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View towards the southern flank of the Wilder Kaiser made up by carbonates with its cirques. 

Typical facies of waterlain till 

(= massive silt with partly striated dropstones)

.

The basin of Hopfgarten: The climatically controlled glacier advance

Windau and Kelchsau glaciers showed an almost syncronous advance within an area, which was already 

part of their domains during LGM. This happened while the stagnant Inn glacier experienced continuous 

down-melting. The local glacier advances to their LMP during a phase of general ice decay can be defined 

as climatically controlled glacier oscillations. A relatively short lasting climatic detoriation in the sense of 

lower temperatute (-T) and/or more precipitation (+P) caused an at least 100 m lowering of the ELA. 

The positive mass balance resulted in a probably quite rapid advance of the relatively small glaciers 

(e.g. length during LMP: Windau glacier -~ 16 km; Kelchsau glacier ~ 19 km). This reaction was maybe 

favoured by the presence of former glacier-network remnants within the accumulation areas. 

In contrast the mass waves from the various Inn glacier accumulation areas were supposingly en route 

towards its tongue, when the climatic amelioration continued.  Based on the field evidences even the local 

glacier tongues did not reach a stable position, in the sense of a glaciologically balanced steady-state, 

providing a further argument for a short duration of this climatic signal. 

Simplified geological map of the basin of Hopfgarten with the locations of the cross sections; 

(1) fluvial and alluvial sediments (mostly Holocene);

 (2) Kame terraces (delta deposits) undifferentiated, therein the extend of the Westendorf terrace level (3) (all Lateglacial);

 (4) the basal till of the local glaciers in the Windau and the Kelchsau valley (Würm-Lateglacial);

 (5) basal till of the LGM and patches of it;

 (6) Fluvial gravels (pre-LGM);

 (7) bedrock

Lateglacial till overlaying the topset of the  kame terrace 

(Ziegelhüttgraben / Windau valley).

 Geological sections along the rivers Brixentaler Ache, Windauer Ache and Kelchsauer Ache.

The till of the lateglacial local glacier advance(orange with blue triangles) on top of the kame

 terrace in the Windau valley can be traced for ~ 3 km.

The Last Glacial Maximum (LGM)

First evidences of ice-decay (kame terraces)

Separation of the local glaciers

The advance towards the Lateglacial maximum 

 position (LMP).

The final sedimentation after the LMP

The glacial dynamics in the basin of Hopfgarten 
from the LGM to the LMP and beyond.
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Sketch map of the extent of the Eastern Alpine network of glaciers during the LGM (in 

blue), the Bühl Stadial and the following Steinach Stadial in comparison to the recent 

glaciation (according to van Husen, 2000). The location of  the Basin of Hopfgarten 

and the  adjoining  mountain  chain  of  the Wilder Kaiser are indicated.

The  Inn glacier and its neighbours during the LGM (after van Husen,1987). Note the principal 

gradient of the ice surface from the mountain range Hohen Tauern in  the south towards the 

north.

In the last decade Alpine Quaternary research has achieved great progress

in deciphering the glacial stratigraphy of the Würm-Lateglacial, synonym to 

Termination I. In the chronological sense this period within the Upper Würm 

 and thus within Marine Isotope Stage (MIS) 2 occurred after the Last Glacial 

Maximum (LGM; 24 -21.5 kyr cal BP)  The Alpine Lateglacial is generally 

subdivided into glacial stadials, a concept first established by Penck & 

Brückner (1909). The term stadial  is used to describe a stepwise deglaciation 

with halts, res-pectively re-advances, defined by endmoraines from 

themaximum position of the LGM  in the foreland into the Alpine valleys 

andfinally into the cirques. Thus this paleogeographic development is re-

garded as a chronological succes-sion defined in the former area of the Inn 

glacier. It starts with the Bühl Stadial the supposed first halt of a still intact

network  of glaciers ("Eisstromnetz") after the LGM (Mayr & Heuberger, 1968; 

van Husen, 2000). 

