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south,  the thawed  ground d i d  not  freeze  completely 
i n   a l l   p l a c e s ,  so tha t   a long  w i t h  the  monolithic 
permafrost a two-layered  structure of the  perma- 
f r o s t  i s  also  widespread. The so -ca l l ed   r e l i c  
f rozen  layer  was formed, which a t t e s t s   t o   t h e  
major c l imat ic   changes  that   occurred  in   the  past .  
I t  has  remained t o   t h i s  day,  even in   those   reg ions  
i n  which permafrost i s  absent   a t   the   surface  (be-  
tween l a t i t u d e s  62O-63"N and 590-60°N). 

The depth t o  the  permafros t   t ab le   o f   the   re l ic  
layer   increases  from 50-80 m a t   l a t i t u d e  66O-67" 
t o  150-200 m a t  59'-60'N, and the thickness 
ranges  from 100-150 m t o  200 - 300 m. According 
to   ava i lab le   da ta ,   the   t empera ture  of rocks  from 
t h i s  l aye r  i s  not  less than  -l°C. Also a f f e c t -  
ing  the  exis tence of the  r e l i c   f rozen   l aye r ,  i n  
add i t ion   t o  t h e  c l ima t i c  and paleocl imat ic  con- 
d i t i o n s ,  is the composition of the  ground  and t h e  
vegetation. The re l ic  permafrost i s  best pre- 
se rved   in   depos i t s  w i t h  a low permeabili ty.  
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BASIC FEATURES IN THE CRYOGENESIS O F  THE 
EUROPEAN PLAINS IN THE UPPER PLEISTOCENE 

A. A. VELICHKO The Institute of Geography, 
Academy of Sciences of the USSR 

For the  s tudy  of   genera l   ques t ions   re la t ing   to  
the dynamics and o r i g i n  of permafrost, the  EULO- 
pean a rea  i s  of s p e c i a l   i n t e r e s t .  A t  present ,  
the European area,   wi th  the exception of some 
very  small  zones  located  in  the  north  of  Scani- 
navia and the European p a r t  of t h e  USSR, and a l s o  
in  the  high  Alps,  is free from the  influence  of 
processes   associated w i t h  permafrost.  Neverthe- 
less, a t   c e r t a i n  times in   the  past ,   beginning 
w i t h  t h e  middle Pleis tocene,  and e s p e c i a l l y   i n  
the  upper  ( late)  Pleistocene,  not  only  the moun- 
t a i n s   b u t   a l s o   t h e   v a s t  European p l a ins  were i n  
a permafrozen- s t a t e ,  During t h i s  period, Europe 
and the  northern  half   of   Asia   const i tuted a s ing le  
cryogenous  region, which seemed t o  emphasize  the 
uni ty  of some o f  the   c l imat ic  and physical-  
geographic  features  of the European  mainland. 
The subsequent  existence of two extreme  states--  
t h e   t o t a l  predominance  throughout a l l  of  northern 

Eurasia  of a region  of  permafrost and the sub- 
sequent   fa l l ing  away from th i s   r eg ion  of t he  en- 
t i r e  western  half of the  mainland  (Europe)--is a 
phenomenon tha t   cont inues   to   awai t  a f u l l y  sub- 
s tan t ia ted   explana t ion .  It may be tha t   the   search  
for   the  causes  of such s t r i k i n g  changes i n  the 
s t ruc tu re  of the  cryogenous  region w i l l  be ing   to  
l igh t   p roper t ies   o f   the   p rocess  of cryogenesis 
a s  a whole. 

assembled w i t h  r e s p e c t   t o   t h e   f o s s i l  and re l ic  
ancient   permafrost   formations  that  have  been 
discovered and descr ibed  in   var ious  regions of 
Europe. 

The so-ca l led   per ig lac ia l  phenomena in  Poland 
have  been  described in   papers  by Dylik, 
Yahn, Moiskii,' and Ol'khovik-Kolyasinskaya. l 4  

In Hungary they  have  been  described by Pecsi. 
There a r e   a l s o   d a t a   r e l a t i n g   t o  the area com- 

A fa i r ly   ex tens ive  body of  data  has now been 
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p r i s i n g   E a s t  Germany (Lembke et and  Czecho- 
s lovak ia  (Demek, '' Sekyra' 3, . The cryoqenous 
s t r u c t u r e s  o f  France  have  bee?  reported i n  pa- 
p e r s  by T r i c a r t  and C a i l l e ~ x , ~ ~ r ~ ~  and also by 
G u i l l i e n ,  l8 while t h o s e   i n  Belgium  have  been 
descr ibed  by  Paepe. 21  Some observa t ions  on  cryo- 
g e n o u s   s t r u c t u r e s   i n  East Germany, Czechoslovakia, 
Poland,  Hungary,  Austria,  Belgium,  and  France  have 
been  obtained  by  the  author   during  geological  
f i e l d   t r i p s   i n   t h o s e   c o u n t r i e s  

ous a u t h o r s   t h a t   r e l a t e   t o   t h e  European p a r t  of 
t h e  USSR. 

