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Abstract 

Periglacial condition were prevalent in eas tern Au tria during the Pleistocene ; 
therefore, inve tigation have dealt mainly with terrace and loess feature . In thi 
area it is possible to compile a stratigraphy of the complete Pleistocene. The Pleisto­
cene period con ists of the " classic" Diluvium in the sense of Penck and Bri.ickner 
and al o of the pre-Gi.inz times. Pre-Gi.inz times la ted probably a long as the " cla sic" 
Diluvium: several terraces, accumulated in cold time , are preserved from this period. 
Large-scale down-cutting occurred in the "great" interglacial (Mindel-Riss) when, 
for the la t time, intensive weathering took place. The Wi.irm Glaciation is distin­
guished by many loes deposits with well-defined paleosols, originating from everal 
paleoclimatic province . In spite of earlier opinions, a bipartition of the Wi.irm mu t 
be a sumed, with the Paudorf interstadial separating the two sections. The fo sil 
oil of Gottweig was formed in the Riss-Wiirm Interglacial. 

Zusammenfassung. Wahrend de Pleistozans lag das ostliche O terreich zum 
grossten Teil im Bereich des periglazialen Klimas. Deshalb haben sich die Forsch­
ungen vor all em mit den T errassen und Los en beschafti gt. In diesem Raum bes teht 
e die Moglichkeit eine Stratigraphie des ge amten Pleistozans aufzust lien . Da 
Pleistozan umfa t da " klas i che" Diluvium im Sinn von Penck und Bri.ickner und 
einen wahrsche inlich ebenso langen Zeitraum vor dem Gi.inz, von welchem m ehrere, 
kaltzeitlich akkumulierte T erra en erhalten sind. Eine wichtige Za ur tellt da 
" Grose" Interglazial (Mindel-Riss) dar, in welchem zum letzten Mal eine intensive 
Verwitterung vorhanden war. Die Wi.irmeiszeit kann <lurch viele Lossprofile mit 
erken nbaren fo silen Boden aus verschiedenen Palaoklimaraumen klar gealiedert 
werden. Entaegen fri.ih eren Auffassungen muss eine Zweigliederung angenommen 
werden, wobei das Paudorfer lnterstadial die beiden Ab chnitte trennt. Die Gott­
weiger Bodenbildung en tstand im Ri -Wi.irm Interglazial. 

Resume. Pendant le pleistoccne la plus grande par tie de l' Autriche orien tale se 
trouvait clans le doma ine du climat periglacial. Pour cette ra ison le recherches ont 
porte principalement sur les terras es e t les loess . 

II existe la po sibilite d 'executer clans ces region une tratigraphie de tout le 
pl eistocene. 

Le pleistocene renferme tout le Diluvium " classique" cl ans le sen de Penck et de 
Bri.ickner et probablement un temps aussi long avant le Gi.inz dont il y a plusieurs 
terrasse , qui furent accumulce pendant de temps froids. 



180 I TERN TIONA L ST DIES ON T HE Q.UATE R ARY 

U ne interruption importante est repr ' entee par Mind 1/Ri , pendant laquelle 
il y avait une ' ro ion inten e (argile rouge) pour la derniere fois. 

Grace a beaucoup de profiles de loess la periode de Wiirm peut-ctre classee clans 
des differen tes zones paleoclimatiques. 

Contrairement a d autre opinion , on doit ubdiviser le Wiirm n deux parties. 
Le sol de Paudorf marque la separation . Le sol de Gottweig s'est forme clans le 
Riss/ Wiirm. 
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Introduction 
Th west rn and c ntral part of Austria con i ts of high m ounta in ranges 
(w tern and central region of the Alp ), which during the Pleistoc ne w re 
covered by larg glaciers. In th western section of the country the glaciers 
ad vanced far into th e foothills , form ing big ic -tongu basins. In the central 
area, how ver , th glaci rs of Enns valley did not r ach the foothill s, so that 
humidity m u t have been less toward th ea t. The glaci rs ad vanced different 
distances during the various glacial pochs. Investigations by A. Kohl and 
L. Weinberger (unpub. ms.) show that within Austria the " Giinz" glaciation 
had the same extent a " indel. " 1 Ri and Wiirm m ora ine wer formed 
one after anoth r in ide th Mindel m orain s. This ca n be studied along the 
Enn valley glaci r , where Wiirm term inal m ora ines reach into the transverse 

1 In Austri a the " a lpine" terminology by Pcnck a nd Brii kncr (1909) is still used: 
younger Plcistocene W iirm " i derterra e" (lower terrace) 
middle Pleistoccne Ri ss " Hochterras e" (high terrace) 
older Pleistocene { M indel " J ii ngerer D cckenscho tter" (younger na ppe-li ke gravels) 

G iinz '' Alterer D e kenschotter" (older n appe-like gravels) 

T he stra tigraphi c sequence of the Pleistocene is shown in Figure 2 and in Fink (1960) . 
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valley of the Enns River today (Fig. 1). Older terminal-moraine relicts 
may be observed even in the Weyer district, proving an old Pleistocene 
drainage into the Ybbs valley. 

