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Application of the Schmidt hammer in the relative-age
dating of rockfall deposits in the Belvedere Glacier
Valley
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ABSTRACT

The Schmidt hammer is a cost-effective tool for both relative- and absolute-age dating of rocks (the latter in connection with pre-
viously absolutely dated surfaces). Its application in high-mountain environments is particularly favoured due to the abundance of
dating material and the small size of the dating tool compared to other options. The use of the Schmidt hammer on rock types with
macroscopic crystals is not recommended due to the varying weathering rates of different minerals. However, in harsh alpine con-
ditions, there is often no other choice. We applied the Schmidt hammer in the relative dating of boulders in the Belvedere Glacier
valley (Italian Alps) with orthogneiss and paragneiss being the dominant rock types (both consisting of macroscopic minerals). For
the first time in the Schmidt hammer-related studies, we prepared a chart for the objective inclination correction of the data. The
correction for aspect was also performed. The results suggest the successful applicability of the Schmidt hammer even under
the unfavourable circumstances.
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1. Introduction

The Schmidt hammer was originally developed for
non-destructive testing of the strength of concrete by
the Swiss engineer, Ernst Schmidt, whose goal was to
measure the deterioration rate of concrete structures
over time (Schmidt 1950). It consists of a spring-load-
ed piston and a plunger, which is pressed against the
surface. Thereby, the piston is released and its impact
onto the plunger transfers the energy to the material
(Aydin 2015). A certain part of the energy is trans-
formed into heat, sound, and surface deformation, the
restis recovered forcing the piston to rebound (Goudie
2006). The amount of recovered energy depends on
the hardness of the material and is measured as a per-
centage of the maximum stretch length of the spring
before release, the so-called R value (Aydin 2015).

The potential of this new instrument for envi-
ronmental science was first exploited by Yaalon and
Singer (1974) and Day and Goudie (1977) in the
assessment of rock hardness. Matthews and Shakesby
(1984) and Betts and Latta (2000) conducted pivotal
studies of the use of the Schmidt hammer in relative-
and numerical-age dating, respectively. The new tech-
nique steadily gained attention and found its applica-
tion in the dating of various geomorphological events
and landforms (fully summarised by Matthews and
Winkler 2022): bedrock and moraine ridges formed
during the Late Pleistocene deglaciation and Young-
er Dryas (Longhi et al. 2024; Longhi and Guglielmin
2020; Tomkins etal. 2018, 2016; Engel etal. 2011),
paraglacial rockfalls and alluvial fans (McEwen et al.
2020; Scotti etal. 2017), rock glaciers and other peri-
glacial landforms (Marr et al. 2022; Nesje etal. 2021),
coastal landscapes (Sjoberg and Broadbent 1991), flu-
vial terraces (Stahl et al. 2013), and slope movements
in tropical and temperate environments (Burda etal.
2018; Klimes et al. 2009). The strong supremacy of
glacial or permafrost environment-related research
has an obvious reason, i.e., the abundance of dating
material.

Contrary to the above, the studies of the weather-
ing itself that use the Schmidt hammer show larger
diversity, as reviewed by Goudie (2006). The possi-
ble applications include karstic forms (Haryono and
Day 2004), tafoni and shore platforms (Stephenson
and Kirk 2000; Matsukura and Matsuoka 1996),
development of inselbergs (Pye et al. 1986), weather-
ing-based rock classification (Karpuz and Pasameh-
metoglu 1997), temporal changes of weathering rates
(White et al. 1998; Sjoberg and Broadbent 1991), and
the relation between aspect and weathering rates
(Waragai 1999).

