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A b s t r a c t : The s o - c a l l e d "Sarmat ian f l o r a " (ANDREÁNSZKY 1959) known f r o m NE H u n ­
ga ry i s the r i ches t one among the Hungar ian fo s s i l f l o r a l assemblages . Among t hem the 
i m p r e s s e d remains f r o m the si tes Bala ton , Buják, Bánhorváti, Mikófalva, Sály.the P a r i s 
and Ber tece va l leys i n the v i c i n i t y of Nógrádszakái and the o lde r Badenian beds of E g e r -
Tihamér are cons idered as basic f l o r a l assemblages . The sequence and chrono logy of 
these f l o r a s are f a i r l y unce r t a in , t he r e fo re , s t a t i s t i c a l eva lua t ion (c lus te rana lys i s , G R E G ­
OR leaf - type analys is) was chosen i n o r d e r to define the p r o p e r s t r a t i g r a p h i c a l pos i t i on 
of the f lo ras (KORDOS-SZAKÁLY 1983) . 

S U M M A R Y OF PREVIOUS RESEARCH RESULTS 

ANDREÁNSZKY G . (1955, 1959) studied i n de ta i l s the Hungar i an Miocene espec ia l ly the Sar­
mat ian f lo ras f r o m the pa leobotanica l point of v i e w . He based the s t r a t i g r a p h i c a l ass ignment of the 
l aye r s on the w o r k of SCHRÉTER (1959). However , recent de ta i l ed Neogene s t r a t i g r a p h i c a l research 
based on r a d i o m e t r i c data, as w e l l as the c h r o n o s t r a t i g r a p h i c a l r e v i s i o n concern ing the whole M i ­
ocene Para te thys , necessi ta tes the s t r a t i g r a p h i c a l r e - eva lua t i on of the basic f lo ras of c r u c i a l i m p o r ­
tance . As i t was c l e a r f r o m the p rev ious paleobotanica l r e v i s i o n of the f lo ras f r o m the Ber tece and 
P a r i s - s t r e a m val leys near Nógrádszakái, these s i tes are not S a r m a t i a n , but belong to the Lower 
Badenian (KORDOS-SZAKÁLY 1983) . Based on the frequency of the species a c u r r i n g i n c o m m o n w i t h 
those of the s i te P a r i s - s t r e a m ( C s p ) and the r a d i o m e t r i c a l dates of the Middle and Upper Rhyo l i t e 
Tuff , the probable sequence of eight Miocene f l o r a s w e r e defined (Bala ton, Buják, Bánhorváti, M i ­
kófalva, Sály, P a r i s - s t r e a m , B e r t e c e - v a l l e y , Eger -Tihamér) , and t h e i r r e l a t i v e " y e a r - d i s t a n c e " 
( F i g . 1 ) . 

C L U S T E R ANALYSIS 

T h i s method is the mos t frequent and s imp le s t way of n u m e r i c a l c l a s s i f i c a t i o n , a compar i son 
of the Jacca rd and SOTensen coef f ic ien ts by object p a i r s . The s i m i l a r i t y of the foss i l f lo ras was 
ca lcula ted by the J a c c a r d - f o r m u l a , 
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and the Sjarensen-coefficient ( P O D A N I 1980) 
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where a i s the number of a t t r ibu tes shared by both of the ob jec t s . 
b i s the number of a t t r ibu tes present i n one of the objects , but m i s s i n g f r o m the o t h e r . 

c i s the number of a t t r ibu tes m i s s i n g i n the f i r s t , 
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F i g . 1 . Dendrograms of the eight Hungar ian Miocene 
f l o r a a = J a c c a r d ' s index fo r species, b = S^rensen' s 
index fo r species, c = J a c c a r d ' s index for genera , d = 
SOTensen' s index fo r genera; 1= Buják, 2= Mikófalva, 
3= Bánhorváti, 4= Sály, 5= Ba la ton , 6= Eger -Tihamér 

7= Páris-val ley, 8= B e r t e c e - v a l l e y 

2-10, 4= 1 spec imen) . GREGOR separated the f o l l o w i n g 
the genus name c h a r a c t e r i s t i c o f the type g roup : 

but present i n the o ther ob j ec t . 
Both coeff ic ients w e r e computed fo r the 
species and the genera of the eight pa leo-
f lo ras examined . The r e s u l t s are shown i n 
the f r o m of a dend rog ram on F i g . 2 . The 
v e r t i c a l axis here is the e ight objects c l a s ­
s i f i ed , w h i l e the h o r i z o n t a l ax is is the 
degree of s i m i l a r i t y . 

