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K. K. Markov 
Moscou 

NATURE DU MILIEU GEOGRAPHIQUE DES REGIONS 
PERIGLACIAIRES A LA LUMIERE DES DONNEES 

PALEOBOTANIQUES 

Sommaire 

La zone periglaciaire pleistocene possedait une flore speci:fique qui n'a d'equivalent dans 
aucun des ensembles vegetaux actuels. Les analyses des profils pulverulents des depóts peri­
glaciares existant dans la partie europeenne de l'URRS ont permis de nous renseigner sur la 
nature de cette vegetation. Ce sont les steppes boisees et les toundras boisees avec prepon­
derance des plantes herbacees sur les plantes arborescentes. Les recherches ont montre la res­
semblance entre les flores des periodes periglaciaires de la derniere et de l'avant-derniere gla­
ciation. La particularite du climat de la zone periglaciaire a ete confirmee par les donnees 
paleobotaniques. 

Les savants polonais sont arnves a d'importants resultats dans 
l' etu de des oonditions geographiques des regions periglaciaires. Dans les 
travaux des prof. J. Dy 1 i k, A. Ja h n et de leurs eleves se trouvent 
presentes les resultats des recherches ,concernant la desintegration des 
roches, les formes des cailloux sculptes par le vent, Les fontes en coin, les 
traces de l'ecoulement des terres dans les conditions du pergelisol ainsi que 
toute une serie d'autres problemes du meme domaine. 

Dans la presente notice je tiens a attirer l'attention sur une aut,r·e fa<;otr1 
de ireconstruire les traits caracteristique:s des regions ,periglaciaires. J'a,i id 
en vue l'etude d:e:s tra.ces de la vie dans la zone periglaciaire. En Pologne le 
professeur Szafer et son ócole ont beaucoup fait dans ce doma-i:ne. Je 
desfre attirer l'attention sur }es resultats obtenus pendant 1.es recherches 
effeduee1s dans le:s depóts perigladair,es de la pa;rtie europe,enne de l'Union 
Sovietique et concernant les restes foss:iles de:s plante:s. Je me base sur les 
recher,ches faites en terra.in p·ar l,es oollaborateurs du labo,ratoire des rnche:r­
ches sur l'histoire du milieu naturel de la Chafre de Geo1graphi,e Generale 
de l'Universite ,de Moscou: W. P. Gr i t cho u k, M. P. G cI' i t cho u k, 
A. I. Da n i 1 o va, G. N. Lis i ,cy n a, N. S. Sok o 1 o va et l'auterur. 
Les cinq personnes citees plus haut ont opere la distinction des reste~ ve­
getaux qui ont ete trouves. 
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Toutes les formations perigladaires dont nous parlons ici se sont for­
mee:s a une certainie distance du front du glacier a diverses periodes du 
plei.stocene. La genese de ces depóts e:st diveTs.e: ce sont des formations 
lacustres, fluviales, de solifluction (de coingelifluction). On donne ci-des­
sous une breve caracteristique pa1eobotanique de ces depóts, a partir des 
plus jeunes. 

1. 

Dep ó t s de l' e po q u e glac i air e tar div e a u x en v i­
r o n s de Le n i n gr ad. Les depóts varves apparais.sient aux environs 
de Leningrad. Les recherches que l'aut,eur y a faites dans les fr.ente dernie­
res annees ant demontre que ces depóts se sont formes a 1a distance de 
quelques dizaine:s de kilometres seulement du front de la calotte glaciaire 
pendant une pedode de 100 a 200 ans apres le retrait du front du glacier 
de ,cette region. Les depóts varves des environs de Leningrad contiennent 
une rkhe f'lore fossile. On y distingue en premier heu des rrestes macro ... 
scopiques: tels que les feuilles du saule polaire (Salix), du bouleau nain po­
laire (Betula nana) et de la dryas (Dryas octopetala), ainsi que des aiguUles 
de sapins, de l' ecorce de bouleaux, des lambeaux de fouille:s et de petites 
tiges des mousses. Secondement on a distingue dans ces formations beau­
coup de pollens et de spor·es de plantes aussi bien hgneusie:s qu'herbacees. 

Les resultats des examens du profil faits pair M. P. et W. P. Gr i­
t cho u k pres de la ville de Kolpino situee a 25 km SE de Leningrad sont 
presentes sur le diagramme (fig. 1). Le diagramme se compose de 4 parties. 
La partie gauche du de:ssin presente les rapports existant entre les pollens 
de:s plantes ligneuses et herbacees ainsi que les spores. On y voit les 
microrestes de tous le:s genre:s cites: ce qui frappe, c'est un boisement pro­
bablement tres faible du terrain. La deuxieme partie du diagramme de­
mont:re que la couverture hgneuse et buissonnieu.se de la region e:~,t repre­
sentee pair le bouleau (Betula), le pin (Pinus), l'aune (Alnus) et, a un moin­
dre degre, le sapin (Picea). Le ;grand pourcentage des poUens de l'aune 
s'explique probablerment par le caractere de la region qui est eelui d'une 
plaine basse. C'est pour la premiere fois qu'on est arrive a constater les 
traits caracteristiques des plantes herbacees ~t des buissons. Dans la troi­
.sieme parUe du diagramme, on remarque qu'a cóte des pollen:s de diverses 
herhes apparaissant en abondance il y a beaucoup de pollens des chenopo­
diacees (Chenopodiaceae) - jusqu'a 370/o; des pollens de l'Artemisia -
jusqu'a 250/o et ceux de l'ephedre (Ephedra). On a oonsitate dans toutes 
les ~preuves les pollens des plantes de la famille des bruyeres (Ericaceae). 
Dans la quatrieme partie du diagramme (oeUe de droite) on a demontre 
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que ce sont les s,porres de l'hypne (Hypnum) qui y predominent, apres eux 
viennent les spores des sphagnacees (Sphagnum), enfin 1es spores des filici­
nees (FilicaLes) et des lycopodes (LycopodiaLes). 

C'est ainsi que se presentent les donne·eiS essentielles. On a constate 
actuellement dans ces formation.s 40 cattegories de plantes, la plupart 
d'entre elles oirnt ete ireconnues d'apres des restes macroiSeopiques. Ce qui 
est nouveau, -ce sont les donnees concernant l'existence de la flore perigl;­
ciai:re herhacee - ce qui nous a fait defaut ju:squ' a present. 

Bien qu'en comparant tous ces materiaux fres diversifies, on y ait con­
state le presence d'elements se rapportant au type de la toundra, au type 
forestier et steppique, il est impossible de rallier la flore periglaciaire des 
formations des environs de Leningrad appartenant a l'epoque glaciaire 
tardive a aucun des types enumeres plus haut. On y voyait pousser les plan­
tes des toundras muscine,es et lichenees, des lacs et des marais, des forets 
coniferes et a feuiUes, des steppes couvert,es d'herbes diverses et de stipas 
ainsi que Les plantes des eaux salees et des versants a greves. Il est impos­
sible de trouver actuellement un paysage completement analogue. Une 
eertaine analogie presentent les paysages actuels de:s plaines basses des 
bassins de la riviere Jana, Indigirka et Kołyma ainsi que les paysages des 
plateaux a,Stiatiques. Nous donnion1s parfois a ce paysage periglaciaire le 
nom du pays.age de la steppe boisee firoide. 

Je vai.s citer la description caracteristique de ee paysage d'apres M" P. 
et W. P. Gr i t ,cho u k (1, p. 140): ,,La region etait faiblement boisee. 
Il y existait seul,ement quelques petits ilots de forets de bouleaux et de 
pins (Pinus) situes la,ou le sol a ete mieux lave et ou le terrain etait quel­
que peu pro1tege contr,e les vents froids de l'hiver. Lorsque les conditions 
du terrain etaient des plus fav0irables - au sens de la valeur du sol et 
autre - on trouvait de" petites sections couvertes de sapins (Picea). Sur 1€1s 

sommets des collines morainiques ou l,e fond argileux a ete enrichi par du 
gravi,er apparaissaient des groupes herhaces avec un nombre important de 
xerophiles montagneux et steppiques ou des ceno,s:2s rappelant ceHes qui 
poussent dans le:s toundras ou dains les toundras des montagnies. Aux 
depressions: minimes du relief et aux siols sales des ensemble:s d'arbres 
comprenant les Chenopodiaceae ou Artemisia maritima salina ou Arte­
misia incana. 

Ce genre de paysage s'es:t etabli presque immediatement apres le re­
trait du glacier dans la region de Leningrad, a 100 km. a peine de son front. 
On se demande depuis ,combien de temps existait ce genre de paysage? 

Il se trouve pres de Leningrad toute une serie de prof.ils des formations 
qui expliquent l'histoire de l'epoque glaciaire tardive et postglaciaire de la 
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reg10n. Un des profils qui attire l'attention est eelui du marais de Lach­
tynsfk. Ce profil a ete etudie_ ma1ntes fois et dernierement tres en detail 
par Mme G.N. Lis i ci n a. Nous distinguons dans cette coupe une serie 
continue de forrnations allant des depóts lacustres glaciaires decrits ci-des­
sus pour la region de Kolpino jusqu'aux formations actuelles. L'ensemble 
de spores et de pollens dans la partie inferieure du profil presente le meme 
aspect que celui de Kolpino. Cependant anterieurement, vers la fin de la 
periode de quand le front du glacier se retirait des moraines de 
Salpauselka, la quantite de poUens de-s steppiques - chenopodia­
cee:s ., ..... ,.,c.;·ru,u,~-t,.,'01.,s..c.-u,v et artemisies (Artemisia) - decroissait rapidement 
dans la couverture herbacee. 

Il en resulte que la Iimite superieure des conditions perigladaires dans 
la periode postglaciaire echoi t a la fin de la peri ode de yoldia (pl us preci­
sement a la 2-me Yoldia ou autrement dit de la mer Echeneis). A ce mo­
ment le front du glacier s'est eloigne de la region que nous etudions de 
200 km. environ - ainsi a cette distance il n'a plus eu aucune influence. 
G. N. Lis i ci n a a obtenu les memes donnees pour les environs de 
Moscou. 

Dans le bassin de la :dviere Narova, entre le łac Tchoudsk et le golfe 
de Finlande, s'etend une plaine saihlonneuse. C'est le fond asseche du łac 
proglaciaire. On y constate, comme dans les environs de Leningrad des 
formations varvees couvertes de sables lacustres glaciaires. Ces sables ont 

ete dans la suite remodeles par l,e vent. Toute la surface de la plaine basse 

est couverte d'une quantite innombrable de dunes. Celles-ci presentem.t le 
caractere de vieilles dunes eontinentales de l'Europe du nord. Les dunes 

paraholiques aux bouts diriges vers NW, aux versants raides tournes vers ., 
SE et aux versants doux-vers NW (fig. 2) y predominent. Les espaces qui 

se trouvent entre }es duines sont remplis par de grandes tourbieres qui, 

certainement, ne s'etaient pas formees avant la periode boreale. L'abaisse­
ment du niveau du la1c s'est produit, comme le prouve:nt nos recherches, 

a une epoque un peu plus tardive, apres la deposHion dies a-rgiles varvees 

de Kolrpino - il y a quelques 12 OOO ans environ. Ainsi, les vieilles dunes 
dont nous venons de parler, se sont formees, selon toute probabilite, 
a l'epoqu,e gliadaire tardive et dans des eonditions perigladaires en meme 

temps que baissait le niv,eau des lacs perigladaires barres anterieurement 
par le front du glacier en, retrait. 

Pour le moment je me bornerai aux donnees prese:ntees ei-dessus et se 
rapportant aux conditions periglaciaires existant a l'epoque ·glaciaire tar­
dive. 
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2. 

Cependant le.s donnees concernant la flore perigladaire ne se rappor­
tent pas uniquement a l'epoque glaciaire tardive. Nous disiposons egale­
ment de donnees pour la zone periglaciaire de la peTiode englobant la der­
niere extension glaciaire - du Valda1 (de la Vistule), ainsi que pour la 
periode du Dnieper (g1adation Varsovien I). 

