
QUATERNARY GEOLOGY AND THE VERTEBRATE
FAUNA

By
M. K R E T Z O I

H u n g a rian  Geological I n s t i tu te ,  B u d ap est 

L ecture  delivered  a t  th e  Alföld Congress, B u d ap es t, Septem ber 27, 1952

H isto rica l geology follows all th e  o th e r h is to rica l sciences in  en d eav o u rin g  
to  forge its  chronological chain  of even ts from  links which correspond to  th ree  
req u irem en ts  : th e y  m u st be unique even ts happen ing  only once a n d  never 
rep ea tin g  them selves, th e y  m ust be m em bers w h ich  in th e  chain of logic can n o t 
be in te rch an g ed  an d , la s tly , th ey  m u st n o t  b e  o f  too  long a d u ra tio n . A t th e  
p re sen t stage of research , paleontology alone can  fu rn ish  geology w ith  m a te ria l 
sa tisfac to ry  in  respect o f these  th ree  cond itions. This explains w hy  research  
in  h is to rica l geology is based  from  its  beg inning  up  to  th e  p resen t tim e  on  d a ta  
supp lied  by  paleonto logy .

T he areas of ou r p resen t continents n o t p lan ed  off by co n tinen ta l ice sheet 
are b u ilt  up  m ostly  b y  ep icon tinen ta l deposits  o f  d ifferent periods. D e ta ils  of 
th e ir  h is to ry  are  know n to  us m ainly  b y  th e  s tu d y  of m ollusc-rem ains found 
everyw here in  these  deposits. This w ay o f geological research b ased  w ith  
few exceptions on th e  h is to ry  of th e  m arine  m alacological fauna w as, how ever, 
bound  to  fail in  th e  la te r  periods w hen, in  th e se  areas, the  sea tu rn e d  e ith er 
in to  a  b rack ish  th en  freshw ater lake or in to  sw am ps or rivers or even co n tin e n ta l 
deposits. This v e ry  s itu a tio n  prevails in  th e  P liocene and  Q u a te rn a ry  dep o sits  
a tta in in g  in  som e places a v e ry  considerable th ick n ess . No w onder th a t  w e becam e 
iso la ted  w ith  our special P annon ian  s tra tig ra p h y , and  th a t ,  for th e  la ck  of 
an  ad eq u a te  m olluscan fau n a , researchers in  U p p e r Pliocene and Q u a te rn a ry  are 
still g roping in  th e  d a rk . In  addition , com ing n ea re r  to  recen t tim es m o re  and  
m ore precise ho rizon ting  becom es necessary  an d , generally  speaking, possib le. 
In  th e  P leistocene, how ever, th e  species o f m o llu scan  faunae do n o t follow  each 
o th e r as rap id ly  as w ould  be desirable from  th e  p o in t of view of s tra tig ra p h y . 
In  th is  period, we can only rely on th e  q u ick  phylogeny of th e  m em b ers  o f 
m am m alian  fau n ae  to  keep pace w ith  s tra tig ra p h ic  requirem ents. In  th e  H olo­
cene, even th is  s tu d y  o f  th e  m am m alian  phy lo g en y  tu rn s  in to  an in s tru m e n t fa r  
too coarse to  be  of rea l assistance to  th e  s tra tig ra p h e r  w ho, therefore, is com pelled  
to  h a n d  over th e  decisive role to  th e  archeologist w ho, in his tu rn , can  b u t  fall 
back  on p hy togeograph ica l d a ta  based  on palino logy .

U nder these  circum stances, i t  is obvious th a t  when i t  comes to  th e  s tra ti-
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g ra p h ic  division of th e  G re a t P la in  of H u n g a ry  w hich  is filled by  Q u a te rn a ry  
d ep o sits  o f several h u n d red  m e te rs’ th ickness, i t  is th e  ta sk  of v e r te b ra te  and  
m a m m a lia n  paleonto logy  respective ly , to  decide th e  subdivision of th e  g lacial series 
a n d  i ts  de lim ita tion  dow nw ards. On th e  o th e r  h a n d , it rests w ith  th e  palino- 
lo g is t to  fix sharply  th e  P leistocene-H olocene b o u n d a ry  and to  fu rn ish  finer 
d e ta ils  w ith in  stages. F in a lly , m inu te  p a r titio n  o f  th e  Holocene calls fo r th e  
a rch eo lo g is t.

T h e  p resen t s tu d y  endeavours to  develop in  conform ity  w ith ou r p resen t 
know led g e  the d a ta  fu rn ish ed  by  ve rteb ra te-p a leo n to lo g y  into a un ifo rm  
Q u a te rn a ry  chronology. In  o rd e r to  a tta in  th is  en d , i t  exam ines first of all th e  
q u e s tio n  o f the lower b o u n d a ry  of th e  Q u a te rn a ry  period, outlines th e  periods 
en su in g  from  th e  d a ta  o f m am m alian  pa leon to logy , endeavours to  accord  th e se  
p e rio d s  w ith  o ther re c u rre n t ones established d u rin g  th e  Q uaternary  an d , finally , 
a t te m p ts  th e  co rrelation  o f th e  Q uate rn ary  dep o sits  of the  H u n g arian  B asin  
w ith  o th e r  periods a p p a re n tly  well estab lished .