The glaciers of Mur and Drau vall ys have a different history. During 
Wurm glaciation the Mur glacier terminated west of Judenburg. This town 
is built on the sandr of the Niederterras e. During Ri glaciation the glaci r 
tongue extended no farther, and ast of Judenburg the Hochterrasse with 
well-preserved cover beds occurs. Toward the east well-preserved younger 
Deckenschotter prove that Mindel glaciers also did not extend farther than 
the Wi.irm glaci rs. The Drau glaci r in the Wiirm terminated at the eastern 
border of the Klagenfurt basin. Ground moraines of Riss glaciation are 
exposed in the clay pit east of Volkermarkt. T erminal moraines outsid of 
th Wiirm ridges a re uncertain. 

With the exc ption of the valleys and basins mentioned earlier only local 
glaciers of m inor dimensions exist d . They occurred in the higher parts of 
the northern " Limestone Alps" a well as in the central metamorphic zon . 
The larger pa.rt of the ea.stern Alpine area as well as the adjacent forela.nd 
was fre e of ice, having formed under periglacial climate. The Bohemian 
massif was al o sculptured under periglacial conditions but shows land forms 
somewhat cliff rent from those of the central Alps because the Bohemian 
massif is a peneplain . It is still questionable if the highe t regions of the 
Bohemian mass if have been covered by local glaciers; a niche on the east 
flank of Sternstein ( elevation I 125 m) has been int rpreted as a glacial 
cirque, and several boulder ridges as 1noraines. After close observation I 
believe tha t this question of glaci a tion must be answered negatively. 

R elicts of inten ive weatherin • (until Pliocene) under tropical condition 
exist at several plac s, including kaolin d posits of economic interest. Various 
rocks (mostly coarse-grained gran ites) are deeply weathered, especially 
along faults and joints. Pippa n (1955) describes the wid ly known debris 
cover as T ertia ry. During cold periods of the Pleistocene frost cliffs a nd 
pillow forms were exposed by cryoturbation proce ses. D mek (1964) has 
discussed the mechan ism of exposur . 

In Austria a well as in other part of Europe the accumula tion of loe s is 
confined to valley . Loess was d eposited even in the inner mountain valleys 
of the Alps. At the junction of the Mur and Mi.irz rivers a nd in th M ur 
valley near Graz several small island of loess are known. H ere clima tic 
conditions must have been drier than along the relatively near margin of 
the Alps, where " Staublehm" ("dust loam") of eolian origin covers large 
areas.2 All these ediments origina ted not only from the wide, vegetation-fr e 

2 The term ta ublehm (dust loam) was introduced by Krau sand o thers (1939) a nd K ra uss a nd 
O elberg ( 1953 ) for fine-gra ined loamy sediment in Saxon ia and the a me sedimen ts overl ying the 
Deckenschotter in uebia and Bajuvaria . Fink (1 961 b ) descr ibed the a me sed iments from cvera l 
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fields of the Ni d rterra e but also from th periglacial landscape in which 
constantly new material was produced by periglacial frost-weathering. 
Mineralogical investigation of the heavy-mineral content gave specific 
spectra for the loesses originating from cliff rent erosional districts. The 
eolian accumulation is found up to levations of approximately 450 m . This 
can be obs rv d in th marginal ar as of th Bohemian massif as well as in 
the Alps. The cliff rent facies in a vertical profile correspond perfectly to 
the sequenc of dry to humid land capes. Loe deposits on the Bohemian 
mas if exi t from its eastern bord r far into its central part. For the transpor­
tation of the loess east winds must be a sumed. This does not exclude the 
presence of west winds but shows that the widely discu sed question of east 
or we t wind i complicated. 

Terraces 
During glacial epochs, especially in the first cool and wet stage, important 
morphological changes occurred in the periglacial landscape. Frost-weather­
ing and solifluction produced larg quantiti s of debris and gravel so that 
the rivers d posit d thick fluvial terraces. ot only did larger streams con­
nected with glacier tongue form terraces but small (autochthonous) streams 
did also. For xample, the Per chling, a small river in the eastern part of 
the northern foothills of the Alps, produced gravel terraces of the same thick­
ness as the Riv r Trais n, a much mor important stream that was fed by a 
local glacier (Fink, 196 r a). The same phenomena have been observed in the 
southeast foothills of the Alps. H re autochthonous rivers such as the Raab, 
Feistritz, and Pinka how the same equencc of terraces as the M u r, which 
came from a glacier . The only differ nee between autochthonous and glacio­
fluvial rivers is the d velopment of th Holocene level. The former did not 
d eepen their beds in late-glacial time. Therefore, fine-grained fluvial sedi­
ment accumulated on top of grav l beds of th iederterrasse. The latter 
deepened th ir b d con id rably, following the rn lting of the glaciers, and 
their Iiedert 1-rass b cam dry. The fine-grained alluvial sediments were 
deposited on a separate, deeply rod d level (Fink, 1961b) . 