First and  foremost among these,   mention  must 
be made of the   pape r s  by A. I. Moskvitin, l o  Yu. 
M. Vas i l ' ev , '  Yu. V. Krylkovr7 D. L. Nazarenko,'l  
M. N .  Grishchenko,' V. V. Berdnikov, '   and  also 
those  of t h e   a u t h o r .  

T h e r e   a r e   a l s o   e x t e n s i v e   p u b l i c a t i o n s  by v a r i -  

T h e r e   a l s o   e x i s t s   c e r t a i n   c a r t o g r a p h i c   i n f o r m -  

a t i o n   r e f l e c t i n g   t h e   a c t u a l   d i s t r i b u t i o n  of cryo- 
qenous  formations.  These  include maps of anc ien t  
cryogenous phenomena w i t h  r e s p e c t   t o  Poland"  and 
Hungary;22  an  a t las  of t h e   p e r i g l a c i a l  phenomena 
of France; 24  a n   o u t l i n e  map of l o c a t i o n s  of an- 
c i en t   c ryogenous   s t ruc tu res ;  ' and a drawing il- 
l u s t r a t i n g   t h e   d i s t r i b u t i o n  of a r e l i c   c ryogenous  
morphosculpture  on  the  Russian  plain.   Moreover,  
together   with  Berdnikov, '  the au thor  has made 
small-scale d r a w i n g   i l l u s t r a t i n g  the occurrence 
of cryoqenous  formations  in  t h e  Valdai (Wiirm) 
epoch in   t he   a r ea   compr i s ing   cen t r a l   and   ea s t e rn  
Europe  (Figure 1) . 

Current ly ,   an  a t tempt  i s  be ing  made t o  use   the  
e x i s t i n g   d a t a   a s  a b a s i s   f o r  making a small-scale 
schematic map t h a t  would  cover a more ex tens ive  
a rea ,   embrac ing   the   p r inc ipa l   European   p la ins   re -  
g ions ,   the   c ryoqenes is  o f  which, as d i s t i n c t  from 
the  mountainous  regions,  is more c l o s e l y  and di-  

F I G U R E  1 ( a )   D i s t r i b u t i o n  of cryogenous  s t ruc-  
t u r e s   d a t i n g  from the e a r l y   P l e i s t o c e n e ,  (b) 
l a t e   Bryansk ,  and ( c )   l a t e   P l e i s t o c e n e .   l - - i c e  
wedges  and  polygons  bounded  by i c e  wedges; 2-- 
so l i f luc t ion   s t ruc tu res ;   3 - - c ryo tu rba t ions   and  
o the r   s t ruc tu ra l   d i s tu rbances ;   4 - -de fo rma t ions  
of the  Bryansk fossil t o p s o i l ;  5"thermokarst 
s t ruc tures ;   6 - - reg ions   conta in ing   sand;  7--dunes: 
8--mountainous  regions  containing a complex of 
p e r i g l a c i a l - p e r m a f r o s t   s t r u c t u r e s ;  %-limit of 
the   Va lda i   g l ac i e r   i n   t he   Bo logov   s t age ;  10" 
southern  l i m i t  of the ear ly   Valda i   permafros t  
zone; 11--limit of maximum e x t e n t  of the   Valda i  
g l a c i e r .  



rec t ly   l inked   wi th   the   genera l   c l imat ic   changes .  
Despi te   the i r   inherent   shor tcomings  and s impl i -  
f i c a t i o n s ,  which  indeed  are   character is t ic   of   any 
f i r s t   a t t e m p t  when la rge   a reas   o f   l and  are i n -  
volved,  these  schematic maps w i l l  neve r the l e s s  
make it poss ib l e   t o   r each   ce r t a in   gene ra l  con- 
c lus ions ,  a c r i t i ca l   ana lys i s   o f   wh ich ,  it may be 
hoped, w i l l  f ac i l i t a t e   t he   compi l ing   o f  more com- 
p l e t e  maps and char t s   th rough  the   e f for t s   o f  sc i -  
e n t i s t s   o f   v a r i o u s   c o u n t r i e s .  

Since when a sce r t a in ing   t he  main cryogenous 
f ea tu res   o f   t he  European p l a i n s ,  a major  role i s  
a t t a c h e d   t o   t h e i r   r e l a t i o n s h i p   w i t h   t h e   g e n e r a l  
climatic changes, it i s  i m p o r t a n t   t o   e s t a b l i s h   t h e  
chronologica l - s t ra t igraphic   o rder   o f   success ion  
i n  which the  cryogenous  processes  occurred  and 
t h e i r   c o r r e l a t i o n   w i t h   t h e  main n a t u r a l   e v e n t s   i n  
t h e  l a t e  P le i s tocene .  

In   so lv ing   the   chronologica l - s t ra t igraphic  
problems, a more p o s i t i v e   r o l e  was played by t h e  
information  der ived from s tudy ing   t he   s t ruc tu re  
o f   t he   uppe r   P l e i s tocene   l oes s   and   fo s s i l   so i l  
beds of Europe,  since it i s  within  these  beds and 
t h e i r   f a c i e s - r e l a t e d   d e p o s i t s   t h a t   t h e  numerous 
and   d iverse   anc ien t   c ryogenous   s t ruc tures   a re  
l o c a l i z e d ,  by v i r t u e  of which they  have  obtained 
a secu re   s t r a t ig raph ic  and  age  posit ion.20 

An a n a l y s i s  of the  cryogenous  processes a t  
par t icu lar   chronologica l   and   s t ra t igraphic   l eve ls  
has made it poss ib l e  t o  d i s t ingu i sh   t h ree  main 
cryogenous  stages i n  respect  of  the  upper ( l a t e )  
Pleis tocene.   Furthermore,   the   great   hor izontal  
extent  of  these  beds  provided an oppor tuni ty   o f  
d i s c e r n i n g   c e r t a i n   s p a t i a l   v a r i a t i o n s   i n   t h e  mani- 
f e s t a t i o n s  of the  cryoyenesis   within  the  individ-  
ual  cryogenous  stages.  