The D elim itation o f the Q uaternary Period

A lthough all questions concerning b o u n d a rie s  m ay be considered  as 
h av in g  on ly  a secondary  significance, from  th e  p o in t of view of the  field geologist 
i t  is o f  u tm o s t im portance  to  know  where these  bou n d aries  should be p laced  and  
to  rea lise  th a t  th ey  m u st n o t be shifted a t ra n d o m . I t  is therefore im p o r ta n t 
t h a t  th e  question of th e  low er boundary  of th e  Q u a te rn a ry  should be seriously  
d e a lt  w ith  a t a Congress to  b e  convened to  d iscuss th e  p ractical p roblem s con­
n e c te d  w ith  th e  geological su rvey ing  of th e  H u n g a rian  Basin.

U p  to  the  p resen t, m a in ly  argum ents co n n ec ted  w ith  glaciology an d  fau n a l 
d e v e lo p m en t have been  advanced  in th e  course of the  often ra th e r  h ea ted  
d isp u te s , th e  glaciologists —  w ith  rare  excep tions —  wishing to  d raw  th e  line 
re p re se n tin g  th e  lower b o u n d a ry  of th e  Q u a te rn a ry  a t  th e  beginnings of g lac ia­
tio n , wdiile v e rteb ra te -fau n is ts  s ta r t  the P le istocene  and  th e  Q u a te rn a ry , respec­
tiv e ly , w 'ith th e  sudden ap p earan ce  of th e  genera  E qu u s, Bos, Canis, or w ith  th e  
e x tin c tio n  of the  form s of life characteristic  o f  th e  T ertia ry .

T h e  glaciological d e te rm in a tio n  of th e  b o u n d a ry  has lost its  accu racy  
an d  convincing  pow er th e  m o m en t it becam e e v id e n t th a t  from th e  Unio wetzleri 
h o rizo n  upw ards we h av e  to  consider th e  p ro b a b ility  of advancing ice a tta in in g  
P le is to cen e  dim ensions.

E v e n  those w ho a rgue  on th e  basis o f th e  ex tin c tio n  of ce rta in  fau n is tic  
e le m e n ts  do n o t agree w ith  each  o ther, and i t  seem s to  be qu ite  im probab le  th a t  
b e tw een  the  partisan s o f th e  th ree  d ifferent w ays o f fixing th e  b o u n d ary  a com ­
p ro m ise  can be a tta in e d , because they  lay  s tre ss , qu ite  a t random , u p o n  the 
e x tin c tio n  of th is form  or th a t .  Some scholars m a rk  th e  end of th e  P liocene b y  
th e  d isap p earan ce  o f th e  M astodons, a lthough  even  in E urope th is occurred  at
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d ifferen t tim es, n o t to  m en tion  th e  fa c t th a t  th e  Dinotheres e x tin c t in E urope  
since th e  end of th e  lower P liocene lingered in A frica up  to  th e  m iddle  o f th e  
P leistocene. O thers close th e  P liocene w ith  th e  ex tin c tio n  o f th e  genera E p i-  
m achairodus, M im om ys, H ypolagus  e tc ., all m issing in th e  L a te r  P leistocene.

U nder th e  given c ircum stances only th e  faun istical b o u n d a ry  fixed b y  th e  
appearance  of th e  S outh  A sian Archidiskodon (E lep h a s)  and  Leplobos ( B os) 
as well as of th e  A m erican C anis , E quus , ? Epim achairodus-line is su itab le  fo r 
th e  separa tion  of th e  P liocene an d  th e  P leistocene. I t  m u s t be added , how ever, 
th a t  th is  boun d ary  is b y  no m eans as clearly defined as „he lower b o u n d a ry  o f 
th e  P liocene (appearance of th e  H ipparion-faunae  on th e  E u ras ian  co n tin en t) 
and  th a t  th e  appearance  of fluvio-glacial sedim ents in  th e  M iddle P liocene also 
obscures th e  bo u n d ary .

On considering th e  question  when did th e  T e rtia ry  fau n a  ac tu a lly  becom e 
e x tin c t, we are aston ished  to  find th a t ,  w hilst th e  Proboscidean, Rhinoceroses, 
E quines, large Bovines or large Carnivores really  did becom e ex tin c t a t  th e  u p p e r 
lim it of th e  Pliocene, th e  T e rtia ry  fau n a  as a w hole w ith  its  Elephants, R h in o ­
ceroses, Bovids, Horses, L ions, H yenas  d id  n o t d isap p ear from  th e  A rctogaea  
w ith  » the  beginning of cold clim ate«  b u t, on th e  c o n tra ry , a fte r th e  cu lm ina tion  
o f th e  Pleistocene, i. e. a t th e  beginning of th e  new w arm  —  H olocene —  period! 
T hey  lingered for som e tim e  in  th e  refuges of A frica and  S ou thern  A sia b u t  by  
th e  end o f th e  P leistocene, w ith in  a geologically insignificant span , the p revailing  
co n tin en ta l anim als of th e  T e rtia ry  period i. e. th e  »ruling« m am m als becam e 
ex tin c t and  ceded th e ir  place to  th e  new, the  hum an fau n a! T he rep lacem en t 
o f th e  m am m alian  fau n a  b y  m an m ean t th e  sam e ca tastro p h ic  change w hich 
h ad  tak en  place on th e  b o u n d a ry  of th e  Cretaceous an d  th e  Paleocene w hen 
Reptiles had  been replaced by  M am m als. H ow ever, n o t only th e  m am m alian  
fau n ae  confirm  a coheren t T e rtia ry  period , including also th e  P le istocene , for, 
obviously , w ith  its sim ilar c ru s t m ovem ents and  glacials th e  P leistocene a tta c h e d  
itse lf  to  th e  T e rtia ry  as its  concluding p a r t . T he only d isp u tab le  p o in t is w h e th e r 
th e  H olocene should be considered as th e  beginning of a new  geological period 
or as a sh o rt tran s itio n  to  it. F o r th e  tim e being, i t  seem s to  be useless to  argue  
th is  po in t.