Au-dela des limites de la derniere glaciation, p. ex. aux environs de 
Moscou et a l'amont de la Volga, la question de la stratigraphle des depots 
se presente comme suit: sur la moraine de l'avant derniere glaciation (celle 
du Dnieperr) s'etendent les depóts provenant de son retrait, ensuite les de­
p6ts de la derniere periode interglaciaire, enfin les depóts periglaciaires 
qui correspondent a la de,rniere glaciation (du Vałda1). Ces dep6ts com­
blent souvent Les enfoncements situes entr,e les restes de collines moraini­
ques provenant de la glaciation du Dnieper. L'epaisseur de ces dep6ts croit 
ordinairement vers le centre des abaissements. Ce sont le plus souvent les 
dep6ts d'origine de solifluction (de con,gelifluction). Ces produits sont re­
presentes par des limons, quelquefois des limons avec galets et debris 
vegetaux. Ces formations sont souvent de provenance facustre ou fluviale. 
Le plus souvient elle:s r 1enferment des debris vegetaux sous forme de pol­
lens et de sipores. 

Nous connaissons'bien des affleuremem.,ts qui devoilent les formations 
perigladaires provenant du maximum de la periode de la glaciation du 
ValdaL Le profil le mi,eux etudie est celui qui se trouv,e pres de la ville 
de Plosa sur la Volga, entre les villes Kostroma et Iaroslav. C'est un affleu­
rement classique qu'on etudie depuis vingt ans deja. Les donnees que nous 
presentons ici ont ete publiees en 1948 par W. P. Gr i t cho u k et 
E. D. Z a k 1 i n ska. Sur la moraine de la glaciation du Dnieper se trou­
vent les couches interglaciaiires et au-dessu:s d'elles les formations perigla­
ciaires dont l'epaisseur att,eint 6-7 m. Ces dernieres formations sont re­
presentee:s par des limons stratifies ou bi,en des limons sans traces distinc­
tes de stries et parsemes de petits galets provenant des roches eristallines. 
On trouv,e des restes vegetaux dans presque toute la zone. A une profon­
deur de 5,7-6,9 m. de la surface, on observe dans les limons les1 co:uches 
de la tourbe de l'hypne avec galets et debris vegetaux: Scorpidium scorpio­
ides, Sphangum repacium, Betula humilis et Betula nana et au-dessus 
d'eux le limon sapropelique et sapropelite. 

On a etabli le caractere periglaciaiire de cette serie sur les trois bases 
suivantes: 1) elle est depo.s:ee sur les formations interglaciaires, 2) au-de1a. 
de la derniere glaciation, 3) elle renferme des debris vegetaux ca:racteri­
st:ąues. 
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Dans le limon sapropelique les pollens herbaces dominent sur les pol­
lens des arhres qui sont representes presque uniquement par le bou1eau. 
On rencontre 1es spo,res des mousses vertes (Bryales), des lycopodes (Lyco­
podiales) et des filicinees (Filicales). Vu que les pollens de:s vegetaux 
ligneux presentent ici 280/o, on doit en condure que cette region etait fai­
blement bo.isee. Ensuite il faurt: souligner que la quantite de poHens de 
l'artemisia atteinrt 270/o et les pollens de Chenopodia,cees 60/o. 

Les donnees tres precises qu'on a obtenues permettent de considerer 
. le paysage de oette periode comme un type specifique pre.sentant les traits 
caracteristiques de la toundra boisee ainsi que de la steppe boisee de 
bouleaux. Il est donc possible de r,e,constituer le changement re.gulier des 
paysages depuis l'interglaciaire - jusqu'au maximum de la gladation du 
Valda:i et jusqu'a la periode postglaciaire: 

Forets a f euilles de la 
ta1ga 

Steppe boisee de bou­
leaux 

Toundra boisee 
Steppe boisee de bou-

leaux 

Forets coniferes 
Forets a feuilles de la taYga 
Forets a feuilles 

Holocene 

I Glaciation 
du ValdaY 

conditions 
periglaciaires 

I Interglaciaire 

Il fauit signaler qu' au maximum de la derniere glaeiation la region en 
question se tirouvait a une distance approximativ-e de 200 fom. du front du 
glacier. Nearnmoins, les traits specifiques du climat periglaciaire, le froid et 
la seche-res:sie, y ont nettemei1t apparu - tout comme aux environs de 
Leningrad. 

3. 

Finalement nous nous arreterons sur Les fraits biologiques des condi­
tions periglaciai,res de la glaciation maxima ou de oelle du Dniepecr:. 

La glaciation du Dnieper est divis1ee en deux gr.ands stades: 1e plus 
ancien - oelui du Dpieper et le plus jeune - de Moscou. Divers gres et 
formations limoneuses, souvent de provenance la,custr•e, r-eprese:ntent les 
formations interglaciaires au point de vue lithologique. Ces formations ont 
ete etudiees sur une grande etendue de territoire: depuis la Russie Blanche 
jusqu'a Moscou et au-dela - jusqu'a l'amont de la Volga. EUes apparais­
s1e:nt partout entre deux moraines de la gla.ciation du Dnieper et partout 
E=lles sont ca-racterisees par la presenc,e de spores et de pollens. Ceux-ci 
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different nettiement des spores •et des pollens renfermes dans les forma­
tions intergladaires, par le manque des poUens provenant d'arbres a feuil­
les et par une grande quantite de pollens de pląntes herbacees dont le ca­
ractere est tout specifique. 

Je vais presenter comme exemple le pro.fil des .formations interstadiai­
re:s des environs du village Ilinsko'ie s:itue a une distance de 120 km. 
a l'ouest de Moscou (fig. 3). 

Ce qui est caraderistique, c'est que la vegetation ligneuse y est princi­
p,alement representee par le pin (Pinus) et le sapin (Picea). Dans les deux 
cas le contenu en pollen des plantes herbacees et des spores atteint 400/o. 
La vegetation herbacee est representee principalement par des herbes di­
verses, mais on y trouve aussi des pollens de l'Artemisia (armois2) et des 
chenopodiacees - jusqu'a 250/o. Parmi les spores c'esit les spores des 
mousses verte:s (Bryales) et des filicinees (Fili.cales) qui predominent. 

Il en resulte que les conditions carncteristiques de cettie periode rappel­
lent celles de la derniere glaciation. Il est prohable que la region possedait 
un manteau vegetal bien diversifie. Les ilóts des forets de sapins (Picea), 
de, pins (Pinus) et de bouleaux alterrtaient avec des zones steppiques. Les 
tra:i,ts carnderistiques du climat sec et froid y apparaissaient d'un,e fac;on 
assie:z ne:tte. 

4. 

Le diagramme generał fait par W. P. Gr i t cho u k illustre bien les 
donnees qu'on vient de presenter (fig. 4). On y voit le changement generał 
des epoques gladaires et interglaciaires de la partie centrale de la plaine 
russe. et la remarquable heterogeneite du manteau vegetal dans les 
epoques interglaciaires et glaciaires. Ce qui etait caracteristique pour les 
premieres - c'etait l'extension des forets me.sophylliennes a feuilles et 
pour les deuxiemes - le regne des toundras b,o,isees et des steppes boisees 
de l' epoque periglaciaire froide et seche. Selon toute apparenoe le pheno­
mene etait du a l'affluence de masses d'air froides et seches provenant du 
glader qui s1e trouvait a proximi te. 

Ce sont les donnees paleobotanique:s qui nous. o,nt permis de conclure 
a l'exi:stenoe du climat periglaieiaire. Cette conclusion temoig:ne de la pre­
dominance du milieu climatique pouvant contribuer aux processus de ge­
livation„ de ·congelifluction et de l' action du ven.t. Les traces de ces pro­

c-essus sont constatees par les savants polonais. 

Bibliographie, p. l 2 
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Łódź 

THE PERIGLACIAL STRUCTURES AT TARZYMIECHY AND THEIR 
SIGNIFICANCE FOR THE MORPHOGENY AND STRATIGRAPHY 

OF THE QUATERNARY 

Abstract 

Sedimentologic investigations were conducted in the well-known exposure at Tarzymiechy 
on the Wieprz river, 25 km. above Krasnystaw. The presence of two zcmes of periglacial struc­
tures was established. The base zone displays bound involutions and ice-wedges, the top zone 
'forms a well developed, massive involution layer of 3 m. Between these two zones there is 
a 6-7 m. series of fluvial deposits that accumulated under dry and cold climatic conditions. 
Both the periglacial zones as wen as the interbedded series of fluvial deposits were recognized 
as formations produced during one glaciation. Considering the paleobotanic and malacologic 
deposits of earlier interglacial origin appearing at the base of the formations im question, the 
entire 20 m. terrace series on the Wieprz river must be correlated with the Middle Polish gla­
ciation (Riss). The bi-partition of the sediments records the bi-partition of the Middle Polish 
glaciation, the upper involution layer being besides related to the Warta stage. The cut, the for­
mation of a new valley floor and the emergence of terraces occurred toward the decline of the 
Middle Polish glaciation and during the last interglacial period. During the last glaciation the 
terrace surface underwent transformations that modified the new periglacial morphogeny. These 
transformations are recorded by denudational Jroughs appearing on the surface of the terrace. 
The corresponding, discontinuous congeliflual deposits are the geologie expression of the youn­
gest periglacial morphogeny. 

The resul ts o,f perigladal research afford a better understanding of 
P1eistocene events o,ccurring hoth in time and in space. The relief pat­
tern and the perigladal deposits provide a sound basis for conclusions 
concerning the existernce and sequence of glacial periods in the coun1tries 
adja,cent to the glaciated areas of the Pleistocene. The cha:racteris:tcs of 
bo,th reli,ef and deposits bear the distinctive mark:s of the dimate in which 
they were formed. Henoe, the stratigraphic and chronological si,gnificance 
of the periglacial deposits and structures. 

The most ,char.a1cteristk a:nd dfrect evidence regarding climate is affor­
ded by structures due to frost-,caused disturbance. That is why such siruc­
tures, in particular congeliflual levels, have frequently served stratigra­
phic purposes, as ,can be s,een from the works by C :z ar n o ,c ik i (2, 3), 
Hali,cki (9), Halicki and Sawicki (11), Jahn (13), Kli­
maszewski (15, 16), Pożaryski (23), Dylik and Chmie­
lewski (8). 
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The farthest advancement in that line is the quite recent work by 
Ho r ber g (12) who, in his stratigraphy of NE-Illinois has introduced 
periglacial horiwns along with glacial and int,erglacial ones. His was the 
fulle st a ttempt hi therto undertak,en in order to exploi t periglacial facts for 
stratigraphic purposes. Ho r ber g has achieved his aim on the largest 
possible sc,ale and in a most consistant manner. His conclusions are deri­
ved not only from the disturbances but also from the specific - particu­
larly textural - foatures of the periglacial deposits. 

PROBLEMS CONCERNING PERIGLACIAL VALLEY DEPOSITS 

A review of the res:ults of perigladal research in Poland ( 6) shows 
plainly that we do not as y,et know much about the events occurring in 
valleys in perigladal climati,c environment. We can only en:umerate a few 
wurks d2aling with this problem (4, 5, 15). But even in thes,e rare eontri­
butions, the problem is treated only incidentally. The conclusi,ons reached 
are not based on thourough investigations, and the generał remarks con­
tained in these treatments are mostly derived from conclusion:s reached 
elsewhere or from speculative conjecture:s not from dir,ed, personal obser­
vations. 