In most ea cs in Austria, terraces of rivers can be clearly differentiated. 
This i important for Pl istocene trati raphy b cause mo t of the significant 
prehistoric, palynologic, or paleopedologic expo ure are located in the 
periglacial area, often ev ral hundr d kilometers from the former ice 
margin . The e outcrop can be dat d tratigraphically by fixing their 

locations in Europe, especia ll y from the urrounding of the Pannonia n ba ins. Fink (1961 b ) defined 
dust loam as a n eolian cd iment, accumulated only in very humid regions of the periglacial a reas. 
Figure I shows the tran ition of the dust-loam r gion to the other loess regions. Dust loam differs from 
typica l locss and a l o from the so-ca lled " lacs loa m" by its higher clay content and by the distinct 
indications of urface-watcr glcy proces es . The latter took place during the sedimentation. 
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position on the t rrac s. M any typ localities are limit d to certain terrace 
levels. 

T errace of th va riou glacial pochs normally have the same tra tification . 
The gravel lie with sharp boundaries on th basement (mostly soft T ertiary 
rock , locally hard r strata) . The basal layers of th gravels are formed of 
very coa rs bould rs, which must hav b en transported by ice blocks. A 
fossil soil li s on top of th gra l bod y, follow d by eolian s diments uch 
as loes and dust loam. Th low r t rrace ( ied erterra se) is the only excep­
tion to thi sequ nee : th r i , of cours , no fo sil soil and no loess, but th 
sharp boundary of the grav 1 body against the basement as well as the 
horizon of coarse bould r a r alway disc rnibl . 

Considering the proportional d velopment of terraces of different ages, 
one can assume a genetic relation hip. A a r sult of th gradual upri ing of 
the Alp the rivers could rod lin arly during the interglacial. With the 
beginning of glaciation soil frost produced large quantities of loose material ; 
heavy rains brought ufficient wat r. The cool and wet period was called 
" solifluction-time' by Bud 1 (1950) . In this stage strong la teral erosion 
dissect d the older gravel b d into terraces. At the same time new material 
was accumulated. 

Several t rraces were brought together this way, and from these Penck 
and Bri.ickn r derived their wid ly used " alpine" terminology. These 
terraces ar v ry important. Th ir quence and correlation of local terrac s 
is shown in Figure 2 (see also Fink, 1960, Table 2). For most topographic 
units local names are giv n, but in the western foothills of the Alps (the 
regions n ar the larg glaci rs) alpine terminology was used . 

In the field one can s that s v ral terraces lie on top of the " Altere 
D eckenschotter. " Sim ilar terrace in the Su bian-Bajuvaria n areas were 
connect d with a " Danube glaciation" by Eb rl ( 1930) . The question of 
pre-Gi.inz ph nomena ha been di cussed in detail by Graul (1949) and 
Schaefer ( 1 953). In Au tria, pr -Gi.inz terrac s ar preserved north of 
Hausruck (Fig. 2, cro s s ction 1 ) . Th y hav been dated as " oldest Pleisto­
cene," approximat ly ' Villafra nchian. " 3 Along the Danube valley a m ulti­
form terrac -syst m how that in pr -Gunz times two or three independent 
cold p riods normally occurred. T rraces from these periods have the same 
featur s as the young r t rrac 1 v 1 : yngenetic cryoturbations, coar e 
boulders a t the bas , fo sil oil on top, etc. Their exten ion, their elevation 
above the D anube (Fig . 2), and their rela tion hip to th younger terraces 
indica te tha t the tim int rval of th old t Pleistocene wa probably as long 

3 T he term" oldest Pleistocene" was chos n because the time in terval between Gii nz and today was 
d ivided during the I Q U Congress at Leningrad in 1932 into"young, middle, and old Plei tocene." 
Schaefer (1953) uses the term "oldest Diluvium." Consequen tly, the author in trod uces the term 
"oldest Pleistocene" for the pre- iinz terraces. 
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as the time b tween Giinz and today. It was impossible to how the true 
rela tionship of the time interval in Figure 2 because th Pleistocen must 
be divided into two parts. In the first division, periglacial featur s are present 
(such as terraces with cryoturbations), but th re ar no terminal m oraines to 
prove tha t glaciers existed. The econd division corresponds to the " classic" 
Diluvium as defined by Penck and Briickner (1909), and glacial sediments 
of the va rious o-lacial stag of this divi ion have been preserved. One could 
compare a time interval of " cold epochs" with p riods of "glaciation. " 

