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TYPES OF PERIGLACIAL FORMS 
AND PROCESSES IN THE HUNGARIAN MOUNTAINS 

IN RELATION TO ROCK DIFFERENCES 

The 380 km long and 400 to 1000 m"high Hungarian Mountains consist of 
two mountain types basically different in composition and structure. As a conse­
quence of their different histories their sculptural forms are highly dissimilar. 
The older błock mountains (Transdanubian Mountains ), are built up mainly 
of Triassic doloinite and· limestone and also of Jurassic, Cretaceous and Eocene 
limestone, marł and sandstone, and in the south, of Permian sandstone, while 
the younger Miocene volcanic mountains (the major part of the North Hungarian 
Mountains) are dominantly formed of andesite and its pyroclasts, with rhyolite 
and rhyolite tuffs, basalt cones and coverlet remnants. The generally wide hilly 
zones, however, surrounding the mountains proper (the pediments) consist of 
Tertiary and Quaternary looser sediments, chiefly of clay, sand, looser sandstone 
and clay-marl as well as of conglomerate and gravel or tuffs. 

The most substantial diff erences in· lithology appear between the three main 
constituents of the mountains proper; the Miocene andesites, the Triassic dolo­
mites and the Triassic-Eocene limestones on the one hand and the less consoli­
dated Tertiary deposits· of the mountain foreland on the other. From the view­
point of cryofracture, the physical properties of rock masses, their structure, 
vertical ( thickness of beds ), and horizontal ( solidification columns) differentiation, 
minerał composition, the ratio of finest clay minerals are of decisive importance. 
In respect of susceptibility to frost action and of. related periglacial features, 
the rocks of the Hungarian Mountains can be referred to foui- major groups. 
In the various rock groups the effects of frost action differ in degree and form, 
highly influencing the eff iciency of periglacial denudation and the resulting 
fonns. The hulk, size and shape, the whole nature of felsenmeers, taluses, mingled 
covers 1 and stone-flows vary accordingly. 

* Department of Physical Geography, Eotvos Lorand University, 1083 Budapest, VIII, 
Kun Bela .ter 2. 

1 A mixture of ungraded, sharp or slightly rounded debris, moved chiefly by gelisolifluction, 
mingled with soil, loam or yellow clay, whereas under the influence of gravity the materiał of the 
talus mantle accumulated pure. 



254 A. Szekely 

1. Owing to its textural characteristics, it is dolomite that is comminuted 
most rapidly. On flat tops · and plateaux, as residual eluvium it disintegrates 
relatively quickly to small-grain debris, 1 to 4 cm in diameter and even smaller. 
During transportation even on gentle slopes, some hundred metres away from 
its pface of origin it disintegrates into fine debris and after a further hundred 
metres distance a considerable part of it becomes sand, silt or even the finest 
loess fraction. 

1 

U nlike the bulk of dolomite, the hard crystalline dolomite hands rich in 
hornstone are comminuted very slowly, and are left over in huge blocks of 1.5 to 
3 min size on slopes where further creep is controlled by gravity. 

The produce of dolomite comminution dominantly comprises two fractions 
of the most opposite nature: (a) the mass is fine debris, (b) the large blocks 
are only a minor f eature, but, owing to their size, characteristic f eatures. While 
the former is spread widely, the latter can be connected to certain stretches of 
slopes, or rock zones. 

A major part of dolomite in Hungarian mountains has a hornstone content. 
Hornstones with a diameter of 5 to 15 cm were usually sculptured out at fragmen­
tation and, due to their resistance, they . did not disintegrate any more but were 
conveyed on in fist-size, slightly rounded pieces in the rapidly comminuting 
detritus of dolomite which was getting finer and finer. Thus they have become 
abundant at the bottom of slopes where their fist-size pieces dominate the fine­
-grain dolomite. 

