
Exponential
Smoothing

The behavior of the sl id ing mass was modeled by the process of progress ive st ress induced

damage. Thus the creeping veloc i ty of the mass movement is contro l led by subcr i t ica l crack

growth and the progressive smoothing of the sl id ing sur face. Two smoothing algor i thm were

applied: Exponential smoothing and Dieterich-Ruina Law)
The main input parameters are the onset of the development of the mass movement (15000

years ago) , the angle of the in i t ia l s tate (30

present creeping veloci ty (0.075m/year) and the angle of the fr ict ion (assumed as

25 . Both smoothing algori thms show similar results: The onset of the creeping phase (5500

5000 b.p), increasing act iv i ty f rom present to the next 2000 years and the stabi l isat ion of the

mass movement afterwards.

a power law relationship (

°) , the tota l d isp lacement of the mass movement

(182m),the

°) -

The rotational sl ider block model assumes that the whole mass movement is advancing as a single

block along circular shape sliding planes. For application of this model the center of gravity and the

radius (3875m)of the sliding surface were calculated. With the center of gravity and the center of

the mass the angle at the init ial (30°)and present state (25.5°) was determined. Geodetic

measurements show a dip angle of 34° in the upper part, 25° in the middle part and 17° in the lower

part of the mass movement for the displacements. These values fit to the dip angle of the rotational

sl ider block model. As a conclusion the whole volume of the sagging, as determined by the seismic

measurements, belongs to the currently moving rock mass.

Rotational slider block modelRotational slider block model

Kinematics

Geometry of rotational slider block model Comparison of real and theoretical displacements

Hazard
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Ruina Law
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Summary and Next Steps

T h e r e s u l t s o f t h e s e i s m i c m e a s u r e m e n t s p r o v i d e

s t r u c t u r a l i n f o r m a t i o n o f t h e s l i d i n g s u r f a c e a n d

e s t i m a t i o n s o f t h e p o r o s i t y o f t h e m o v i n g m a s s , f r o m

which the di latat ion was calculated. The conservation of

the mass and geomorphologic condit ions were also used

to apply a retro deformation.
The rotat ional s l ider b lock mode f i ts observed geodet ic

d isp lacements wel l . Thus the assumpt ion that the mass

movement moves as a s ing le b lock is reasonab le . The

development of the mass movement was modeled with the

s u b c r i t i c a l c r a c k g r o w t h t h e o r y a n d t h e p r o c e s s o f

smoothing of the sliding surface. The results show that

present to the

n e x t 2 0 0 0 y e a r s c a n b e e x p e c t e d , b u t t h e c r e e p i n g

velocity should stabil ize in the far future.
The dependency of potential mass loss due to

erosion wil l be analysed. Seismic monitoring systems,

which are already installed, wil l contribute new information

about the n behavior of the movement. Dating of the scarp

should check validity of our suggested model of the

development of the mass movement.

as constraints

an

act ive phase of the mass movement f rom

Next steps:

Retro deformation

Retro deformation was applied to reconstruct the pre-failure

topography (init ial state) of the mass movement. The

constraints were the present surrounding geomorphology

(scarps, edges etc.), the conservation of the mass, the init ial

geomorphology (e.g. smoothness of terrain, gradient of the

slope) and the dilatation during the creeping phase. To

estimate the amount of the dilatation the average present

porosity was calculated from the seismic velocit ies, which

depend on the depth, and the average pre-failure porosity was

estimated from the thickness of the mass movement.

Thereafter the volumes, areas, thicknesses and the center of

mass in the direction of the movement of the present and

init ial state were determined.

Relationsship between
porosity and depth
Relationsship between
porosity and depth

Map of thickness between pre-failure
topography and sliding surface
Map of thickness between pre-failure
topography and sliding surfacePresent Initial

Volume [km
3
] 0.43 0.41

Area [km
2
] 2.62 2.66

Average Thickness [m] 163 155

Center of mass Y 218590 218331

Center of mass Z 1174 1311

Porosity 0.21 0.06

Table of parameters of present and
initial state
Table of parameters of present and
initial state

Relationsship between
velocity and depth
Relationsship between
velocity and depth

y = 460x0.3783
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Geological interpretion of seismic results
SN-section of mass movement

The Niedergallmigg-Matekopf mass movement can be separated into two moving segments, a greater

western part and a smaller eastern part. Our study focuses on the main western part.
It is assumed to have developed after the retreat of the glaciers of the last ice age,in this area (approx. 15

000 b. p. ). Morphologic features, in particular the extent of the head scarp, indicate a total displacement

of about 180 m. The results of seismic measurements were used to create a map of the sliding surface for

the whole area. Further, the maximum thickness (320 m) and the total volume of the creeping rock mass

(0,43 km ) was calculated.
Constraints on the kinematics are also derived from geological observations. The dominating tectonic

structures (e.g. Inn valley)are oriented in approx. E-W (e.g. joints, shear faults, b-axes). Conjugated

joint systems combined with E-W striking britt le shear zones are observed. The main foliation, which

dips steeply ( 65° to 90° ) towards SSE, forms a northvergent anticl ine-structure and is characterized by

intensive internal folding. Therefore the foliation is disregarded as a potential fai lure plane. The

deformation style of the mass movement corresponds to the tectonic structures and not with the

metamorphic fabric.

3

Structural Settings

Map of the thickness of the the sliding surface

Geological Overview of Niedergallmig- Matekopf

Overview

T h e m a s s m o v e m e n t N i e d e r g a l l m i g g -

Matekopf , loca ted near Landeck in Tyro l

( ) , i s o n e o f t h e l a r g e s t a c t i v e

saggings in the Alpine region. I t covers an

area of 4 .5 km and shows a d i f fe rence in

e l e v a t i o n b e t w e e n t h e t o e a n d t h e m a i n

s c a r p o f a b o u t 1 4 0 0 m . R e s u l t s f r o m

geode t i c measu remen ts ( t e r res t r i a l and

G P S m e t h o d s ) s h o w a v e r a g e s u r f a c e

d i s p l a c e m e n t s i n t h e r a n g e f r o m 5 t o 1 0

centimetres per year. Actual movements at

the lower part of the sagging cause damage

of bui ld ings in the hamlet Niedergal lmigg.

A n a c c e l e r a t i o n o f t h e m o v e m e n t c o u l d

cause great hazard to the popu la t ion and

infrastructure in this area, especial ly i f the

the river Inn is blocked by the toe..

A u s t r i a
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