Tectonic Effects on Land F onns 
The terraces along the Alps are climatic; tectonic influ nee can be con­
sidered only for the Vi nna Ba in a nd the " mall Hun a ria n Plain." 4 

T ctonic mov m ents leading to the origin of th Vienna Basin occurred a t 
the bou ndary between Helvetia n a nd Tortonian. Th bas in ubsid d also 
during th Plcistocene. The D anub , after leaving the " Vienna Gates," 
accum ula ted it gravel in the form of a la rg alluvial fan. Within the city of 
Vienna the equence of terraces is normal ; the observable influ nee of 
t ectonic n 10ven ents is slight. Towa rd the a t, however , gravel deposits of 
several glaciation are united into a ingle grav 1 fan. This partly r educed 
the terraces, making correla tion very difficult. However, th tectonic sub­
sid nee of the Vienna Basin was not strong nough to form such cro ing of 
terrace profil as rn r gions of the "Small a nd Large Hungaria n Pla in" 
(Pee i, 1958 ; 1960) . 

R ecent ub idcnce is restricted to a few place , which can be een in 
pr ent-day soils. I n the rniddl of the Pannonia n climatic zone, in which 
eh rnozern. and rarer solonchak soils occur, peat bogs locally can be found 
(Fig. r ) . Th y ar d veloped in cent rs of ettling in which ground wa t r 
accurnula tes. Muck ca n also be seen in thes areas. Today they arc m ostly 
dry, with soils im ilar to chernozem . The peat bog east of Lake N usiedl 
is im porta nt, howing the young st center of s ttling in th " mall Hunga rian 
Plain." This center originally wa located in the m iddle of th 'Small 
Hungaria n Pla in ," where the R aab Riv r now flows. All rivers in the outh­
eastern foothill s originally tr nded outhea tward toward the tecton ic longi­
tudinal axis of the ' mall Hungarian Plain. ' During the Pleistocene the 
center of settling m oved towa rd the northwest. During the Ri -\tViirm 
Int rglacial Lak eu iedl wa form d , and treams were diverted ea tward 
or northeastwa rd, toward the youngest center of settling . Vertical m ove­
rn nts around the eusi dl Lake made it po ible for the Danu b , aft er 

4 For mo t ter race of the southea tern foothi ll s of the Alps Winkler-H rmadcn (1955) po tu la ted 
eu ta tic flu tuations. The la tter could have a ffec ted only the regions outside of the" iron ga te" a t the 
Danube. T he hypo thesis of Winkl r-H ermaden would mean th accep tan c of in terglacia l terra es 
a l t mating with glacia l terraces. Thi s is impossible because a long the m a rgina l zones of the Alp the 
sa m lima tic condi tions domina ted . 
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reaching the" mall Hungarian Plain," to accumulate an alluvial fan during 
th Wi.irm which extends into the area east of Lake Ieusiedl. 

Vertical movements within the basins have been strong. The adjacent 
mountains, however, have been relatively quiet or have undergone a move­
ment en bloc. This is of great importanc , sine the northeastern margin of 
the Alps offers an opportunity to fix the time boundary between Pliocen e 
and Pleistocene. 5 For this problem, mostly m orphologic criteria rn.ust be 
used; sedimentologic or paleopedologic evidence is carce. Levels a t uniform 

levations occur along the marginal zones of th Alps. These lev 1 within 
the Vienna basin hav b n associated with r gressional phases of th e Pan­
nonian Sea (Hassinger, r 905). True marine tidal flats certainly exi t but 
are mostly exhumed Tortonian features, as Kupper (1958) show d. Most 
oth r levels in the vicinity of the Vienna Ba in mu t be associat d with 
analogous levels in the northern foothills of the Alps, which were not covered 
by the sea during Pannonian times. Pannonian and upper Plioc n land 
forms and sediments are well pr erved at the easternmost part of the entral 
Zone of the Alps, which lie within' Burgenland ,' the ea ternmo t province 
of Austria on the Hungarian border (Fig. 3). One may associate the m orpho­
logic features of the north rn Vienna Woods (northeast part of the " Flysch­
zone") with the northern foothills of the Alp and the Bohemian massif and 
also with the southeastern margin of the Alps, especially the central part of 
Burgenland. ew studi s in the Vienna Basin ar in progres . Th r fore I 
refer only to the northern foothills of the Alp (Fig. 1) and the central part 
of Burgenland (Fig. 3) . In this article the late t re ul ts of Riedl ( r 9 4) have 
not been con idered. 

