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ABSTRACT 

Since antiquity, the "butte Montmartre" was a source of 
gypsum, because of its proximity to Paris, its favourable 
geology and the quality of its gypsum (Ludian in age). 
Its extraction started therefore at the basement by open 
pits and then by underground quarries. The latter have 
been artificially made to collapse or improperly 
backfilled a century ago when Montmartre city was 
connected to Paris in 1860. This caused presently many 
geotechnical problems to the city extending all over the 
"butte", and still remains the origin of a lot of disorders 
at the surface. 
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1. INTRODUCTION 

The Montmartre area in Paris (France) is a well known 
historical site, and is submitted to numerous small 
deformations of the topography affecting the overlying 
buildings. Their origins are multiple as this hill is 
composed of colluvions, made-grounds, old closed pits 
of gypsum quarries, the presence of specific clays 
submitted to humidity variations, water nappes and 
dissolution of gypsum (locally 20m thick). All these 
factors lead to fontis, collapsing, landsliding, 
compactions… which affect the Montmartre buildings. 

The aim of this study is to monitor these displacements 
in order to protect inhabitants of the city. We present 
herein the monitoring of surface displacements deduced 
from both DINSAR results and field works. The use of 
a large span of interferograms selected between 1994 
and 1998 give us informations to estimate the spatial 
extension and the magnitude of the topographic 
deformation. Permanent Scatterers interferometry is 
under process with Altamira (Alain Arnaud). The 
preliminary results give rise to better map the temporal 
evolution of the topography. 

We also analyse piezometric measurements provided by 
Inspection Générale des Carrières (Ville de Paris, 
France). All the available data are then compared, and 
integrated within a Geographical Information System 
(GIS). 

   

 
Fig. 1 and 2. Location and oblique photograph of the 

urbanized Montmartre area in Paris 

 

2. GEOLOGY AND HYDROGEOLOGY 

The butte Montmartre is mainly composed of middle 
Tertiary sedimentary deposits, Oligocene and Ludian in 
age, overlying the St Ouen marly-limestone structural 
plat-form. The base of the "butte Montmartre" 
(boulevard Rochechouart) is at the average altitude of 
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65 m (Nivellement Général de la France, NGF below), 
whereas the summit altitude is close to the 128 m NGF 
at the St-Pierre church (Paris and the system Lallemand 
or Ville de Paris altitude is -0,33m below the present 
reference IGN 69). All stratas are slightly tilted with an 
average dip of 2 to 4° toward the NW, which favour the 
small "exutoire" and springs to the north of the "butte". 

Principally two water nappes are present in the butte 
aquifers: the upper "glaise verte" nappe and the 
Bartonian nappe. These two are of prime importance as 
gypsum may be easily dissolved with water 
characterized by low saturation in CaSO4. The present 
dissolution will certainly favour collapse at the 
geological time scale, despite the decreasing impluvium 
due to the development of the low percolation. Anyway, 
one may note that different leaks may exist in the 
sewerage system. 

The manual extraction of gypsum was an ancient 
tradition around Paris as it exists already in the gallo-
roman period. The gypsum extraction stopped in 1860 
when the city of Montmartre became a part of Paris city, 
as it was no longer allowed to extract it. 

 

Therefore, numerous parameters were combined to 
create disorders at the topographic surface : permeable 
(stampian sandstones, limestones…) and impermeable 
layers (“glaises”, shales and clays…), the presence of 
two water nappes, the presence of an impluvium, leaks 
in the sewerage network, the presence of man made 
grounds, instable periglacial colluvions, gypsum 
between 23,5m to 30m thick, highly sensitive to water 
dissolution... The aim of this paper is to better constrain 
the displacements and their geological interpretations. 

 

3. LOCATION, CHARACTERISATION AND 
QUANTIFICATION OF THE 
TOPOGRAPHIC DEFORMATIONS 

Surveys with classical field works or geodetic methods 
are time consuming and a lot expensive. We herein used 
interferometric DINSAR and PS techniques in order to 
monitor the small deformations on the area. These new 
methods have to be validated in order to monitor slight 
topographic changes.  

 We used about 40 radar images acquired by the ERS-1 
and ERS-2 satellites between 1993 and 1999, and 
processed differential interferograms, removing the 
topographic contribution with a 25m x 25m DEM 
provided by the Institut Géographique National. 
Interferometric pairs have been selected according to 
their perpendicular baseline (which might be small to 
avoid residual topographic effects and geometric 

decorrelation): they all have “good” baseline lower than 
100 m.  