THE FIRST (EARLY VALDAI) STAGE OF CRYOGENESIS 

I n   t h e   l o e s s   s e c t i o n ,   t h e   c h a r a c t e r i s t i c s   o f   t h i s  
s t age  were  recorded  in a s o i l   p r o f i l e   b e l o n g i n g  
t o   t h e  Mikulin (Riss-Wiirm) g l a c i a t i o n  and t h e  
beginning  of   the  Valdai  (Wiirm) g l a c i a t i o n   ( t h e  
S h t i l l f r i e d - A   p r o f i l e   i n   A u s t r a i ,   t h e  Naumberg 
p r o f i l e   i n  East Germany, t h e  R K - I 1 1  + RK-I1 pro- 
f i l e   i n   Czechos lovak ia ,  and t h e  Mezino p r o f i l e   i n  
t h e  European p a r t  of t he  USSR) .  An e a r l y  ( loess)  
phase  and a l a t e   ( s t eppe )   phase   a r e   d i s t i ngu i shed  
i n  its s t r u c t u r e .  The e x t e n t   t o  which t h e   e n t i r e  
upper p a r t   o f   t h e   s o i l   p r o f i l e  i s  d i s tu rbed  by 
deformations  led  us t o  the   v i ew  tha t   t he   ea r ly  
Valdai  cryogenous  stage  originated  immediately 
a f t e r   t he   fo rma t ion  of the  second--steppe--soil  
phase  had  ended. On the   bas i s   o f   t he   r e l a t ion -  
s h i p  between the   s t ruc tures   be longing  t o  t h i s  
s t a g e ,   t h e   c u l t i v a t e d   l a y e r s  a t  t h e   h a l t i n g  
p laces   in   southeas te rn   France ,  and t h e   e x i s t i n g  
d a t e s   a s  t o  absolute  age,   the  approximate limits 
of   the  ear ly   valdai   cryogenous  s taye  can  be set 
a t  between 65,000 and 60,000 yr  ago. 

t u r e s   d a t i n g  from this  period  extend  southward 
t o  l a t i t u d e  53"N, w h i l e   i n   c e n t r a l  and  western 
Europe,  they  occur  in East Germany, Poland,  Czecko- 
Slovakia,  Hungary,  Belgium,  Austria,  and  France, 
r e a c h i n g   l a t i t u d e  47O-48"N. T h i s   i n i t i a l   u p p e r  
P le i s tocene  wave of cryogenesis w a s  charac te r -  

On t h e   p l a i n s  of eastern  Europe,   f rozen  s t ruc-  
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i zed  by i t s  own main type of permafrost  formation: 
Throughout the  ent ise   area,   the   formations  con-  
s i s t e d   c h i e f l y  of s o l i f l u c t i o n  and  cryoturbation 
deformations,  combined i n t o  a single  zone. With- 
i n   t h i s  zone it i s  p o s s i b l e   t o   t r a c e  a t  l e a s t  two 
provinces:  (1) a western  province,   extending 
from  France t o   t h e  western regions  of   East  Ger- 
many and to   the  Czechoslovakian SSR (whereas  here,  
t h e  above-mentioned s t ruc ture less   deformat ions  
completely  predominated:  in  the area comprising 
France, it i s  on ly   t he   so l i f luc t ion  phenomena t h a t  
a r e   d i s t i n c t l y   r e c o r d e d )  : ( 2 )  an e a s t e r n   ( c e n t r a l -  
eastern  European) ,   in   which  together   with  the 
processes of p las t ic   deformat ions   there  is ev i -  
dence o f  a process  involving  the  formation  of 
small, elementary ice wedges measuing 15-20 cm 
wide i n   t h e  upper p a r t  and  1.0-1.2 m high. I t  
i s  t y p i c a l   t h a t   i n   t h e  European p a r t   o f   t h e  USSR, 
n o r t h   o f   l a t i t u d e  55'-56'N, this   combinat ion  of  
cryogenous phenomena i s  accompanied by evidence 
of s o i l  movement a long   the   s lope ,   no t   on ly   in  
t he   sp r ing ,   bu t   a l so   i n   t he  autumn, when blocks 
o f  the   f rozen   upper   par t s   o f   the   seasonal ly  thawed 
l a y e r  were sub jec t   t o   c r eep .  