In the north rn alpine foothills levels as high as 400 m are con idered 
upper Pannonian. At the marginal zones of the Alps these levels do not 
coincide with th lithologic boundary betwe n the " Flyschzone" and the 
" Molassezone" (harder and softer rocks); th y a r therefore true pedim nts 
(Fig . 4, Probstwald ) . Such levels are widely distributed also along the 
Dunkelsteiner Wald and in western W einvi rtel. At Weinviertel they cut 
into the Hollabrunn gravel fan, which accum ulated in the low r Pannonian . 

pp r Pannonian level have an elevation of 400 m (the ea lev l of the 
Vienna Basin was a t 360 m a t thi s time) . Th upper Pliocene level along 
Tra i en valley have an elevation of 360 m; th y are covered locally by coar e 
gravel. The highest Pleistocene terraces have an absolute altitude of approxi­
mately 300 m. At M a isberg, within the olde t Pleistocene gravel b ds, re­
mains of Elephas jJlanifrons have been detected. Thi fossil indica tes an oldest 
Plei tocene age for this terrace (rela tive altitud e 140 m; Fink, 196ia). 

C ntral Burgen land is surrounded on three ide by m ountainous terrain 

5 Thi s problem is ha rd to solve be a use the stra tigra phy of the upper Pliocene in outhcastcrn Europe 
is sti ll full of que tions. The main difficulty lies in the fac t that th e ma rgina l zones of the mounta in 
ra nges have been a reas of erosion, whereas the Pa nnoni a n bas ins were fill ed with sediments. 
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INTER ATIONAL STUDI ES O T H E QUATERNARY 

and is drained by small strearn.s only (Fig. 3) . The old la nd forms are there­
fore well pre erved (Fink, 1961b). Two la rg pediments occur, on the west 
a nd east. 6 Both plains hav a different altitude along the line of the cro s 
section in Figure 4. Farth r southeast, however, near the tate border, both 
plains converge. Both pediment are cover d by a thick and extensive layer 
of debris, resting on various T ertiary rocks. Th easternmo t stra ta, dated by 
Winkler-Hennaden (196'2) as D acian, r semblc "cross-bedd d sands" from 
the eastern and southeastern m.argin of the " mall Hungarian Plain." The 
pediment continue at Lutzmannsburg (Fig. 2) into the highe t terrace of 
R a bnitz. C ntral Burgenland is ther fore a model for the land forms of the 
marginal zones of the Alps: Quaternary terrace are cut into the youngest pediments. 
Generally, the proce s of landscape evolution that occurr d under tropical­
subtropical humid conditions as well as under semiarid conditions changed 
at the nd of the Pliocene into a fluviatil period, lead ing to the formation 
of terrac tep in the rhythm of cold and warm time . 

Thi proce differs li htly along larg treams such as the Danube, wh r 
fluviatile ac tion started earli r, probably in upper Pliocene. In i olated areas 
like central Burgenland th process of pedimentation continued until oldest 
Plei tocene. 

Correlation of Terraces and Moraines 
Terrac s arc the most important tool u din th field to divide the Pleistocene 
in Austria. Terraces differ widely in th ir morphology, in their relative 
altitude, and in their overburden of fossil oils and other s diments. W 
propo the following cheme, based on th "classic" stratigraphy: 

Wurm 

Riss 

Mindcl 
and 
older 

iederterras e 
(lower terrace) 

Hochterras e 
(higher terrace) 

D eeken chottcr 
(nappe-like 
Tavel ) and 

older terraces 

rnorphologicall y 
undisturb d 

cut by small 
valleys 

strongly 
dissected by 
valleys 

no fo il soil 

fossil soil , 
typolo ·icall y 
similar to 
recent oil 

ferretto formation in 
upper part of 
gravels 

Thi hem was adopted primarily for the northern foothill of the Alp , 

6 The west rn pediment is geologica ll y interesti ng. It culs an old Sarma tian surface \\'ith signs of 
intensive tropi a l weathering; la teri tes can be obs rved in situ near Ho hstrass. 
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but it is valid also for the southeast rn m arginal zon s of the Alps. In the 
latter r egion the p riglacial processes are less marked. Dry valleys and 
cryoturbations in the terraces ar rar . Th cover beds differ completely: 
loess is a bundant in the northern foothill s, wherea in the southeast only 
dust loam can be ob rv d. Th Mindel-Ri interglacial marks a significant 
cha nge ; it i rightfully call d the "great interglacial. " Exten ive weathering 
and long dura tion a re important: the la tter p rmitted a trong linear 
ero ion. Ri terrace , ther fore, lie a t lower elevation . Th Ri s glaciation 
was m uch les prom inent, and terrac arc re tricted to the valleys. Gravel 
accumulations of Gi.inz and Mindel r cpre ent widely extended " nappes" 
(napp -like gravels, " D eckenschotter" ). The term inal moraines of Riss 
glacia tion, less significant than ind 1 m oraines, are unk into Mindel 
tongu ba ins. 

