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1. INTRODUCTION  
 
With Nyamulagira, Nyiragongo is one of the two active volcanoes of North Kivu (Democratic 

Republic of Congo). It is located in the western branch of the East African rift. This area is affected by 
a combination of seismic and volcanic activities [1]. In this area, the rift is most likely a half-graben 
including a minor transfer zone induced by the rift segmentation along the rift main axis [2, 3]. 
Nyiragongo hasn’t been much studied, in great part due to political and security tensions taking place 
in the country. On 17th January 2002, Nyiragongo erupted along an approximately 20 kilometers long 
fracture network extending from the volcano to the city of Goma and its airport [4]. Two lava flows 
entered the town and destroyed about 15% of the houses and infrastructures [5]. 

 
2. INSAR DATA 

 
The event was captured by InSAR data acquired in three different modes: ERS along 

ascending orbits [6], and RADARSAT [7] along ascending and descending orbits. Unfortunately, only 
five ERS independent interferograms and with large time spans (and therefore low coherence) cover 
the event. The reduced number of available archives is due to sparse compatible ERS data, reducing 
the number of independent ERS interferograms to 5. Analysis of these five ERS interferograms is 
performed using a wavelet based time series technique [8]. In addition, one ascending RADARSAT 
interferogram (ST6 mode), having a short time span, and therefore better coherence than ERS 
ascending interferograms, as well as a RADARSAT descending interferogram (ST4 mode) is also 
available. InSAR data associated with this eruption show complex ground displacements, with several 
overlapping fringe patterns, probably associated to a combination of sources of magmatic and regional 
tectonics origins. The different acquisition modes can hopefully help to better define the 3D 
displacements and therefore better constrain the characteristics of the ground displacement sources.  

 
3. MODELING METHOD 

 
The numerical method used to model the InSAR displacements is a 3D Mixed Boundary 

Element method [9] that takes into account realistic topographies as well as any number and geometry 
of faults and pressure sources. This method is combined with a neighbourhood inversion algorithm 
[10] to determine the most likely sources parameters. Boundary conditions are stresses, they are null 
on the ground surface and correspond to constant pressures for dykes and constant shear stress drops 
for faults. The near neighbourhood inversion method takes the noise characteristics of the data into 
account [11, 12]. To evaluate the model-data fit, InSAR data are unwrapped and subsampled at 
circular gridded points. The interferograms from ERS and RADARSAT sensors are simultaneously 
used in the inversion. The combination of several possible deformation sources - a subvertical dyke, a 
deflating reservoir and a normal fault - is studied and discussed. The relevance of inverting for 
different potential sources parameters is also studied using synthetic tests. 



4. CONCLUSIONS 
 

At least, two of the potential sources described above are needed to explain the interferometric 
signal observed in the Nyiragongo and Goma areas. The best-fit model obtained for a single dyke and 
a single deflating reservoir poorly fits the data. A subvertical dyke associated to the eruptive fissures 
in combination with a normal fault parallel to the east African rift close to Goma seems the most likely 
sources. Both the fault and the eruptive fissure directions are compatible with the local extension 
direction of the rift. A fringe pattern in the western and south-western parts of Nyamulagira probably 
requires the introduction of a third source in this area. The different possibilities to explain this 
remaining part of the InSAR signal and other residuals data are finally discussed. 
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