_ When evaluat ing the d e n d r o g r a m , i t 

• * seemed that the c o m p a r i s o n of the species 
p r o v i d e d a more f r u i t f u l basis fo r c o m p a r ­
i son then that of the genera, because these 
are ev iden t ly m o r e species than genera . 
Based on the species the f o l l o w i n g groups 
can be separated: Bánhorváti-Balaton, Sály-
Mikófalva, P a r i s - B e r t e c e , w h i l e the f lo ras 
of Buják and Eger-Tihamér seem independ-

, en t . However , c l u s t e r ana lys i s i s suitable 
D fo r the de f in i t i on of the groups only and not 

ch rono logy ; the re fo re the above groups 
were ranged accord ing to the sequence de ­
t e r m i n e d e a r l i e r (KORDOS-SZAKÁLY 1983) 
F i g . D . 

G R E G O R - L E A F - T Y P E ANALYSIS 

A r ap id s t r a t i g r a p h i c a l method va l id 
£ fo r C e n t r a l Europe was publ ished by 

GREGOR i n 1982. By the help of th is 
method, the genera compos ing the f l o r a , 
assigned in to leaf - types selected on the 
basis o f eco log ica l and evo lu t iona ry p r i n ­
c i p l e s , cons idered by d i f fe ren t s i g n i f i ­
cance l e v e l can be assigned to f l o r a 
t y p e s . The l a t t e r ones a re sui table fo r 
c h a r a c t e r i z i n g a g e o h i s t o r i c a l p e r i o d and 

J f o r c o r r e l a t i n g w i t h c l i m a t e types as 
w e l l as the Neogene M a m m a l zones d e ­
fined by M E I N ( M N - z o n e s ) . A detai led 
d e s c r i p t i o n o f th is method can be found 
i n the re levant paper of GREGOR (1982). 
The advantage of the method l i e s i n , that 
i t excludes any s u b j e c t i v i t y . S e v e r a l gen ­
e r a are lumped in to the leaf - type g r o u p s . 
T h e number of i m p r i n t s l ea f depending 
m a i n l y on loca l fac tors are blunted by 
ca tegor ies 1 to 4 (1 = spec imen number 
ove r 109, 2= spec imen number between 
11-100, 3= specimen number between 

leaf- type groups , pu t t ing the " - o i d " ending after 

a. c i n n a m o m o i d b . l a u r o i d c . d i o s p y r o i d d . t axod ico id 
e. m y r i c o i d f. jug landoid g- ace r o i d h . l eguminoso id 
i . que rco id k . t i l i o i d 1. populoid m . c a r p i n o i d 
n . c o r n o i d o . r o s o i d P. s a l i c o i d q . hydrophyto id 
r . typhoid s . s m i l a c o i d t . g ingko id u . compton io id 
V . v i sc oid w . p ino id x . p a l m o i d 



The leaf - type g roup assignment of the eight examined Hungar ian f l o r a s are shown i n T a b l e 1 . 

Tab le 1 . G r e g o r ' s leaf - type index i n the examined l o c a l i t i e s 

l e a f types 

L o c a l i t y a b c d f g h i k 1 m n o p q r s t U V w X 

Eger-Tihamér 3 - - 4 2 4 4 3 4 - 3 2 3 4 - 3 3 - - - - 4 -
Buják 4 3 4 - 4 3 3 3 3 3 3 2 4 3 4 - - 4 - - - 4 -
Mikófalva 3 3 3 4 - 3 3 3 2 3 2 2 - 3 4 - - - 4 - - - 4 

Bánhorváti 3 2 2 - 4 2 1 3 1 1 3 1 3 2 1 - 3 4 

Sály 3 3 4 2 3 2 2 3 2 3 2 1 - 2 4 - - 3 4 _ _ _ -
Bala ton 4 3 - 3 - 2 l 3 1 2 2 1 3 1 4 - 3 1 2 - - 3 -
Nógrádszakál-Páris - 3 3 - - 2 1 4 2 3 1 1 - 3 2 - - - 3 2 - - 3 

Nógrádszakál-Bertece 4 3 - - - 4 2 4 2 3 2 2 - 1 4 - - - - 2 - - -

As a r e s u l t of t h i s , the leaf- type compos i t i on o f the i n d i v i d u a l f lo ras can be de te rmined and a s s ign ­
ment can be made to the eco log ica l f l o r a types d e t e r m i n e d by GREGOR on the basis of the analyses 
of numerous s a m p l e s . GREGOR (1982) has separated the f o l l o w i n g f l o r a types : 

f g i l m - f l o r a : deciduous, w i t h few exotic e lements , jug landoiden , aceroiden, quercoiden and c a r p i n o i -
den (Pl iocene, M N 10 zone) 

d e f g i k m - f l o r a : deciduous, w i t h m o r e exot ic e lements , c o n i f e r s and other components l i k e above 

