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In August 2015, the Austrian Space Forum (ger. 
Österreichisches Weltraum Forum) conducted the AMADEE-
15 Mars Mission Simulation in the upper part of the Kaunertal 
valley in the Ötztal Alps in Tirol (Fig. 1). The aim of the project 
was to “investigate the limitations and opportunities of studying 
a Martian (rock) glacier with human explorers, using state-of-the-
art instrumentation” (Groemer 2015; Groemer et al. 2016). This project 
was one of a series of similar simulations, but the Kaunertal 
site had the highest altitude so far: 2600-2887 m a.s.l. During 
the simulation, analogue astronauts, wearing full space suits, 
performed experiments in different fields of environmental and 
human sciences on the Kaunertal glacier, in its foreland and on 
a nearby rock glacier. One of the experiments was to collect data 
on the relative age of glacier landforms using lichenometrical 
measurements (LM) and Schmidt hammer rock tests (SHRT). 
All experiments were designed by primary investigators (PI) from 
different European institutions and were supported and controlled 
by the staff in the Base Habitat at the margin of the Kaunertal 
glacier and the Mission Support Centre (MSC) in Innsbruck 
(Groemer et al. 2016). 

Apart from the importance of simulating Mars missions 
and the capabilities of astronauts (Groemer et al. 2016), there is 
an important environmental issue which justifies our research. 
The contemporary shrinkage of the cryosphere is resulting in 
the recession of glaciers and the melting of permafrost on a 
global scale (Huber et al. 2005), but has also led to a collaborative 
international effort to gather information on the contemporary 
behaviour of glaciers and rock glaciers (WGMS 2016; GAPHAZ 2017). 
This is accompanied by developments and discussions on dating 
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Abstract
The aim of this article is to show the results of the lichenometrical and 
Schmidt hammer measurements performed in 2015 during the AMADEE-15 
Mars Mission Simulation in the Ötztal Alps in order to test the capabilities 
of analogue astronauts and collect information on the geomorphic history 
of the study area since the Little Ice Age (LIA). The results obtained differ 
significantly from our expectations, which we attribute to differences in the 
field experience of participants and the astronauts’ technical limitations in 
terms of mobility. However, the experiments proved that these methods 
are within the range of the astronauts’ capabilities. Environmental factors, 
such as i) varied petrography, ii) varied number of thalli in test polygons, 
and iii) differences in topoclimatic conditions between the LIA moraine and 
the glacier front, further inhibited simple interpretation. The LIA maximum 
of the Kaunertal glacier occurred in AD 1850, and relative stabilization of 
the frontal part of the rock glacier occurred in AD 1711. 
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Figure 1. Location of the study site.  
Source: based on Google Maps
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techniques for glacial landforms (Hubbard & Glasser 2005), among 
which lichenometry and Schmidt hammer are very popular, but 
there are still different approaches to these methods (Winkler & 
Shakesby 1995; Evans et al. 1999; Bradwell 2009; Dąbski 2007, 2009, 2014), 
which justifies our research in Kaunertal. 

Holocene fluctuations of glaciers in the Alps have 
been thoroughly studied by Grove (1990), Zasadni (2007) and  
Ivy-Ochs et al. (2009), with some studies focusing on the Tyrolean 
Alps and post Little Ice Age (LIA) recession (Grove 1990, Nicolussi 
1990; Winkler &, Shakesby 1995; Sass 2010). The development of 
glacial landforms in the Alps has frequently been associated with 
permafrost thaw (Gruber et al. 2004), the development of taluses 
and rockwall retreat (Sass 2005; Sanders & Ostermann 2011; Heckmann 
et al. 2016), initial soil formation (Temme et al. 2016), and rock glacier 
activity (Krainer & Mostler 2006; Krainer & Ribis 2012).  

The aim of this article is to show the results and limitations 
of the lichenometrical measurements and Schmidt hammer 
rock tests performed during the AMADEE-15 simulation and to 
reconstruct the dynamics of Kaunertal glacier recession since the 
LIA and the timing of Kaunertal rock glacier stabilization. 

Study site
Kaunertal glacier (also known as Weißseeferner) flows north 

of Weißseespitze (3518 m a.s.l.) in the Ötztal Alps, Austrian Tirol. 
The snout of the glacier in 2015 AD was at 2680 m a.s.l. and the 
LIA terminal moraine ridge at about 2400 m a.s.l. (altitude of the 
valley floor), about 1400 m away from the glacier (Fig. 2).