In the West, the problem has been given doser attention, particularly 
in France and in Germany. The well-known generał treatments by B u­
de 1 (1) and Tr i cart (26, 28), as well as the detailed studies by Tr i­
c art (27, 29), Pose,r (21) and Mens,ching (18, 19, 20) hav,e throw:n 
much light upon the problem of valley deposits and of the correlated pro~ 
cesses that rule the morphogeny of periglacial vaHeys. Besides informa­
tions about facts and events, these papers contain also valuabl:e indications 
concerning r:e:search methods. Nevertheless, ev,en these pr:es:entations sieem 
to be of too generał a nature. There is a striking scarcity of detailed de­
scriptions of the 1chi,ef exposur,es and this 1Scardty can iby no mea:ns be suf­
fidently count,erbalanced by generalized diagramms on a very small 
scale, 

Professor A. Ja h n suggested to the present writer a visit to the 
now already famous ,exposure at Tarzymiechy on the Wi,eprn river, abov,e 
Krasnystaw. After its discovery by prof. Ja h n, this exposure has been 
studi,ed by several experts on the Pleistociene and discussed in a number 
of outstanding contributions (13, 14, 24, 25). The importance of the expo­
sure at Tarzymiechy is in the organie, drya,s and interglacial horizons that 
were here discovered. 

In order to get acquainted with the character of these valley deposits -
the age and climatic environment of their base being already determined 
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- the writer visited Tarzymiechy in Septemiber 1954. The exposure reve­
als the structure of the Wieprz river terrace that rises up to 205 m. O. D. 
and about 20 m. above the present valley floor (fig. 1, photo 1). The ter­
race bank being undercut by a bend of the river current, it is ·continually 
outwashed. Hence, the changing appearance of the exposure. This is pro­
bably the reason why the writer was able to noti.oe a number of perigladal 
facts that had escaped r,ecognition by the experts who had previously 
studied the exposure at Tarzymiechy. These facts, first ohserved in Sep­
tember 1954 were more dose1y investigated by the writer and his collaibo­
rators in Februa:ry and June 1955. 

The structure of the Wieprz terrace is characterized by an uneommonly 
·comphcated distribution of the materiał, whieh in itse1f is but slightly di­
versified. The fraction of the materiał found in the exposure averages 
0,6 mm to 0,001 mm. Mechanical analysis showed that this materiał con­
sists of fine grained sand, dusts and clays, the predominant fra,ction heing 
pulveruLent silts and loess-like formatio1ns (fig, 2, 3). 

The lowest p,ortion exhibits dark gray, almost black dry:as silts con­
taining vegetal components that were described by S,rodoń (24). The 
silts are stratified and show congeliturbations belonging to the type of 
bound involutions (photo 2). Upward, the dryas silts pass into the next 
sieries without any sedimentary interruption. 

This serie:s is represented by a formation that Ja h n (14) defined as 
varved clays. Its varved character is obvious, however, the materiał is 
not clay, but clayey silts, as shown by grain sbe analysis (fig. 2). These 
clayey silts are brown in colour with characteristk white lime spots, fre­
quently containing tiny molluscs. In the exposure the varved silt have 
a rough surfa.ce and are loose in contrast to varved clays which are com­
pact and have a smooth surface. Like the former one, thi:s sedes is also 
frost disturbed. One of its conspicuou1s features is a 2 m.-long ke-wedge 
that inters,ects the whole series from the top to the base, extending in the 
shape of a narrow vein deep into the dryas silts (phofos 3, 4). In June 
1955 another iee-wedge was discovered on the s:ame l1ev,el, ahout 10 m. 
northward from the first. 

In the presentations by Ja h n (14) and środo ń (24) the 12 m.­
thick deposits overlying the varved silts are too much g,enemliz1ed. Accor­
ding to the profile:s presen ted by these authors the sil ts. are over lain wi th 
sands ahout 4 m. thick, the sands with 4 m. of loess and finally the loie:s:s 
with 5 m. of s:a:nd (fig. 4). In fact this profile is much more civersified 
(fig. 1, 5). , 

Upward, the va,rved silts pass into stratified loess that has a thickness 
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of about 1 m. northward from the main axis of the presented main profile 
(fig. 6, photo 5). In the immediate vicinity of the ice-wedge menti0tned 
ahove, the loess arppears on the varved silts only on the right hand s:ide of 
the wedge, where its thickness is barely 0,5 m. On the left hand side, the 
loess appears in frays. It also occurs in the wedge its,elf, compoS'ing the 
f.illing of its extier:nal part, along the walls. The rest of the wedge filling is 
composed of gray sil t and sand. 

Only .above, on top of the loess and sHts that fill the ice-wedge, there 
is a dis:cordant lay,er od: fine grained sands not over 0,5 m. in thiokness. 
These sands show a ripple mark structure; in thek lower part they cor­
respond to the rolling phase of sedimentation, whereas above, their struc­
tur,e, reflects the dune phase (photo 6). On the right hand side o.f the ex­
posure, this sandy layer protrudes in the shąpe of a wedge. The same 
occurs on the opposite side where the wedg;e-shaped fayer of sand is para­
Ueled by an incr,easing thickness of the loess formation. This shows that 
the ripple mark-sands fill the erosional depressiorns in the loess. These 
sands initiate a series of 6-7 m. composed o,f aHernaiting layers of fine 
grained sands and silts (photo 7). These small layers of sand and silt 
frequently overlap and are rather discontinuous. The silt laminae attr:act 
special attention (fig. 1, 5, units 5 c). At first glance they look like frost di­
sturbed l:ayers. But doser examination rev,eals no trace of any dis,turbances 
caused by the deformation of the primary laminar pattern. The impression 
of a complicated ,pattern of laye,r:s is due :to the presence of small ero1siornal 
cuts filled with materiał depos:ited from above. All doubts are removed by 
the canoe~shaped channełs that are grooved in to the surface of the compact 
silts and filled wi1th the light.er and coa:rsier sandy silt from the layers 5 b. 

This series cons:istin.g of simall layers o,f silts and silty sands with ripple 
m,a;:rks is overlain wiJthout any perceptiible dis,cordance with a peculiar 
3 m.-sedes of sandy and clayey silts. A peculiari1ty of this series are the 
obvious congeiiturbations belonging to the bound involution type which 
occur im the whole series. from the base to, the top. The intensity of the 
disturbance as reoorded by the ampHtude of the curves, increases upward. 
A section of the wall that was laid bare exhibits cracs in the shape of tiny 
iee-veins running obliquely along the entire involution zone (fig. 1, 5, 
unit 6). 

The top of this curious and important series is sharply truncated and 
v,e:n,e,eried with a thin ferrugirnous cover of a f,e,w cm. The top surface is 
cu t by small fissures, fiHed wi th ferruginous sand. 

Finally, the uppermost portion of the tenace is compois,ed of fine sands 
and silts, entirely differeint in ,character from rth0ise of all the series appe-
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aring in the exposure. The whole formation o,f about 5 m. - 3 m. in thi-
0kness in the profile described - exhibits parallel stratification with 
a distinctly varved rhythm (fig. 1, 5, layers 7). 

DYMAMIC INTERPRETATION 

The sediments exposed at Tarzymiechy testify to an extreme variety 
of events, whose nature and importance can be infeirred from the analysis 
of their structural and textural characrberis:tics. The most conspicuous 
feature of the profile descrihed are two large zone:s of periglacial structu­
res. This plainly reveals the preponderant, perhaps even decisive role of 
fr.ost proces1sies in the history of the vnepr:z valley, in partkular of the 
20 m. terraoe. 

The drya1s and varved silts represent depooits of a tundra lake, that 
may have exis:ted in the glaciated area. Cold, periglacial conditions are 
evidenced by the pul verulent fraction, the varved rhythm, of the dryas 
and the frorst structures. The aecumulation of the depo:sits was assodat,ed 
with a progressive lowering of temperature, whkh attained its maximum 
afteir the deposition of the varved silts. The Lowering of temperature is 
evidenced by the smaller fraction and the perfectly varved rhythm that 
charaderizes1 the upper silts in contrast to the dryas silts. The sedimenta­
tion of the varved silts occurred probably under incireasingly severer cli­
matic eonditions, due to the advance of ,the ice-sheet that approached its 
maximum. This was the time of the development of perennially frozen 
ground and of ground i.ce. The intensive formation of ground ioe, that was 
produced at the time of maximum gladation is evidenced by the ice­
-wedg1e,s iinters,ect the varved silts and ,extend down into the dryas silts. 

At thait time, the perennially frozen ground reached up to the top of 
the vairved silts. The loes.s-lik:e silts overlaying ,the varved silts on the 
northern side of the main profile, as wen as tho,s,e that are preserved in 
the shape of frays aibove the ioe-wedge and cons.titute part of its filling, 
were a1ready then included in the adive layer of perennially frozen ground. 
This is evidenc,ed by the disieordant pattem of this formation, by the pre-­
sen-ce of such alien materiał as the ,gray silts and the lumps of varved sUts 
visible on fig. 6 as well as by the lower congeJ.titurbations. It is also note­
worthy that the varvied silts do not canta.in any organie remains, while the 
overlying loess-like formation oontain:s mollusc.s and plant fragments 
among whkh a well preserved salix reticulata leaf. 

The decay of frozen ground occurred before the accumulation of the 
silty-sandy series overlying the varved silts and the loess-like formation. 
The ice-wedge is entirely filled with gray silts and brown loess-like silts. 
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Only the formations that immediately overlie the ice-wedge are curved 
in the direction of the wedge, whereas the fine sands of ripple mark struc­
ture that initiate the silty-sandy series lie almost horizontally and do not 
show any disturbances in the vicinity of the ice-wedge. A surface of dis­
cordance which s,eems to have a great paleogeographic signifrcance can be 
observed here. Impor,tant, climatically conditioned events occurred most­
ly during the subaerial period of this surface. 

The thawing of the grnund ice mass, the filling of the iinterstitial voids 
and the formatio1n of the ice-wedge mu.st be regarded as the first .stage of 
the decay of frozen ground in this area. This process oould be o:nly the 
result of a oo:nsiderable change in climate. The graduał rise of tempera­
ture must be attributed to such climatic chaniges as thos,e of either inter­
stadiał or inte:rglacial periods. However, the choice between thesie two 
alternatives is by no means an easy one. 

The analysis of the series at the base of the terrace ,goes to prove that 
the warmer period du.ring which the thawing of the ioe present in the 
wedges to,ok place wa:s not a period 0if considerable erosion, si,noe one of 
the ice-weidges is only s11ightly truncat,ed in its upper portion. The redu­
ced proportions of the destruction may b2 inf.ered from the situation atnd 
the thic\mess of the 1'oess-like materi01 ov,erlying the varved s:ilts. The 
loess-like materiał its21f has undergone severe destruction only in the 
immediate vicini1ty of the ice-wedge. Further, on the left hand side of the 
wedge the original thickness of the loess is most probably preserved, as 
suggested by its mode of passage into the overlying sediments. 

As kniown, the Pleistocene warm in tergla ciał periods with their mode­
ra te, humid dimate, created favourable condHions for the develoipment of 
a powerfull activity of river erosion. This led to the formation of cuts, of 
new vaUey floms and of terraces rising ahove them. The Tarzymiechy 
profile, revea1ls ins1tead a further development of accumulative pro,cesse.s. 
The old valley floor is supe1rbuilt by depo.sits of several meters in thick­
nes:s. 

After the forma,tiorn of a terrace in the g,eomorphologic sensie i.e. after 
the formation of a new, lower valley floor, accumulation on its surface 
could only result from the activity o,f slope processes. Many examp1es in 
the literature go to prove it. Tr i ca -r t des.cribes from the Cure vaUey 
terrac-e deposits covered with peri,glacia:l slope sediments deposited during 
the last glaciation (29 ). Similar facts are des,cribed by M -ens chi n g (20) 

and, in our country, by Halicki (10) and Klimaszewski (15). 
However, the deposits overlying the varved silts and loess at Tarzymiechy, 
are river formations. 
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The character of the siediments des,cribed above leaves no room for 
doubt. The inclinations are gentle and their direction para11els that of the 
valley axis. The analysis of thesie depo6.its suggests thart their accumula:tiom 
occurred on a vast vaHey _fl.oor with wandeifiing river streams. This is evi­
denced by the discontinuity of the layers and the highly characteristic 
wedge-like protrusion 0if the tiny rippl,e mark sedes arppearing in the 
profile (fig. 5). 

