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Introduction

The program "Voir sous les pavés" ("Seeing under cobblestones") launched for the study of the Grand'Place in Brussels, under the direction of François Blary (ULB) and Michel Dabas (CNRS-ENS), aimed to detect and map the archaeological structures under this square without performing excavations. If this goal seems very common for a geophysicist, it corresponds in the case of Brussels to a set of large-scale integrated non-destructive surveys that prefigure what could be undertaken in other downtown areas. This program has made it possible to design a new methodology for the study of archaeological remains buried in urban contexts that until now have been little studied because of their complexity. This complexity is linked to several well-known constraints that we have to cope with: high footprint over the ground of urban furniture, cars, but also tourists; high impact in the subsoil of utilities but also complexity of archaeological multi-phased deposits and finally a disturbed electromagnetic spectrum.

Background

The current appearance of the Grand'Place is close to that of 1695, after the bombardment by the French. Before 1695, the story remains to be written: the square was probably much smaller, texts mention buildings but their location are unknown. One or more fountains existed and are depicted in some drawings. Also more ephemeral structures have existed: Gas street lamps, Christmas trees, market place, and podium for public executions, remains that could eventually be detected by geophysics. Only a single very small archaeological excavation has occurred near the Town Hall and some occasional discoveries like a water well or a cave are known. Before the surveys took place, it was possible to get a high definition (5 cm) aerial ortho-image and a map of the different utilities. No georeferencing of these utilities existed and one of the purposes of the survey was also to map all utilities under the main square and the streets around.

Archaeological Investigation 1 Considerations for the survey of a city centre

Studying a city centre needs to minimize the three above-mentioned constraints. We have found that the constraints situated over the ground surface can be minimized thanks to a rigorous prior management. In the case of Brussels, this meant knowing the exact location of fixed and removable furniture, the schedules of all shops and their suppliers but also finding solutions to control the stream of tourists during measurement campaigns! The subsoil constraints assume that the plan and depth of the known servitudes, possibly georeferenced, are available in advance, as well as the location of the visible sewer drains on the surface. Finally, the applicability of geophysical methods to urban areas is limited directly by electromagnetic interferences and indirectly by the complexity of the structures to be detected: the usual situation of surveys of old city centres in open-fields is not applicable in our case. Moreover, we feel that the good results obtained over roman towns for example are due to the conjunction of facts that are seldom encountered in today city centres: low depth of structures (< 1 m); existence of some destruction phase that has 'cleaned' the rubbles and made apparent walls or their negative counterpart; existence of a single phase of construction of the urban layout. Our situation is closer for example to "tells" in middle-east countries. This is clearly a challenge for the geophysicist.

Methods used

Three classes of methods were used simultaneously in the Grand'Place: the ground penetrating radar (GPR), the electrostatic method (also named CCR-Capacitively Coupled Resistivity-) and the micro-topography (Fig. 1). Several 3D-multi-channel radars were set up to find a compromise between penetration, spatial resolution and measurement speed. Simultaneously, a new prototype of electrostatic resistivity-meter "MP3" specifically developed for this project was implemented. It allows the measurement of electrical resistivity simultaneously for three depths of investigation. A robotic total station allowed the positioning of all geophysical data in the same reference frame. The post-processing of these data made it possible to calculate a digital model of the soil surface (DSM) associated with a registration into the Belgian cartographic system (Lambert72) and the available high-resolution orthophotos. The relatively simple processing and interpretation of the electrical data in a GIS has to be opposed to the very complex processing and interpretation of 3D-radar data. Two ways of dealing with spatial positionning of ER data were tested and the corresponding maps were compared. Radar maps in the form of time-slices, using a representation of the amplitude (phase) or the magnitude (envelope), taking into account -or not -the topography were tested. The final interpretation was made thanks to the correlation with several historical representations of the Grand'Place.

Resistivity (Fig. 2) was very successful and able to detect several resistive structures that can be interpreted as the rest of old dwellings, and despite the signature of some utilities, generally depicted as conductive elongated anomalies, distinctive walls of houses were detected all over the Grand'Place. These anomalies were detected with the most superficial quadrupole (a=0,5 m), meaning that these anomalies are within the first 50 cm. They are best seen for the 1 m dipole and have been confirmed with the different maps corresponding to the two orientations of the dipoles. The highest gradient corresponding to probably a massive building can be seen in the south-east corner (Interpretation Fig. 4). The density of resistive anomalies is less in the western part of the Grand'Place. We think that this does not necessarily imply a lower density of constructions in this area, but perhaps deeper or more erased structures. The phase of destruction and reconstruction of the XVII c. Grand'Place was clearly picked up especially in the South-Eastern part: the widening of the place to the East has resulted in a re-alignment of the houses that resulted in the destruction of the former front of the houses (pushed approx.10m to the North-East). Among the know utilities, only one was clearly picked-up and corresponds to the trench associated to a water pipe. The other utilities were too small to be imaged by resistivity but were picked by GPR.

GPR results, despite many maps corresponding to the different frequencies used, to different processes, and even to different polarizations, were far more complicated to interpret. Moreover, the low electrical resistivity measured with CCR and confirmed by a single Vertical Electrical Sounding between the cobblestones has explained why the radar penetration even at 200 MHz was so low (1 m approximately). Nevertheless, the GPR results demonstrated, beside a very high number of unknown utilities, the existence of the basement of two fountains and probably three water wells (Fig. 4). The spatial resolution of GPR was necessary to detect these smallscale anomalies (compared to resistivity imaging). As an example of known structures, the place of the basement of the Christmas tree and the one of a former water well were discovered in the time-slice GPR maps (but was not known before our survey). Surprisingly, signature of the dwellings and walls discovered with resistivity imaging was not so clear. Only GRP amplitude time-slices (and not envelope) thanks to a difference in texture was able to delineate the limits of these dwellings (but not the walls) and we should admit that the confrontation with ER maps was mandatory to secure our interpretation.

Conclusions

The archaeological interpretation of geophysical data from Grand'Place is a challenge which is not finished: Our interpretation has changed a lot as new maps became available. Specially, new processes for GPR data were performed, that enable new archaeological structures to be visible. Confrontation with resistivity data was the most important in this situation. Despite the lack of spatial resolution, resistivity data were able to map quickly the main structures but also very conductive levels, probable witnesses of the swamp that extended in this area. GPR data proves to be the best for small scale structures and for utilities. Most important, the existence of old drawings and paintings has forced us to push further our first interpretations: without this information we will probably have missed most of the archaeological structures. We believe that the good achievement of this project is due to the integration of the archaeologists at every stage of the process. Thanks to cross-analysis with historical documents, an important contribution to the knowledge of the genesis of this historic center of the Capital of Europe was attained. 
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 2 Figure 2: Apparent resistivity data obtained with channel2 (0 to 1 m) of the MP3 prototype (charge coupled resistivitimeter) overlaid on orthoimagery (June 2016, source: cirb.brussels, Open licence).
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 3 Figure 3: 600 MHz GPR phase time-slice centered on 0.25 m overlaid on orthoimagery (June 2016, source: cirb.brussels, Open licence).
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 4 Figure 4: First joint interpretation of resistivity maps and GPR time-lapse maps (March 2019 -F. Blary).
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