The local thrust sheets (Ötztal – Bundschuh Nappe 
System) consist mainly of gneisses, metamorphic schists and 
amphibolites and was created in Hercynian and early Alpine 
orogenies (McCann 2008; Pfiffner 2010). The Kaunertal valley was 
developed mainly from paragneisses and orthogneisses (Tollmann 
1977), which poses challenges for SHRT due to the diversity of 
coarse grained rocks, because large crystals of different minerals 
vary in strength, resulting in a differential rebound of the impact 
plunger (R-values). On the other hand, basic or light acidic pH 
allows the growth of Rhizocarpon lichens (Poelt 1988) which are 
best suited for lichenometry due to their slow growth rate (Bradwell 
& Armstrong 2006). 

The mean annual precipitation (MAP) in the study area is 
in the range of 1100 – 1300 mm. Both the MAP and the mean 
annual air temperature (MAAT) vary between the contemporary 
glacier margin and the outermost LIA moraine, which is located 
at an elevation 280 m lower. It can be estimated that the MAAT in 
the glacier foreland is between 0°C and -1°C. Temperature data 
collected in Vent, located about 10 km W of the study site at 1906 
m a.s.l., indicates a MAAT increase of about 1 °C in the period 
1935-2010 (Institute of Meteorology and Geophysics 2013). 

Despite climatic warming, permafrost is still probable near the 
glacier margin and in the upper parts of the nearby rock glacier 
(Fig. 2), while in the lower parts of the glacier foreland it can 
exist only in very favourable conditions (Alpine Permafrost Index Map; 
Boeckli et al. 2012). Moreover, the topoclimate facilitates frequent 
ground freezing and thawing, which should lead to quick rock 
surface weathering after the withdrawal of the glacier. Therefore, 
we assumed that SHRT R-values would be good weathering 
indicators of glacial landforms to support the lichenometrical data 
(Dąbski 2014).

Methods
In order to collect information on the age of glacial landforms 

and the degree of weathering of deglaciated rock surfaces, fifteen 
test polygons were located in the foreland of Kaunertal glacier 
(Table 1, Fig. 3) for LM and SHRT. The measurements were 
restricted to exposed glacially-abraded rock surfaces, including 
bedrock (whale backs) and boulders on moraine ridge crests or 

the upper parts of slopes, or on ground moraine next to the glacier 
snout. We avoided footslopes, which provide surplus humidity for 
enhanced lichen growth – so-called “green zones” (Haines-Young 
1983). Additionally, one polygon was designed on the nearby 
rock glacier in its frontal part in order to gather supplementary 
information about the contemporary dynamics of permafrost-
related landforms (Fig. 3). The polygons were numbered 
following the expected order of the age of the rock surfaces: from 
the oldest and furthest from the LIA glacial maximum (polygon 
number 1), to the youngest and most proximal to the glacier 
(polygon 15). The size of the polygons depended on the site-
specific conditions (covering a piece of a single landform, e.g. 
moraine ridge or whale back) and varied between 10 and 100 m2. 

Based on information about glacial landform development and 
chronology in the Ötztal Alps (Nicolussi 1990; Winkler &, Shakesby 1995; 
Sass 2010), we interpreted the most distant latero-frontal moraine 
ridge as a landform marking the glacier maximum position in the 
LIA, created around 1850 AD. Fully-suited analogue astronauts 
(Fig. 4) performed measurements on polygons 4 and 12, and 
unsuited astronauts, equipped only with special gloves, on 
polygons 5, 9 and 13 (Table 1). 

The number of measured lichen thalli and Schmidt hammer 
(SH) blows depended on the availability of suitable rock surfaces 
and lichens – for example, on the young surface of polygon 13 
(near the glacier) only 5 thalli were measured, because there 
were no more available, but in polygon 5 (LIA maximum) there 
were 221 thalli measured. The number of SH blows usually varied 
between 90 and 100, with an exception for polygon 4 where the 
fully-suited astronaut performed only 32 blows (Table 1). SHRT 
were restricted to glacially abraded rock surfaces, whether they 
were made up of bedrock or large boulders. Moreover, the rock 
surfaces had to be free of any visible fissures which weaken the 
rock strength. Ideally, ten representative places were selected 
in each polygon and ten blows were performed in each place, 
keeping a minimum 1 cm distance between the blow points and 6 
cm distance from any visible rock surface irregularities according 
to the recommendations of Day and Goudie (1977). The mobility of 
the suited astronauts was very low, partly due to safety reasons, 
so the number of measured lichen thalli had to be limited. 
Moreover, the suited astronauts had very little experience with LM 
and SHRT, so the data collection proceeded slowly. A graduate 
student of geomorphology supplemented the study by collecting 
data from the rest of the polygons. 