Application of the Schmidt hammer for numer-
ical-age dating requires a set of pre-dated con-
trol points for the calculation of calibration curves
between the R value and absolute age. Common-
ly, a few control points are dated using terrestrial
cosmogenic nuclide dating. The bulk of the surface

exposure-ages are then determined with calibrated
R values as the high cost of the nuclide technique pre-
vents its more extensive application (Matthews and
Winkler 2022). When only relative ages are needed,
the considerably cheaper Schmidt hammer proves
to be a robust dating tool (Shakesby 2006). The con-
straints of the technique include its sensitiveness to
moisture content, and influence of surface texture, as
well as rock inhomogeneity, on the results (Goudie
2006). However, the study of high mountain environ-
ments often offers only macroscopically inhomogene-
ous rocks, such as orthogneiss. Should they be a priori
precluded from Schmidt hammer studies or is there
any potential for reliable relative data?

Our aim was to apply the Schmidt hammer for rel-
ative age dating of orthogneiss and paragneiss boul-
ders in the Belvedere Glacier valley (the Italian Alps).
The inspected blocks of complex glacial and perigla-
cial origin span temporally from rather fresh suprag-
lacial samples to more weathered ones partly buried
in the flat sedimentary plain neighbouring the glacier.
We created a systematic chart for the inclination cor-
rections, the first one ever published and based on the
findings by Basu and Aydin (2004). Lastly, we exam-
ine the plausibility of the results and discuss them in
a broader geomorphological context.

2. Study area

The Belvedere Glacier is a valley glacier located at the
foot of the northeastern (i.e., Italian) face of the well-
known Monte Rosa (4634 m a.s.l.). It is fed by fre-
quent snow and ice avalanches from the surrounding
steep hanging glaciers. The altitudinal range of the
debris-covered tongue reaches approximately 400 m
stretching from about 1800 to 2200 m a.s.l. (Fig. 1).
The glacier occupies the orographic left (western)
part of a broader valley carved during the Pleisto-
cene glaciations with its left lateral moraine par-
tially leaning against a valley side. The right lateral
moraine neighbours a moraine-dammed lake named
Lago delle Locce in the uppermost section, oversights
an almost flat plain littered with boulders in the cen-
tral part (Fig. 5), and in the lower section steeply
descends into a gorge of the stream that drains the
eastern portion of the catchment. The valley runs in
a north-south direction and turns to the northeast
near the head of the gorge. It takes another 45° turn
towards the east some 650 metres downstream, at
the point where the Belvedere Glaciers splits into two
lobes. Both lobes terminate well above the mountain-
ous village of Macugnaga.

The valley is significantly shaped by snow and ice
avalanches that feed the glacier and often deposit fresh
rock debris on its surface. Fresh taluses on the valley
sides suggest the activity of rockfalls related to the
structural changes of steep rock faces caused by thaw-
ing permafrost. Moraine lobes accumulated during
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Fig. 1 Location of the sampled boulders within the Belvedere Glacier
valley; boulders on the surface in violet; partly buried boulders in
white; boulders in moraine in orange; supraglacial boulders in blue.

the Little Ice Age witnessed steady glacier retreat dur-
ing the last century with the occasional formation of
several moraine-dammed lakes. The largest one, the
Lago delle Locce, was the source of a significant gla-
cial flood event in 1978, and therefore was an object
of remedial works in the 1980s (Haeberli and Epifani
1986). The Belvedere Glacier experienced an unex-
pected surge event in 2001-2003 (Kaab etal. 2004),
whereafter it underwent a continuous downwasting.
The glacial flood and surge events formed several
overspills of the right lateral moraine and a significant
V-shaped breach with outwash accumulations at the
head of the gorge. The debuttressing of the moraine
slopes caused by the lowering of the Belvedere Glacier
surface is demonstrated by numerous small slides
and the fresh surface of the inner moraine slopes.
The geology of the Monte Rosa east face is char-
acterized by layers of two different lithologies:
orthogneiss and paragneiss. The two lithologies
stem from the crystalline of the Penninic Monte Rosa
nappe. The composition of orthogneiss varies consid-
erably throughout the Monte Rosa east face but the
predominant constituent minerals are always quartz,
K-feldspar, plagioclase, muscovite and biotite. Parag-
neiss contains either biotite or muscovite as a main
part, often combined as well, and garnet, quartz and
feldspar as a minor part. The paragneiss shows a pro-
nounced parallel texture (schistosity) with varying
formation from schist to gneiss (Fisher et al. 2006).

