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Abstract The Reintal valley in the Wetterstein Mountains in Upper Bavaria
has been dammed by large rockslide deposits in some localities. Behind one of
the dams a small lake, the Vordere Blaue Gumpe, was still in existence until
23 August 2005. The lake was a natural sediment sink, decoupling an area of
about 1.6 km? from fluvial sediment export out of the sediment cascade of the
Reintal valley. The bergsturz event occurred about 200 years ago. It was dated
by evaluating historical maps, paintings, photographs and sketches. Present
research is focused on multi-temporal changes of the aluvial deposits of the
delta by analysis of aeria photos and geodetic surveying. Volume loss of the
lake is closdly related to bed load input during extreme events and shows the
geomorphic coupling of hilldope and channd systems. From regression analyses
of the annua volumetric change of the lake volume, the life-expectancy of the
lake was estimated to be about 15 years, before an extreme high magnitude
event in August 2005 filled the lake completely with sediment. Now, after the
filling of the lake, with the coupling of the catchment area of the Vordere Blaue
Gumpe to downstream fluvial sediment export, higher solid load transport is
expected in the lower reaches with possible negative effects on infrastructure.

Key words Bavarian Alps; bed load; fluvia sediment transport; geodetic surveying;
geomorphic coupling; high magnitude event; lake sedimentation

INTRODUCTION

Fluvial sediment transport and geomorphic coupling are the main research topics
within the joint-project “Sediment cascades in Alpine Geosystems’ (SEDAG). The
project aims at quantifying, modelling and coupling different geomorphic processes in
a cascading system (definition after Slaymaker, 1991). An attempt to model a sediment
cascade with field data from the Reintal valley shows plausible results (Becht et al.,
2005). Since 2000 our subproject has concentrated on fluvial sediment export and
analyses of the sediment sources and sinks and river channel changes (Morche, 2005;
Morche & Schmidt, 2005; Schmidt & Morche, 2006).

STUDY AREA

The lake “Vordere Blaue Gumpe’ is situated in the Reintal valley in the Northern
Limestone Alps about 80 km south of Munich, near Garmisch-Partenkirchen, southern
Germany (Fig. 1). The Reintd is located in a syncline composed of homogenous Triassic



Life-span of a small high mountain lake 73

The still existin. m@yntainlake Vordere Blaue Gumpe, Reintal, 29 June 2004 ]
7 5 3 x 5 Bavaria

(Germany)

Niirnberg
.

Regensburg

X]
-

N7
I ¢
@,

Minchen
.

XS
&5
o4

20

IS

Q
R
X0
’0

%o %

Rosenheim
.

&2

%7

Peted

932,
%

o
R

P

£

R

o
%!

32

9
A
KR!
KR
o2,
%
S
KS

1 0 1 2 3 4 5 Kilometers

N 47°25'52”
- E 11°08'18”

Partnach River

upper
photograph

Karst spring

Partnachursprung

/
| .
/ Austria

-_— N

Photograph of the alluvial deposits of the
Hintere Blaue Gumpe

Photograph of the karst spring - B N . .
Partnachursprung Longitudinal profile of the Partnach River in the Reintal valley (view downvalley)

Karst spring

32 (Partnachursprung)

3

> rockslide rockslide

I

2 waterfall of —

2 Partnach  gteingeriimpel Zrcs .
S g e
- Qberer rockslide > =
2 Reintalanger

& gauging station =

3 Un!erer - Bockhiitte

2 Reintalanger Hintere Vordere

g| vertical exaggeration: 4 Blaue Gumpe Blaue Gumpe ¥ 7

3

1000 2000 3000 4000 5000 6000 6532

o

Distance (m)

Fig. 1 Location of the study area.