«9

Phases oj Evolution o f the M am m alian  Fauna in  the Quaternary

A t th e  opening o f th e  tw en tie th  cen tu ry  th e  scholars o f  P leistocene 
faunae  relinquished th e  idea o f m onoglacialism  an d  accepted  th e  po lyglacialism  
o f Penck and  Brückner and , u n d e r th e ir  influence and  th a t  of N ehring, s e t  ab o u t 
w ith  feverish haste  to  estab lish  »cold« and  »w arm « faunae , and th e  »postg lacial 
fau n a  o f th e  steppe period« respective ly . This tre n d  also p e n e tra te d  in to  o u r coun­
t ry  b u t  could no t a tta in  a firm  footing , although , in  fac t, i t  su rv ived  in a d iffe ren t
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fo rm . W hereas in G e rm an y , even to d ay , i t  is a m a tte r  o f serious discussions 
w h ic h  m am m oth fa u n a  shou ld  be wedged, as a  »glacial« one, in to  th e ir  » in te r­
g lac ia l«  faunae w ith  trogontherii and antiquus, th e  H u n g arian  scholars, tow ards 
th e  en d  of the  second d ecad e , growing tire d  o f  th e  b a rren  th eo re tica l p lay  of 
sh if t in g  faunae to  a n d  fro , re tu rn e d  to  th e  m o st rig id  m onoglacialism  and  m ore 
o r less persist in i t  to  th is  d a y . The reason fo r th is  conspicuous reversion was th e  
f a c t  th a t ,  a t th a t  tim e , H u n g a rian  scholars on ly  knew  fau n ae  from  tw o very  
re s tr ic te d  Pleistocene p e rio d s  (some faunae  o f th e  »depression« betw een  th e  
f irs t  an d  second w ave a n d  o f th e  last fauna l w ave) w hich th e y , being unab le  to  
d iv id e  th em  am ong th e  fo u r glacial and th ree  in te rg lac ia l periods, sim ply  con­
sid e red  to  be a rg u m e n ts  in  favour o f a hom ogenous and  indivisible 
g lac ia tio n .

Some lucky find ings filling up gaps in  th e ir  faun istic  an d  s tra tig rap h ica l 
know ledge and th e  p u rp o se fu l exclusion o f foreign  fauna l d a ta  from  th e ir  re ­
se a rc h  w ork helped th e  H u n g a ria n  scholars to  c rea te  a basis on w h ich ,if  developed 
fu r th e r ,  th ey  could b r in g  th e ir  own p a rticu la r  p roblem s n ea re r  to  so lu tion .

R esearches h a v e  show n  th a t  th e  d eve lopm en t of our Q u a te rn a ry  faunae 
show s five consecutive p rin c ip a l types. W e p ropose  to  call th em  fau n a l waves 
(»Faunenw ellen«), b ecau se  th e  course of th e ir  developm ent can b est be explained 
b y  com paring th em  to  th e  w aves of the  sea collapsing in to  them selves. In  each 
o f  th e se  five »waves« ev o lu tio n  does no t begin  w ith  th e  h ighly  d ifferen tia ted  top  
fo rm s  o f  the  preceding fa u n a , b u t  again springs from  a m ore p rim itiv e  (perhaps 
ev en  th e  same) fau n a l ty p e  an d  so a tta in s  its  ow n evo lu tional peak . In  o ther 
w o rd s , these fauna l w aves do no t, w ith  ra re  exceptions, develop from  each 
o th e r  as evolutional d e scen d an ts . On th e  o th e r h an d , w ith in  these  w aves, from  
th e i r  b o tto m  to  th e  c re s t, ce rta in  evo lu tionary  changes, a ce rta in  developm ent 
c a n  b e  perceived —  esp ec ia lly  in  dim ensions —  inasm uch  as every  form  of life 
w ith in  one wave a t ta in s  a h ig h er degree of d ev e lopm en t th a n  th e  corresponding 
fo rm  a tta in ed  w ith in  th e  p reced ing  wave. T his b rie fly  m eans th a t  u n d er certain  
c ircum stances, especially  u n d e r  the  effect o f c lim atic  changes caused b y  th e  
a d v a n c in g  ice sheet, th e  fo rm s of life w ith in  a w ave con tinue  to  develop, a tta in  
a  p e rcep tib ly  higher e v o lu tio n a l degree and  g re a te r  size th a n  th e ir  predecessors, 
a n d  t h a t  tow ards th e  e n d  o f  th e  w ave th ey  die o u t (?) giving up  th e ir  places to  
th e  corresponding b u t  m o re  p rim itiv e  form s w ith in  th e  n e x t w ave w hich, in  th e ir 
tu r n ,  pass th rough th e  sam e evo lu tionary  specia liza tion  and  d isap p ear from  th e  
s ta g e  in  th e  same m a n n e r. Sum m arising, w hereas th e  G erm an school presum es 
m ig ra tio n  and recu rrence  o f  a  w arm  and  a cold m am m o th  fau n a , our researches 
p ro v e  th a t ,  in th e  course o f th e  Q u ate rnary  period , five non-recurring  faunal 
w aves succeeded each o th e r . E ach  of these fau n a l w aves, assim ilating  according 
to  n e e d  to  the en v iro n m en ta l influences caused  b y  clim atic changes and  th e  
ad v a n c e  of the  ice sh e e t, developed  its  own »cold« (arid -con tinen tal) to p  form s 
w h ich  w ith  the  re a p p ea ran ce  o f the  form er —  m ilder, hum id  —  environm enta l
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cond itions becam e ex tin c t an d  ceded th e ir  place to  th e  sm all, unspecialized  
form s o f th e  new faunal w ave. W ith in  each w ave these differences in  specializa­
tio n  can , of course, be proved  only  in  re la tion  to  som e sm aller form s. In  connection  
w ith  th e  larger-sized form s, th e  s trik in g  fea tu re  is th a t  m oving from  preced ing  
to  succeeding wave we find th em  becom ing g radually  m ore prim itive , w hich  fac t 
fu r th e r  proves th a t  one can n o t speak  of recurring  b u t only o f new  faunal 
w aves.