3. Methods
3.1 Data collection

The readings were gathered during three cloudy
but dry days in August 2022 (9th-11th) and 2023
(1st-2nd). A standard Proceq N-type Schmidt ham-
mer (Proceq SA N-34) was operated by three alter-
nating researchers generally following standard
recommendations (e.g., Aydin 2015; Day and Goudie
1977). Each measurement was made perpendicular
to the surface while avoiding sharp edges, cracks, fis-
sures, weathering rinds, and visibly exfoliating slabs.
In several cases, exfoliating flakes hidden under the
boulder surface were indicated after impact by a typ-
ical sound resembling a machine gun. The locations
with the least microtopography were selected, the
task being hindered by the heterogeneous nature of
the orthogneiss. Preferably, the surfaces covered in
lichens were avoided despite the difficulty of the task
as these thrive in the cold humid climate of the Belve-
dere Glacier valley.

The mineralogical structure of the boulder surface
was largely obscured by the severe effects of weather-
ing. Therefore, a bias may have arisen from repeated
measurements of harder (or softer) minerals of the
heterogeneous orthogneiss. To compensate for this,
three measurements, all of which were taken from
locations typically a few centimetres apart from each
other, were averaged. This means that each reading is
an average rock hardness value of a small area on the
boulder’s surface. The neighbouring readings were
usually distanced at least 10 centimetres. The record
of each reading contains the boulder-related informa-
tion (location, position, rock type, size) and the aspect
and inclination of the small area from which it was
taken (Tab. 1).

3.2 Correction for the impact angle

As the Schmidt hammer measures the rebound of the
piston after the impact, gravity may facilitate (impact
on overhanging surfaces) or hinder (impact on slop-
ing or flat surfaces) the rebound. The largest and zero
effect of gravity is recorded after impacts in the verti-
cal and horizontal direction, respectively. The original
correction chart for the impact angle was designed by
the manufacturer for measurements of concrete hard-
ness and was corrected by Basu and Aydin (2004) for
field rock hardness measurements. However, both the
manufacturer and the later study only provide a cor-
rection graph plotting the original against the correct-
ed values without precise equations. The corrections
are therefore made through visual interpretation
(Fig. 2).

The corrections are calculated relatively to the hori-
zontal impact. The two lower curves in the graph for
negative impact angles -45° and -90° represent the
situation when gravity “helps” the piston to rebound
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Fig. 2 Correction chart for inclination (Basu and Aydin 2004).

after the impact from below (overhanging surfaces).
The recorded values are therefore higher than in the
case of a horizontal impact and must be lowered back
afterwards. The dependence of correction size on the
original impact angle is obviously non-linear, which
furthermore hinders the application of impact-angle
corrections. In order to ensure homogeneous correc-
tions for strictly integer R values, a set of thresholds
was created for each recorded impact angle (Tab. 2).

3.3 Correction for aspect

The north-south orientation of the Belvedere Gla-
cier valley controls the orographic wind direction.
The combination of prevailing north or south winds
predisposes higher weathering rates on the boulder
sides facing the respective directions. The particular
settings of most boulders did not allow for readings
from all eight aspects, and often not even the basic
four directions. Altogether, the boulder sides facing

Tab. 1 Characteristics of the sampled boulders; please note that the coloured categories of position are the same as in Fig. 1 and are retained

in the following figures.