It is an important fact tha t everal tem1inal m oraines b long to the sam e 
glaciation. Their gravel b ds unite to form a ingle t crrac a f w kilometers 
outside their ice m argin. This prove tha t in periglacial regions each glaciation 
is represented by a single terrace. Only the lower t errace a pparently is divided: 
it is dissected by la te-glacial or early Holocene erosional terrac s without 
stratigraphic valu . The younger t erraces have better-preserved cover beds. 
Their fo sil soil offer th po ibility for stra tigraphic determination. The 
Mindel and c pccially the Riss terrace exhibit a clear tra tigraphy in their 
cover beds. In the sam way, it is pos ible to identify the Wi_irm glaciation 
by its cover bed . Figure 5 show typical profil that have stratigraphically 
fixed terrace . 

Most fossil soils lie directly on the gravel body of th preceding glacial 
epoch. One assum s tha t in la t -glacial ti1n s, after accumulation of the 
gravel, rivers eroded linearly so that the gravel body could not be covered 
with fine-gra ined fluvial sediments. Thi differ from the r ecent soils of the 
valley bottom, which lie on top of (mostly thick) fin e-grained fluvi al sedi­
m ents that cover the ba al gravel beds. 

The results of weatherin g in th "great int rglacial" arc much stronger 
than in the Ri s-Wurm int rglacial: lim ton e and dolom ite pebbles are 
dissolved to a d epth of a bout 70 cm, and only m tamorphic rocks and sand­
stone fragment are preserv d. The gravel of the high er terraces ("Hoch­
terra e") is les in ten ly weathered. The d gree of weathering corresponds 
to tha t of today; thi is true al o for intergla ial soil s ori o- inating from. loe s 
or dust loam. Figure 5 hows cvcral locs profi le , s lccted from various 
paleoclimatic r gion . Ris -Wurm oil corr pond perfectly with rn.odern 
soil . O nly the 'dry loe s region" (explanation follow ) i different, having 
st ppe-type oils today, wh rea in th Ri -Wurm interglacial a distinct 
fore t-soil typ was pr sent. 
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Paleo ols and Eolian Sediments 
Becau e inve tigation of fo il oil are an irn.portant branch of Q uaternary 
r esearch, some gen ral remarks are warrant d before the cro s ections 
shown in Figur 5 are di cus d. Mod rn pal opedologic investigation are 
ba ed on sev ral concepts: 

(1) R ee nt oils how great variations b cause of differen t relief, parent 
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material, and climate. The same im portant varia tions a r true also for 
pal o ol . 

(2) Pleistoc ne eolian sediments have b en deposited in various paleo­
climatic area and th r for vary widely. These sediments are visually and 
analytically distinct but show clear patt rns in their r gional disposition. 

(3) Within the same paleoclimatic unit various sediments and soils have 
been formed corresponding to the various climatic phas sofa glacial epoch. 
Today these soils and sediments, one abov another, can be found in vertical 
s quence. 

R ecognition and d eterm ina tion of pal oclimatic units are the key for 
furth r studies. Within Austria, four paleoclima tic regions can generally be 
di tinguished (Fig . r ). Fink (1956, Fig. r) distinguishe three paleoclimatic 
unit within the northern foothills of the Alps. The southea tern foothills 
form the fourth unit. The ' transitional region" between th " dry" and the 
"humid" loess region is rela tively narrow but very significant becaus of its 
w 11-known type localities (Paudorf, Gottweig, Krems). 

The paleoclimatic regions of Austria, which correspond approximately 
with geologic facies, continue into the adjacent countries. The hum id loess 
region of the Austrian northern foothill s reaches into Bavaria, th dry loess 
r gion into Slovakia, and the dust-loam region into we tern Hungary and 

roatia. 
ertain paleosols and olian sediments dominate within th par ticular 

r gion . A facies differentiation of soils and eolian sediment can be observed 
(Fig . 5; Fink, 1962b). This concept is certainly valid for a ll European 
countries as well as for all parts of the world in which Plei toe ne eolian 
sediments have been d eposited. A comparison of loess and dust loam is 
shown in Table I. 

Both these sediments of eolian origin a re final products of a continual 
process. Earlier, th ey were not recognized as genetically conn cted , but 
today we know several exposures from which facie relation hip can be 
d ri ed. Particularly the ediments of the la te t glaciation hav b en studied 
in d etail. Again, the sequence of oil profiles d termined in Austria is signifi­
cant for all other European area . 