The measured lichens belonged to the yellow-green 
Rhizocarpon subgenus (Fig. 5) (Benedict 1988), and only the 
enveloping circles of relatively circular thalli were measured 
(1 mm precision) with the use of a ruler (Dąbski 2007; Sass 2010). 

Figure 2. Ground temperature conditions at the study site (based 
on Google Earth and Alpine Permafrost Index Map).
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The dates of the onset of subaerial weathering of two polygons 
(numbers 10 and 13) were known, based on data on the 
Kaunertal glacier recession history recorded in the World Glacier 
Monitoring Service (WGMS) database, and the age of polygon 
6 (outermost frontal moraine) was inferred after Nicolussi (1990), 
Winkler and Shakesby (1995) and Sass (2010). These three polygons 
were taken as benchmarks (Fig. 3) for the construction of the 
lichen growth curve. Using the popular technique of the five 
largest thalli (5LL) (Bradwell 2009) we obtained an equation: 

y = 14.36 ln (x) – 37.3     (R2=0.96)

where y is lichen diameter and x is age of rock surface (age of 
landforms). The logarithmic line was chosen (Fig. 6) because it 
mirrors the time-dependant decrease in lichen growth rate (Winkler 
& Shakesby 1995; Sass 2010; Dąbski 2014; Armstrong 2016). 

For a comparison, we present the lichen growth rates 
developed by Winkler and Shakesby (1995) who worked in Rofental, 
a valley immediately east of Kaunertal (Fig. 6, dotted line), and 
by Sass (2010) who worked in Finstertal, located 40 km NE of 
Kaunertal (Fig. 6, dashed line). We additionally calculated the 
dates of the studied landforms using the equation developed by 
Winkler and Shakesby (1995) for 5LL and for LL (single largest thallus), 
assuming that the natural environment of Rofental is very similar 
to that of Kaunertal (Table 1). 

We decided to verify the robustness of our LM and SHRT 
as dating techniques of the glacier foreland by correlating them 
with the data derived from the glacier recession history (WGMS 
2016) and literature concerning other glaciers in the Ötztal Alps 
(Nicolussi 1990; Winkler & Shakesby 1995; Sass 2010). Due to the lack 
of LM for polygons 1, 2, 14 and 15, and the lack of SHRT results 
for polygons 6, 7 and 11, we decided to use a Spearman rank 
correlation (Fig. 7). We derived the expected dates from the 
distance between the test polygons and the known positions of 
the glacier margin (based on WGMS 2016) and the development of 
glacier landforms. 
 
Results

Our results show that the most prominent lateral-frontal 
moraine ridge of Kaunertal glacier, which we associate with the 
LIA glacial maximum based on Nicolussi (1990), Winkler and Shakesby 
(1995) and Sass (2010), was probably formed in several stages: in 
1676 AD (polygon 7), 1834 AD (polygon 6), 1881 AD (polygon 8)  
and finally in 1915 AD (polygon 5), and the stabilization of the 

Figure 3. Location of test polygons and subsequent positions of 
Kaunertal glacier margin (based on WGMS 2016 and tirisMaps 
2.0 2016).

Figure 4. Fully-suited analogue astronaut taking SHRT measurements 
on glacially abraded bedrock (polygon no. 12). 
Source: Taken by the M. Dąbski.

Figure 5. A thalli of Rhizocarpon lichen suitable for dating. 
Source: Taken by the M. Dąbski.
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frontal part of the nearby rock glacier occurred in 1711 AD  
(Table 1, Fig. 6). A subsequent recession of the glacier, followed 
by a minor transgression and a stillstand in the first two decades 
of the 20th century (WGMS 2016), did not leave any geomorphic 
imprint in the glacier foreland. The next minor transgression and 
stillstand of the glacier between 1970 and 1986 AD created a 
small but discernible lateral moraine ridge (Fig. 3). 

We found significant discrepancies between the expected 
dates and the lichenometrically obtained dates (Table 1).   