Longitude LEEL IS
Boulder Rock type

No. 1 45°56'49.76" 7°55'15.61" on the surface orthogneiss 10 x 15 x 15 50
No. 2 45°56'49.90" 7°55'14.30" on the surface orthogneiss 10x15x 10 49
No. 3 45°56'48.21" 7°55'13.40" orthogneiss 3x5x5 30
No. 4 45°56'59.36" 7°54'58.62" on the surface orthogneiss 15x25x 30 38
No. 5 45°56'59.21" 7°55'00.00" partly buried orthogneiss 15x43 x 26 63
No. 6 45°57'03.68" 7°55'00.62" on the surface orthogneiss 13x16x 10 40
No. 7 45°57'01.07" 7°55'05.74" partly buried orthogneiss 10x11x11 49
No. 8 45°57'06.61" 7°55'13.51" on the surface orthogneiss 2.5x45x%x4 41
No. 9 45°57'05.14" 7°55'04.45" partly buried orthogneiss 8x13x7 51
No. 10 45°57'06.84" 7°55'02.74" partly buried orthogneiss 12x10x 8 50
No. 11 45°57'06.22" 7°55'02.23" partly buried orthogneiss 7x13x6 45
No. 12 45°57'12.74" 7°54'55.98" orthogneiss 2x6x4 40
No. 13 45°57'15.34" 7°55'06.25" on the surface orthogneiss 12 x18 x 12 42
No. 14 45°57'10.55" 7°55'07.25" on the surface orthogneiss 11x12x11 46
No. 15 45°57'29.76" 7°54'53.24" paragneiss 4%x6x4 41
No. 16 45°57'30.29" 7°54'53.93" paragneiss 3x4x%x2.5 41
No. 17 45°57'32.36" 7°54'57.36" paragneiss 6x3x3 47
No. 18 45°57'33.93" 7°54'59.67" paragneiss 4x2x2 41
No. 19 45°57'49.20" 7°55'13.53" supraglacial paragneiss 6x3x1.5 40
No. 20 45°57'49.03" 7°55'11.92" supraglacial orthogneiss 4x4x2 41
No. 21 45°57'49.31" 7°54'51.68" paragneiss 9x6x3 33
No. 22 45°57'50.26" 7°54'52.07" paragneiss 10x8x6 31
No. 23 45°57'14.14" 7°55'03.08" on the surface orthogneiss 3x2x1 35
No. 24 45°57'11.48" 7°55'05.72" partly buried orthogneiss 2x1x2 30
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Fig. 3 Examples of boulders from all positional categories; A — boulder No. 2 located on surface; B — partly buried boulder No. 7; C — morainic
boulder No. 17; D — supraglacial boulder No. 19.

the easterly directions were inspected most often.
A combination of the above stated results in a poten-
tial aspect bias for most of the inspected boulders. To
correct for the aspect, the deviation from the boul-
der average was calculated for each reading. Subse-
quently, the mean deviations for all eight aspects were
obtained and these eight values served as the aspect
corrections.

4, Results

Altogether, 1015 readings were collected from
24 boulders in two field campaigns (boulders No.
1-20 in 2022, and 21-24 in 2023). The number of
readings per boulder ranged from 30 to 63, being
randomly distributed among the accessible sides of
each boulder. The boulders were split into four cat-
egories based on their location as seemed fit for the
geomorphological interpretation. Fourteen boulders
were located on the valley floor outside the moraine
ridges, either partly buried within the plain or on its
surface. Two blocks rested directly on the glacier sur-
face (right lateral lobe), and eight were part of the lat-
eral moraines of the Locce Glacier and the Belvedere

Glacier (Fig. 1 and Fig. 3, Tab. 1). The two supraglacial
and eight morainic boulders were presumed not to be
rock avalanche-sourced and were included for com-
parison with the two first groups.

4.1 Uncorrected data

The average R values for each boulder calculated from
the raw data are shown in Fig. 4A. The values span
between 34 and 58, the vast majority of boulders fit-
ting into the interval 40-55. The two boulders with
extreme average R values were the only two located
on the glacier surface. The second largest inhomo-
geneity of R values is among the morainic boulders
(41-56.1), while the boulders positioned on the sur-
face of the plain and those partly buried have con-
siderably higher levels of homogeneity in R values
(45.2-53.8 and 42.8-46.7, respectively).