The results of a re-investigation based on geological mapping and lithofacies 

analyses of the type-region of the Bühl-stadial in the Basin of Hopfgarten and 

at the southern slope of the wilder Kaiser are presented (J.M. Reitner, 2005 

Geological sketch map of  the southern slope of the Wilder Kaiser and its foreland. (1) bedrock; (2) basal till 

with crystalline clasts (LGM); (3) small patches of (2); (4) erratic (crystalline) boulders; (5) kame terraces and 

glacilacustrine sediments; (6) moraines (tills) of  the local glaciers; (7)  talus (8) fluvial deposits and alluvial 

fans

Section Niedere Wegscheidalm at the base of a local moraine (location is indicated in the map by an 

arrow). It starts with a waterlain till  overlain by deltaic mass flow sediments. This glacilacustrine sequence is 

superposed by the basal till of the local glacier with an alimentation area in the cirque. Thus it docu-ments an 

glacier advance during  ice-decay.

Reconstructed paleogeographic situation during the deposition of the first 

sedimentary evidences of  ice decay at the southern slope of  the Wilder Kaiser.

The extent of lateral moraines (red) of the independent and advancing local 

glaciers as well as delta sediments (yellow) and ice-dammed lakes are

 associated with different stages of down-wasting of the stagnant Inn glacier

The southern slope of the Wilder Kaiser during the LGM.  The ice-flow was 

dominated by the Inn glacier. Thus  the local glaciers were blocked towards the 

south an forced to flow eastwards.

Glacier extent during the Lateglacial maximum position (LMP) of the Wilder 

Kaiser glaciers. The stagnant, not any more nourished Inn glacier had lost 700-800 

mof ice thickness compared to the LGM conditions

The local glaciers of the Wilder Kaiser could advance to their Lateglacial maximum position (LMP) after the blockade

established by the dominant Inn glacier during the LGM disappeared. This advance of the still nourished cirque glaciers

 to their LMP was modulated by the variable water depths of the proglacial lakes. This kind of glreaction is called mechanically 

induced glacier advance According to the principal condition .

It is believed that the mechanically induced glacier advance has modern analogues, which had not been recognised

till now.

.

There was not stabilisation of the Inn glacier tongue at the beginning of Termination I. It showed 

only massive down-wasting due to the general lowering of the ELA. Thus there was no stadial in 

the sense of Alpine glacial stratitigraphy. The glacial dynamic is best defined as "Phase of 

early Lateglacial ice-decay with local glacier oscillations".

Only the small glaciers showed two kinds of glacier advances towards their Lateglacial 

maximum position (LMP).

The mechanically induced glacier advance and the climatically controlled glacier oscillation.

Looking at the losses of ice-thickness compared to the LGM  situation, the described glacier 

reactions happened probably shortly after the LGM during a short time period of ~ 100-500 years.

14
According to calibrated C dates of the Eastern Alps the "Phase of early Lateglacial decay" 

occured within the the Greenland Stadial  2c (21.2-19.5 kyr cal BP). 

The knowledge of the LGM  ice domains is a prerequisite for discriminating these different types 

of glacier advances  during Termination I.

The development of glacier dynamics of the Wegscheid glacier. From the blockade of the 

southward flow during the LGM to the  LMP. The rapid collapse of the stagnant Inn glacier at the 

beginning of Termination I resulted in the formation of an ice dammed-lake. This collapse was 

accelerated by  the meltwater action due to moulins and crevasses. Thus the still alimented local glacier 

lost its blockade and could advance. Massive calving occurred in those proglaciallakes, producing small 

icebergs to bergy bits documented by the waterlain till. This process did not only affect the margin of  the 

Inn ice promoting the further recession but also the front of  the local glacier terminus. Despite the 

feeding by the cirques this mass loss due to buoyancy triggered break-up caused a conspicuous 

thinning of the temperate local glacier tongue. Under those conditions the advance was modulated by 

the proglacial water depth, which was initially defined by the changing lake levels. The water depth 

probably steered the calving flux and by  that the advance rate,. 