In   general ,   the   ear ly   Valdai   cryogenous  s tage 
was cha rac t e r i zed  by the  preeminent  development of 
s t ruc tu re l e s s   de fo rma t ions ,  by the  absence  of  pro- 
nounced  geomorphological  manifestations  in  the 
form  of spec i f i c   t opograph ic   f ea tu re s   w i th in  a 
gently  undulating  framework, by the  high  moisture 
conten t   o f   the   l ayer   o f   seasonal   f reez ing  and 
thawing, by the  moderate  (0.5-0.8 m)  th ickness   of  
the   seasonal   l ayer ,  and  by t h e  small temperature 
g rad ien t s .  

THE SECOND  STAGE OF CRYOGENESIS 

This is the  middle  Valdai  (middle Wiirm) s tage .  
The onse t  of cryogenesis i s  seen   t o  have  occurred 
a t   t h e  end of the   b ryansk   (Sht i l l f r ied-B)   per iod  
of so i l   fo rmat ion  and is wel l   recorded   in   the  
loess   sec t ions   o f  many European coun t r i e s .  The 
conclusion  of   the  s tage  occurred  a t   the   begin-  
ning  of the second  post-Bryansk  phase  of  loess 
accumulation. The period i n  which the  cryo- 
genous  processes  developed w a s  about  25,000- 
22,000 yr  ago. 

In   comparison  with  the  ear ly   Valdai   s tage,  
t he   c l ima t i c   cond i t ions  under which t h i s   s t a g e  
o f  cryogenesis  took  place were more severe ,  and 
the   a r ea   o f   t he   pe rmaf ros t   r eg ion   ex tends   t o  
l a t i t u d e  49'N. The fo l lowing   a re   the   spec i f ic  
s p a t i a l   p e c u l i a r i t i e s  of the  cryogenesis .   In  
t h e   l a t i t u d i n a l   d i r e c t i o n ,  two provinces  axe  dis-  
t inguished.   During  this   per iod,  as i n   t h e   f i r s t  
s tage,   beginning  with  the area comprising Volyn- 
Podolia i n  t h e  European p a r t   o f   t h e  USSR, Poland, 
Czechoslovakia, East Germany, and f a r t h e r  west, 
so l i f luc t ion   and ,   i n   pa r t ,   c ryo tu rba t ion   p ro -  
cesses  predominated.  These,  however, were much 
more a c t i v e  and  dynamic than   t hose   i n   t he   ea r ly  
Valdai   s tage.  Of t h e   o t h e r   s t r u c t u r e s ,   o n l y  
rudimentary  cracks 0.2-0.3 m high  and 5-8 cm 
wide  were sporadical ly   noted  there   ( for   example,  
i n  Belgium) . 
n i f i c a n t l y  and q u a l i t a t i v e l y  from t h e  western 

The e a s t e r n  European  province  differed  sig- 
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European  province  during  this  stage. It was 
character ized by the  extensive  occurrence  of 
fissure-forming  processes,  although  these were 
on a small scale   ( the  length  of  the sides of the  
polygons  ranged from -2.0-2.5 m,  the  heights  of 
the  wedges was -1.5 m and they  exhibited a two- 
l aye r   s t ruc tu re )  - This  polygonal  fissuring was 
accompanied by processes   o f   p las t ic  soil flow, 
which arose  as  a r e su l t   o f   t he  dynamic stresses 
i n  the layer  of  seasonal  freezing and led to t he  
formation  of  clay  boil .   type  structures  that  were 
qui te   c lear ly   def ined   in   the   sur face   micro top-  
ography * 

Another t yp ica l   f ea tu re   o f  the middle  Valdai 
cryogenous  stage  consists  of  the  very weak me- 
r i d i o n a l   v a r i a b i l i t y  of t he  cryomorphic  processes 
throughout the e n t i r e   e a s t e r n  European  province. 
The morphotype, i . e . ,  the c l a y   b o i l s ,  predomi- 
nated between t h e   c e n t r a l  Ukraine and the  region 
ly ing  to  the  north of Moscow ( the  Vladimir  Oblast ') 
Its d i s t inc t iveness ,  however, var ied   in   the   nor th-  
south   d i rec t ion ,  there being a worsening  toward 
the   nor th ,   s ince   in  t h i s  d i rec t ion   the   th ickness  
of the seasonally thawed layer  decreased  (from 
1.0 m t o  0.5-0.3 m ) ,  along w i t h  an  accompanying 
inc rease   i n  the dynamic processes   in  the dynamic 
processes   in  the soil near  the  surface.  

i n  t h i s  s tage  remained  high,   especial ly   in   the 
western  province. Toward the e a s t  it diminished 
and there was a r i se   in   the   t empera ture   g rad ien t  
i n  t h i s  d i r ec t ion ,  which reached a maximum  when 
systematic  fissure  formation  began,  even  though 
t h i s  was  on a very  small  scale. 