limestone (Wettersteinkalk). Due to glacial erosion a U-shaped valley has devel oped.
The predominant landscape forming processes are low frequency/high magnitude
landslide events (bergsturz) and rockfalls (Katterfeld, 2002; Keller & Moser, 2002).
These gravity processes form most of the sediment storage types on the valley floor
and flanks as talus sheets, talus cones and bergsturz deposits. There is a high spatial
and temporal variability of sediment transfer on these landforms (Schrott et al., 2006).
Sediment sinks were created by fluvial processes as terraces and alluvial fans (Schrott
et al., 2003). Behind the landslide deposits, temporal sediment sinks developed. The
Reintal valley is drained by the Partnach River. The mean discharge of the karst spring
“Partnach-Ursprung” is about 1.5 m* s* (Morche, 2006). The hydrological regime of
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the Partnach River in the Reintal valley is buffered by karst hydrological processes
(Schmidt & Morche, 2006). Every year the Vordere Blaue Gumpe (lake) runs dry in
late summer. Due to the valley bottom damming by bergsturz deposits the subcatchment
of the VVordere Blaue Gumpe (1.6 km?) is decoupled from the bed load transport of the
Partnach River (Schmidt & Morche, 2006).

METHODS
Analyses of multi-temporal aerial photographs, historical sketches and maps

Historical sketches, maps, picture postcards and photographs as well as oral traditions
were documented to analyse the historical development of the lake and the delta
growth in the alluvia deposition zone. Most of the material was supplied by the
“Marktarchiv” archive of the municipality Garmisch-Partenkirchen. For the last few
decades aerial photos (panchromatic, orthorectified) have been used for multi-temporal
analyses. Permission has been granted to publish only small parts of the data (Table 1).

Table 1 List of data used.

Data Date Source Publication
permission
Historical sketch early 18th century  Brandner (1993) no
Oral tradition 1759 cited in Brandner (2002)
Historical sketches 1774 Brandner (2002) no
1789 Brandner (1993) no
Watercolour painting 1806 © Staatliche Graphische Sammlung yes
Mnchen, inventory number: 15219 Z
Oral tradition 1807 cited in Doposcheg (1934)
Landesuraufnahme (first 1815 © Bayerisches Landesvermessungsamt  no
official mapping and (LVA)
surveying of Bavaria)
Painting 1836 Brandner (1993) no
Picture postcards about 1900 Marktarchiv Garmisch-Partenkirchen  no
about 1910 Marktarchiv Garmisch-Partenkirchen  no
Photographs about 1925 Doposcheg (1938) no
about 1935 Doposcheg (1938) no
Aerial photo 1945 © LVA no
Aerial photos (panchromatic) 1960 © LVA no
scale 1:10000 1973 © LVA no
1983 © LVA no
Aerial photos (panchromatic) 1993 © LVA no
scale 1:15000 1999 © LVA yes
Aeria photo (digita 2003 © LVA yes
orthophoto) scale 1:12400
Photographs August 2005 Own data

September 2005 Own data

Geodetic measurements 2000-2005 Own data
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Fig. 2 The 2004 geodetic survey as an example for data processing: (a) original grid;
(b) horizontal projection of the 3D surface layout of the grid and the boundary (bold
line); (c) blanked grid. The bold dashed line in (@) and (c) shows water level (1170 m
am.s.l.). Diagram axes are labelled with Gaul3-Kruger coordinates.

Geodetic surveying

GPS measurements of two reference points on the banks of the lake were made in
2000. For the geodetic survey a Tachymeter (ELTA REC 300) was used. Geodetic
surveying of the lake bottom surface was carried out during the autumn low water
period in each field season from 2000 to 2005.

Analyses of geodetic attained data

Digital elevation models were created using the SURFER software. The best fit
interpolation was achieved by the kriging geostatistical method. For each geodetic
measured surface, a grid was calculated (Fig. 2(a)). For analysis of the surface changes
of the aluvial deposits, each grid was blanked by a boundary file (Fig. 2(b) and (c)).
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To detect annual changes of the remaining volume of the lake, each blanked grid was
subtracted from that of the previous observation period starting with 2001-2000,
2002-2001 and so on.