The boulders partly buried within the plain tend to
have lower R values than the boulders on the plain’s
surface. As lower R values mean a relatively older age,
these data suggest two stages of boulder deposition.
The obvious source of large boulders is the surround-
ing high rockwalls of the Monte Rosa massif. In pro-
longed periods of positive mass balance, the surface
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Fig. 4 Average R values of the sampled boulders; A — raw data; B — comparison of data before (hollow circles) and after the correction for
inclination (filled circles); C — data before and after the correction for aspect (hollow and filled circles, respectively); D — calculated corrections
for each aspect; colours in A—C correspond to the previous figures, colours in D correspond to Fig. 6.

of the Belvedere Glacier used to be well above current
lateral moraine ridges. The rockfalls originating in
the steep mountain faces could simply run over the
glacier tongue and terminate between its right lateral
moraine and the valley slopes.

4.2 Data corrected for inclination

The objective correction for the inclination of the
boulder face created based on Basu and Aydin (2004)
is presented in Tab. 2. The intervals for both the R val-
ues and impact angle are approximate; nonetheless,
they are applied on the dataset. The raw data were
divided into groups based on the inclination of the
boulder face. For each group of inclinations (rows),
the original R values define the correction that is
found in the head of the respective column.

The correction for the surface inclination (Fig. 4B)
slightly increased most of the average boulder R val-
ues (overall average change +1.1 per boulder) with
only few exceptions (boulders No. 8, 14, and 16). The
original scatter of values in the boulder positional
categories, as well as the difference between part-
ly buried boulders and those on the plain’s surface
were preserved. The generally positive compensation
ensues from the absence of large overhanging surfac-
es that require negative compensations.

4.3 Data corrected for aspect

The very high scatter of R values in the morainic
boulders and the two located directly on the glacier
surface resulted in their exclusion from the final cor-
rection step, i.e., the compensation for the surface

Tab. 2 The inclination correction table; each cell gives the interval of R values corresponding to the respective combination of the impact

angle and ensuing correction value.

Corrections

Impact angle

Impact angle

Corrections
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orientation. In addition, the prevailing wind direc-
tions may very well be obscured by the complex histo-
ry of these boulders due to previous glacier transport
and the unknown duration of their aspect to weath-
ering. Therefore, only the boulders from the plain (on
the surface and partly buried) were considered in the
analysis of the orientation-related differences in R val-
ues. As there were only orthogneiss boulders in this
subset, the aspect analysis should not be biased by
lithology differences.

The most weathered boulder surfaces were ori-
ented towards the south and northwest, whereas
the most sheltered faces were oriented towards the
northeast (resulting in positive and negative correc-
tions, respectively, in Fig. 4D). However, there proved
to be no distinct pattern, which would correspond to
the north-south valley orientation.

Despite the uneven distribution of readings among
the eight basic aspects, the corrections only slightly
altered the average boulder R values (Fig. 4C). The
calculated average change per boulder was negligible
(+0.03).

5. Discussion

5.1 Geomorphological interpretation

Schmidt hammer readings from gneiss show higher
dispersion due to the macroscopic properties of this
rock type (Goudie 2006). The boulders of the Belve-
dere Glacier valley give average R values similar to
the results listed by Goudie (2006) as the occasional
impacts of crystals of stronger and weaker mineral
disappeared in the most of the average data. The dif-
ferentiation among the four boulder position catego-
ries showed to be very important. The boulders locat-
ed directly on the glacier surface and on the lateral
moraine ridges had a higher diversity in their average
R values. This confirms their more complex history
compared to the rock avalanche-sourced boulders
of the surface of the plain due to the dynamicity of