In  general ,   the  moisture  content of the s o i l  

THE THIRD STAGE OF CRYOGENESIS 

This i s  the   l a t e   Va lda i   ( l a t e  Wiirm) s tage.  The 
upper par ts   of   the   cryogenous  s t ructures   are   in  
contact  with the top o f  t h e   l o e s s   s t r a t a .  An 
approximate  estimate  of the time  segments i n  which 
this s tage   ex is ted  is between  15,000 and 10,000 yx 
ago. The t h i r d ,  most recent ,   s tage was char- 
ac t e r i zed  by very  complete and active  develop- 
ment of cryogenegis. I t  was during t h i s  period 
tha t   t he  cryogenous  region  reached its southern- 
most l i m i t  of 45°-46"N, and the c l ima t i c  con- 
d i t ions   l ead ing  t o  cryogenesis became most severe 
and a t t a i n e d   t h e i r  maximum cont inenta l   ex ten t .  
A l l  the European p l a i n s  came t o  be character ized 
by polygonal  crack  formation  processes  in which 
the "normal" s i z e  of the  polygons was 20-40 m 
and i c e  wedges  were formed. Under the gently 
undulating  conditions  that   obtained (wi th  t h e  
exception  of  areas  with a high  rate  of  sedimenta- 
t i o n ,   f o r  example, f l oodp la ins ) ,  these l a t t e r  
were preeminently of the  epigenetic  type.  

Judging from t h e  map of t h i s  s t age ,   ce r t a in  
f ea tu res  were noted   in   the   s t ruc ture   o f  t h e  l a t e  
Valdai  cryogenous zone that  connect it w i t h  the  
contemporary  Siberian  region of permafrost,  Thus, 
i n   e a s t e r n  Europe, in   the  north-south  direct ion,  
there were t h r e e  broad belts whose features  re- 
semble the nor thern ,   cen t ra l ,  and southern  zones 
of  the  permafrost  region  in  Siberia. 

In the wes t -eas t   d i rec t ion ,   the   p la ins  of 
Europe were subdivided  into  the  following  four 

provinces ,   in  which cryogenesis  underwent modi- 
f ic ia t ions,   depending on the increasing  continen- 
t a l i t y   i n   t h i s   d i r e c t i o n :  (1) a western  European, 
(2 )  a c e n t r a l  European, ( 3 )  a western  Russian, 
(4) an eastern  Russian. 

There is reason t o  suppose t h a t  i n  the l a t e  
P le i s tocene   the   overa l l   s t ruc ture  of the European 
cryogenous zone was characterized by considerable 
o r i g i n a l i t y .  First ,  it is  probable  that   in  west-  
ern and c e n t r a l  Europe the mountainous and f l a t -  
land  regions of permafrost were inter locking,  
thereby  forming a single  area.   In  eastern  Europe, 
on the  other  hand,  there was a h i a tus  between the 
permafrost   regions  on  the  plain and i n   t h e  moun- 
t a i n s  (the Caucasus and i n   t h e  C r i m e a ) .  There, 
these regions were most l ike ly   d iv ided  by the 
a r e a   s i t u a t e d   i n   t h e  lower  regions of the  Dnieper 
and  Volga  and Characterized by processes  of  deep- 
sea ted   seasonal   f reez ing   ( the   th i rd   l a t i tud ina l  
bel t   in   the  western  Russian  province) .  I t  is a s  
i f  the b e l t  of   seasonal   f reezing  in   eastern Europe 
had become  wedged in to   t he  zone o f  Pleistocene 
permafrost. On the whole, i n  comparison w i t h  t he  
preceding   s tages ,   the   th i rd  and l a t e s t  European 
s tage of cryogenesis was character ized by the 
Lowest moisture  content of the   so i l   under  the pre- 
vai l ing  gent ly   undulat ing  condi t ions  (especial ly  
in   t he   ea s t e rn   r eg ions )  and by the   h ighes t  temper- 
a ture   g rad ien ts ,  which coincided w i t h  t h e   g r e a t e s t  
thickness of the  seasonal ly  thawed l aye r  (2-3 m ) .  

The ava i lab le   in format ion   per ta in ing  t o  the  de- 
velopment i n  Europe  of  permafrost  processes  in the 
upper  Pleistocene  affords a b a s i s   f o r  making a 
comparative  analysis  of  the  various  stages  of 
cryogenesis and leads on to   ce r t a in   gene ra l  con- 
cepts .  

cryogenesis was d iss imi la r   bo th   in  time and i n  
space. A t  t he   p re sen t   l eve l  of  understanding, it 
remains d i f f i c u l t   t o   a r r i v e   a t  a fu l ly   subs tan t i -  
ated c l a s s i f i c a t i o n  of the  types of cryogenesis 
t ha t   ex i s t ed   i n   t he   l a t e   P l e i s tocene   i n  Europe, 
t he  more so i f  geophysical and q u a n t i t a t i v e   c r i -  
t e r i a   a r e   t o  be used.  There a re  even  grounds  fox 
assuming that  today,  complete  analogue  types  that 
ex is ted   in   an t iqu i ty   a re   l ack ing .   In   par t icu lar ,  
in  the  case  of  the  ancient  Valdai  stage,   there 
a r e  no analogues  such as high soil moisture,  small 
gradients ,  and s t ructureless   deformations.   This  
type  can be provis iona l ly   ca l led   the   At lan t ic  
type of cryogenesis. AS i t s  opposite,   the  east-  
ern  Siberian  type  can  be  dist inguished  (abruptly 
cont inental   condi t ions and large  temperature 
gradients)  Between these  extreme  types, it 
i s  p o s s i b l e   t o   d i s t i n g u i s h  an  intermediate- 
t r ans i t i ona l   t ype .  