On Fig. 3, one can clearly observe vertical susbidence 
on the southern part of the “Butte Montmartre”, as it 
appears with the blue half circle on the March 96-
January 99 differential interferogram. We can also 
observe the uplift on the St-Lazare area (Fruneau et al., 
2004), and also displacement on the Grand Palais. 

 

 
Fig. 3. Differential interferogram spanning almost 3 
years (march 96-jan. 99) showing a vertical subsidence 
of the southern part of the Montmartre Butte (blue half 
circle), as well as an uplift of the St-Lazare area due to 
the end of the construction work of a station for the Eole 
subway (red spot),  and also displacement of the Grand-
Palais (blue spot). One fringe (complete color cycle) 
corresponds to 3.1 cm of displacement. 

 

The major limitation of the classical interferometry 
technique in cities appears to be the atmospheric 
artefacts, which superimpose on displacement phase 
contribution : it is then difficult to discriminate 
displacement and atmospheric signature. This drawback 
can be overcome with the PS technique, since the 
atmospheric artefacts are compensated for. The 
technique allows for a full description of the time 
evolution of single privileged radar targets (PS) (Ferretti 
et al., 2000, 2001). 

The PS time series we used here have been processed by 
Altamira Information using 74 images, but only from 
april 95. 

Fig. 4. gives the time evolution of two particular PS, 
located south west of the Butte, which shows clearly the 
high and fast subsidence of the area. 
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Fig. 4. Vertical displacements observed on two 
particular PS. Note the regular slow down of the 
selected points wich shows differential subsidence on 
the southern flanks of the butte Montmartre. 

 

In the fields, structural deformations have been 
observed on buildings and house’s walls of the whole 
area. A structural cartography is established and 
integrated within a GIS (Fig.5). Several key examples of 
such deformations are given in fig. 6, 7, 8, 9, showing 
both collapsing and landsliding.  

 

   
Fig. 5. Cartography of the slightly damaged buildings 
extracted from field work mapping on the Montmartre 
area (06/2003). (Green colour: not affected buildings; 
red colour: damaged buildings). Note that both the 
flanks and the summit are affected by deformations. 

 

   

 
Fig. 6. Trace of future collapse which affects all the 
house. En-echelon tension gashes show the presence of 
a potential collapse. 

 

 
Fig. 7. Closer detail of the deformations. The 2003 

dated plaster ticks are already broken showing active 
deformation ! 

 

 

 
Fig. 8. Chronology of two opposite deformation is seen 
on the wall of this house probably due to imbricated and 
re-activated landslides. 



 
Fig. 9. Toe of a Montmartre landslide. The stairs at the 
toe of the public garden are deformed, as well as the 
whole base of the public garden (walls, drainages). 

4. CONCLUSIONS 

The Analysis of a series of differential interferograms 
and PS time series combined to urban field work lead to 
a good location of the places submitted to slight 
topographic changes through time. The characterization 
is done in the fields by the detailed analysis of 
tectoglyphes. The quantification of the displacement is 
deduced from the interferograms and the PS series. This 
monitoring give informations on both ways subsidence 
and uplift. In Butte Montmartre we evidenced a 
landslide process situated south of the "Sacré-coeur 
basilica" recognized in the fields. 

Therefore DINSAR combined with PS locate, and 
quantify precisely the extension and the magnitude of 
some unknown active landslides in an urban 
environment; so we better determine amplitude and 
spatial extension of the urban deformation due to natural 
phenomenon. 

The preliminary results show how good is the 
agreement between the different methodologies 
(interferometric calculations and field works) and their 
complementarity to monitor the small surface 
deformation of the studied area, and second the 
potential operationnality of the classical DINSAR 
interferometric approach in such urbanized environment 
characterized by a high SAR coherence. 

In the future we hope to be able to check the stability of 
the "butte" and prescribed preventive and curative 
actions. Many years of soil investigations and grouting 
of the underground quarries under the public domain 
have permitted to reduce damage frequencies and 
intensities to insure the security of Parisians related to 
underground risks. A recent accident (rue des Martyrs) 
has however drawn attention to the role of water 
circulation and open-pits quarries backfill. 

Interferometric studies will help monitoring the slight 
topographic deformation. 
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