(Pliocene, Upper Miocene, M N 9 zone) 
d g - f l o r a : a sub-uni t of the p rev ious zone, p ine -map le f l o r a (Pl iocene, M N 9 zone) 
d e f g m - f l o r a : a p a r t o f the d e f g i k m - f l o r a , r i c h i n c o n i f e r s and c h a r a c t e r i z e d by a specia l G i n g k o -

f o r m (Upper Miocene , M N 8/9 zone) 
e i l m p ( h ) - f l o r a : a f l o r a c h a r a c t e r i s t i c for humid env i ronmen t w i t h Populus, Sal ix , Quercus and few 

exotic e lements (Upper Miocene, M N 7/8 and 8 zones) 
ab(h ) - f lo ra : t y p i c a l l y deciduous f l o r a w i t h h igh number o f evergreens , e spec ia l ly w i t h l a u r e l - l e a f 

types and s m a l l e r leguminous plants (Middle and Upper Miocene, M N 4-7 zones) 
a b e h l m - f l o r a : a sub-uni t of the p rev ious one c h a r a c t e r i z e d by the Daphnogenes often o c c u r r i n g 

mono typ ica l ly , w i t h many exotic e lements , s m a l l e r leguminous plants and ca rp ino id f o r m 
(Middle Miocene , M N 5-7 zones) 

a b d e i m - f l o r a : a somewhat o lder assemblage, but not v e r y much d i f fe ren t f r o m the p rev ious one 

( L o w e r Miocene , M N 4b/5 zones) 
a d g i - f l o r a : an A c e r - Q u e r c u s predomina ted f l o r a w i t h g rea t number of indeciduous e lements and 

c innamonides and p a l m t rees (Upper Oligocène, L o w e r Miocene , M N 1-3 zones) 

The c h a r a c t e r i s t i c leaf types and GREGOR's f l o r a - t y p e s of the eight Hungar ian f l o r a s e x a m ­
ined are the f o l l o w i n g : 

Bánhorváti f g i k m defgikm(o) 
Bala ton fg imo defgikm(o) 
Sály f g i l m de fg ikm (o) 
Mikófalva b g i l m defgikm(b) 
Buják b g i l m defgikm(b) 
P a r i s f g i l m defgikm(u) 
Be r t ece g i l m o u defgikm(u) 
Eger -Tihamér e l m n q r e i l m p 

The l e t t e r codes c h a r a c t e r i s t i c f o r the leaf types help us to de te rmine the f lo ras that a re ve ry 
s i m i l a r to each o t h e r . S i m i l a r i t y o f the Bánhorváti-Balaton-Sály, Mikófalva-Buják (comple te ly i d e n ­
t i c a l ! ) , P a r i s - B e r t e c e s i tes and the independence of the Eger-Tihamér si te could be ascer ta ined 
( T i g . 1 ) . These r e s u l t s are concordant w i t h the t i m e - d i s t a n c e analyses based on the c o m m o n spe­
c ies and the k indred c i r c l e s , and the f l o r a sequence defined by c l u s t e r ana ly s i s . 

Ass ignment of the e ight Hungar ian f l o r a s to the G r e g o r - f l o r a types represented a m o r e d i f f i ­
c u l t t a sk . I t seems evident however, that a l l s i tes represen t a t r a n s i t i o n between the f g i l m and 
de fg ikm f lo ras , except fo r the Eger-Tihamér assemblage, and could be c l a s s i f i ed in to no o the r 
g r o u p . Cons ide r ing the leaf - type codes, they are n e a r e r the f l o r a type f g i l m . However , based on 
the re levant d e s c r i p t i o n s and ch rono log ica l c o r r e l a t i o n they can be assigned to the de fg ikm f l o r a -



t y p e . A l l these features speak for the fact that the G R E G O R - s y s t e m , devised i n the f i r s t place fo r 
the Alps cannot be d i r e c t l y applied to the pa leo f lo ra of the lowlands of the Carpa th ian B a s i n . A t the 
same t i m e , the s ign i f i can t ch rono log ica l gap (the P l iocene and Upper Miocene i n GREGOR' s sy s t em 
equals to the M i d d l e - U p p e r Miocene i n Hungary) indicates that the p r o b l e m l ies not w i t h the s t r a t i ­
g r a p h i c a l c o r r e l a t i o n but t he r e exis ts a cons iderab le d i f fe rence between the ra tes o f evo lu t ion of the 
f l o r a s the two a reas . Tha t i s , a c e r t a i n stage c h a r a c t e r i s t i c of the Alps i n the Pl iocene ex is ted i n 
Hungary as e a r l y as the Sarmat ian p e r i o d . 