W here, w ith in  one fau n a l w ave, no increase in  th e  sizes o f fo rm s can  be 
observed , th e re  th e  fac t is in d ica tiv e  of th e  ra te  of progression th a t  on th e  ridge 
o f  th e  w aves all th e  form s are  m issing w hich w ere p resen t in th e  tro u g h  o f each 
w ave, i. e. in  its in itia l stage, b u t  fo r th e  lack  of a d a p ta b ility  g rad u a lly  d isap ­
peared  w hen th e  process of specialization  by  acclim atization  set in.

T he five faunal waves can  b rie fly  be characterised  as follows :
F irst fa u n a l wave : fau n ae  w ith  Mastodon, Archidiskodon planifrons-

m eridionalis, Leptobos, tr id a c ty l A lloh ippus , (im m igrated) Canis o f  A m erican 
ty p e , P arailurus, Protarctos, a rch e ty p a l Cervids. The p rim itive  elem ents g radually  
becom e ex tin c t, and on th e  c rest o f th e  w ave we get a m odernised m eridionalis- 
fau n a . B aró t-K öpec, K isláng, D unaalm ás, S ü ttő  (the tra v e r tin e ) , P errier, 
T egelen , Senèze, Y aldarno  a. s. f. rep resen t th is  faunal wave. I ts  f lu v ia tile  gravels, 
sands and te rrestria l deposits are covered u n d er th e  nam e of V illafranch ian . 
P ro b ab ly , th is  faunal w ave can  be d iv ided  in to  tw o phases of fau n a l evo lu tion  : 
a  low er phase, w ith  Mastodons and  »Elephas« planifrons, and  an  u p p e r one, w ith  
»E . meridionalis«.

Second fa u n a l wave : fau n ae  w ith o u t M astodons, w ith  »E lephas trogon- 
therii«, B ison, m onodacty l form  o f E quus, w ith  Alces , Megaloceros, Cervus, 
Capreolus, in  place of th e  (ex tin c t) p rim itive  cervids (cf. R u sa ), w ith  ex tin c t 
—  o r nearc tic  —  Carnivora an d  Rodents appearing  for th e  last tim e  s im ultaneously  
w ith  new types (E pim achairodus, Pachycrocuta, Nyctereutines, Baranogale, 
P annonictis, Dolomys, M im om ys, Trogontherium, H ypolagus a. s. f.). G enerally  
speaking , w ith  th is fau n a l w ave all groups w hich do n o t reach  th e  en d  o f P le isto ­
cene, d isappear. Classic h a b ita ts  of th e  rem ains from  th is fau n a l w av e  are  the  
red  clays o f the  fissures in  th e  V illány  M ountains (V illány, C sarnó ta , B erem end), 
P üspökfü rdő , Gom baszög, th e  caves of th e  Schw äbische Alb (Sackdillingen, 
M oggaster) and  th e  F o rest-bed  series of Crom er. H ence th e  d esig n a tio n  »Cro- 
m erian« . T he first o f th e  tw o  phases of th is  w ave (V illányian) is ch aracterized  
b y  certa in  form s doom ed to  becom e ex tin c t la te r, and  th e  second (M osbachian) 
b y  th e  absence of these form s.

Third  fa u n a l wave : fau n ae  w ith  Elephas ( Palaeoloxodon)  antiquus,
»Rhinoceros merckia rep resen ted  b y  peculiar species or subspecies o f th e  groups 
charac teris tic  of th e  cave-bear faunae  w ith  M am m oth and  w oolly R hinoceros. 
T h is very  incom pletely know n stage  has been m ade fam iliar b y  th e  fau n a  of 
S teinheim  (G erm any). T he occurences in  caves of th e  M ed iterranean  are  still
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to  b e  revised. On th e  b as is  o f  its culture th is  s tag e  is called th e  Chellean stag e , 
b u t  th is  nam e is in co rrec t as i t  has been tak en  over from  archeology an d  orig in­
a lly  ind icates a stage in  h u m a n  culture. U p to  th e  p resen t tim e we are  u n ab le  
to  d istinguish  its p h ases .

Fourth fauna l wave : th is  Pleistocene fauna l w ave, w hich is th e  b e s t know n 
o f  a ll, is characterised b y  mammoth, horses, bisons, Bos prim igenius, Megalo- 
ceros, red deer, reindeer, ibex, Rupicapra, cavebear, hyena, w olf and lion, b y  th e  
p o la r  fo x  and the Gulo, b y  ro d en ts  such as th e  M icrotines, th e  lem m ings, large 
a n d  d w arf  hamsters, ju m p in g  mice, Citellus, Ochotona and , besides th e  usual 
in sectivo res, by th e  D esm ana .