The described structure of the deposits and their very tiny, mostly pul­
verulent fraction suggests further that sedimentaJtion on the floor of the 
Wieprz val1ey progressied umder rather dry climatic corndttions. At the 
same time, this cłimate was probably also cold. This supposition is not 
only •confirmed by •the fine fraction of the materiał but also by the high 
content of CaC03 at all the levels up to the top of the uppermost invo1u­
tion zone inclusively (see table). This shows that the ccmtent of calcium 
carbonate in the entire s:efi.es is not much lower thiain in the varved sHts 
and even higher than in the dryas silts. In the base portion alone the con­
tent of CaC03 is comparatively low. 

Materiał 

Rhythmically stratified upper sand (layer 7) 
Silts from upper involution zone (layer 6) 

Sand from terrace series (layer 5b) 
Silts from terrace series (layer 5b) 
Varved silts (layer 2) 
Dryas silts (layer 1) 

CaCO3 per centage 

3,2 
7,5 
2,7 

6,6 

8,9 

6,4 

All this suggests, that the main part of the terrace was aecumulated 
toward the dedine of this warmer period during whkh perennially frozen 
ground was liquidated. Toward the top of the series, the symptoms of an 
increasingly severer climate become more abundant. The entire top portion 
of this series (layer 6) is compo1s12d of pulverulent and clayey materiał. 
The thus indicated cooling of the climate, is definitely aind {~onclusively 
confirmed by the perfectly distinct int,erference of frost in the very deep 
involution zone and in the ice-veins. 

The top of the upper involution zone exhibits a distiinct hiatus, which 
is an important indicator of the dimatic limit in the history of the deve­
lopm:ent of the terrace. This top supported the surface, whkh for a long 
time did not undergo any changes: due either to denudatioin or to sedimen­
tation. This is evidenced by the zone of ferruginous materiał and rthe sma'll 
crevas.sies that may be interpreted as the effects o,f drying. 

The uppermoist sieries discorda1ntly overlying the involutiion zone was 

Biuletyn - 8 
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deposd.ited under more humid conditions .. It is characterized by a largeir 
quan,tity of coarse igrainied, sandy ,compoinents, a varved rhythm, aind a con­
tent of CaC03 twi,ce lower than that of the underlying series. These se--­
diments are prdbably correlated with the dedine of the previous cold 
period and must hav,e1 been formed at the time of the decay of frozen 
ground. This period of greater humidity was also p:resumably associated 
with the erosfonal phase that led to the formation of the ,cut and thereby 
to the formation of the terrace. Thiis, however, does: not yet mean the end 
of the chain of events reflected in the present patt:ern of this form. Later 
even ts shall be discussed below in conmection wi th age problems. 

AGE PRQBLEMS 

The profile at Tarzymiechy is of tT1emendlous stratigraphic inte,r-est and 
l 

of impo1rt1aince for 1the paleogeiog1ra1phy a1nd the chrio1Ilo1logy of the Quateir-
:na:ry. Thits 1i1s due to the vertka1l :a1mplld.:tude of !the priof,He tha1t cut:s through 
the Quaternary formations down to the chalk appearing at a depth of 
61, 1 m. fo, the wide diversifka1tfo1n of the deipos:irbs a1nd to the1Lr orga:nk con­
ternts. The per:iglad,a1l st:ructu1r1es dii:sicover,ed in 1954 1and mc1re det1a1iled 
study of the upper part of the deposits have considerably strengthned the 
pa1eogeographic and stratigraphic siingificance of the exposur1e. 

The total Pleistocene profole in the Wieprz valLey near Ta1rzymi,e,chy 
is represiernted in fig. 4. The chronofogic interpretation of this profile given 
by Ja h n (14) is as follows. The lowest cretaceous gravels are remnants 
of 1the ri\Tier de!l)osits accumulated du:dng the intergladal period preceding 
the Cracovien glaciation. The seri•es of sandy-:gravel deposits which is 
the largest in the who1e profile cor:r:e:sponds, to the Cracovien. Gyttja 
which overliies this series repre:s,ents the Intergladal Masovien I. The 
dryas sil ts and varv,ed sil ts are co1rr1efated with the Middle Polish glaeia­
tion (Varsovien I) which did not rea:ch this area. Fina11y, the last series 
ov,eTlying the s1i1lts a,nd the varved days, cornesponds to the Ba1tic glacia,... 
tfon (Varsovien II). 

Sr od! oń (24) agr1ees with Ja h n' s interpretati:on of the age of 
interglacia,1 gyttja andl of the dryas silts. However, he thinks that the 
uppermost ser1ies or dryas silts was formed during the Middle Polish gla­
ciation. 

This divergence of vi1ews, results in the first place fr.om the difference 
between the criteria adop,ted by each of these eminent experts. środo ń 
bases his opiniom o:n paleobotanic materiał suppLemented by the analysis of 
the malacologic inv;entary, whereas Ja h n draws his conclusions on the 
support of morph'Oge:netic data, in particular of t'he morphogenetic inter-
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pretation of the geologie diseordane,e at the bas,e of the t,errace series. The 
detailed and dynamieally interpret:ed s1edimentologic analysis outlined 
above afford:s new basies for chronologie conclus:ions. 

As rega1rds the chronology of the sitratigraphy and the events relating 
to the genesis of the 20 m. terraee on the Wieprz river, the most important 
conelusions are thns,e suggested by s,ediment:olo,gic analys:is. The structure 
of this terrace shows distinct traees of two fr.ost periods - an older one 
in the layers 1 and 2 and a younger one in layer 6. The first frost period 
was foUowed by a phas~ of considerable warmth during which the froz,ern 
ground disappeared. TMs was also the time o,f formation of the discnrdant 
surfa:ce underlain by the loess spread ahove the varved silts. In the inter­
val between these two frost periods, river accumulation proceded under 
dry and cool climatic conditiorns. 

The interpretaJtion of these two periods od: 1intense frost and of the 
intervening warmer pha.se de:pends upoin the definitfon of the morphogene­
tic ,importance of the geologie dis:cordance that marks the dose of the 
frost-period and upon the character of the deposits aecumulated upon this 
diseordant surface. The prev:iously r:ecogniz:ed restricted action of eTosio~ 
nal activity which did not lead to the formation of a cut and a terraee as 
well as the further progress of riv,er accumulatiolll suggest that neither the 
discord.ant surfac:e nor the overlying deposits can be regarded as relat,ed to 
the intergladal. Hence, the o:nly possible conclusion is that the warrner 
period recorded by the deposits between layer 4 and 6 is related to the 
interstadiał, the warmest part of the phase coinciding with the thawing of 
ground ice, whereas the deposits in the layers of s1eries 5 originated during 
the colder phase towards the dose of that period. 

The presenoe of organie contents illl the base portion of the sreri,es: de-. 
scribed, whkh Sr od oń (24) r:egards as ,correlated with the Interglacial 
Ma,sovien I, lead!s to thie c01nclusion that thieSJe deiposits at lea'.Slt up to laye1r 6 
inclusively are- oorrelated with the Middle Poli1Sh glaciation, as there are 
no sufficient reasions to distinguish in the ser:i1es descrihed the deposits of 
two glaciations. There is no unquesitionabLe evidle:nce advocating the intier­
glacial charader of the deposi ts in serieis 5. The surface of discordarnce 
does not ,constitute satisfactory evide1nce .a:nd the continuity of the deposits 
- which in fact are fluvial in origin - excludes all possibihty of !regar­
ding the tiime of their aocumulation as interglaoia.,1. 

The views conceming the bi-pa1rtition of the Midd1e Polish ,glaciatiorn 
are well known. In connection with this coincept, the youn,ger frost period 
recorded at Tarzymiechy is like1y to be r,egarded as: coresponding to the 
Warta stage. 
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There is a strong prohability that the siequenoe of events during the 
here conside:md stage of the hisfory of the Wieprz river valley developed 
a:ccording to the chronologie s,cheme ouUined above. lt is in kieepiing with 
the results of Sr od oń' s (24) paleoibotanic investigątions and is sup­
ported by a fairly accura'be inteTpretation of sedimentologk data. It is 
also in aecord with the resrults obtained in other ,countmes. Terraces of the 
same height as the Wieprz terrace corresrpond to the German Mittelterrasse 
arnd are regarded as forms produced during the glaciation prior to the last. 
It would be rather asto:unding and diffkult fo exrplain if so powerful an 
incut as the one required to produce a 20 m. terra,ee should have arisen 
towardthe close of the last glaciatiio:n and d.n the Holocenie. It would also 
disagree with the conclus:ions relative to the ag,e of terraoes in other areas 
of Poland, 

However, this argument cannot yet be regar:dJed ais conclusive. Was the 
materiał of the Wierprż terra.ce accumulated dluring the Middle Polish gla .... 
ciat.ion, what has hecome of the traces of the rirn.fluence of pertlglaeial cli­
mat.ic environment during the last glaciation? 

The extensive terra:ce s:urface is diverniified by corrasional troughs, 
whose, lower parts frequently underwent yoiUnger cutting. Thesie denuda­
tional troughs are, obviously, younger than the terrace formatiotn. They 
1ciould be formed only after the ernslional cuting that prnduced the pre1Seint­
-day terra.ce. Hence, they are unmistakable traces of the periglacial mor­
phoge:ny that aceompanied the last glaciatioin. In thi1s connection it seems 
appropriate to remind that in Germany terra:ceis: cut by dienudation.al or 
congeliflual troughs are generally and quite correctly regarded as much 
older than the last gladation (20, 30). 

North of the exposure descrribed, a denudation.al trough runninig acroiSS 
the village of Tarzymi,e,chy, cuts the terrnce to a coITTJsiderable dlepth. West­
ward, close to the village road, part of the sfope structur,e of this trough 
is exposed. Typical loess can be recognized at first sight. On ,carieful clean­
.sing of the exposure the patterm illustra:ted d.n fig. 7 and photo 8 appeared 
d!i.stinctly. A typica1 eonge1Liflual structure can he readily recogni~ed. It is 
composied o,f pulverulent silts, sands, bouldler clay, arnd small creta,ceous 
,crumbs. The basie portion of this zone exhibiits corrasirnnal surfaces, that 
air,e characteristic of dieinudational troughs. 

There ,can be no doubt as to the fact that the cong,eliflual formations 
blan!lrnting the sJopes o,f the denud:ationial troughs are youn:ger than the 
terrace im.to which the t:mughs them;51elves1 are cut. Hence, apart from the 
geomorphic record, we are ailso in pos:sesioin of a .geologie and a geomorpho-
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geneti.c evidence of the influence of the pieriglaciaI environment, that pre­
va1i1ed after the formation of the terrace. 

Thus in the synthetic profile of the terrace appears a third frost­
-caus:ed, per!igladal element (fag. 5). This element closes the Pleistncene 
history of the Wd.eprz vaUey te:rrac,e. The lfleicognitiotn of this new strati­
graphic feature of the profile not only closes the PI,eistocene hist,ory of the 
terraee, but it also - together with the stat,ement of the pres1ence of denu­
datiolllal troughs on its surface - eonfirms the condusion that the age of 
the lower deposits !is Middle Polish (Varsovi1en I). 

References cited: p. 29 
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Łódź 

PROCESSES AND STRUCTURES IN THE ACTIVE ZONE 
OF PERENNIALLY FROZEN GROUND 

Part II 

Abstract 

The article contains a review of the terms most commonly used in Polish, Anglo-Saxon, 
French, German and Russian literature to describe cryopedology, frost-heaving and needle ice. 