In   tha t   case  one  can  speak  of  the  fact  that 
in   the  ancient   Valdai   s tage,  a greater   degree 
of uniformity  of  the  cryogenous  conditions was 
t y p i c a l  of the European plains,   al though a t   t h e  
level   of  the gent les t ,   At lan t ic   type  of cryo- 
genesis  (Figure 2 ) .  The differences between the 
w e s t  and the   ea s t  d id  not   overstep  the bounds 
of the same type,  although some increase   in  con- 
t i n e n t a l   e x t e n t  is t o  be seen  toward the e a s t .  

The European  cryogenous  region was character-  
ized by a d i f fe ren t   type  of s t ruc ture   dur ing  the 
middle  Valdai  stage  of  cryogenesis. Were, f a i r l y  

In  the  upper  Pleistocene  in  the European p l a ins ,  
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favorable  temperature  conditions. 

genesis   being  discussed  reveals   the  direct ion 
they  have  taken,  both  in time and in  space.  Be- 
tween the   ear ly  and la te  va lda i ,   t he   a r ea  of 
cryogenesis became g rea t e r ,  and a t   t h e  end of 
the  Valdai it had advanced farthest towards the  
south.  Throughout the va lda i   s tage   there  was 
a l s o  an inc rease   i n t ens i ty  and seve r i ty  of the 
cryogenesis,  so t h a t   a t  the  end of the  Valdai 
t h e r e   a r o s e ,   n o t   o n l y   t e r r i t o r i a l l y   b u t   a l s o  
s t r u c t u r a l l y ,  a s ingle   cryol i thozone.  T h i s  was 
the  vast  cryogenous  region  of  the  whole  of  north- 
ern  Eurasia,   the  area  of  which,  equalling  approxi- 
mately 22 mill ion km2, was almost  double t h e  
area o f  t he  contemporary  permafrost on t h a t  con- 
t inent  (approximately 1 2  mil l ion k m 2 ) ,  while i t s  
l i m i t ,  i n   c o n t r a s t   t o   t h e  contemporary subme- 
r i d i o n a l  l i m i t ,  occupied a l a t i t ud ina l   pos i t i on .  

moments i n  the h i s t o r y  of. the  cryogenesis  of 
Europe and Eurasia as a whole.  During the change- 
over  from t h e  Pleistocene  to  the  Holocene, t h e  
vast  cryogenous  region, which had  only  reached  the 
peak o f  i ts  development,   both  spatially and i n  
c o n t e n t ,   r i g h t   a t   t h e  end of the  Pleis tocene,  
began t o  undergo  very  rapid  degradation  (Figure 
3 ) .  According to   pa lynologica l   da ta ,  accompanied 
by radiocarbon  datings, l 2  f o r   t h e  most pa r t   t he  
degradation  of the  permafrost   in  Europe  could 
have embraced a period of 1,000-1,500 yr.   This 
rapidi ty   of   the   degradat ion  process  was close t o  
being  catastrophic ,   whi le  the rearrangement  that 
occurred  throughout  the  entire  cryogenous  region 
by the f a l l i n g  away from it of  Europe was of a 
radical   nature .   Natural ly ,   the   rapidi ty  of t h i s  
degradation and i t s  areal  dimensions  gradually 
diminished from west t o   ea s t   w i th   i nc reas ing  
proximity t o  the  region of contemporary perma- 
f r o s t ,  which can be regarded  as the remaining, 
preserved  portion  of  the  vast  Eurasian  cryogenous 
region of the la te   P le i s tocene .  

The ques t ion   t ha t   na tu ra l ly   a r i s e s  is: What 
is  a t   t h e  root of  the  unique  process whereby the  
la te   Pleis tocene  region of Eurasian  permafrost 
underwent progressive  development and degradation? 
We have already drawn a t t e n t i o n   t o  the f a c t   t h a t  

On the  other  hand,  the  analysis  of  the  cryo- 

We s h a l l  now t u r n   t o  one of the most important 
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F I G U R E  2 Variat ion  in  the s t ruc tu re  of the perma- 
f ros t   reg ion  o f  the European p l a i n s   i n  the (1) 
e a r l y ,  ( 2 )  middle , and ( 3 )  l a te   Valda i   s tages .  

marked d i f f e rences  between the western and eas t -  
e rn   r eg ions   a r e   t o  be seen. Whereas t h e  western 
regions  have  remained a t   t h e   l e v e l   o f  the At l an t i c  
type  [even  though  the  processes  in  the  seasonal- 
l y  thawed layer   a re   charac te r ized  by increased 
a c t i v i t y )  , the   eas te rn   reg ions   fa l l   wi th in   the  
more severe  type  of  cryogenous  conditions,  which 
can be termed t r a n s i t i o n a l .  The conditions  of 
t h i s   t ype   a r e   such   t ha t  the processes   l ead ing   to  
plast ic   deformations  of   the   soi l   are  accompanied 
by polygonal  cracking,  although t h i s  is rudi- 
mentary. 