A bundan t occurrences and  findings, c u ltu ra l rem ains and  favourab le  
s tra tig ra p h ic a l d a ta  en ab le  u s  to  subdivide th is  fau n a l w ave. On th e  basis of 
in v estig a tio n s m ade b u t  s t i l l  requiring  com pletion  in  m any  respects, we d is tin ­
g u ish  four phases :

1st phase : w ith o u t a rc tic  m icrofauna, w ith  m erid ional form s, e. g. M acaca, 
Testudo ; the  large m a m m a ls  appear in rem ark ab ly  sm all species. In  H u n g a ry  
th is  p h ase  is well c h a ra c te rise d  by  the fissure o f S ü ttő .

2nd phase : th e  fa u n a  h a s  a subarctic fo rest ch a rac te r , th e  d o m in an t form  
is th e  cave-bear, b u t A s in u s  a n d  Cuon, b o th  m issing in  th e  n ex t phase, a re  still 
p re s e n t . C haracteristic o ccu rrences are S ubalyuk , P o n o ro h áb a , Cotencher a. s. f.

3 rd  phase : th e  fo rm e r arc tic  fauna w ith o u t A s in u s  and  Cuon. This phase  
y ie ld s  m ost of the cav e-fau n ae . I t  is represented in  H u n g a ry  by  th e  Szeleta cave, 
th e  Istá llóskő , the H e rm a n  cave  a. s. f.

4t/i phase : in th e  fa u n a e  characterized by  th e  p reponderance  of the  re in d eer 
in s te a d  of the cave-bear, th e re  appear th e  ch a rac te ris tic  form s of th e  tu n d ra  
—  th e  lemmings — and  th e  ro d en ts  of the cold step p e  ( Cricetus, Citellus, Ochotona, 
A llac taga)  and steppe b ird s , e. g. Syrrhaptes. T ho ro u g h ly  exam ined occurrences 
o f  th is  phase are in H u n g a ry  Pilisszántó, P u skaporos an d  th e  R em etehegy  abri.

F ifth  faunal wave : follow ing the ex tin c tio n  or d isappearance o f th e
m am m o th , woolly rhinoceros, elk, giant deer, reindeer, cave-bear, lion, hyena, 
Gulo a n d  of m any n o r th e rn  ro d en ts  of the  cold s tep p e  th e re  develops, in the  
H o locene , the  faunal p ic tu re  as i t  exists today  u n d e r o u r clim ate. A p a rt from  th e  
m ix ed  forest and steppe c h a ra c te r  of this fau n a , an d  th e  absence of th e  large 
P le is to cen e  forms its  m o s t rem arkab le  fea tu re  is th e  appearance of dom estic 
an im als .

T h e  first two o f th e se  five faunal waves rep re sen t consecutive w aves of 
im m ig ra tio n  from N o rth  A m erica  and Siberia, th e  th ird  gives an  o p p o rtu n ity  
to  in filtra tio n  of th e  so u th -e a s te rn  (and even so u th e rn ) elem ents, th e  fou rth  
in d ic a te s  an  increase in  s t r e n g th  of the elem ents from  th e  inner p a r ts  o f th e  
E u ra s ia n  continent, and  th e  la s t  wave shows th e  ad v an ce  of th e  w estern -sou thern  
h u m id  elem ent.
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Correlation o f the F aunal Waves

I t  is no t our in te n tio n  to  in terfere  w ith  th e  parties  d ispu ting  fo r several 
decades th e  po in t o f how to  reduce  to  a com m on d en o m in a to r th e  diverse d iv isions 
o f  th e  Q u a te rn a ry  beds. O n th e  o ther hand , i t  is abso lu te ly  necessary  fo r us to  
e lab o ra te  th e  question  o f how  a division of ages based  on th e  paleon to logy  o f  
te rre s tr ia l ve rteb ra tes  can  be p laced w ith in  th e  g rea t m alaco log ica l-s tra ti- 
g raph ica l system  o f h is to rica l geology. In  ad d ition , we m u st deal sep a ra te ly  w ith  
th e  chronological division developed independen tly  b y  th e  geom orphologists an d  
astronom ers ; w ith  th e  first, because of th e  p rac tica l problem s o f th e  id e n ti­
fication  of deposits, and  w ith  th e  la tte r , because o f its  abso lu te im p o rtan ce  from  
the p o in t of view  of chronology.

So far it has been v e ry  difficult to  estab lish  parallelistic  m o m en ts , for 
w hile s tra tig raph ica l an d  m alacological d a ta  w ere being  collected m a in ly  on th e  
M editerranean  and  A tlan tic  coasts, m orphological (glaciological) d a ta  an d  d a ta  
em anating  from  te rrace  stud ies all issue from  sources in th e  n e ighbourhood  
o f th e  Alps and in  th e  a rea  of th e  re trea tin g  co n tin en ta l ice sheet. T h e  tw o 
div isional system s could only  th e n  and  there  be b ro u g h t in to  accord  w hen  and  
w here it  was possible to  reconcile th e  m orphological system  of te rraces  w ith  an  
iden tica l num ber of changes in  sea level of th e  sam e d irection  and  vo lu m e (i. e. 
in  th e  region of th e  M editerranean). Only in th is  m an n e r d id  it  p rove  successful 
to  p ro jec t, w ith  th e  aid  o f an  in terca la tion  of th e  system  of fluv ia l te rra c es , th e  
chronology determ ined  by  th e  flu c tua tions of th e  glaciers onto  th e  rh y th m ic a lity  
of th e  M editerranean  sea level changes and, b y  th is  ro u te , onto  th e  sed im en ta ry  
cycles and  m alacological horizons of H u n g a ry .l t  becam e possib le ,by  th is  m e th o d , 
to  correlate  th e  G ünz g lac ia tion  w ith  th e  C alabrian , th e  M indéi w ith  th e  Sicilian, 
th e  Riss w ith th e  T y rrh en ian  and  th e  W ürm  w ith  th e  M onastirian . (H ow ever, 
th e  correlation o f th e  n o rth e rn  [climatic] m alacological m arine ho rizons is still 
v e ry  uncerta in .)