A general outline of the latest glacial sedimentation within th four facies 
region of Au tria is given in Figure 6 (see also Fink, 1956, Fig. 5; 196 ia, 

Fig. 9). In each region the Riss-Wi.irm in terglacial soil has a distinct typo­
logical d v lopment: in the dust-loam region it is a ps udogley, in the 
hurnid-loess r egion a " Parabraun rd ," and in the transitional-loess region 
and in the dry-loess region a brown oil. With the exception of the dry-loess 
r gion the named soil correspond to m odern soils. Th sedim nts of the 
arly glaciation differ distinctly. In the dry-loess region normal eh rnozems 

with intercalated loess dominate. In the transitional region are tir -like soils 
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and humic olifluction oil , in the humid-loess region ar liahtl y humic 
solifluction soils, and lastl y in the du t-loarn. region are ediment with platy 
structu re and abundant clay coating , earthworm tubes, and excrements. I 
call d the latter type " worm-tube loess." It shows tha t during the early 
glaciation soil development was possible ev n during du t accumulation. 

TABLE I. PROP E RTI E OF L OESS AND D ST LOAM 

lay cont nt (grain 
size sm a ll er than 
0.002 mm) 

aCO3 

tructurc a nd soil 
fabric 

olor 

Lo 

ss than r o per cent 

5- 30 per cen t 

abundan t pores 
(ca pilla ry 
cavities, mo tly 
calcified), 
m assive 

yel low 

Dust loam 

more than 20 per c nt 

o per cent 

£ w pores, large 
prism a tic a nd thick 
pl a ty tructur d , 
m a ny coatings of clay 

abundant Mn and Fe 
caner tions and 
r duction-spot and 
thu a mottl d 
p a ttern 

The same can be said of chernozem and solifluction soils of the other facies 
regions. 

A differentiation of facie can be observed in the sediment . Wh reas true 
loess has been depo ited in the dry-loess and the transitional region , carbon­
at -free loess and dust loam (both with laminated structure ) prevail in the 
more humid r egions. The most ign ificant interruption during the Wurm 

dim ntation then followed. Within the dry loe s region light brown tep pe 
soils were formed (Stillfri d B) . In th zone of transition , however, a hurnic 
and brown mottled soil of peculiar a ppearance can be ob rv d (Paudorf). 
In th humid loess region, a zone of gley mottles(" a boden") is found. I n 
th dust-loam region, wh r Wi.im1 sediment are only 2 - 2 . 5 m thick, no 
exact mark r bed has b en observed. Above this hiatus true carbonate loess 
follows not only in the dry lo s re ion and in the transitional zone but also 
in the hum id loess region , proving that in the humid region dry p riods also 
oc urred. In the dust-loam region thi time period is marked by du t loam 
with vertical, narrow, polygonal network. This dust loam also forms th e 
subsoil of the present pseudogley, which covered the pri matic particl es 
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originating from polygonal cracks with thick reductional cru ts. The polygo­
nal network indicat extr m ly cold t mperatures for this pha of Wurm 
Glaciation. 

The color of lo within th tran itional region is int r sting. Th loes 
below Paudorf i br wni h, and above Paudorf i grayish. imilar ob rvation 
can be mad al o in other Europ an ar a howing a di tinct change of 
climate within th i.inn Glaciation- g n rally in the fir t part cool-w t 
condition , and in th cond part dry and cold (Budel, r 95 ) . 

Subdivision of Wiirm Glaciation 
Th clear qu n of oils and edirn nt and their connection with t rrace 
grav ls permit tra ti r phic conclu ion . \ e know today that th Gottweig 
soil is Riss-Wurm Interglacial b cau it can b correlated with th top of the 
Ri s terrac (Wrio-ht, r 96 r) and b cau it i typologically a di tinct fore t 
oil that did not o ur during th Wurm Glaciation. Furthermore, s veral 

important lo d posit in Austria have been studied palynologically 
(Frenzel, 1964). The results confirm the field-geological evidence. For 
everal years radiocarbon dating ha b n in use (Felgenhauer and others, 

I 959; Fink, r 962a) . 
Th Wt.inn lac iation is divided into two parts, the Paudorf repr senting 

th mo t importa nt int rruption . The period of maximal glaciation took 
place in po t-Paudorf tim . Th refor and by comparing Am rican r sults, 
we can rightly p ak of ' Wt.inn Ag ' and " Wurm Glaciation" (see also 
Flint, 1963; Frye a nd Willman , 1960 ; L eighton, 1965; and other) . During 
the glacial maximum mo t of th circulating water was transformed into ice, 
th sea level wa low r d, and dry cold conditions prevailed a l o in th humid 
loe s r gion . n th contrary in pr -Paudorf time a cold-humid climate 
dominated. h a cumulation of loe wa interrupted man time by 
d vclopment of oil tha t had be n onl lio-htl weather d a hown by the 
ea rl y Wurm eh rnoz m of the dr lo region. These a rl y Wt.inn eh rno­
zem proba bly equal the palynolo icall y w 11-defin ed inter tadia l of mer -
foort and Br0rup. Thi ' bipartition" of M ii.rm df!fers strongly from the th ory 
of P nck (1922) and oth r, who did not r cogn ize any int r tadial durin 
the Wurm .. It al o cliff rs from o r0 • I's (1 gr g) theory of tripartition, ac­
e pted by many authors, rno tl y pr hi torian .7 