RESULTS

There is only little information available on the Reintal valley before the 19th century.
On three historical sketches, one from the early 18th century, the others from 1774 and
from 1789, published in Brandner (1993, 2002), the lake Vordere Blaue Gumpe is not
shown. The oral tradition of Sedimayer from 2 October 1759 (cited in Brandner, 2002)
only mentions the lake Hintere Blaue Gumpe and the bergsturz deposits called
“Steingerimpel”, both upstream of the lake Vordere Blaue Gumpe (Fig. 1). The first
reference to the lake is the watercolour painting “Blaue Gumpe im Reinthalle, 1806”
by Max Joseph Wagenbauer, Germany’s first high mountain painter, who painted the
lake by order of King Max | Joseph on an excursion in 1806 (Fig. 3). It shows the lake
without any alluvial fills. Fresh debris flow activities on the talus cone on the left can
be seen. There are very coarse angular bergsturz deposits without any vegetation cover
in the foreground. This watercolour painting is displayed at the Staatliche Graphische
Sammlung Minchen (Governmental Collection of Graphics, Munich). The second
reference is an oral tradition of Graf von Bray from 7 August 1807, who described the
Vordere Blaue Gumpe as “einen von Kalkfelsen eingefassten kleinen See” (cited in
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Fig. 3 The “Blaue Gumpe im Rheinthalle”; a watercolour painting by Max Josef
Wagenbauer from 1806, © Staatliche Graphische Sammlung Mdinchen, inventory
number 15219 Z, permission to publish from 07 February 2006.
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Doposcheg, 1934, p.28). The trandation of the quotation means a small lake bordered
by limestone rocks. On the first official map of Bavaria from 1815 (Landesuraufnahme)
the lake and the landslide downstream of it are shown. According to this information
the landdlide event and the origin of the lake Vordere Blaue Gumpe can be bracketed
in the short time period between the years 1789 and 1806.

On the 1815 map the lake basin is completely filled with water, there are no
sediment deposits at the mouth of the inflowing Partnach River and it covers an area of
approximately 17 500 m?. A landslide (“ Steingeriimpel”) about 300-400 years earlier
caused the damming of the lake Hintere Blaue Gumpe (Schrott et al., 2003) in an
upstream reach (see profile and photograph in Fig. 1). The Vordere Blaue Gumpe was
thus decoupled from bed load transport input from upstream reaches of the Partnach
River (Schmidt & Morche, 2006) and its total sediment input originates from slopes
and slope channels. The most important sediment sources are a right tributary
dominated by debris flows and agquatic slope processes (Fuchs, 2005) and a second
tributary from the left (Fig. 4), which is dominantly fed by snow-avalanches
(Heckmann et al., 2002). Both sediment sources were mapped in 1815 and they have
been active until today (Katterfeld, 2002). The left-side slope channel deposits are
shown in a painting from the year 1836 (published in Brandner, 1993).

The evolution of the alluvial deposits and the delta front was reconstructed by
using picture postcards and historical photographs (Table 1, Fig. 4). The dating of the
picture postcardsis easily achieved by the written date or postmarks but the date of the
photographs shown cannot be determined exactly. Therefore the ages of the delta edge
stages in first half of the 20th century may be subject to some error. In about 1900,
alluvial deposits covered an area of about 3070 m?. About 10 years later the area had
grown to about 4140 m?. In 1925 the delta covered 5870 m? and in 1935 about 7160 m?.
In 1945 the area covered by alluvia deposits was enlarged to about 8160 m?. The delta
front is mapped for this stage using an aeria photo showing the whole study area
completely covered by snow. Only the shadow of the edge of the aluvial sediment body
indicates the location of the delta front line. In 1960 the lake is completely filled by
water, so the delta front could be clearly digitized from the panchromatic aeria photo. In
1960, 9458 m* are covered by sediment. In the following three decades the aluvial
deposition areawas enlarged to 10535 m? (1973), 10935 m? (1983) and 11807 m* (1993)
(Fig. 4). By 1999 the alluvial deposition area had grown to 12076 m? (Fig. 4).