The small grain size due to intensive fragmentation, the largely increased 
debris transport and the joint effect of the two factors led to a quicker denudation 
of dolomite terrains and a remarkable re-sculpturing of their forms in the peri­
glacial periods. The steep bare dolomite slopes underwent strong weathering 
and retreat by cryofracture; valleys broadened, so cryoplanation was eff ective., 
As a consequence of the relatively rapid shattering and transport, in the Hungarian 
dolomite mountains less weathering product was left over than elsewhere. A good 
part of these finer periglacial correlative sediments was accumulated in the 
foreland of· mountains and th,.erefore welL developed thick alluvial and debris 
fans (Fig. 1) are characteristic of the mountain foot zone. 

Thus the wide-spread and typical felsenmeers of our mountains are substituted 
on dolomite terrains by only some centimetres, or perhaps decimetres, thick 
eluvial detritus of fine sharp rock fragments. Similarly, because of the relatively 
rapid transportation, the mingled cover on slopes is very thin, on steep, more than 
15 °, slopes it is generally merely some cm and thickens rather abruptly, at the base, 
to severa! metres. At bottom of steep slopes talus slopes are typical but these, 
in contrast to taluses of other rocks, preponderantly consist of fine debris in which 
dolomite blocks are embedded. Because of intensive disintegration only the 
areał variant of śtone-flows, the debris cover could develop and only on gentle 
slopes. In stripes of durable rocks frost action sculptured out 3 to 5 m high bizarre 
pinnacles and short free faces parallel to the slope (Sas-:szikla - Eagle Cliff in 
Zajnat Mountains ). 
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Fig. 1. Structural-morphological sketch of the Hungarian Mountains 1. Hercynian grani te mountains; 2. Permian sandstone mountains; 3. :Mesozoic 
błock mountains mainly of dolomite, limestone and marł; 4. Miocene volcanic mountains mainly andesite and its pyroclastics, with rhyolite and rhyolite 

tuff; 5. Late Pleistocene basalt coverlet and cone remnants; 6. hills of Tertiary sediments in major part covered by Quaternary deposits 

Abbreviations: A - Aggtelek Mountains; B -'-- Buda Mountains; Bo - Borzsony Mountains; Cs - Cserhat Mountains; G - Gerecse Mountains; K - Keszthely Mount­
ains; V - Vertes Mountains; Vi - Visegard Mountains 
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The cryofracture of less frequent laminar limestone and basalt.is quite similar, 
in many respects, to that of dolomite. The laminae, too, disintegrate relatively 
quickly to small particles though their comminution rate is, slower ariff grain 
size is larger (3 to 10 cm) than in the case of dolomite. Debris is always flat 
and the two opposing fractions are absent and there is no considerable gravel, 
sand or dust formation. All these influence the nature and velocity of transporta­
tion which is slower. Thus mingled and debris covers are thicker: otherwise 
periglacial forms are the same. But, having small extension, these are only a minor 
feature of the Hungarian Mountains compared with dolomite and indicate a tran­
sition between the comminution rate, products and forms of dolomite and 
thin-bedded rocks. 

2. The thin-bedded limestones, andesites and basalts, though their commi­
nution rate is much behind that of dolomite, disi~tegrate. the more easily, 
the thinner their beds and the more frequent the vertical joints. Cryofracture 
is especially quick in the case of Eocene nummulite limestone with crevices, 
andesite necks and coverlets and, most of all, basalts with columnar jointing · 
though the cryofracture of highly jointed basalt columns was often hindered 
by lack of moisture. But these, in contrast with dolomite, fall apart into medium­
-size fragments of 1 O to 30 cm diameter, the two contrasting fractions of dolomite 
being very rare. Their surface is covered by well developed felsenmeers of me­
dium-size angular flat blocks to a thickness of severa! metres. These are the best 
evolved felsemneers, especially in our volcanic mountains. Owing to frost suscep­
tibility, cryoplanation steps are also frequent in the margins, mainJy at the ends 
of spurs. The debris of thin-bedded rocks comminutes inore slowly than dolomite 
debris and in a short distance no significant diminution of grain size can be 
observed, but their edges are worn even after several metres of transportation. 
This way in severa! metres, thick debris sheets are formed on slopes, with frag­
ments of 1 O to 25 cm dominant at the foot of steep slopes, in the splendid tal us 
mantles, thinner flat blocks of some dcm in diameter are preponderant, but there 
is smaller grain detritus between them. The narrow lateral spurs are often 
hidden under a 2 to 3 m thick debris sheet and fresh rock is revealed only on the 
crest. 