The Eger-Tihamér f l o r a is cons ide rab ly d i f fe ren t f r o m the others , and f a i r l y i den t i ca l w i t h 
the f l o r a type e i l m p i n GREGOR' s sys tem as w e l l as i t s s t r a t i g r a p h i c a l ass ignment . 

S U M M A R Y 

The sequence and s t r a t i g r a p h i c a l p o s i t i o n of the r i c h Hungar ian "Sa rma t i an f l o r a s " cannot be 
de te rmined yet , due to a l a c k of data caused by the s t i l l i n su f f i c i en t geological ana ly s i s . D e t e r m i ­
nat ion of the chrono logy was at tempted here us ing objec t ive methods based on the c h a r a c t e r i s t i c 
features of the p a l e o f l o r a s . A s u m m a r y of the r e su l t s i s g iven i n F i g . 1. W i t h help o f the t h r ee 
methods applied (namely t ime-d i s t ance analys is ca lcu la ted on the basis o f the j o i n t l y o c c u r r i n g spe­
c ies , c l u s t e r analys is and the GREGOR leaf - and f l o r a - t y p e s ) the fo l lowing conclus ions were reached: 

- The oldest ( L o w e r Badenian) f l o r a f r o m Eger -Tihamér i s cons iderab ly d i f ferent f r o m that o f 
the other , younger s i t e s . 

- The m a t e r i a l s of the Ber tece and P a r i s - v a l l e y near Nógrádszakái are c lo se ly re la ted to each 
other and s ign i f i c an t l y d i f ferent f r o m the o thers as supported by the abundant and usable 
geologica l da ta . 

- The connect ions o f the Buják f l o r a are unce r t a in , however the poss ib le r i g h t dat ing fo r the 
assemblage is an Upper Badenian, L o w e r S a r m a t i a n age. 

- Among the Sa rma t i an f loras i n the s t r i c t sense, Mikófalva seems o lde r on the basis o f the 
examined data, w h i l e the d i f ference between the Balaton-Bánhorváti-Sály f lo ras l i e s mos t 
l i k e l y not i n c h r o n o l o g i c a l , but facies r e l a t i o n s . 

The above data, poss ib ly supplemented by deta i led and r a d i o m e t r i c a l ch rono log ica l data, m i g h t 
serve as a basis fo r r e c o n s t r u c t i n g the Hungar ian M i d d l e and Upper Miocene f l o r a l and c l i m a t i c 
e v o l u t i o n . 
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F i g . 2 . C o r r e l a t i o n of the eight l o c a l i t i e s by di f ferent methods 



R E F E R E N C E S 

ANDREÁNSZKY, G . (1955): F lo rengesch ich te des ungar i schen jüngeren Ter t iärs und die Gl iederung 
der Ter t iärf loren. - Annales G e o l . I n s . , 44 (1): 231 -260 . 

ANDREÁNSZKY, G . (1959): Die F l o r a d e r s a rma t i schen Stufe i n U n g a r n . - Akadémiai Kiadó, Buda ­
pest, 360 p p . 

GREGOR, H - J . (1982): Eine Methode d e r ökologisch-stratigraphischen Dars t e l lung und E inordung 
von B l a t t f l o r e n u n t e r spez ie l l e r Berücksichtigung d e r Tertiär-Ablagerungen B a y e r n s . - V e r h . 
Geo l . B . - A . , 1982 . (2): 5-19. 

KORDOS-SZAKÁLY, M . (1983): New data to the Miocene f l o r a of Nógrádszakái (Hunga ry ) . - Annls 
h i s t . - n a t . M u s . n a t n . hung. , 76: 4 3 - 6 3 . 

P O D A N I , J . (1980): S Y N - T A X : Computer p r o g r a m package fo r c l u s t e r analysis i n ecology, p h y t o -
sociology and t a x o n o m y . - Abs t r ac t a Botanica , V I . : 1-158. 

SCHRÉTER, Z . (1959): Geologische Übersicht. - I n : Andreánszky, G . ( ed . ) : Die F l o r a de r s a r m a ­
t i schen Stufe i n U n g a r n . - Akadémiai Kiadó, Budapest, p p . 31 -39 . 

A u t h o r ' s address: D r . M . KORDOS-SZAKÁLY 
B o t a n i c a l Depar tment o f the 
H u n g a r i a n Natura l H i s t o r y Museum 
Budapest , Pf: 222 
H-1476 
H U N G A R Y 