Cryopedology; kriopedologia (kryopedologia); cryopedologie; merzlo­
tovedenye, pagologya, kryologya, geokriologya, structurnoye ledovedenye. 

The modierm. wave of ,interest dm. the Arctic has given 1:isie to a s,eries of 
studies in both the, lines of pure and applied science. These studies permit 
to answer a number of qU!es:tions rie:ferring to the Pleisitooeine, while om the 
other hand they facilitate the solution of practical problems arising in con­
nection with the ooin:struction of roads, aerodromes etc. Under the stress of 
ever-increasing economic needs, science is facred with pradicail tasiks, 
whose fulfilmem.t acee1erateis the prog:ress of research oonioerned with 
frost-proeeS1s,es and perennially frozen ground. 

In 1946, Bry a n (6) in his airtiicle on nomendature points rto the ne­
ees:S1ity of introiducing a speci:al term for the newly born sub-discipline, 
that he regards as intimately rielated to pedolo,gy, proposing to call it 
cryopedology. Accordi1ng to Bry a n cryopedology means sucha sd.ence 
of both intensive fros:t-proc,esses and perenrnia11ly fr.oz1en ground whkh not 
only dieals with the proiblems conn,ected with the action of the:se pro,ciessies 
but also endaveours to outline same 1engineering princip1,e;s that would per­
mit to avoid frost-causied destruction. 

The term cryopedology soon made its way in to the French litera,ture 
as cryopedologie. It was introducedi by Ca ri 11 ei u x (7) in „Etudes de 
cryorpedolog;ie", and la ter was adopted by Gu il che r (13), Tr i cart 
(31) and others. 

B r y a n' s term, a1though at the time ailready adiop,tied in France was 
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strnngly criticiz,ed by Gu i 11 i ,en (14). Gu i 11 ie n emphasizies the 
idea of Sloil in borth the mo1rphologic and the pedologi1c sensie. The differen­
ces betwe,en these. two types of soil are most st.rongly .acoentuated in the 
sub-Arctic zone. The pedologie soil covier is very thin in this region. 
Therefore soif can be here spoken of only in the morpholo,gic s,ense. Gu i I­
l ie n r,emarks also that any referenoe to „soil destruction" produced by 
mass-movement of denudation processes means exclusively soil in the 
mo,rphologic but never in the pedologie sense. On the support of these con­
sider,ations, Gu i 11 ie n declares, that since this line of study is mainly 
concerned wi th · geomorphologic problems, the new sub-disc,i,pline should 
not be as,sociated with pedology. 

In the Polish literature, Bry a n' s term has heen notso much adop­
ted as hesitati1ngly introduced in quotatioin marks by Ja h n (17) as 
kriopedologia. In the „Geological Dictionary" by D :z i ew a ń ski and 
K 1 e c z ko wski (20) kryopedologia als,o appe.ars among other terms 
used to designate frost processes. The authoirs defin,e the word as meaning 
,,the science of the changes occurring in the external ground cover and in­
duced by Polar olimatirc conditions". By spe:aking of „ground" instead of 
„soiil", the authors have avoided all ambiguity and removed the oibjedions 
raised by G u i 11 i en. 

In the German literature, the tierm cryopedology has not as yet found 
acce,ptance. 

In the Russian literature alre:ady a long time ago the tremendous im­
portance, theoretical as much as practical, of investigations info perieirmial­
ly frozen ground, has been given due attentLon. Since ~n the Soviet 
Union, perennia.lly frozen ground involv,ed 480/o of the •einti:r,e surface of 
the country, it con:stituted a serious obsta•cle for the exploitati,oin and con­
quest of extensive wast:e land. Hence, the natura.I and comprehensij_ble de­
velopment of resie:a1r,ch work in that field which eventually gave risie to 
a new, quite indep,endant branch of sd1eince. 

In a generał sense, this bmnch of knowledge is usually referred to in 
the Russiian liter:ature as merzlotovedenye, which means fr.ozie:n ground 
science. 

P .ar home n ko in Trudy Komiteta po vechnoy merzlote in 1938 
mentions the merzlotovedenye or pagologya i.e. the study of fr'O:zen ground 
and of the processes oc,curring the,rein, as well as of the processes oocurring 
in the :z101ne of eontact between froz:en and non-fI"oZien rocks. Lat,er To I­
st i hi n (30), giving a more precise definition of Par home n ko' s 

terms, says that merzlotovedenye :refers to the scienee of the development 
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of frozen „geowne" (merzla geozona, ikryohtonna geowllla, kryogeozona), 
whereias the student of cryopedology shou1d be named as merzlodoved. 

T o 1 st i hi n (30) underlines the 1relationship between cryopedology 
and a number of other sdences such as e. g. geiophysics, geofogy, climato­
logy and hydirogeolo,gy. Hydrogeolngy, however, is mainly concerned with 
water in a fluid state whereas eryopedology studies watrer in a solid state 
together with the a1ssiociated phenomena and the widely diversifi.ed in­
fluence of frozen ground upom relief paUern, veget.atioin etc. 

Apart from the generally adopted term merzlotovedenye one may find 
in the Rus:sian literature a number of definitions referring to the knowled­
ge of ice and frozern ground. 

Ka 1 es: n i k (18) speaks of kryologya whkh means the study of the 
totality of ioe-prnhlems. He considers that glaciology for example, eonsti­
tutes but a part of cryofogy. The proper oibject of cryologic :reseiarch is ice 
in generał, while gladology is solely conce,:rned with glaetiers. 

In 1946, Mark o v (21) emphasi.zed relationsh:ip between cryopedo­
logy and glaciology. Acco-rding to Mark o v the wne of fmzen ground 
cons:ti,tutes, together with mountaiin glaci,ers and ice-sheets, one 
of three main areas of refrigera,tion. There are in nature differient modies 
of foe formation, but a,ccording to Mark o v they all belong ti0 the field 
of glaciology, in a very broad sense. 

Shum s k y (27) regards ice as the most widely spriead hard minerał 
on the earth's surfa.ce; it plays an important role in the life of both na­
tur,e ,and human communities. Therefore, ice may be studi,ed from various 
points of Viiiew. Shum s k y dJis,cu:sses a new branch of study which he 
calls structurnoye ledovedenye. The objeet of this science is the a:nalysis 
of the com.position and structure of ice leading to far-reachin:g cornclusions 
asi tn the cornditions of ice-formation in naturie. Accordli.ng to Shum s k y, 
structurnoye ledovedenye attempts to so.lve the problem raised by the 
formation and the conditions responsible for the persistence of ground ice. 

In a paper discussing the terminology relating to perennially frozen 
ground Me !i_, ster arnd S h v e co v (22) question the usage of the 
term merzlotovedenye. They suggest to replace it by the teirm geokry­
ologya, whkh gives a mor:e pr1edse defiinition of the essentd1a1s of the phe-­
nomenon inve:stigarted. These authors expect geokryologya, whkh is de­
rived liik1e geomo,rphology, hydro,geology or geobotany, from a Greek root 
to be.come in the future a generally adopt,ed term. 

Frost heaving, frost thrust, upthrust; pęcznienie gleby, pęcznienie mro­
zowe, wyrnarzanie kamieni, wyrastanie kamieni; gonflement, soulevement 
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des pierres (du sol); Frosthebung, Frostschub, seitliche Frostversetzung; 
puchenye grunta, vypuchivanye, puchiny, yavlenya puchenya, vymerza­
nye kamney, vytalkivanye kamney, pulsacya pochvy, sdviganye kamney, 
moroznoye uchenye, vspuchivanye grunta, vzdutye grunta, moroznoye 
vypuchivanye, vypyachivanye grunta. 

The pheinomenon of the volume increase of moisture s:aturated particles 
at the time of freezi1ng Dobro w ols ki (8) refern to as pęcznienie 
gleby. Ja h n (16) rather uses the term pęcznienie mrozowe, thus stres­
sing the role of foo1st as the age1nt re:s1pon.s:iible for the d.rncr,eas,e in vo1ume. 

The upthrust of stones and earth lumps due Jo soil heaving Dobro­
w o 1 ski and Ja h n refer to as wymarzanie. Bac (1) use:s instead 
the term wyrastanie kamieni probably urnder the influen:oe of the popular 
saying that stones „grow-up" in the fields under the stress of frost he­
aving. 

To designate the pro,cess under consiiderntion the Anglo~Saxon litera­
ture uses the term frost heaving (T ab er, 29) that has met with generał 
acceptance. This term refers chLefly to the upwa:rd movement of pa,rticles, 
induced by the slightest pressure and associat,ed with the existence of a ca­
pillary syst,em and of an a,rea of water sup,ply. Eak ri n (9) disti:ngUiishes 
the vertical a,ction of frost heaving foom the process of frost thrust due to 
side-pres1sure. Bry a n (6), however, beli.eves that, after the, studies by 
B e s k o w and T a b er, the physical a:sp-ect of the phenomenon does 
not requir,e the intr:oduction of any othe,r terms than frost heaving. 

In the Fmnch cryopedology the process of frost heaving is r,eforred to 
as gonflement (C :a 1i 11 e u x, 7). Thd.s expre-sision gives am adequate defi­
nition of the pmce:s:s induced by the volume increas,e. 

The phenomenon of upthrust of stones nr emth lumps Ca i 11 e u x (7) 
and Tr i cart (31) refer to as soulevement (des pierres, du, sol). 

In the German, as wen as in the Ainglo-Saxon nomenclature one may 
find two expressions relatiing to the pr,ocess of frost heaving: Frosthebung 
and Frostschub. Con1S1ide:r1ing the meaning ,of both these terms, Tr o 11 (32) 
agrees with Po S' e r, who strictly d:Lstiu11guishes the: meaning of Frost­
hebung from that of Frostschub. He applies the former to v,ertical move­
ments due fo, frns:t heaving whe:reas the second he uses to des'i.gnate lateral 
movements, whkh Tr o 11 sometiimes refers to as seitliche Frostverse­
tzung. 

The terms ,corr,espondiing to frost heaving are in the Russiain nomen­
clature those of puchenye grunta, vypuchivanye, 1orr ,s:irnply puchiny. These 
expressions are used to de-sicribe all the proceisses leadting to the displaoe­
ment of the ground. Kap t .er e v (19) mentiions for example yavlenya 
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puchenya (the pheniomenon of heaving) produced by the expansion of 
wa ter fmezing in the ground and by the forma tion of ice-,c,rystals. K a p­
t er e v thinks that the phenomenon of heaving is dnti:rnately conn,eicted 
with vymerzanye kamney (upthrust of stones). Bo n dar chu k (5) 
uses the term vytalkivanye kamney, while the pheinomenon of the heaving 
of ground surface during frieeze and of i ts subsiidience at the time of thaw 
he refers to as pulsacya pochvy (pulsation of the so1Ll). E del st e ii n (10) 
discusses the development of ice filaments inducing sdviganye kamney. 
Puchenye grunta whkh means the deformation of the surface, under the 
action of freez,e and thaw which is :also discussed in the papens by Sum­
gin (25). P y a v che n ko (23) calls this phen:omenon moroznoye pu­
chenye. The greatest variety of terms can be found in the works by 
Gr i gore v (12). To designate the phenomenon of frost heaving he uses 
the following expressi,ons: vspuchivanye grunta, vzdutye grunta, moToz­
noye vypuchivanye, wypyachivanye grunta. 

Needle ice, ice columns, ice filaments; lód włóknisty; la glace fibreuse, 
filaments de glace, les pipkrakes; Barfrost, Effloreszenzeis, Eisfilamente, 
Haareis, Haarfrost, Kammeis, Nadeleis, Pipkrake, Stengeleis; ledyanye 
stebelki, ledyana.ya korka, pochvennye vycvety lda, plastinki lda, z'iorna 
lda, kristaliki lda, druzy lda, shchotki lda. 

