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EXPORT OF SEDIMENTS FROM THE ALPS TO THE FORELAND BY RIVERS 

Achim Kamelger & Matthias Hinderer 

From various Iiterature sources the present
day sediment yield of ca. 200 Alpine catchments 
have been compiled. Analysis of the data com
prised ( 1 )  correlation analysis for all catchments 
with basic controlling parameters such as relief, 
water discharge, and glaciated area, (2) grouping 
into morpho-tectonic zones and quantification of 
further controlling parameters e.g. slope, forest 
cover, unvegetated land, snow and ice, crystalline 
rocks, sedimentary rocks using a GIS, (3) esti
mation of the present-day export rate of sedi
ments from the Alps (HrNoERER & KAMELGER, in 
prep.) and form Swiss Alpine drainage basins 
(KAMELGER, 2001) .  

Plots of sediment yield of all 200 measuring 
stations versus maximum elevation in the catch
ments, river discharge, and glaciated area show 
the expected positive correlations. In contrast, 
sediment yield declines with the size of the 
drainage area. These pattems together with a rel
atively strong scatter of the data was found in 
many earlier studies on sediment yield ( e.g. 
MILLIMAN & SYVITSKI, 1 992; Hovrus, 1998). In a 
second step, the sediment yield data have been 
grouped into six morpho-tectonic zones. These 
are: ( 1 )  Northem Helvetian Alps, (2) Western 
Crystalline Alps, (3) Southem Crystalline Alps, 
(4) Northern Calcareous Alps, (5) Eastern 
Crystalline Alps, (6) Southem Calcareous Alps 
(HlNoERER & KAMELGER, 1 999). The characteris
tic statistic values of sediment yield are higher for 
the Western Alps (zones 1 to 3) than for the 
Eastem Alps (zones 4 to 6). Within the western 
Alps the crystalline part (zone 2) exhibit the 
highest mean, median, and quartiles of sediment 
yield whereas the Northern Helvetian Alps and 

1 22 

the Southern Crystalline Alps show lower values. 
The transsect from zone 4 to zone 6 shows a sim
ilar pattern, however, the sediment yield of the 
Southem Calcareous Alps are almost equal to the 
Eastern Crystalline Alps. The relief, land cover, 
and lithology of the morpho-tectonic zones have 
been quantified using a GIS.  Relief parameters 
such as slope, maximum, minimum, and mean 
elevations have been derived from a DEM with a 
resolution of 100 m horizontal and 1 8  m vertical. 
Forest cover, unvegetated areas, and snow- as 
weil as ice-covered areas have been quantified by 
global land cover data from satellite surveying 
which are provided by the USGS. Portions of 
crystalline and sedimentary rocks have been 
determined from a generalised geological map 
(HINDERER & KAMELGER, 2001). In addition to 
quantify how different lithologies affect the sedi
ment discharge in a drainage area, a modified 
version of the Swiss geotechnical has been used. 

Correlation analysis show significant correla
tions (p < 0.05) of the mean or median of sedi
ment yield with mean elevation, difference 
between maximum and minimum elevation, for
est cover, unvegetated area, and snow and ice 
cover. All are positive correlations except forest 
cover which is negative. 

In a third step, mean sediment yield of rivers 
leaving the Alps from the various morpho-tec
tonic zones are used to estimate the total sedi
ment export. We end up with a total of 50* 106 

[t/y ] .  This converts to a mean denudation rate of 
the Alps of 0. 125 [mm/y] at present. 

The denudation rates of the Swiss Alpine 
drainage basins range from 10  [ mm/ky] to 700 
[mmlky ] .  For the entire Swiss Alpine study area 
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including parts of the foreland a total sediment 
discharge of about 6.3x 106 tons per year yields a 
mean denudation rate of 0. 1 1  [mm/y] 
(KAMELGER, 2001 ). This rate corresponds to 
mean denudation rate measurements found by 
(KEMPE, MYCKE & SEEGER, 198 1 )  for central 
Europe. Obviously, the mean denudation rate for 
the entire Swiss territory is strongly reduced by 
the extended low-elevated areas of the Molasse 
basin. If the drainage basins of the Penninie units, 
the Helvetic units, the Bastern Alpine units and 
the Southem Alps are treated separately from the 
drainage areas located in the Molasse basin, a 
mean denudation rate of 0.21 [mm/y] and 0.03 
[mm/y] respectively can be calculated. Taking 
into account the mean surface uplift rates in each 
area, the recent mean surface uplift is roughly 5 
to 8 times faster than the mean denudation rate 
from river loads. 

Comparison with the mean sediment yield of 
small rivers ( <500 km2) inside the Alps show 
that ca. 52% of the sediments transported by 
headwaters are stored, e.g. in alluvial plains or 
lakes and do not leave the Alps. 

References 

HINDERER, M. & KAMELGER, A. ( 1999): Uplift versus ero
sion: A comparison of modern process rates for some 
major drainage basins of the Alps. - 4th Workshop on 
Alpine Geological Studies, Tuebingen Germany, 158 .  

Geol. Paläont. Mitt. Innsbruck, Band 25,  2001 

HINDERER, M. & KAMELGER, A. (2001) :  Sediment load and 
dissolved load of Alpine rivers - a synthesis and impli
cations for modern denudational processes. - in prep. 

Hovius, N. ( 1998): Controls on sediment supply by large 
rivers. - Soc. Econ. Paleont. Mineral . ,  Spec. Publ. 59, 
3-16. 

KAMELGER, A. (2001) :  Landscape evolution - Sediment 
balance and numerical models. - PhD Thesis 
Geologisches Institut Basel, Univ. of Basel, 1 12 pp. 

KAMELGER, A. & HINDERER, M. (1999): Interrelationship 
between surface roughness and erosion processes: 
examples from the Swiss Alps. - 4th Workshop on 
Alpine Geological Studies, Tuebingen Germany, 1 60. 

KEMPE, S.,  MYCKE, 'B. & SEEGER, M. ( 198 1) :  Flußfrachten 
und Erosionsraten in Mitteleuropa 1 966- 1973. - Wasser 
& Boden 3, 1 26--1 3 1 .  

MILLIMAN, J .  D .  & SYVITSKI, J .  P. M .  ( 1 992): 
Geomorphic/tectonic control of sediment discharge to 
the ocean: The importance of small mountainous rivers. 
- The Journal of Geology 1 00, 525-544. 

Authors ' address: 
Dr. Achim Kamelger, University of Innsbruck, Institute for 
Meteorology and Geophysics, Innrain 52, 6020 Innsbruck, 
Austria; Prof Dr. Matthias Hinderer, Darmstadt Universi
ty of Technology, Geologisch-Paläontologisches Institut, 
Schnittspahnstr. 9, 64287 Darmstadt, Germany 
achim.kamelger@ uibk.ac.at 
hinderer@ geo-tu-darmstadt.de 

123 