A t th is stage, only a th in  line separa ted  th e  m arine  m alacological chrono- 
logy from  being b ro u g h t in to  parallelism  w ith  th e  division, based on  v e rte ­
b ra te-paleonto logy , o f th e  co n tinen ta l deposits and  th e  iso lated  sed im en ts  of 
th e  caves.

E v er since th e  end  o f th e  la s t cen tu ry  i t  w ould have  been possible to  e s ta b ­
lish parallelism  on basis o f th e  four glacials, h ad  it  n o t been p rev en ted  b y  th e  
o b stin a te  search of v erteb ra te-pa leon to log ists  fo r »cold« and  »w arm « faunae . 
A fair am ount of d a ta  h ad  been collected in  su p p o rt of th e  v e r te b ra te -fa u n a l 
ch a rac te r of the  te rraces o f d ifferen t ages, y e t b e la ted  recogn itionand  acknow l 
edgem ent of th e  consecutive faunal w aves p rev en ted  the  full recogn ition  
o f th e  tru e  connections. Now th a t  th e  theo re tica l ca lcu la tio n s of 
M ilankovic  and M iskovic  re la ting  to  th e  astronom ical ch rono logy  o f 
th e  G lacials —  especially in th e  evaluation  of Soergel and  Bacsák —  tu rn e d  th e
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reco g n itio n  of th e  G lacials in  a new d irection . T h e  periods considered u p  to 
n o w  sim ply  as a succession o f subsequent fa u n a l waves becam e a p rac tica l 
r e a l i ty  replacing the  su p p o sed  succession of cold an d  w arm  faunae.

I t  would be an  ex ag g era tio n , of course, to  m a in ta in  th a t  i t  is possible to  
e v a lu a te  faunistically  ev e ry  env ironm ental in flu en ce  or, reversely, to  re trace  
in  a  re liab le  m anner all fau n is tic a l differences to  changes of env ironm en t. O n the 
c o n tra ry , quite  a n u m b er o f  p roblem s are still open . The question  o f th e  stadiale 
a n d  in te rs tad ia ls , to g e th e r w ith  th e  problem s o f th e  so-called »V ollgliederung«, 
is  fo r  th e  tim e being fa u n is tic a lly  inapproachab le. M ay be, th is is because we do 
n o t  d ispose of sufficient fa u n is tic a l d a ta , or, because  we still look a t th e  in te r ­
s ta d ia ls  —  on th e  a u th o r ity  o f  Soergel — th ro u g h  th e  eyes of th e  old contem pla- 
to r s  o f  th e  glacial periods.

F ina lly , a new p o in t h a s  come to be of im p o rtan ce  : in th e  succession of 
fa u n a l waves we do n o t y e t  perceive th e  a d e q u a te  fac to r evolving th e  glacial 
p e rio d s . However, th is  is to  a large ex ten t a paleogeographical question , besides, 
i t  is n o t  solely a p roblem  o f th e  glacial periods.

A ll this, of course, sh o u ld  n o t p reven t us from  correlating  th e  fou r m ain 
g lac ia tio n s  of the P le istocene  to g e th e r w ith th e  fo u r bundles of te rraces  a tta ch ed  
to  th e m  and  the four phases  o f  th e  flu c tu a tio n  o f  th e  M editerranean  coast, w ith  
th e  fo u r  faunal waves o f th e  period. C onsequently  :

Calabrian =  V illafranchian  =  P lanifrons-M eridionalis  faunae . To 
th is  is a ttached  th e  G iinz glaciation and  th e  fifth terrace  of th e  rivers as 
also the  N eoroum anian  orogene.

Sicilian =  C rom erian  =  A rnian M osbachian =  Trogontherii fau ­
nae . Mindéi g lac ia tion  an d  fourth  bund le  o f  terraces ; B ak in ian  orogene.

T yrrhen ian  =  C helléan =  A ntiquus  fau n ae . Riss g laciation , th ird  
bund le  of te rraces.

M onastirian =  P rim igenius  faunae. W ü rm  glaciation an d  second 
bund le  of te rraces .

Holocene p e rio d  =  p resen t fauna, f ir s t  te rrace.
I n  conclusion, i t  shou ld  b riefly  be m en tio n ed  th a t  from  th e  chronological 

p e r io d s  of archeology th e  M ouste rian  would co v er th e  second phase (w ith  Cuon 
a n d  A sin u s) , the  A u rignacian -S o lu tréan  the th ird  phase and th e  M agdalénian 
th e  la s t  or fourth phase o f  th e  prim igenius  fau n ae .

Determ ination o f  the Age o f our Q uaternary Sediments

In  relation to  c o n tin e n ta l sedim ents th e  d iv ision  of th e  Q u a te rn a ry  as 
o u tlin e d  above is in  m a n y  respec ts  devoid of a n y  p rac tica l value : it  refers to  
m a r in e  sedim ents, to  th e  regressions and transgressions and  in th e  inner regions, 
a t  th e  best, to  local te r ra c e  system s, som etim es to  th e  sedim ents of caves and 
fissu res, b u t  leaves open th e  problem  of the age o f th e  enorm ous Q u a te rn a ry
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sed im en ts filling up th e  y o u n g est basins, in th e  first line th a t  of th e  H ungarian  
P lain .