The 5 to 25 m wide classic stone-flows are usually fed by steep cliff heads 
or lateral spurs. Where symmetrical dry valleys cut into a thin-bedded rock, 
bulky stone-flows crept downwards from their vertical sides filling in the v~lley 
to several metres depth. The high roundness of stone-Jlow debris can be observed 
after some hundred metres of transportation. In front of the valley mouth they 
form an elongated alluvial fan of coarsely worn but still large blocks. So their 
attrition is more rapid than their further fragmentation. Meanwhile valley slopes 
retreat; according to the hulk of the stone-flow, the valley is broadening and 
elongating upwards. 

Special formations of thin-bedded andesite form the rock bars of 3 to 4 m 
height and 8 to 10 m width, crossing low ridges and lateral spu.rs; their length 
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varieświth the widthof theridgęs, it i~generaHy70 to 150m. 
the riclges.,ofMatraMount~iris falling to.tlw south 
suggest' :irt1f 1ciaTdams thóugh this JS cohtradicteą. by cu·cums~artce:s. 
ate . qf. Joćal ?rigin, . h,mo-w~i ·. betwee11 ·. th~m -ar~;. ~lino st, empty; 
Iittle debris inste~d o~Jiner .. decomposed · materiał.. 't,hey ;.are. 
·to tirable thin-bedde~·hock zones, rich -in vertical jói~ts t- 1 c•c 1

·
1 ,•P.(f 

? / tliese ~re re~nants qf rnore dfrabfo·rock zones WOr,tYhy frost , . .,..-,,.,,,Tn.u-•tl 

i Y' }t'•,,~~t~yf tost pressure. Reg~latfo1;1 of wa ter i~filtrated\ int o the j oinfa ~. a 
. 0f ~ j[.:,i~~oted by, the presence Óf.a dense retworl< of fissuręs · . . 

'~e~~ed ~n~ pilM'up thtfock slabs·anct' heds. 'Thi,~ genesis,of, 
~jorted by ar annually · ~ecurring, well„investigated phenomenon on.)he ice· 

, . , ;~~:}•~akJ· B,alatąn~\7he. ice~slab~ broke11, into,· piec.fa by 'frostpressure caµsea. by 
l " \ ,, igi~ile _·;.thaw activity a.ccumulate int o'' pilirigs :(in 'Hungarian ··.',turo las''}, si~iJ ar 

to 'rock bars; · 
1 

· • • · 

3.· Thićk-bedded durable rocks,, .... limestone, mainly its . mo're ··.drystatHnę 
vari~ti~s (primarily I:~achstein Ji,mesto?~), siliceous andesiteą, hydroq~artzites, . 
rhy91ites, ... tfy.e•·holocrystalline. andesite_s•. of··•··sµhvolcap;oes, .. (laccoliths )· ... and\,.the 
dµrą.pfo,. especially/the •s.iliceóus·, 'sandstones ~re~k down' only very slowry. Tli.ere~ 
for~ iiftheir surfaces, folsenmeefs and debris sheets are less 1eveloped or abse.t1t~ ··· 
in. pląces; Jhey are chara~terizeJ·by .fewer but large, .mainly cubical, bl()cks. ' 
On·the other hand,talus mantles.:at the base of ~teep slopes m;e well~deyeJ9pęd .·' 
ai;id 'com~ist pr~dolllinaritly of huge biock~, aną bC>ulders;• As a rule these rocks' 
f~acted .· .. more. ,slowly to', the pesiglacial ,pr~cesses: than the form er rock' groups, 

j for this ręason alsó their .. s~rf a ces had be.en less modified under a perigla,ciaf 
climate. 