The formation of tiny ice needles under the soH surface, on the waUs 
of soil cra,cks. or beneath the viegetation cover have been recognized ra,their 
early as the ries:ult of a peculiar friost action upon the soil. To designate 
this form of frost action, the Pol:ish nomenclature has adiopted the term 
lód włóknisty, which was introduced by Dobro w ols ki (8). In his 
description of lód włóknisty (fibrous ke), Dobro w 101 ski also dr:aws 
attentiion to the considerab1e morphogenetiiC importairwe of small, nieedle­
-Uke ke •erystals that may up-Lift or shove lumps of earth a,nid even s.tones. 
In the moist r 1eeent Pnlish literature de:a:ling w,ith per!iglacial problems 
(Ja h n, 17) as well as with present-day soil proces1S1eis (Bac, 1), the 
term is UJniver:sally adopted. 

The German literature posseses the greatest v:ariety of terms relafan.g to 
needle ice. R i c h t h of en (24) in his description of this ice form calls 
it Haarfrost and recog:nizes its morphologic importance. The most popular 
term used to designate needle ice is in the German hterature (Tr o 11, 32) 
and in the papers by authors who write in German (Furrer, 11): 
Kammeis. However, a ITTumber of other terms are being used w,ith the 
same meanin.g as Kammeis. Such express:iorns a:s: Haareis, Nadeleis, Sten­
geleis, Eisfilamente, Effloreszenzeis, Barfrost have mostly a distindly ae,... 
scriptive meaning, that emphasiz.es such characterristLc featums of the phe-
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nomenon, as the elongated, needle-like or hai:r-like shape of the_ tiny cry­
stals oompo:sing the bUinches of needle iee. 

Furthermore, bes:ides the expre:siS1ion Kammeis German authoTs use 
also the Swedish t,eirm Pipkrake. In those of his papers that are written 
in German H o g bom (15) refers to needLe ioe only as Pipkrake. In 
fact, the teTm has acquired an international si,gnificance. 

In the Anglo-Sax-on Iiterature there is a1n eiarly reference to fibrous. ice 
as ice columns. This term was us:ed as far back as 1850, by Lec o n te. 
There exist also other terms whiich - like the German ones - pod.nt to 
the ·character:istic foatures of this form of ke: needle ice, or ice fila.ments. 

The F,riench Iiternture usie:s the term glace fibreuse whkh is an equiva­
lent of the Pohis:h lód włóknisty. French authoir:s alsio friequently use the 
Swedish word pipkrake, a,ocording to the rules o,f their larnguage. In the 
papers by Cailleux (7) and Tricart (31) oinemay find such ex­
pres:s.ions as sol a pipkrakes, les pipkrakes etc. 

Soviiiet 1experts us:ua.lly and almost exdusively refer to needle ice as 
ledyanye stebelki. The peculiar role of neiedll.e ice whiich induce the dis­
plaoemen t of small ground particles 1and even of stones has been stressed 
by K.a,pterev (19), Grigorev (12), Edelst.ein (10) and 
a number of other authors. Grigorev, for example speaks of the 
formation upom the ground surf.a.ce of nieedle ioe, that give ~is:e to ledya­
naya korka (ioe crus:t). Owing to this ke crust, the turf become sepa<rated 
from its minerał sub-soil. According to Bo n dar chu k (5) the rehef 
pattern pmduc,ed by the a:etion of solidified water depends on the way in 
which the i,c,e was formedl. As regards genesis O!nie may distinguish in na­
tur;e several caiteigories of ke. Some attempts to cl.assify soHdified water 
have also been made. Aooording to B o n d arc h u k the best are those 
by V e r n a d s k i, T o 1 s t i h i n and D ob r o w o 1 s k i. V ,e r n a d­
s ki (as cited by Bo n dar chu k) recogni:zies a form of grnund ice 
whkh he refem to as pochvennye vycvety lda (efflorescence of ground ice). 
In his de:scription of the occurrence of ice in nature To 1 st i hi n (30) 
mentions also such terms as plastinki lda, ziarna lda, kristaliki lda, as well 
as druzy lda and shchotki lda, forming in interstices, concavities etc. 

References cited: p. 36 

Translated by T. Dmochowska 
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TUNDRA STRUCTURES AT PATOKI 

Sl!mmary 

Abstract 

Periglacial structures occurring on the northern margin of the Szczerców basin (Middle 
Poland) are described. The author is of opinion that some of these structures can be referred 
to the Warta stage. 

On the nmthern slope of the Sz,cz,er,ców basin near the villag,e Patoki 
same interesting structures are exp0ised. From the morphologic asi wen as 
the geologk point of view, two different areas may be dist:inguis:hed here: 
the noor of the basin draiined by the Widawka river and its small tribu­
tari,es, and the upland. The Ho.or of the basin lies about 15 do 20 m. lower 
than the adj a cent area and is di versified wi th dunes encroaching also 
uporn. the upland. 

The area liies within the reach of the Middle Polish (Varsovien I) gLa­
ciation. Boulder day and fluviogl.ac:ial sands ar,e predominant rock types. 
The basin is floored by varved clay, peat and fluvial or dune sand. 

The exposure in the culmination of the hillock shows the following suc­
oes1siion of lay,ers: the surface is overlain with gr.avel that vanishe:s down­
-sLope. The gravel rests upon dark-gr.ay clay. Somewhat bel,ow the cu1mi­
nation begi[nis a z.one of violent disturbanc:e, congeliflual in cha1raieter. The 
thilC'knesis of this zone increa:ses considerably down-:slope. Within a disitan­
ce of 22 m. it grows from 0,5 to 2, 7 m. The disturhed ziOlne is compo1sied of 
fine-grained sands with numerous interca1ations orf gravels and clayey 
sands. The sectiorn.s reveal .strnngly disturbed mater:ial. The coarse sand or 
even fine gravel occur only in the upper portion of the congeliflual zone. 

The congeliflual wne presents two horizons (fig. 1). The upper one is 
most disturbed and contains h~ghly heterogeneious materiał. The lower 
one shows less disturhaJYwe and better segr,egati:on. The latter, however, 
must have also pa,rtaken in congeliflual proeesSJes, as indiircated by the dis­
corntinuous laminations and the lenses or hands of day and sand in the sil ty 
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matrix. The same is indicated by the presence of loose, light, stratified 
san ds appearing in the sil ty mass of indistinct structure. This is very weU 
visiiblie in the cross-sectfon of the congelif1ual horizon. 

The congeLiflual depo.sit is underlain with a bed of darik-gray clay. Its 
base dips aecording to the sloping of the surface, while its thicknesLS 
grows down-slope. At the base the day bears traces of laminahon, while 
the top portion is disturbed. There is an occurrence of small curves, distinct 
overla:pping of the day with the overlying materiał and intercalations of 
san:d in the clay or of pack,ets of clay in dayey sand. The clay,ey 
materiał contaiins tiny agglomerations of organie matter which can be best 
observed in the wall perpendicular to the slope and at the base of the clay 
series. 

In the north-ieastern exposure, transversał to the hill-,sfope the congeli­
flual zone is interrupted in its lower part by clay pene,trating from helow. 
The surfaee of the day is very rough and in one place it forms a structure 
known in the liternture as bugor. The bugor is :about 0,6 m. hight and 10 
to 15 cm. wide. The surrounding materiał is interrupted at the base, while 
in its upper part it encircles the form of the bugo,r (fig. 2, photo 4). 

In a:ddition to the bugor and the congeliflual deposits there are here 
some other structures characteristic of frost environment. Under the gra­
vel in the culmination of the hillock, and lower down-slope, two ice wed­
g,es penetratdng into the clay (photo 1). 

The a1nalysis of the arrangement of materiał in the exposure at Patoki 
reveałs the following sequence of events and process,es. The lower sands 
of an uniform fraction and sHghtly rounded grains, as well as, the undistur­
bed, continuous stratification suggest deposition by peac,eful waterflow) 
whi'1e the small degriee of roundneiss pointlS to n,ear-by transportation. The 
graduał passage foom sand to s:il t, as well asi the uneven top surfaee and 
stripe:s or more distinct lamination at the bottom of the congeliflua1 de .... 
posit:s show that peri.glacial envkonment invaded the region as the ioe­
-sheet drew neaireir. The existence of fr0ist envirornment in this a:rea is 
indi,cated ,also by the pr,esience of the ice wedges and the bugor at the base 
of the exposure. 

The chamcter orf the hasał portion of the congeliflual deposit indicates 
that, at first, conditions permitter a free and greater out-flow of water, 
traces of which are left in the form of stripes and s:t:ratification. Such 
a state, horwever, did not last long - the correspondiri:g deposd.ts being on1y 
0,5 m. thick. The change of climate led to a change in :sedimentation. The 
hori:zon bearing trace:s of the predominance of down-wash gives pla·ce to 
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deposits of colder environment, wher,e congelifluction ,is the main form of 
masLs movement (fig. 1). 

The a,rrangement of the materdal obs;erv,ed and the situation of the 
frost-structures permit to eorr,elate them, espe'C'i.ally thos,e from the lo­
wer part of the section, with the Warta stage (the end of the Varsovien I 
glaciation). The lowest sand and day with plant detritus may belong to 
a transition.al period between the interval p~eoeding the '\Varta transgres­
sion and the periglaciaJl period correspon:din:g to that sfage. 

The latest, -Va,rsovien II glaciation has left ,the tl"elief of the area under 
consideration notahly T1eshaped. The existence of gla'Cial and fluviogla­
cial deposits in fl.akes suggests that strong deistrucition has been perfor­
med in that period by denudational prooesses. The materiał has been 
removed by congeiliflual mass mov,ement and the entire relief hears evi­
dence of perigladal moriphorgeny. 

Ref er en ces cited: p. 46 

TransLated by J. RuLikowska 
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THE ICE-WEDGES AT SŁAWĘCIN 

Summ ary 

Abstract 

An abundant occurrence of ice-wedges was observed in the Kutno terminal moraine near 
Sławęcin (Middle Polish glaciation). The wedges were studied in the vertical sections as well 
as in the plane. The fissures in which the wedges are formed display a network pattern. 
The wedges themselves and the adjacent portions show such traces of the expansive action 
of ice as shoved boulders and effects of frost weathering. 

The exposure studied is situated in the T,amipa!flt of the termina1 mo ... 
raine extending from Dąbie on the Ner Tiver in the direic.tion of Kutno. 
Hen.ce, the azimuth of the morphologi,c axirs of this form is N 55 °. The 
culminating point of the rampa!rt 163,5 m., Hes 3 km. farther NE. At the 
place of exposure it is 151 m. in altitude. The southern sfopes ,of the 
moraine are inclined towa,rd the Warsaw-Berlin pradolina (abandoned 
glacial strieam channel). Their gradient is aborut 5 °. The gradient of the 
na:rthern slope:s does not ex,ceed 2 ° a.nd pas:sie:s imper,ceptibly into the 
gently undulating pfain of the ground mornine. 

The Kutno moraine is one of the forms that eorrespond to the Midd:le 
Polish glaciatiion (Varsovien I). The gen tle ou tline of the rampa:rt and 
tihe graduał passa,ge from convex to concave and flart forms plainly shows 
that in this area the initia1 shape of the gladal forms is obliterated. The 
morphologic boundary between the Middle Polish and the Baltic (Varso­
vien II) gla:ciation extends 20-25 km. fr.om the terrain described. Out­
side this boundary appear el,evatiioins of dLstind outlines aind de,ep laike 
ha:sins. Grad ually, the reLief pattiern becoimes mo r·e in t,ensi v,e. 

The grav,el pit at S:kawęcin whkh in s,eveirnl points is 8 m. in depth 
exhibits an exposed w.aH, about 90 m. in lenigth, that ar,cuate:s northward. 
This wall was studied in the course of the progressive exploitation of th~ 
exposure in the years 1950--1955. During that time the wal!l recedeid 
about 5-10 m. 