Despite the differences in the dates obtained, the Spearman 
rank correlation is a strong positive one (Fig. 7, diagram A). 
If test polygon 4 was disregarded, taking into consideration 
the very limited amount of lichen thalli measured by the fully-
suited analogue astronauts (Table 1), the correlation would be 
stronger.

The growth rates (LL and 5LL approaches) developed by 
Winkler and Shakesby (1995) in Rofental seem to work reasonably 
well in Kaunertal but only for landforms associated with the LIA 
and the onset of the 20th century. However, they produced clearly 
unacceptable dates for the landforms developed since 1945 AD 
(Table 1, Fig. 3).

Figure 6. Solid line: Rhizocarpon growth curve used in this study, 
based on sites of known age (polygons 6, 10, 13); dotted line: 
lichen growth curve obtained by Winkler and Shakesby (1995) 
in Rofental (5LL approach); dashed line: lichen growth curve 
obtained by Sass (2010) in Finstertal.

Table 1. Results of measurements.

Polygon 
number PR*

No. of 
measured 

thalli

5 largest 
thalli

5LL
(mean)

Expected 
date 

(AD)**

Obtained date 
according to our 

growth rate

Obtained date 
according to 

growth rate of Winkler 
& Shakesby (1995)***

Number 
of SHRT 

blows

Mean
R-value with 

standard 
error

1 G 0 ‒ ‒ < LIA ‒ ‒ 97 41.4±0.69
2 G 0 ‒ ‒ < LIA ‒ ‒ 100 27.7±0.64

3 G 81 65, 57, 52, 
50, 50 54.8 < LIA 1406 1851/58 98 47.1±0.67

4 SA 26 35, 28, 24, 
23, 23 26.6 < LIA 1929 1908/12 32 40.7±1.33

5 UA 221 32, 29, 28, 
28, 27 28.8 LIA max.

(1850 ?) 1915 1908/12 100 52.1±0.71

6 G 90 38, 38, 38, 
37, 36 37.4 LIA max.

(1850 ?) 1834 1894/1904 0 ‒

7 G 49 56, 45, 45, 
44, 42 46.4 LIA max.

(1850 ?) 1676 1871/77 0 ‒

8 G 43 42, 35, 31, 
30, 27 33.0 LIA max.

(1850 ?) 1881 1897/1901 100 55.1±0.44

9 UA 137 25, 20, 20, 
19, 19 20.6 1900 1959 1920/21 90 54.9±0.7

10 G 53 23, 22, 20, 
20, 19 20.8 1945 1958 1919/23 100 62.0±0.31

11 G 70 21, 19, 17, 
17, 14 17.6 1970 1969 1924/26 0 ‒

12 SA 7 9, 8, 7, 7, 6 7.4 1986 1993 1935/38 100 42.9±0.78

13 UA 5 16, 15, 12, 
10, 9 12.4 1986 1983 1930/31 100 55.1±0.43

14 G 0 ‒ ‒ 2010 ‒ ‒ 100 49.8±0.4
15 G 0 ‒ ‒ 2010 ‒ ‒ 100 53.6±0.73

RG G 49 48, 47, 45, 
43, 41 44.8 LIA 1711 1879/89 0 ‒

*PR – performer (G – trained student of geomorphology, SA – fully-suited analogue astronaut, UA – unsuited analogue astronaut); 
**Expected dates are based on the distance between the test polygons and known positions of glacier margin based on WGMS 2016 
data and development of glacier landforms; *** differences in dates result from LL and 5LL approaches.
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There is only a moderate correlation between the SHRT 
results and the proper sequence of landform age (Fig. 7, diagram 
B), which results mainly from the unexpectedly low R-values in 
polygons 12 and 14, one of which was measured by the fully-
suited analogue astronauts (Table 1). 

Discussion
Despite the limited mobility of the analogue astronauts during 

the AMADEE-15 mission in Kaunertal, the lichenometric and 
Schmidt hammer experiments proved that both can be performed 
under simulated Martian conditions. So far, no lichen thalli have 
been found growing on Mars, but the experiments of Brandt et 
al. (2015) showed that Xanthoria elegans, a lichen species once 
used in lichenometry (Beschel 1954), can survive the harsh Martian 
conditions. It is therefore not unimaginable that lichenometry will 
one day be employed on the Red Planet. The use of Schmidt 
hammers on real Martian missions is much more probable, and 
the only factor which needs to be taken into account would be the 
Martian surface acceleration, which is almost three times lower 
than on Earth (Mars Fact Sheet). The instrument is calibrated 
for operation in a horizontal position, which allows vertical rock 
surfaces to be tested. If the position of SH is oblique or horizontal, 
then the gravity component which acts on the striking weight 
needs to be considered (Runkiewicz & Brunarski 1977), but this is a 
matter of a simple calculation. 