. ' 

.4. In the Cfmrseof \Veathering, and\cryoffacture_ both lava. bombs and shtfots 
becatrte disclosed, from. the andesite agglomerates ;nd- pseudoagglomerates. (SzA­
DECZKY, J959). Th~s the resultantfelsenmeers, debris sheets and talu~ mantles 
sh~wJreat dif ferenc~s in the size and shaP.e gf their' particl~s bdng dependynt 
priillariJy. on the la.vą. blocks embedded :iń the agglomerate matrix. However, 
ea~h)ndividua,l agglornerate zone or district}s characterized usually by one bloc~ 
siz_e. Since _their matri<:es mayvary iq resistance to weathering, scarps and pinnacles 
<>f bizarre configtiration .. have developed, as. well as sJone niches·on,the margins 
. (e. g'. in the Yisegracl Mountains ). 

·_, ... .; 1\. . ::{ 

The. andesites·.and pseucloagglomerates .. of onion~skinweathering are special 
r_()sk type~. Both •· t1-!eir frost com~inution. and chermcal dec9mposition prochices ' 
chara.ct:eristic greater and small er, śtone glob es. On their . surfaces felsenrneers 
o( spherical shape or frost-fragmented hemispheres or quarters of śpheres have , 
res~lted; and these_ predominate in the debris sheets, the mingled cover· and .. ·the 
well-developed talus · mantles: But the most typical special formatio11s are stone­
-flows irrvalley • heads a])d · cols and, even more so, at the bottom of some • short 
qrY valleys with a widelfloor, the strange .. stone-rivers. In their genesis chemical. 
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weathedhg was' also effect.ive. In!.~rmittent hrook$ ~ar~ied awaythefiner lll~teriial , 
leaving a'thkk·sheet ·of··sphe.ritlalt.~tonesiover,on·!he vailey·fl9or ... ·.···· .•.• \•.· < \ ··•·•··, .. , .. 

:Frorg the. viewpoirit of ge~iglacial. weat.heripg,:'.therva~ious •Jertia1! dęp(l)sits · 
su:rróurtging the'·.mountain cores.c~fi .be.ar~~mged.intot~~~e;11,1ajorgr01-ms :\> \\• 

·/(1) .·pelitic ... rocks liable.·.
1

t,O wearing aw~y. by geHsol.~flucti~n~lciays; I1,1ą~lsI'. 
.. sandyclaysand·.day-marfa.·.The1r .. destruction.·by~elisolifłuft!ofiisJhe strp~gest .... , 

The upper seyer~l ·cm fayer"Yas. b~ifg strippęd ·by ge~iśolifJu~t~pllye~rby l~~ft>:~· '" 
ridges were fowering, (alleyswere br.o:adeni~ga?~Filling·a°:d siQpes·\Verepfan .· . \} 
The di~erse. ·and . typical .· cryoturbation .. p~oduced. , drop, i fes,toon· and ,b ,. X ' ' 

patte~neq .. soils. Layer . defortnation oftęn mali es thr , sub~.surf~ce sti-atUlU .~~~~~~ ' : :;j" : ••. ,i; 
ssions uiidulate. O•n the margin~of mountains an.d in basins ,rąarl layers Jo d;~:· 

' 9f 5 to 7 IIl are virtuaHyfplded QY frost cleformation; ,· .· . ·. ··· .. · ..•.. ·,· . l t· • 

. . · .• (2) · comparativdy durable;, rocks weathyreg . mainly J,y cryQfractllr:e: ,e~ f~f 
·:upper,. Oligocene and Upper ·.Miocene . gan4stones·a~d Mioc~~-w~ tuff~•:; J?i~r 
fro.st disintegration .was the . qui ck est .as .the freeze-thaw activity of.· ~atep:,pei-c?? 
Jad11g·. into ·their pores .. practicąUy broke .*e.fock .up:•··.COn$equentlt they .• lia~e 
al to 2 m thickwver oHraglUertted rockś the gręater-lo;Ver part ofwhkh relTl~i~e~ · 

· in place,< and onły thę upper layer sorye qclll thick moved ~bviouśły; d~wl}hiłL 
Th u$ these s~rfaces were lowered in t~e periglaciałs by. the slow but perrnańeht 
removal of the layer uppermosf at the time; · 