The geologk structure of the wa:11 studied was laid bare to a depth 

Biuletyn 9 



130 ANNA DYLIK O W A 

of 8 m. The base shows reddish boulder day whose surfaeie slopes 
abruptly northward, The boulder clay is overlai111 with a serieis of fine, 
distinctly skatified fluvioglacial grave:J.s and sands. On torp lies a, mas­
sive houlder-wall about 5 m. in depth eompos1ed of materiał of widely 
varyin,g in si:z1e. Same of the boulders are ov1e,r 1,5 m. in diameter. The 
bouldery is ov,erlain with boulder day, brown or light pink in colour> 
containin,g scattered boulders. Uncommonly weU-develop,ed ke-wedges 
ocic:ur in the upper boulder clay ov,erlying the boulder-wall. The profiles 
(fig. 1) illustm,t,e the changes in outline and occurr,ence of the ke-wediges 
that were progressively obs.eirved as the wall reeeded. Since now the 
exploifation proceeds very rapidly, the wedge :wne wi11 be soon entirely 
destroyed. 

The ice-wedges. that are poo,rly developed assume a somewhat 
f.e:stoon-like shape and do niot as a rul,e extend below the base of the boul­
der clay. The wedges that are particulairly weH deveiloped inte1rsect the 
bouldery and frequently extend down into the underlyi.ng sands and 
gravels. The ieie-wedg.es range 2-4 m. in length. 

Profilies I, III and IV are of partiicular interest on aiccount of tihe num ... 
ber and the si,z.e of the ice--wedges involved. The description will refer 
to fiv,e s,elected wedges that weire observed in diffor,eint parts of the expo­
sur•e and at diff.erent stages. 

Wedgie a (profile I; 3.X.1950) arppears in the zone that is relatively 
nearest to the culmination of the rampart. It is also the largest of all. 
Wedge b was registered several times as: b1 (profile III; 20.IX.1954), 
b2 (rpmfile IV; 4.XII.1954) and b3 (photo 5). From stage b 2 and after the 
remova1 of a 0,5 m. thidk layer, wedge b was also investigatied in the hori­
zon tal cast. Wedges c and d were registerd simultaneously (profile IV). 
Soon aftier, they disarppeared completely. Wedge e was the last discove-
red (23. VI. 1955) and is not representied any profile (photo 8). 

The boiulder day intersect,ed by the upper portion of the ice-wedges 
is, IiOund their margins, irosty in colour and here and there strongly s.a.ndi­
fi.ed. The grain size curve reveals comparatively well sorted materiał. 

This is prohably due to frost caused comminution which gradually liqui­
dated the eoarser materiał. The grains of gra.vel and coarse sand eo:ntai­
neid in this houlder clay a:re mostly sharp-edged. 

The inside fi.ssures of the ice-wedges ar,e filled wi th yellow sand. The 
grain s:ize curve reveals materiał whkh, on the whole, is rather well sor­
ted, though it sho,ws a fall of the 0,3 mm line. This fall corresrpo.nds to 
a certain differentiation in grain shape. Grains larger than 0,3 mm are, 
as a rule, rounded, whereas the smaller ones a.re eclged, though they hav,e 
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sometimes retained some fragments of rounded surfaces. This sand conr 
tained two facetted stones: (wedge:s a and b). 

In the bcmLder-waU, the ice-wedges are remarkahle for thei:r dark rosty 
colour. They a,re mostly filled with materiał derived from the surrounding 
bouldery. This materiał is sometimes strongly comminuted (wedges a, c, 
d). It bears such traces of dis.placement of individual constituents: with res­
pect to one another as: hard, re1sistant rocks pres,s,ed info weathered, cru.m­
bled boulders, upthrust boulder clay, fragments of split boulders drawn 
apart, etc. 

ke-wedges of another type are, fiHed with boulder c1ay (wedge:s b 

and e). A sample of this boulder day derived from wedge b shows a pre­
dominane•e of coarse, orumb1y materiał, that pr,esumahly weathered on 
the spot. The mat,erial is here exdusively sharp-edged. The grain size 
curve is simila:r to that of the martginal boulder clay (fig. 5). Both these 
curves :show falls, ,characteristic of fr:ost weathered materiał. The incr,eased 
number of falls in the grain si.ze curve of the bou1der clay deriv,ed from 
the inner porti9n of the ice-wedge suggests that congelifraction was less 
in tensi v,e in the low er part of the we:dge than round the mar:gins of i ts 
upper part. 

The boulder-wall is underlain with a z.one of fi:ne, stratified gr.aveLs and 
sands. Some of the ice-wedges intersecting the bouldery terminate only 
in this series (wedges a and e). 

The horizontal cast illustrates the course of t'he ,central fissure of the 
wedge that is filled with loose, yeHow sand (fig. 6). The fissure exhibits 
a continuous line of varying width, whose side branches form a whole 
network of fissures, bordered by the riosty hou1der clay described above. 

Among the stones composing the houldery, ap;peair scandinavian crysta­
lline roc'ks, ,C'rystallized limestones as well as Local materiał such as Creta­
ceous stones and sandstones. At the place of oeour1rrence of the iee-wed:ges 
2/s of the total amouint of these boulders is severely weather,ed 1. 

The sedimentary rocks, Silurian Limestones and Creta,ceous rocks show 
a similar behavior. The network of fissures is here complebely irregular, 
quite different in each partkula:r case. The texture of the rock does not 
reveal any features caipable to determine any direction in the development 
of the fissures. Sandstones are split into boulders aJccording to the plane 
of stratification. During the next st.age, the individual :sand grains freed 
themselves from the matrix (photo 9). 

1 I regret that at the time when these observations on frost weathering were col­
lected I did not yet know the extremely interesting paper by Prof. J. Tr i cart: 
Etude experimentale du probleme de la gelivation, Biuletyn Peryglacjalny, nr 4. 
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Im the crystalline rocks, the predominant mle is that of the grain size 

and of the textural distrihution of minemls (photos 10, 11). In the boulder­
-wall, some ierystalline stones are complefoly crumbled into sand, some a;re 
split info lumps while others show oinly a few cracks. Boulders are split 
into large fragments that ,retained the sharpness of thek edges. This seems 
to suggest several diff er.en.t sta1ges of frost weatheTing from mere cracking 
to 1Complete disintegration of the individual, minerał components. The 
grain s•:une cu:rves of three disintiegrated crysta:lline rocks show characteTi­

stic falls. (fig. 7). 

In the ar,ea desor1bed, the presence of bouldery cr,ea ted particular ly 
favourabl,e conditions for the deveLopment of ioe-wedges. The a.ecrnmulation 

of materiał different in shape arnd si:ze ga1ve all this zo.ne a characteir orf 
poro.sity that both facilitated the ci,rculation of wa ter and favoured the for­

mation of ground ke. 

The exposed small fragment of the planie· seems to suggest that shape 
of the ice-we:dges form a network pa1ttem that may be regarded as a tundra 
polygon. In the fulI':rows and fissruires produced by oontraction, ioe-wedges 
were formed which eventually grew larger not in result of the deepening 
of fissur,es but rathe,r through the increase of the ke-mass that invaded 
all the less resisfant parts of the adjaieent boulder-wall. On thawing of the 
ice, the wedge fissureis were fiHed either witn the boulder clay overlying 
the bouldeT-waill or with fluviogla!Cial sand transformed by frost weathe­
ring. The presence inside the iee-wedges of the two facet,ed stones men­
tioned above shows that the sand was a surfidal materiał. 

References cited: p. 59 
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Józef Gołąb 
Łódź-Warszawa 

ICE-WEDGES AS GROUND-WATER CONDUCTORS 

Abstract 

On the support of observations collected in the environs of Warsaw, the author presumes 
that i~e-wedges may afford good passages for rain-water into the aquifers underlying ill-per­
vious beds. This explains the ready reaction to rainfall of the water-table overlain with 
impermeable layers. Observations collected in the area of the middle Vistula seem also 
to confirm the author's supposition that phenomenon may assume an important role in 
vast areas. 

The question of infiltration o,f rain-water in.to glaci.al deposits overlain 
with oomparatively \mpervious strata belongs to the more difficuilt pro-­
blems in hydrogeology. Such conditions occur, for example, in those pła­
ces where a compact layer of boulder-clay overlies fluviogladal deposits. 
The assumption of the infiltration of rain-wateir into aquifers at thedr out­
crops is in disagreement with the rapid respon.se of the water-table to even 
short-lasting precipitations. In norma.I conditions water-hearing strata 
crop out u:sua1ly at int,ervals of several km. Therefore, even H the maxi­
mum coefficient of perviousness for the given hydraulk gradient be assu­
med, the rate of migration of underground water cannot explain the ready 
reaction of the wat,er-table. 

Field obs,ęrva1tions frequently revea1 such l1'apid fluctuations of the 
water-taible, that coefficients of perviousnes:s eakulated f.rom the rate 
of water-flow attain values that are practically never encountered in glacial 
deposits. Much short,er ways of ~nfiltra:tion into water-bearing strata 
than generally assumed in simila,r conditions should therefore be searched. 

Some light may be shed om. this phenomenon by the facts observed at 
Młociny, north of Warsaw. The exposure d.s situated on the sfope of the 
Warsaw--Beirlin pradolina (fig. 1). Under a liay:er of sandy day, abou.t 1 m 
thick, passing frequently into poorly assmted s.ands ther:e is a grayish­
brown boulder-clay of varying thickness (averaging 3 m.), partly bearing 
small fissures, hut forming on the whole a uniform layer. The bou1der­
-clay is underlain with fluvi,oglada!l, cross-heidded, poorly asisorted sand 
(photo 4), passing downward into layer:s of pulvemlent sand. 
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The exposure exhibits four ioe-wedges developed in houlder-clay 
(photo 1, 2). They unite the surface of the slope bench with the fluvio~ 
glacial sands underlying the boulder-clay which is also partly cryoturhated. 
The ke-wedges are situated about 3 m. from one another and form a rela­
tively regular network pattern. 

The ice-wedges aire filled with qua:rtz sand with a rather low content 
of dust partides (fig. 3). The grain-size curve shows a wery uniform frac-

. . . . d60 0,105 
t10n. Its mdex of sortm.g 1s U = r-..., -- = r-...,---- = ,_, 1,9. The- mean 

d10 0,055 

grain d50 is 0,095 in diameter. 
It is as yet difficult to estimate the percentage of the infi1tration area 

ocoupied by the ke-wedge:s. In any case, cons:idering the divergence of 
the wedge-sides with respect to the surfac1e, this p,ercentage may reach 25. 
It should he added that beside straight wedges there are at Mfodny also 
such that branch off or cross in the h0,rizontal ca.st (photo 3) thus obviously 
enlarging the extent of the infiltratio:n siurface. 

Hydrogeologie investigations have estahlished a down-ward increase of 
water content in the ice-wedges, so that at its junction with fluvioglacial 
sands the wall of the exposure sho,wed (Oct. 1954 and April 1955) disitinct 
seepage. The fluvioglacial deposits display a distinct wateT-table as expo­
sed by the wells of the adja,cent farms and at the junction of the slope with 
the hight terra.ce of the Vistula in the form of swamps, om:.es: and seepage. 

The established coefficients of permeahility based upon grain-size cur­
ves and other laboratory investigations are: 

a) according to Se e I he im - k10 = 0,0376 · d502 = 0,00376 · 0,0952 = 
== 0,000034 m/sec, which gives ,_, 2,9 m. a day, 

b) according to Allen Hazen assuming c = 1000 m: k10 = 0,0116 · 
· d10 2 _:_ 0,0116 · 0,0552 == 0,000035 m/seic, whkh gives ,_,3 m. a day, 

assumi.ng c == 700 m: k10 == 0,008 · d102 = 0,008 · 0,0552 = 0,000024 m/seic, 
which gives ,_,2 m. a day. 