Table 2 Annual peak flow, remaining lake volume, volume changes and bed load together with annual
sediment yield and denudation rate of the Vordere Blaue Gumpe catchment.

Y ear H RV ACV Bed load SY D
(m*s? (m) (md) 1(t) (tkm?year?) (10 mm year?)
2000 8.7 12312
2001 5.6 12144 -169 252 157 1
2002 114 10999 -1145 1718 1074 7.2
2003 5.2 10454 545 818 511 3.4
2004 8.6 9821 —-633 950 593 4
2005 50 (estim.) ~0 -5296 7944 4963 33.1

HQ: annual peak discharge; RV: remaining lake volume; ACV: annual changes of lake volume;
SY: annual sediment yield; D: annual denudation rate.
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Fig. 5 Calculated life-expectancy of the lake Vordere Blaue Gumpe.

Volumetric data anal yses have been possible since 2000 when the geodetic surveys
started. Due to varying magnitudes of flood events in the different observation periods
there are higher or smaller changes in the lake volume, bed load input, sediment yields
and denudation rates (Table 2). Regression analyses of the geodetic measurements
20002004 show a life-expectancy for the lake of about 15 years (Fig. 5). Masses were
calculated using a bulk density for the alluvial sediment of 1.5t m™ according to Becht
(1995), who made similar measurements on alluvial deposits in the Hdllental, a valley
nearby. The mass fluxes express the bed load input by the Partnach River. Most of the
annual bed load is transported during single flood events.

There is a strong relation (coefficient of determination ~0.8) between the deposited
annual bed load and the annual peak discharges measured at the gauging station
“Bockhitte” (Fig. 6). This station is located about 2 km downstream of the Vordere
Blaue Gumpe (Fig. 1). Discharge and sediment transport data at this station were used
to determine the total sediment export from the Reintal catchment (Morche, 2005;
Schmidt & Morche, 2006). The bed load transport in the Vordere Blaue Gumpe sub-
catchment was very high in the observation periods from 2000 to 2004 compared with
the three times larger bed load contributing area at the gauging station “Bockhditte”.
Total masses deposited in the lake were higher by a factor of about 20 and the
sediment yields by a factor of 60. Further studies are needed to find explanation for
these large differences. One explanation may be that large parts of the Vordere Blaue
Gumpe catchment are bare of vegetation and the sediment source availability is high.
The flood event of 23rd August 2005 with an estimated peak discharge of about
50 m* s filled up the lake with sediments, o its existence ends at that time. It has to
be pointed out that the natural dam breached and the present-day surface of the alluvial
deposits in the former lake lies at about 1169 m; thisis 1 m below the former water
level. Only about 5300 m® were deposited (Table 2).
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Fig. 6 Relation between annual peak discharge (gauging station Bockhiitte, see Fig. 1)
and solid load deposits. Note, the 2005 bold point is not included in the regression
function.

However, the extrapolated established rating curve between annual peak discharge
and deposited solid load fits very well with the 2005 data (bold point in Fig. 6). It has
to be taken into account that, because of the shortness of the observation period (5
years), only four data sets were used for regression.

CONCLUSION

The life-span of the mountain lake Vordere Blaue Gumpe was about 200 years. The
termination of the lake was caused abruptly by a high-magnitude/low-frequency flood
event. This event coupled the subcatchment of the Vordere Blaue Gumpe to the
downstream solid load transport of the Partnach River with an additional bed load
contributing area of 1.6 km?. This will have serious consequences in terms of higher
bed load export out of the Reintal valley and steeper flood hydrographs of the Partnach
River. Due to the higher runoff peaks and greater runoff variability that have to be
expected because of the enlargement of the connected catchment area and the de-
buffering of the system, downstream residents and riparian owners have to consider the
new conditions when using and planning infrastructure. Bridges and forest roads which
were destroyed during the flood are in the process of being reconstructed. There are
also consequences for hydropower stations and a lumber mill operated by riparian
owners, because of the greater suspended sediment concentration and increased bed
load transport.
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