In  order to  su rm o u n t th is  v e ry  su b stan tia l obstac le  an d  to  ge t ou r chro­
nology confirm ed in  th e  field, since w ithou t such a confirm ation  i t  rem ains 
hang ing  in  th e  air, we m u s t g rasp  every  o p p o rtu n ity  to  in terpose  th is  or th a t  
sed im en t in to  th e  chronological order. In  th is respect th e  following are  th e  m ost 
im p o rta n t H ungarian  d a ta  :

1. O ur »M eridionalis«-gravels and  (a t least th e  g rea te r p a r t)  o f our 
»M astodon«-gravels are of C alab rian  age. Thus, th e  h igh-level gravels an d  sands 
o f  th e  D an u b e-d e lta  so u th  o f B u dapest, a t E rcsi an d  th e  ou tcropp ing , highly 
deposited  p a r t  o f th e  g ravel ex ten d in g  from  th e  B ak o n y  an d  V elence M ountains 
to  th e  SE  as fa r as th e  D an u b e  (K isláng) and, finally, th e  sand  an d  pebb le  beds 
o f drillings below  300 m  in  th e  A lföld, w ith  M im om ys  o f old shape  (Szeged, 
M akó), should be ranged  in to  th is  Age, to  which also belong th e  tra v e r tin e s  above 
S ü ttő  an d  D unaalm ás (as its  low er p a rt) .

2. T he Tulotoma böckhi s t r a ta  of th e  H ung arian  P la in  (to  d ep th s  of 250 m 
and  m ore), th e  te rrace  gravels o f th e  V árhegy in  B uda an d  th e  red  clays of th e  
fissures o f th e  V illány region are  considered to  be  of Sicilian age.

3. T he fissures o f th e  C alabrian  trav e rtin e  in  S ü ttő  w ere filled up  in the  
first phase  of th e  M onastirian , th e  low trav e rtin es  a t  T a ta  belong to  its  second 
phase an d  all occurrences of ty p ic a l loess to  its  la s t p h ase  (typ ica l lo ca lity  for 
ou r chronology is Ságvár). B esides, all occurrences being  ce rta in ly  o f second 
te rrace  origin belong to  th is  age. T he subsurface »blue clays an d  sands«  o f th e  
H u n g arian  P la in  produced  w ith o u t exception findings o f M onastirian  age.

4. F inally , th e  f irs t  te rra c e  alw ays yielded H olocene fauna . I t  is a grave 
deficiency o f our chronology th a t  due to  the  lack  of paleon to log ical findings and 

.ow ing to  th e  com plicated  ch a ra c te r  o f th e  terraces, th e  huge gravel cover of th e  
rim  of th e  L ittle  H u n g a rian  P la in  and  of its  ad jo in ing  system  of te rraces  could 
n o t  b e  p roperly  classified.

T h e  question  of loess rep resen ts ano ther serious prob lem  to  be  solved. 
I t  is s till undecided  w h e th e r deposits existed before th e  M onastirian  IV  w hich 
could b e  considered as loess. I t  is easily im aginable th a t  u n d er o u r clim atic 
cond itions ty p ica l loess d id  n o t form  u n til  the  M onastirian  IV , inclin ing  tow ards 
th e  arid -subarc tic  as p roved  b y  its  subarctic  tu n d ra  or step p e  fau n a , se t in.

M any fu rth e r  d a ta  need  to be  carefully collected before we can  proceed 
to  th e  classification of th e  huge series of fluv ia tile  sed im ents from  th e  Q u a te rn a ry  
covering  th e  G rea t H u n g a rian  P la in . E ven  if  we re ly  on th e  scan ty  d a ta  a t  our 
d isposal to d ay , we can, w ith  a fa ir  am o u n t of ce rta in ty , classify from  th e  succes­
sion  o f coarse grained layers th e  th ick  series of Q u a te rn a ry  deposits o f th e  G reat 
H u n g arian  P la in , para lle l to  th e  pebble  terraces, possessing in  th e  a lte rn a tio n s 
o f  clay-sand-pebble layers observable  in  the  sections o f deep borings, a reliable 
contro l.
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SUMMARY

Comprehensive vertebrate-paleontological researches indicate five phases in the Quater­
nary chronology of the Great Hungarian Plain, which are characterised not —  as was hitherto 
believed — by the alternation of the same cold and warm faunae, but by the succession of five 
faunal families or faunistic w aves o f easily discernible types. These five faunal waves are as follows;

1st wave : faunae w ith »Mastodon« arvernensis and »Elephas« meridionalis. Calab­
rian (Villafranchian) stage, fifth (Giinz) terrace, gravels with E. meridionalis. Chief occur­
rences ; Barót-Köpec, Kisláng, Süttő.

2nd wave : » Trogontherii« faunae. Sicilian (Cromerian), fourth (Mindéi) terrace. 
Chief occurrences : Villány Mountains, Püspökfürdő, Gombaszög, Brassó, a. s. f.

3rd wave : faunae with E. antiquus. Tyrrhenian. Third (Riss) terrace. Only Hun­
garian occurrence : Solymár.

1th wave : faunae with E. primigenius. Monastirian. Second (Würm) terrace. 
This wave can be divided into four phases ; warm fauna with Testudo and Macaca, 
fauna with Asinus and Cuon, fauna with cave-bear, mammoth and bison and, finally, 
an arctic-subarctic tundra and steppe fauna.

5th wave : present (forest and steppe) fauna.