the supraglacial debris cover, and the activity of the
proximal moraine sides. Both processes commonly
allow for the appearance of rather fresh boulder sur-
faces with unknown previous evolution. Apparently,
despite the neighbouring location of the boulders on
the right glacier lobe (both No. 19 and 20), they must
have experienced very different factors, one being
strongly weathered and one still very fresh. The dif-
ference in lithology may be a contributing factor as
well (No. 19 paragneiss whereas No. 20 orthogneiss).
There were less differences among the boulders
positioned on moraines, as the moraines were sta-
ble for tens of years before the onset of slope insta-
bilities that unravelled the interior of the moraine
ridges.

Higher homogeneity of average R values among the
boulders positioned on the surface and partly buried
as opposed to the supraglacial and morainic blocks
supports a common origin of the two former groups.
Rock avalanches from the surrounding high rockwalls
represent the most probable source. Further differ-
entiation between the boulders positioned on the
surface of the plain (Fig. 5) and those partly buried
(both groups consist strictly of orthogneiss boulders)
should follow a simple rule. The boulders positioned
on the surface should be younger and therefore give
generally higher R values. This proved to be true for
all boulders except one (No. 14, Fig. 4C), which would
fit perfectly into the other positional category. Such
misinterpretation is possible, as the only indication
is the angle of the boulder sides at the surface. Even
though its sides are apparently rounded at ground
level, the central portion of boulder No. 14 may be
protruding downwards into the plain.

The lithological disparity between orthogneiss and
paragneiss are known to ensue in different weather-
ing rates reflected in the R values (Longhi et al. 2024).
This may be a contributing factor for the discrepancy
between the two supraglacial boulders (No. 19 and
No. 20) as suggested before. The same potential bias
is inherent in most of the correction stages. However,
the geomorphological interpretation regarding the

Nr. 5

Fig. 5 The flat plain littered exclusively with orthogneiss boulders of varying deposition age (view towards the terminal moraine of the Locce

Glacier where the Locce Lake is present); IDs of several block indicated.
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source of the boulders of the plain was not affected as
they were all orthogneiss boulders.

5.2 Significance of Corrections

The correction table (Tab. 2) created based on the
findings by Basu and Aydin (2004) proved to be
a suitable alternative to the classical graphical rep-
resentation of the correction for the impact angle. As
the majority of the readings were taken from surfaces
inclined by about 90° and lower, the overall positive
compensation was correctly in place. The correction
may be viewed as redundant since it meant no signif-
icant change in the average R values, but this is not
the case. It is unlikely for the boulders partly buried
in the plain to have overhanging faces, as opposed to
those positioned on the surface. Indeed, the corrected
values for all the partly buried boulders were higher
than the uncorrected values (meaning average incli-
nation angles lower than 90°). However, some of the
boulders on the surface (boulders No. 4 and 13) had
a negative change due to the correction for the impact
angle.

Similarly, the correction for the aspect did not
bring significant changes. It seems that the uneven
distribution of the accessible boulder faces among
the basic directions was not uneven enough to cause
a meaningful bias. The principle of similar represen-
tation of all aspects may not be as important as we
thought, but then again, this is only one location with
a specific orographic setting.

5.3 Aspect analysis

The south-north orographic setting of the upper por-
tion of the Belvedere Glacier valley should ensue in
the prevalence of northern and southern winds. This
means that the boulder sides facing north and south
should be more weathered as they experience higher
changes in temperature and humidity. As the south-
ern sides are shielded by the Monte Rosa massif, the
most weathered boulder faces should be those orient-
ed towards the north. On the other hand, the boulder
sides facing west and east should be less weathered.

The highest positive compensation of boulder sides
oriented towards the northwest and south (1.81 and
1.56, respectively) confirms this hypothesis. However,
the lowest weathered sides facing north-east (nega-
tive compensation of —=1.59) undermines it, as do the
data from the western and eastern boulder sides. The
faces oriented towards the west were significantly
more weathered than the opposite sides, even though
the compensations differ less (0.57 for the west and
-0.69 for the east). In addition, the boulder sides
facing north showed an average level of weathering
(a compensation of only 0.31).