Another t y p i c a l   f e a t u r e  of t h i s   s t a g e ,  which 
has   ye t   t o  be explained, is the  absence of a 
succession  of  csyogenous  morphotypes  in  the me- 
r id iona l   d i r ec t ion ,   i n   o the r   words ,   t he   s imp l i -  
f ied morphoclimatic  structure  of the cryoqenous 
reg ion   as  a whole. 

equal izat ion o f  the  cryogenous  conditions  again 
appears,  although here it i s  a t  a q u a l i t a t i v e l y  
d i f f e r e n t   l e v e l   t h a n   i n   t h e   f i r s t ,   e a r l y   V a l d a i  
s tage.  The development  of  cryogenosis  in the l a t e  
Valdai  in  the  European  plains i s  pat terned on the 
eastern  Siberian  type,   al though  within the cryo- 
genous  region of Europe the re   a l so   ex i s t ed  d i f -  
ferences  associated  with the increase  in  the 
degree  of   cont inental i ty  from west t o   e a s t .  I t  
should be noted  that   the  use  of  the t e r m  "eastern 
Siberian  type" must not  be t aken   t o  mean a com- 
plete  analogy,  since  undoubtedly, the moisture 
content  of the ground in   ea s t e rn  Europe was lower 
than in   the  coastal   lowlands  of   eastern  Siber ia  
today. 

F i n a l l y ,   i n  the th i rd ,   l a t e   Va lda i   s t age ,  some 

The analysis  of  the  development  of  cryogenesis 
i n  the la te   P le i s tocene   of  Europe is suggestive 
of a discreteness   (discont inui ty)  of t h i s  process 
w i t h  t i m e .  Evidence in   support  of t h i s  notion is 
t o  be seen  in  the presence of three  well-defined, 
independent  cryogenous  horizons  (stages). D i d  
pe rmaf ros t   ex i s t   i n   t he   i n t e rva l s  between them, 
during  the main periods of ice  accumulation? If 
this was the case,   then  the dynamic processes 
accompanying it were i n  an  extremely  depressed 
state. This  depression  could  have  been  caused 
by the   h igh   a r id i ty  of the  c l imate  and the  very 
l o w  ice   conten t  of t h e   s o i l ,   r a t h e r   t h a n  by un- 
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F I G U R E  3 Changes i n  the posi t ion o f  the  southern 
l i m i t  of permafrost i n  ea s t e rn  Europe i n   t h e  upper 
Pleistocene  period.  1--early  Valdai  stage,  2-- 
middle  valdai,  3--late  Valdai,  4--contemporary 
s tage.  
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this   process   cannot   be  direct ly   l inked  with  the 
h i s to ry  of the   cont inenta l   i ce  sheet and tha t   t he  
explanation  for it must  be sought  primarily  in 
the  overall   cl imatic  changes of t h e   l a t e   P l e i s t o -  
cene. '1 

occurred o f  the   spec i f ica l ly   cont inenta l ,   co ld  
condi t ions  throughout   the  ent i re   extratropical  
expanse  of  the  Northern  Hemisphere  (the  indigenous 
s tage of cryogenesis) .  T h i s  l e d   t o  a very marked 
expansion of the  area  occupied by s e a   i c e ,   t o  
i t s  southward  advance and t o  rearrangement of the 
su r face   s t ruc tu re  of the  hemispheric  mantle, and 
a l so  o f  the climate,  since  the  ocean,  being cov- 
ered by i c e   f o r  a long  period,  could  not be the 
source of so l id   p rec ip i t a t ion   i n  Europe. A s  i s  
well  known, i n  the   l a te   P le i s tocene   the   overa l l  
cl imatic  changes were superimposed by a major 
regression  (northern 100 m) of the sea, which 
was likewise  conducive t o  an increasingly con- 
t inental   type of climate.  Presumably the  vas t  
dry  expanses of the  present-day  shelf were a l s o  
an  arena  for the development of permafrost. 

The ove ra l l   c l ima t i c  warming, with which i s  
associated  the  beginning  of  the  holocene,  led 
pr imari ly  t o  the  degradation of the t h i n  s ea   i ce ,  
which reacted  very  quickly  everywhere,  even  to 
minor va r i a t ions   i n  the a i r   t empera tu re   ( t h i s  
i s  a well-known phenomenon i n   t h e   h i s t o r y  of t he  
Holocene).  Together w i t h  t he   r e t r ea t  of the sea 
i ce  and the  general  warming t rend  there  was a l s o  
a change in   t he   s t ruc tu re  o f  the  Earth 's   mantle:  
the European cont inent   began  to   receive war A t -  
l a n t i c   a i r  masses  carrying  precipitation, w i t h  
the resul t  that   rapid  degradat ion of the  perma- 
f r o s t  began. 

I t  was i n  the  la te   P le i s tocene   tha t   the   onse t  

REFERENCES 

1. 

2. 

3 .  

4. 

5 .  

6. 

7. 

