole 
Püspökhatvan 4, 153.3 to 157.0 m; Badenian: Lower Badenian: borehole Bánd 2, 49.2 to 49.5 m, 70.0 to 75.4 m, 124.1 to
127.2 m, borehole Szokolya 2,2.8 to 5.4 m, 48.7 to 49.5 m, 59.9 to 60.3 m, 62.3 to 63.1 m, 64.4 to 65.5 m, 71.9 to 72.4 m, 87.2 
to 87.9 m, 95.0 to 96.6 m, borehole Szokolya 3,31.0 to 32.0 m, 38.5 to 40.0 m, 44.0 to 45.0 m, 49.6 to 50.6 m, 50.6 to 51.6 m, 
54.6 to 55.6 m, 60.1 to 60.8 to 63.0 m, 71.2 to 74.5 m, 77.2 to 77.4 m, borehole Szokolya 11,26.0 m, borehole Nógrádszakál 2, 
95.0 to 95.5 m, borehole Hidas 53,667.2 to 669.7 m, 735.0 to 738.0 m, Middle Badenian: borehole Hidas 89,279.0 m, Sarma
tian: borehole Cserhátszentiván 1,188.0 to 190.0 m, borehole Tengelic 2,723.1 to 726.4, Pontian: borehole Hidas 53,132.5 to
134.8 m, 134.8 to 135.5 m, 444.0 m.

The botanical relations of the species are uncertain. Lubomirova considers it Alangium ( 1972), whereas Thiele- 
Pfeiffer refers to various authors, Rossignol-Strick (1973) — Verbenaceae, Huang (1972) Boraginaceae. In a 
synonym list of Liu (1985) it is referred to as Convolvulus sp. The botanical relationship of the species is still disputed.



S UMMARY

This work has been devoted to the study of Neogene sporomorphs of Hungary and is based on data collected during a 
research period of over 30 years. Due to this long period, the present study gives a summary of complete or partial examin
ations, of borehole sections and exposures of different size and importance.

Results of examenations are described as a function of geological time-scale, ranging from the Egerian to the Pon
tian. The development of paleoflora is also described in detail. Using the data on paleoclimate, a hypothetical climatic 
curve covering the whole Neogene is also presented. Besides, a picture of the paleoenvironment is also given.

Attempts were made to draw conclusions on stratigraphy, based on the changes that had been determined. In regard 
to palynology, the Egerian is well distinguishable from the Oligocène by means of the appearance of definitely new species. 
Besides, the Egerian can also be well distinguished, based on its typical species, from the Eggenburgian. The Ottnangian 
can rather be characterized by the typical quantitative data relating to sporomorphs. The Karpatian stage, mainly in the 
Mecsek Mts, is described by the abundance of new spores and is distinguished, on this very basis, from the Lower Badenian 
which is also rich in spores. The latter includes the richest vegetation of Neogene time. In the Upper Miocene, in younger 
geological formations the paleovegetation is described by a poorer flora. In addition, also the appearance of new species 
make it possible to identity the Sarmatian. In areas of marine/inland sea facies, planktonic organisms are most suitable for 
distinguishing the Pannonian from the Pontian.

The study ends with a comparison of palynoflora of the Central Paratethys with that of the areas connected there
with.
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