The limited number of test polygons and measured lichen 
thalli, and the inconsistent number of SH blows per polygon 
precludes a far-reaching interpretation; however, several issues 
can be stated. The performance of LM and SHRT by different 
people with different mobility and experience levels (fully-
suited astronauts, unsuited astronauts, and a trained student 
of geomorphology) resulted in a data set which cannot be fully 
trusted in the reconstruction of the area’s geomorphic history. 
The procedures employed in the AMADEE-15 simulation 
required that the fully-suited astronauts working in the field had 
no direct contact with the primary investigator of the experiment. 
The only communication the astronauts had was with the MCS 
in Innsbruck, where flight control staff had precise information 
on the position and activity of the astronauts thanks to GPS and 
radio transmissions (Groemer 2015; Groemer et al. 2016). Therefore, 
errors resulting from the improper selection of lichen thalli or 
handling of SH could not be corrected in the field. The technical 
limitations to the astronauts’ mobility additionally hindered proper 
data collection. The significant differences between the majority of 

obtained dates and the expected dates are disappointing, despite 
the strong rank order correlation, and prove that the results of 
lichenometric dating should be approached with caution if not 
obtained by an experienced measurer. 

The obtained results can also be explained by the fact that 
the studied rock surfaces were coarse-grained metamorphic 
rocks (paragneisses and orthogneisses), which are not well-
suited to SHRT. The lamellar structure and large size of the 
different minerals can significantly modify the R-values. The SH 
operator directs the impact plunger to minerals of differential 
strength and distance from discontinuities, which are sometimes 
not easily visible. Therefore, the internal structure and texture of 
paragneisses and orthogneisses can significantly influence SHRT 
results and offset the influence of weathering duration (Goudie 
2006). Another factor is the varying number of measured thalli in 
different polygons (from 5 to 221). This was determined by the 
limited size of dated rock surfaces and the diversified availability 
of suitable lichen thalli. 

Moreover, in our calculation of lichen growth rate we did not 
take into account the difference in altitude between the lowermost 
test polygons (3, 6, 8) located near the LIA frontal moraine at 
about 2400 m a.s.l. and the highest polygon (8) located above the 
glacier at an altitude of around 2800 m a.s.l. This is a significant 
denivelation, resulting in different climatic conditions, which may 
have influenced the Rhizocarpon growth rate (Kędzia 2015). Our 
growth rate decreases together with the increasing age of the 
lichen and the decreasing altitude. However, as the altitude 
decreases, the topoclimatic conditions improve, which probably 
facilitates lichen growth. We assume that this phenomenon 
is somehow offset by the general negative tendency of lichen 
growth rate together with increasing age (Dąbski 2014).  

In the case of polygon 7, located on the LIA lateral moraine 
ridge (Fig. 3), the obtained date 1676 AD (Tab. 1) is much older 
than the other dates for this landform sampled in polygons 5, 6 and 
8. The vicinity of Lake Weißsee (Fig. 3) could have influenced the 
topoclimatic conditions at polygon 7 by increasing air humidity, 
resulting in the faster growth of the lichens (Armstrong 2006). It 
is also possible that the largest measured thalli in this polygon 
are the remnants of the lichen population established soon after 
the glacier transgression in the 17th century. According to Grove 
(1990) and Winkler and Hagedorn (1995, after Winkler & Shakesby 1995), 
between 1678 AD and 1681 AD there was an advance of the 
nearby Vernagtferner glacier close to its LIA maximum, and it is 
possible that the Kaunertal glacier behaved in a similar way. The 

Figure 7. Spearman rank correlations: A – between expected age rank and lichenometrically derived age rank (ranking is from oldest 
to youngest landforms); B – between expected age rank and Schmidt hammer R-value rank (from weakest R-values: most weathered 
rock, to strongest: least weathered); each dot has a polygon number. Both correlations are statistically significant.
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much younger-than-expected age (1915 AD) for polygon 5 (Fig. 
3, Table 1) can be explained by a possible advance or stillstand of 
the glacier, as was shown for Vernagtferner and Rofenkarferner 
(Winkler & Shakesby 1995), followed by the start of a general retreat. 
However, the morphology of the LIA lateral-frontal moraine ridge 
is quite simple and does not provide an additional argument to 
support the hypothesis of a multi-stage development.