Berdnikov, V. V. The r e l i c  cryogenous 
microtopography in   t he   bas in  of the  upper 
Volga.  Geomorfologiya, No. 4 ,  1970. 
Vas i l ' ev ,  Yu. M. The formation of the 
Anthropogene deposi ts  of t h e  g l a c i a l  and 
extraglacial   zones.  Moscow, Nauka, 1969. 
Velichko, A.  A. The cryogenous  topography 
of the l a t e   P l e i s tocene   pe r ig l ac i a l  zone of 
eas t e rn  Europe. In collection o f  papers:  
The Quaternary  period and its h i s to ry .  
MOSCOW, Nauka, 1965. 
Velichko, A. A ,  The main c l ima t i c  boundary 
and the s t ages  of  the  Pleistocene.  Izv. AN 
SSSR, Ser. Geogr., No. 3 ,  1968. 
Velichko, A. A., and Berdnikov, V.  V. Cryo- 
genous  formations. In col lect ion of p a p e r s :  
The loess-periglacial-Paleolithic period  in  
the   a rea  making up c e n t r a l  and eas t e rn  Eu- 
rope. Moscow, 1969. 
Grishchenko, M. N .  The s t r a t ig raphy  of the  
overlying  loess- l ike  sugl inoks  in   the  basin 
of the upper Don. In: Results of the A L 1 -  
Union Conference on the Study of the  Quater- 
nary  Period, Vol. 2 .  Moscow, 1961. 
Krylkov. Yu. V .  The pe r ig l ac i a l   depos i t s  
i n  the basin of the Kama River. In: Papers 

8. 

9. 

10. 

11. 

12. 

13. 

1 4 .  

15. 

16. 

17 - 

18. 

19. 

20 .  

21 .  

2 2 .  

2 3 .  

24. 

2 5  + 

presented   a t   the  All-Union Interdepartmental  
Conference on the Study of the  Quaternary 
Period. MOSCOW, 1957. 
Lembke, G., e t  a 2 .  The per iglacial   mant le  
and the  topography of the   reg ions   s i tua ted  
t o  t h e  north of t he  loess belt .  In collec- 
t ion  of p a p e r s :  The loess-per iglacial-  
Paleol i thic   per iod  in   the  area  compris ing 
c e n t r a l  and eastern  Europe. Moscow, 1969. 
Moiskii, Yu. E.  The Stratigraphy of the  
loess   deposi ts   belonging  to  the northern 
Poland g l ac i a t ion .  In col lect ion of p a p e r s :  
The loess-periglacial-Paleolithic period  in  
the  area  comprising  central  and eas t e rn  Eu- 
rope. Moscow, 1969. 
Moskvitin, A .  I. Traces of f reezing and the 
need fo r  their  recognition.  Merzlotovedenie 
(Geocryology),  Vol. 2 ,  No. 1, 1947,  
Nazarenko, D. L. The geomorphology of the 
Dnieper-Don in t e r f luve  and the   s t ra t igraphy 
of the Neogene and Anthropogene deposi ts .  
Vestn.  Khar'k.  Univ.,  Ser.  Geol.  Geogr., 
No: 25,  2d ed. ,  1967. 
Neishtadt,  M. I . ,  Khotinskii ,  N. A . ,  Deverts, 
A .  L., Dobkina, E. I .  and Markova, N.  G. In 
Collection of papers:  The paleogeography and 
chronology of the  upper  Pleistocene and Holo- 
cene  based on the   r e su l t s  of radiocarbon  dat- 
ing.  Moscow, Nauka, 1965. 
Novosel'skaya, N. B. Traces of the  existence 
of  permafrost  within  the  European  part o f  the 
USSR. T r .  I n s t .  Merzlotoved. AN SSSR, Vol. 
1 7 ,  1962. 
Ol'khovik-kolyasinskaya, Yu. Experience i n  
the  study of per ig lac ia l   format ions   in   the  
c e n t r a l  Poland area.   Izv.  AN SSSR, Ser.  
Geogr., No. I, 1960. 
Demek, J. Appearances of cryogencsis   in  
Loess. Per iglacial   zone,  loess and paleo- 
l i thology of Czechoslovakia.  Brno,  1969. 
Dylik, J, A glance a t   t h e   P o l i s h   p e r i g l a c i a l  
region.   Bul l .   Per iglacial .  No. 4, 1956. 
Dylik, J .  The main elements of upper  PleiStO- 
cene  paleogeography in   central   Poland.   Bul l .  
Pe r ig l ac i a l .  No. 9 ,  1960. 
Guil l ien,  Y. Sandy l aye r s  i n  snow banks. 
Geologie of Mijnbouw, No. 4 3 ,  1964. 
Jahn, A. The o ldes t   pe r ig l ac i a l   pe r iod  i n  
Poland.  Bull .   Periglacial .  No. 9,  1960. 
The s t ra t igraphy  of   loess   in  Europe. Par is .  
1969. 
Paepe, R . ,  and Some, Y .  Loess  and the stra- 
tigraphy of the Recent  Pleistocene i n  the 
north of France and of Belgium. Ann.  SOc. 
Geol. Nord. No. 99, 1970 ( 1 9 7 1 ) .  
Pecsi ,  M.  Landscape sculpture  by Pleistocene 
cryogenetic  processes i n  Hungary. Acta  Geol., 
1966. 
sekyra,  J. Pe r ig l ac i a l  phenomena i n  Quater- 
nary  deposits of Czechoslovakia. Prac. Sust. 
Geol. Warsaw, Vol.  34,  1, 1961. 
T r i c a r t ,  J. Map of Quaternary  periglacial  
phenomena i n  France. Paris, 1956. 
T r i c a r t ,  J , ,  and Cailleux, A. Treat ise  on 
geomorphology.  Vol. 11: Model of   per ig lac ia l  
regions.   Par is ,  1967. 