The data preclude even the back-up hypothesis
of the level of weathering gradually decreasing from
one aspect to the opposite one. Nevertheless, there

still may be a logical explanation. The plain with the
boulders is significantly closer to the eastern flank of
the valley as the western half of the valley is occupied
by the glacier tongue and both lateral moraines. The
boulder sides facing east should therefore be more
sheltered than the faces oriented towards the west.
This is corroborated by less weathered northeastern
and eastern boulder sides.

iﬂih

Aspect

N
o
o

[any
(%
o

100

Number of readings

wv
o

Fig. 6 Number of readings per aspect showing both all readings
and those used for the aspect correction (unframed and framed
columns, respectively).

The lowest number of readings suitable for the
aspect analysis was obtained from the boulder sides
facing south and southwest (both n < 40 in Fig. 6).
Consequently, the average R values for each of these
aspects were calculated based on the readings from
three boulders. It is therefore possible that only more
(or less) weathered faces may have been used. The
resulting inaccuracy may be large. Nevertheless, this
could not serve as an explanation to the conspicuous
differences between the northwestern and north-
eastern aspects. Systematic misjudgement of aspects
involving all the boulders may have been introduced
as well. However, considering the high number of
readings (each reading being an average of three val-
ues), such a systematic bias is not probable, and it
should still leave the pattern of aspects intact, albeit
distorted, and that is not the case.

6. Conclusions

The Schmidt hammer was applied to achieve the rel-
ative age dating of boulders in the Belvedere Glacier
valley. A mixed set of 24 orthogneiss and paragneiss
boulders of complex glacial and periglacial origin was
sampled and split into four groups based on their loca-
tion (boulders on the glacier, on the moraine, on the
surface of the plain, and those partly buried within the
plain). The raw data were corrected for the inclination
angle and aspect. The results suggest an unpredict-
able history of the boulders located on the moraine
and glacier surface. These exhibit large differences in
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average R values between boulders of the same group.
The majority of sampled blocks (58.3%) were located
on the plain and their higher homogeneity of R val-
ues supports their common origin in rock avalanches
from the surrounding rockwalls. The boulders partly
buried within the plain are generally more weathered
than those positioned on the surface (with compara-
ble lithology) and are therefore older. There is only
one exception in the case of boulder No. 14, which
may have been misplaced in the wrong group (its
base may be much lower in the centre than observed
at the sides).

The corrections refined the data in a sense as the
original overlap between the two groups of boulders
of the plain was larger. No dramatic change in the
results occurred but the sign of the correction usual-
ly varied boulder to boulder, so it proved to be rele-
vant. For the first time, a table of objective inclination
corrections was created based on Basu and Aydin
(2004). It proved very useful as reading the correc-
tion from the scaling chart of limited size had been
odious. The final analysis of aspect-related weath-
ering differences showed no clear pattern. The most
weathered seem to be boulder sides facing south and
northwest, while the least weathered are the boul-
der faces oriented towards the northeast. The pos-
sible explanations include shielding by high relief
and the potential bias introduced by the low number
of boulders with sides of certain aspects (south and
northwest).

The Schmidt hammer proved to be useful even in
an environment with a complex geomorphological
history and unsuitable rock types with macroscopic
crystals. The precision of the results may probably
increase with a larger set of sampled boulders. How-
ever, the Schmidt hammer technique is known to be
sensitive to the moisture content of the rock surface.
The high mountain environment offers only a limited
period of dry conditions before the weather deterio-
rates. A potential next step may be a combination of
a higher number of sampled boulders and several sur-
faces with known absolute dating, even though this
may prove to be costly. The absolute dating would be
especially useful for geomorphological mapping.
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