Winkler and Shakesby (1995) developed their lichenometric growth 
rates for Rofental excluding any benchmarks younger then c. 50 
years, apparently due to the lack of available thalli. This probably 
explains the too-old dates for polygons 10, 11, 12 and 13, which 
have deglaciated since 1945 AD. Moreover, the growth rates of 
Winkler and Shakesby (1995) produced too-young dates (>1850 
AD) for polygons 3 and 4, located outside the LIA maximum, 
which is at odds with the general knowledge of the area. On the 
other hand, the dates for polygons 7 and 10, related to the LIA 
and the onset of the 20th century, are more reasonable than the 
dates obtained with our growth curve (Table 1). It is always better 
to calculate the lichen growth rate using local benchmarks, so it 
is reasonable to place more trust in our growth curve and look 
for explanations of the unexpected results via data collection and 
environmental site-specific conditions.

 Our LM dating suggests that the rock glacier has been 
relatively stable in its frontal part since 1711 AD, which 
corresponds well with the general knowledge of the LIA timing 
(Zasadni 2007). However, the Alpine Permafrost Index Map shows 
that permafrost should still be present in the central and upper 
parts of the rock glacier, allowing for some movement of the 
landform. Bearing in mind that large Rhizocarpon geographicum 
thalli (exceeding 40 mm) can be found on the surfaces of active 
rock glaciers in the Alps (Burga et al. 2004), we conclude that 
lichenometry cannot be used as a simple method for dating the 
stabilization of these landforms. 

There was an expectation of an increase in rock strength 
(R-values) in the direction from the oldest to the youngest 
polygons within the glacier foreland. This supports the previous 
finding of Dąbski (2009), who worked on post-LIA glacially abraded 
limestones in the Swiss Alps, as well as Dąbski (2014, 2015), Evans 
et al. (1999), and Dąbski and Tittenbrun (2013), who worked on freshly 
deglaciated basalts in Iceland. They showed that SHRT R-values 
decrease by 5 to 9% in a direction from the youngest to oldest 
moraines marking the LIA maxima of glaciers. None of these 
studies showed strong correlations between the duration of rock 
surface weathering and R-values, but the tendencies were always 
noticeable. On the other hand, Matthews and Owen (2008), who 
carried out SHRT on gneiss in the Storbreen foreland in Norway, 

found no significant trend in R-values on lichen-free rocks, but 
the rock surfaces covered by endolithic lichen Lecidea auriculata 
exhibited a swift decrease in strength by 44%, which occurred in 
the first four decades following liberation from glacial ice.

Conclusions
The lichenometric and Schmidt hammer experiments during 

the AMADEE-15 Mars Mission Simulation proved that both 
can be performed under simulated Martian conditions. The LM 
and SHRS experiments in Kaunertal did not yield trustworthy 
information on the age of studied landforms due to several 
reasons, including the differences in field experience of the 
people performing the measurements and the limited mobility 
of the analogue astronauts. Nevertheless, the experiments 
proved that these methods are within the range of the astronauts’ 
capabilities.  

The lichenometrically-derived dates for the Kaunertal glacier 
foreland differ significantly from the expected dates, but the rank 
correlation is strong. The environmental factors responsible for 
the results obtained are: i) variations in the petrography of the 
tested rocks, ii) differences in the number of available thalli in 
test polygons, and iii) changing climatic conditions. There is also 
a possible error in the construction of our lichenometric growth 
curve, due to the climatic differences between the lowermost and 
uppermost parts of the glacier foreland.

Despite the mentioned limitations, we were able to state 
the probable multi-stage development of the LIA lateral-frontal 
moraine of the Kaunertal glacier (from the second half of the 17th 
century to the beginning of the 20th century). Lichens growing on 
the frontal part of the rock glacier suggest a relative stabilization 
of the substrate since 1711 AD, but this does not preclude the 
continuous activity of the landform. The moderate correlation 
between the decreasing age of the glacial landforms and the 
increasing Schmidt hammer R-values is in accordance with 
findings from glacier forelands in other parts of the world.
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