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Detecting remains of a centrally-planned kitchen at the Abbey of Tiron (Thiron-Gardais, Eure-et-Loire) with Ground-Penetrating Radar

The possibility of the remains of a centrally-planned, medieval kitchen at the abbey of the Holy Trinity of Tiron (Thiron-Gardais, Eure-et-Loire, France), led us to conduct a Ground-Penetrating Radar survey in July 2018. The joint interpretation of 2D profiles and 3D temporal slices using Python scripts has highlighted the remains of three walls of a hexagonal building at the location indicated on the 1651 plan drawn by the Maurist architect, dom Hilaire Pinet. The geophysical prospection also made it possible to detect the passage of a water conduit, with a change of direction possibly linked to the presence of latrines, that would have been part of the monastery's complex water management system.

Introduction

Substantial remains of the twelfth-century church are all that survive above ground of the reformist Benedictine abbey of the Holy Trinity of Tiron, located in the village Thiron-Gardais (Eure-et-Loir, France). Pinet's measured site plan shows a large hexagonal building, labelled by Pinet "ancienne cuisine", projecting off the northern claustral range. Only about a dozen centrally-planned, medieval monastic kitchens are known in France, the most famous one being at the abbey of Fontevraud, a marvel of Romanesque architecture.

Ground-Penetrating Radar (GPR) has been extensively used for mapping archeological structures [START_REF] Saintenoy | Ground Penetrating Radar prospection at the charterhouse of Bourgfontaine[END_REF]Trinks at al., 2018). Confirmation of Pinet's drawing, and better understanding of the history of centrally-planned kitchens in western France, led us to conduct a Ground-Penetrating Radar survey in July 2018.

Method

A Malå CUII system with 250 MHz antennas was used over three zones positioned according to Pinet's drawing (Fig. 1): zone 1 over the suspected kitchen remains, zone 2 over the suspected latrines remains and zone 3 over the chapter room. Each zone is surveyed by parallel profiles acquired every 0.5 m with a 5 cm distance step between each trace.

Each profile is processed using the Reflexw Software (Sandmeier, 2012) using DEWOW, time zero setting to first amplitude peak, Stolt migration (Stolt, 1978) using a velocity of 0.1 m/ns estimated from hyperbola analysis (Sham and Lai, 2016), and AGC gain. In all profiles, the penetration depth is exceptionally good, giving imaging possibilities down to 3 m.

In each zone, profiles were merged into a single 3D data cube. A python script using the libraries numpy, matplotlib and ipywidget was written to slice the data cube in the twoway traveltime (TWT) direction and to visualize map of the summed absolute amplitudes between two TWT.

Results

In zone 1, profiles were acquired from a West toward East direction, first profile on the south side of the zone. Fig. 2 shows the profile acquired 21 m north of profile 1. A strong reflection is visible about 25 m from the beginning of the profile. Looking at the map obtained from adding amplitude in between 13 and 20 ns (Fig. 3) similar reflections align NNW and can be interpreted as coming from a large pipe. The time slice obtained between 33 and 43 ns (Fig. 4) shows an interesting arrangment as part of an hexagonal shape. Its placement let us to believe that we were seeing reflections of the centrally-planned kitchen foundations. Similarly, combined interpretation of profiles and time slices of the 3D data cubes acquired in zones 2 and 3 can be summarized in Fig. 5 and6. A large pipe (dashed blue line) continued from zone 1 to zone 2. A smaller one exists only in zone 1. A pair of pipes was detected in zone 2. The change in angle is best explained by the presumed presence of latrines, also indicated on Pinet's plan. We think that the limits of the chapter room were detected in zone 3. 

Conclusions

The GPR data survey at the site of the Abbey of Tiron shows exceptional penetration depth (about 3 m) especially using an old GPR Mala system as we did. For this work we developed some scripts using python3 that greatly aided the visualisation and interpretation of GPR data cubes. We detected several pipes and more interestingly, three sides of an hexagonal shape at the position of the centrally planned kitchen given by the Pinet's 1651 plan. This discovery will encourage further archaeological and architectural research at the site. 
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 1 Figure 1: Aerial photography showing the three prospected zone, north of the church.
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 2 Figure 2: Profil 43 acquired in zone 1. Red dashed lines delimit the time section shown in Fig. 3. Black dashed lines delimit the time section in Fig. 4.
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 3 Figure 3: Map of summed absolute amplitude of each trace in between 13 and 20 ns.
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 6 Figure 6: Results of GPR prospections with interpretations Figure 5: Results of GPR prospections

  Trinks, I., Hinterleitner, A., Neubauer, W., Nau, E., Löcker, K., Wallner, M., Gabler, M., Filzwieser, R., Wilding, J., Schiel, H. and Jansa, V., 2018.

	Sandmeier, K.J., 2012. REFLEXW Version 7.0, Program
	for the processing of seismic, acoustic or
	electromagnetic reflection, refraction and
	transmission data. User's Manual, p.578.
	Sham, J.F. and Lai, W.W., 2016. Development of a new
	algorithm for accurate estimation of GPR's wave
	propagation velocity by common-offset survey
	method. NDT & E International, 83, 104-113.
	Stolt, R.H., 1978. Migration by Fourier transform.
	Geophysics, 43 (1), 23-48.		
	Large area high resolution ground penetrating -area hi -area hi -area hi
	radar	measurements	for	archaeological
	prospection. Archaeological Prospection, 25(3),
	171-195.			

Acknowledgments

We are pleased to thank Romain Sarian and Marine Elias for their efficient help with the data acquisitions.