I n tr ing to di o r how the rron ou theory of a tripartition could have 
been adopt d o wid 1 w rn.u t con id r the geographic po ition of the 
variou fi eld of r a rch. Previou ly, th main interest wa focus d on glaci­
ated regions. nly aft r the I Congres in r 936 did inve tigations of 
periglacial ar a radually b gin . In glaciated regions only the records of 

7 The difficulty in lh t rminology for the proposed bipartition of the Wi.irm res ts mostly on the fact 
that a ll terms in use a re ba cd on a tripartition. 
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m aximal tage of glaciation, the term inal m ora ines, are vi ible. Local clim atic 
or topogra phic factors often make regional inve tigations of glacia t d areas 
difficult. 8 Th long a nd fluctuating phases of glaci r m ovem nt generally 
lack in terpr ta bl trace . Th refor the corr lation with lo d epo its com ­
prising the maximum cold time led to fatal errors. Correla tion with various 
ea lev 1 al o can 1 ad to incorrect conclu ions. The confu ion culm inated 

wh n the same ymbols w re u ed for both the term inal rn orain s of different 
region and th Wurm stra tigraphy of Soergel. 

R ecent result of these loe s studies are a big step toward exact stra tigra­
phy, pecially forth la te t glaciation. However, one should not overe timat 
their irn portancc for a n interpretation of the older stage of th Plei toe ne, 
because (1) there ar too few exposures with old soils, and (2) olian sedi­
m ents and soil are easily eroded and seldom preserved. On the basis of my 
experience in the I U A ubcommission for the tra tigraphy of Loess I 
believe that paleop dologic m ethods will render safe stra tigra phic da ta for 
the you ng r Pleistoc ne, including the Mindel-Ri s Int rglacial. Only the 
beginning of a glacial epoch cannot be d etermined exactly b cau e of 
int n ive redeposition by solifluction. For a n exact d t rm ination of the 
phas of th arly glacial and al o for the end of th in terglacial, on hould 
con id r outcrops in r i ta nt edirnents such as travertine. In Austria t raver­
ti ne depo it a re rare; a ll have been studied tratigraphically exc pt the 
on in th rlauf valley. The well-known locality of Weimar-Ehringsdorf 
in Ea t ennany record a cold phase in the la te interglacial. uch tim 
mark in interglacial oils a r vi ible only in special circumstanc . er tain 
profil in the transitional-lac region, in which the Ris -WLinn soil occurs 
twic pa rtly divided by a solifluction layer , may offer a pos ibl com parison 
with the type locality of W imar-Ehringsdorf. 

Single pha s of th la te-glacial in eastern Austria cannot b reconstructed 
easily, b ecaus th d -velopment of soils in the foothill began very early, 
during a time wh n the ice fi lds of the Alps were gradually m elting. Many 
soils were alread y in their present form in the late-glacial. The youngest 
stra ta in some sediments such as loess, deposited near ar as of olian rosion 
(tha t is, n ar low r terraces), show an alterna tion of soil forma tion and di­
mentation. uch case are exceptional, because in m ost plac the accumula­
tion of loe fini h d with the end of the m aximal ext n ion of the glaciers. 
Proof of la te-glacial fluctu a tions in eastern Austria has been found only in 
peat d po it . Klau ( r 960) could identify the Allerod inter tadial int rval 
in the Boh m ia n ma if and could connect it with oth r central Europ an 
peat d epo it . Morphogenetic processes in the Holocene are very light. The 

8 The numbers of term ina l moraine of the W i.i rm glacia tion in ustri a differ widely in the va rious 
glacia ted regions. The . a lza h gla ier genera lly has three vVi.i rm termina l mora ines (Weinberger , 
1955). From the Mur glacier two glacia l stages have been described by preitzer (1953). From the 
D rau glacier we have to ass ume four to fi ve independent terminal morain s (Bobek, 1959 ; L i hten­
berger, 1959) . 
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riv r comp n ate th ir longitudinal egments, eroding in egments of 
tectonic upri ing and meandering in segments of tectonic su b id nee. Coarse 
material is transported only in the river b ds. High flood depo it only 
fin e-grain d a lluvium. ome erosion takes place e en in d n ly cultivated 
areas and p cially in loe areas, but it n v r reach s th amount of soil 

rosion that is found in the American Midwe t. Ve0 ctation on the thick soil 
cover protects th urfac of the land cape, resembling int rglacial conditions. 
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