As the descent of the water-table between the nearest seepage and the 
ice-wedges is about 2,5 m. - whkh is the minimum des.cent assumed -
the rate of water-flow (v = ki) is respectively: 

a) if the index k10 = ,_,3 m. a day, then v = 2,5 · 3 m. a day = 7,5 m 
a day. 

b) if the index k10 = ,..._,2 m. a day, respectively: 5 m. a day. 

These rough calculations indicate that the assumption of direct infi1-
tration of rainfall through ioe-wedges into deeper lay,ers can easily explairn 
the ready response of the water-table to short-lasting precipitations. 
It should also be noted that the frequency of the ocę11x:i;erice ąf tGę...,wedges. 
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is on the who1e considerable, thus inereasing the percentage o_f the infil­
trating water. This connected with the 1fonown fact that fossil ice-wedges 
occur on level ground, one may regard them as a sort of run-off coUectors, 
conducting water into deeper beds. 

The phenomenon desieribed above fs by no means iso1ated. Hydrogeolo­
gie investigati.ons i.a. in the environs of the middlie Vistula and of the river 
Kamienna reveal the common occur,renoe of the phenomena discussed, 
which have not yet been described from this point of view. 

Not only ioe-wedges can provide passage-ways for underground water. 
Other peri:glacial structures, such a.s involutions or congelifluction. may 
also afford conditions favorable for the 100:sening of impermeable layers, 
which in turn become pervious. , 

Althou:gh in this short note the author does not intend to enter upon 
a detailed discussio:n of the problem, he wishes to draw attention to the 
fa.et tha,t, for ins:ta.nce, congeliflual brecda of va,rved day at Dąbrówka­
-Strumiany, north of Łódź furnishes an example of the possibility of tur­
ning impervious beds into pervious ones by periglacial structures of a type 
different from those described. The author is also 1aware that the fissures 
produced by processes ading in perigladal envfronment, espedally in ol­
der, more ca1eareous a.nd compact bou1der-day, considerably facilitate the 
i:nfiltration of rainfall and the migration of underground water. 
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Tadeusz Klatka 
Łódź 

LES FILONS DE GLACE DU PLEISTOCENE AU MONT SKAŁA 

Resume 

Sommaire 

Au sommet en dóme du Mont Skała composć de quartzite du Devonien inferieur 
apparaissent, nettement formees, des structures periglaciaires du Pleistocene du genre de filons 
de glace. On peut y distinguer deux generations qui different l'une de l'autre par le degre de 
desintegration du materiel dont elles sont remplies. La plus ancienne des generations de filons 
a ete le plus probablement formee dans le climat periglaciaire de glaciation Varsovien I, alors 
que la plus recente tire son origine de la zone periglaciaire de glaciation Varsovien II. 

Le Mont Skała (359,9 m. au-dessus du niveau de la mer) e:st situe a l'ex­
tremite ouest de la cha'ine devonienne qui, au sud, avoisine les Monts 
Łysogóry. Il est compose a sa base de schistes, de gres et de conglomerats 
et au sommet de quartzite dair et resistant. En 1954, au cours du lever 
geomorphologique, d'interess.antes s:tructures periglaciaiTes du genre de 
fHons de glace ont ete constatees dans de nomhreuses petites carr:ieres se 
trnuvant a proximite du sommet. 

Les filons de glace les plus visibles et les mieux formes sont ceux d'une 
peti1te carriere au sommet meme du Skała. La forme rectangulaire de cet 
affl,euriement permet d'examine:r ces sitructur,e1s dan:s trois differentes inłer­
sections. 

1. Paroi ouest, orientation N 335°. Un quartzite blanc, compaot, d'un 
grain homogene de taille moyenne forme un banc d'une epaisseur de 
10 cm. a 30 cm; inclinaison N 15°. Toute la serie se trouvant a decouvert, 
jusqu'a une profondeur de 6 m., est coupee par un dense reseau de clivages 
pour la plupart perpendiculaires, a la surfaoe des couches. 

Le long de certains de ces clivages ainsi que 1e long des couches, sur 
toute la longueur de la !paroi, jusqu'a envirnn 5 m. de profondeur, se sui­
vent des zones de fragmentation fortement accentuees. Dans cette inter­
section, les zoines en question ont une largeur soit de quelques centimetres 
soit depassant une trentaine de centimetres. Dans quelques-uns des sec­
teurs elles adoptent la direction des divages, dans d'autres, celle des sur­
faces des couches. A bien des endroits, }es differentes fissures se rejoi-
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gnent, formant un reseau qui encerde les bl,ocs de roches non fragmentees 
(fig. lb, photo 1). La forme et la larg,eur d_es mailles de ce reseau indiquent 
dairement leur dependance genetique des surfaces le moins resistantes de 
la roche. Les debris remplissant ces zones siont exclusivement angulaires. 
Leurs diametres vont de quelques millimetres a une quinzaine de centi­
metres. Un certain pourcent du dit materiel est egalement compose de 
grains sablonneux ou pulverulent. La composition petrographique prouve 
que ce materiel est identique a la roche massive et, par cons.equent, pro­
vient de sa desintegra~ion. 

Du parcours de ces structures, de la forme des debris ifocheux dont elle 
se compose, ainsi que du fait de leur disiparution a une profondeur relati­
vement faible (4--5 m.) il est permis de conclure que pour la structure des 
filons c'est le climat qui a joue le role pt'eponderant. En l'occurrence, il ne 
s'agit uniquement que de la puissanoe destructdce du gel constituant l'uni­
que force capable de fendre mecaniquement une roche aussi resistante que 
l,e quartz.ite. 

2. PaTOi sud, orientatioin N 85°. Sur ciette pairoi, apparait unie structure 
cuneiforrne, large en haut de 3 m. et de 0,5 m. en bas, allant envi:ron 
3,75 m. en profondeur. EHe est remplie d'un sable jaune, dO!nt eme:rgent 
9a et la, quelques debris anguleux de quartzite (fig. la). Sur toute sa 
longueur de nombreux rac,cordements la reHe1nt au reseau de filons de 
glace de la paroi ouest. Dans le sable qui la remplit on a trouve 5 cailloux 
a facettes dont le dernier a une p:rofondeur de 2,20 m. Ces cailloux 
ont leurs aretes et leurs vernis bien conserves et l'un d'entre eux 
possede des cupules allongees. Les aretes de trois de ces specimens 
ont pourtant des brisures d'origine plus recente. La oourbe granulo ... 
metrique du sable formant la stiructure atteste son haut degre de 
cali:brage. Parmi les plus gros de grains on distingue prindpalement des 
grains de quartz, que1quefois depolis-indice de l'adion eolienne subie. On 
y rienoontre aussi, a l'etat sporadique, des grains de roches scandinaves, 
de granit surtout. Le sable est fortement lie par des alliages ferrugineux 
e't, de fa~on generale, il est depourvu de structure, bien qu'a oertains 
endroits sa compo,sitio:n met ein evideneie des stri,es lenticulafres. La pre­
sence des cailloux a facettes et de grains de sable mats denote une pene­
tration d'un materiel de surface. Vue d'en haut, la structure a l'asped 
d'une mince lentille qui communique avec les filons des parois voisines. 
C'est donc egalement un filon de glace, mis a decouvert le long du clivage 
et rempli d'un materiel plus fra.gmente avec un certain apport de grains 
etrangers. 

3. Paroi est, orientation N 335°. ki le fil,on est a decouv,ert dans sa 
,coupe transversale. Il est constitute d'un materiel semblablę a ęelui for-
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mant la stmcture de la parni precedente (fig. 3, photo 2). Ce sable est uni­
quement compose de grains de quartz et, ce qui eąt curieux, il est nette­
ment dispose en forme de blocs. Ceux-d ,remplissent la partie horizontale 
du filon et, pa,r consequent, ne sauraient provenir de la surface. Il est le 
plus probable qu'ils ont ete formes sur place, a la suite d'une desintegra­
tion granulaire des blocs de quartz:ite. L'a:bsence de grains depolis de 
quartz, de roches d'origine etmngere et de caHloux a facettes qu'on avait 
pu constater dans le filon vertical precedant semblent egalement prouver 
le processus de cette desintegration. 

INTERPRETATION DYNAMIQUE ET CHRONOLOGIQUE 

La genese des filons ci-dessus decrits est liee au developpement des 
formations de gface dans le sol faisant partie du tjale de la none perigla­
ciaire du Pleistocene. Les fissures des divages et les surfaces des couches 
s'elairgissaient aussi bien par la contraction de la roche pendant les hivers 
rigoureux, que par l'expansion, a la suite de la congelation de l'eau qui 
y avaiit penetre, de meme enfin, que par l'accroissement des cristaux de 
glace. Ce,s processus sie repetant d'annee en anne·e, about,irent a la forma­
tion d'un diense reseau de fHons de glaoe et a une puissante action de ge­
livation. Il s'en suivit une kagmentaLon en blci:::s de la ro,che et, dans les 
parties s'y pretant davantage, une de.sintegration granulaire. Dans les 
zones le dur quartzite se transforma en un sable meuble. A mesure 
ou le climat s'adoucis:s.ait, la glace dans le so,l fendait en laissamt des 
cavites qui furent remplies par un materiel rocheux. Une grande parHe de 

· ce materiel provient d\m quartz.ite gelive et ce n'es,t que dans une prnpm­
tion insignifiante qu'il y penetra de la surface. Le transport du materiel 
venant de la surface, notamment des cailloux a facettes, de grains depolis 
de quartz et de particules du materiel scandinave s'operait avant tout par 
le ruissellement. La congelifluxion ne peut, en l'occurrence, entrer en 
ligne de ,compte, etant donne la situation topographique de l'endroit (som­
met płat). 

La dćtermination de l'epoque de la formation des filons du Mont Skała 
constitue un probleme important. Cependant, la question de savoir s'ils 
s'etaient formes uniquement dans la zone pórigla,ciaire de la der:niere gla­
ciation, ou s'ils representent pour le moins deux generations se complique 
du fait du manqu2 de couvertures. Theoriquement, etant donne la situa­
tion de l'endroit en dehors des deux dernieres glaciations, il conviendrait 
de se prononcer pour la deuxieme eventualite. 

Une serie de faits dej,.:\ cites dans la de l'article p,er-
met, en effet, de conclure a l'existence au Mont Skała de deux generations 
de filons. Cela result,e de ce que le filon de la parni ouest a atteint un 
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degre d'avancement different de celui des filons des deux autres paro-is 
qui se trouvent remplies d'un materiel completement emiette mecanique­
ment jusqu'au gra:in primitif. Les filons des deux dernieres parois contien­
nent, en outre, des cailloux a facettes, des grains de quartz depolis et des 
particules de ro,ches scandinaves, alors que ceux de la premiere paroi sont 
rempHs d'un materiel moins morcele et depourvu de roches etrangeres, 
de meme que de grains marques par l' action eolienne. L'usure des cail~ 
loux a facettes a du deja avoir heu a I'interieur des filons, peut-etre pen­
dant la periode_ periglaciaire poste~ieure. L'afflux dans les filons du ma­
teriel pos1tglaciaire de la glaciation Cracovien n'avait ete uniquement 
possibl,e qu'a une epoque periglaciaire synchroinique de la glaciation Var­
sovien I, car, et.ant donne l'altitude de Skała, ces depots n'auraient pas eu 
la moindre chance de resister aux differe:nts processus d'erosion de la dite 
peri,ode perigl,a,ciaire et de l'int1ergladair!e qui lui succeda. Au temps du 
climat periglaciaire de la glaciation Baltique les depóts glaciaires ne pou­
vaient rplu:s reoouvrir le Mont Skała et fournk ainsi le materiel necessaire 
pour remplir lies filon:s. 

A la lumiere des faits dtes il sembl1e oertain que les fil:ons perigla­
daire:s du Mont Skala representent deux generations, dont la plus ancien:ne 
s'etait formee dans la zone du climat perigladaire de glaciation Varso­
vien I, et la plus reoente est synchronique a la gladation Vars.o,vien II. 
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