(3) · rocks sensiti~e tp downwash and. frost ,action:ivarious sands, gray5ł~? 
;sands; ańd terrace gtavels. As ~ater-h,earing and very pervious rócks, these are 
the host materiał of the greatest number ofice wedges, ice v:einlets a11d ite,sacks 
and cryoturbation forms. So periglacial denud~tion and planation was ·strong 
'on an ·1oose rocks varying only.in· prócess and efficiency: 

Since the ever thickeriing słope deposits of tlie foóthill ·areas arnurd mQunt?,in.s 
originate in the major part, in the 'słopes above 'them, their compQsitioµ and' 
nature ,is highty dependent on .the ro

1
cks. of the· mountain slopes. . . ·. ... ·• .. · ., 

A~ dolomite slopes the loessy materiał. with fine· sand in~erbeddedwith smali 
grain dolomite debris. In their transportation, downwash by s.hower~ (plm,~atif ~) 
and snow-melt. (niveo-fluviation) was Illost ·effective _but gelisolifluction ais? 
played an important i;oię. Forms . of· laminar solifluction ,can be recog:nizę~ i,p 
some. places. The fine loessy layers are niveoeolian sediments as firie ma,tę:ial 
derived from dolomite detritus and Neogene .sediments was moved on by smny-
-melt and showers. They are, therefore; stratified and sporacł.iłałly'. co~t~in im.alf -
ą.etritus. 'Fhey are removed from the bedrock onły in 1 or 2 km distance ancL#ie .· 

.. way they are getting finer and finer ~m leaving their place of origih ·can be ttaced . 
· · in . exposures. The evidence of their. origin is their CaC03-. content, even high~r 

than in typicat· loesses, the numerous lime-concretions and their pale yelUrw 
cqlour:. On the basis of theśe features, .-not characteristic of slópe deposits, it 
often appears to be typicał loess. . 

In the transportation ?f clearly stratified debris bedded parallel .to·. slopeai;. 
the base of thin-bedded limestone,· andesite and· basalt ... slopeą dow11.wash rp,igp.t 
not · have . been so eff~~ient, therefore (laminar · and pi})krake) geliśolifluctibn 
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. a11d gi-~vitatior1 were_ dominant .. Its .matrix and thę fayęrs 
are fine dayey-loąmf f ormations · .. ·. (clayey andJ?amy SlO►Oe~10ess 

-• particles. >At. the_ bo~tom . of t4.ff ~s'topes tlie. -c0,n~titµent. co:rres.O◄DnclmlQ' 
trlff {e/ g_; · pumice, ·.biotite, .. etc.} .can be recognized. 

·.·· .. '\· .. :.:.... . · .. · .·· . .-.. ·•· .. : . ·.·: • ...... ' . 
ty~f,'cal grezes . lite es: ~~ave accum~late_d. (?n ~nd att~e 001tt0111 

mentary, r?cks in m,ountaiµ foreland~, slope :deposits. vacy acco1rcung 
o_f ridges abov~ them, ther: are alternatin:glysandy 'or' dayęy. 
?i'.JJrtritątJay~rs· ofslope· ... deposits aC,~llmufated·•.i'n .. the.-humid oer1ous 
,~!ąoials,'at thebegin11,ing ?r end·of perigladals;inthe .. ana- .or kata-'·2'l~tc1:Us .. ~~V 
den ce for t~is fa th,e · forest soiL retnnants occurringjn these 
of)'Thich waswi1111_Ówed by wind as well, and deposit'ed in 
ęials}jlłd$ing by their. high Ca CO~ coriten~. and ,m,any lurte;.;◄~OnLcrt:t10ns. 

I,;i .• ~his .. ~tudy•I·. hav,e .. t~ie&.to. sli?\\'.the.importąntrolę··.of. vari9µs··rocktyp~s 
· r.11the periglac;ial sculpturing· of relief: 'fheir influence is, of conrse, C01l)hit1ecl 
wi-th the othęr factors _'(relief,; elevation and ~Ąposition). , - , 