РАСЧЛЕНЕНИЕ ЧЕТВЕРТИЧНОГО ПЕРИОДА НА ОСНОВАНИИ ФАУНЫ
ПОЗВОНОЧНЫХ

М. Крецой 

Р е з ю м е

На основании независимых от результатов исследований посторонних дисциплин, 
сводных исследований фауны позвоночных котловины гор Карпат, расчленение четвер­
тичного периода может быть осуществлено следующим образом :

I. К а л а б р и й с к и й  ярус. Фауны: Anancus, Archidiskodon planifrons meri­
dionalis, Leptobos, Allohippus (1пбак1у1=трехпальцевый !), с примитивными формами 
Canis, Parailurus, Protarctos, Eucladocerus, Metadicroceros. Это соответствует фаунисти- 
ческому типу местностей Перрье, Сенеце, Валдарно, Тегелен. Местонахождения : Барот

Кёпец, Кишланг, Дунаалмаш, Шюттё (травертин) ; в нижней фазе (баротский подъ­
ярус) лигниты(Леффе) травертины, а в верхней фазе широко распространенные песчано 

гравийные покровы, (арнский подъярус) т. е. континентально флювиатильное 
развитие яруса виллафранкский ярус.

II. Сицил ийс кий ярус. — Фауны без мастодонтов (Anancus, мамонт) с »Elephas 
trogontherii«, бизоном, однопальцевым monodactyl? Equus, вместо дюжих »rusoid« и 
»polyclad« оленей с видами Alces, Megaloceros, Cervus, Capreolus, как и появляющимися 
здесь в последний раз южными и неарктическими формами Epimachairodus, Pachycro- 
cuta, Nyctereutina, Baranogale, Pannonictis, Dolomys, Mimomys, Trogontherium, Lago- 
therium (=  Hypolagus). Классические месторождения ; террароссовые заполнения 
щелей Вилланьских гор (Беременд, Виллань, Чарнота), Пюшпёкфюрдё, Гомбасёг, Брашшо. 
Сюда относятся пещеры Швабской Альбы (Саккдиллинген, Моггастер), Мауер, Мосбах, 
кромерская серия Форест бед, Сензел и т. д. Характер фауны в его нижней части (вил- 
ланьский подъярус) определяется появлением перечисленных древних форм, а в верх­
ней части (мосбахский подъярус) — их отсутствием ; первая характиризуется слоями 
терра росса, а последняя гальками террасы № IV (миндель), по крайней мере в конти­
нентальном развитии яруса.

III. Т и р р е н с к и й  я р у с .  ФаунысHesperoloxodon antiquus,»Rhinoceros« mercki, 
с группами следующих фаун пещерного медведя, но со свойственными, характеристич­
ными для яруса видами или подвидами. Макрофауна этого, фаунистически еще неполно 
известного яруса представляется Штейнгеймом, а его микрофауна еще не опубликован­
ной фауной шоймарской пещеры.

IV. Мо н а с т и р с к и й  я р у с . -  Вюрмские фауны с мамонтом, пещерным медведем 
и Rangifer-ом можно разделять на четыре фазы :
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1. Теплая фауна с южными формами, как напр. Testudo, Масаса, небольшой Leo, 
небольшая Crocuta и т. д. Эту фазу, хорошо известную во Франции и Испании, харак­
теризует фауна заполнений щелей д. Шюттё.

2. Характеристичная субарктическая фауна с пещерным медведем, Asinus-ом и 
Сиоп-ом. Аналогии фаун этой фазы, сопровожденных западной мустьерской культурой, 
предоставлены пещерой Шубайук, местонахождениями дд. Понорохаба и Уппонь, как и 
недавно вскрытым, более глубоким плейстоценовым горизонтом пещеры в д. Чаквар.

3. Предыдущая арктическая фауна без Asinus-a и Cuon-a, сопровожденная ори- 
някской и солютрейской культурами. Этот горизонт представлен пещерой Селета, горой 
Ищталлошкё, пещерой Германн и т. д.

4. Господство пещерного медведя возьмет на себя Rangifer, наряду с которым 
присутствуют Dicrostonyx, Lemmus, Qulo как и субарктические степные элементы. Маг- 
даленская культура. Хорошо обыщенными местонахождениями этой фазы являются 
пещера Пушкапорош, каменная ниша горы Реметехедь в д. Пилишсанто.

Весь ярус в своем разнообразии показывает на местности едва ли синхронизи­
руемую серию отложений глины, самана, песка и лёсса. На настоящей степени развет­
вленных изысканий можно установить только то, что осадки террасы № II, как и типич­
ный лёсс следует отнести сюда. Все месторождения типичного лёсса, подтвержденные 
культурой, оказались магдаленскими.

V. Го л о ц е н .  Современная фауна с «го лесными и степными формами.
В противоположность соображениям, обоснованным старой интерпретацией 

ледниковых и между ледниковых периодов, т. е. многократным возвращениям одной и 
той же холодной или теплой фауны, самым значительным характером очерченного 
в предыдущем фаунистического разделения четвертичного периода является п о с л е ­
д о в а т е л ь н о с т ь  п я т и  в о л н  ф а у н ы ,  о к о н ч а т е л ь н о  с м е н я ю щ и х  
о д н а  д р у г у ю .

Из пяти фаунистических волн первые две представляют две консекутивные волны 
иммиграции из Северной Америки и Сибири, третья показывает инфильтрацию юго- 
восточных и южных элементов, четвертая отмечает продвижение евразийских внутри- 
континентальных элементов к западу, а пятая, в противоположность этому, наступление 
западного южного влажного элемента.


