The importance of multidisciplinary dating in rescue excavations: the case of Santhià, Northern Italy
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Abstract
We present the results of a combined archaeomagnetic and thermoluminescence (TL) investigation on a baked clay kiln discovered near Santhià, Northern Italy. The site, brought into light during a rescue excavation for the installation of methane tubes, provides important evidence for the presence of a brick production workshop in the area. Standard thermal demagnetization was applied to isolate the direction of the Characteristic Remanent Magnetization (ChRM). The mean ChRM direction whose mean value was used for the archaeomagnetic dating of the kiln, suggesting that it was abandoned around the 16th century AD. TL analysis carried out on the same kiln, further confirms this dating. The comparison between the archaeomagnetic and TL results shows excellent agreement, underlining the great potential of these two techniques on dating baked clays. Moreover, thanks to the independent TL dating, the new archaeomagnetic data can be used as a reference point for the reconstruction of the past secular variation path in Italy. Such combined multidisciplinary dating is extremely important in the case of rescue excavations, and particularly in urban centers where the rapid expansion of new constructions inevitably causes the destruction of our cultural heritage and the loss of important information about our past.
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1. Introduction
Dating is an essential task in the archaeological investigation, as it can offer to archaeologists an important tool to recover the vestiges of ancient civilizations and to associate evidences of commercial, technological, and cultural exchanges occurred in the past. The affordability and accuracy of dating techniques is even more significant when spots of ancient artefacts or isolated structures return to light by chance, as often happens during rescue excavationsthe construction of pipelines, highways, water channels, or other infrastructures at the borders of modern urban centres. In these cases, it is urgent to gain as much information as possible in the short little duration of such the rescue excavations usually urged and carried out in short advance to the definitive destruction of the sites; otherwise, valuable evidences of our past preserved for centuries under the earth would be lost forever.
Nowadays, several well-established techniques are available for dating biological remains, e.g. radiocarbon, dendrochronology, and amino acid racemization techniques for wooden structures or tools, bones, food and seeds remains, whose age is contemporary of the site occupation by humans (Macdougall, 2008; Peppe and Deino, 2013). Concerning with inorganic remains, unfortunately their absolute age usually does not associate to the period of their production and use, as in the cases of construction materials (e.g. stones and rocks), lithic and metal tools, golden and silver ornaments and/or precious gems. For these materials, stratigraphy is the most used tool mean for assessing chronological relationships related to the age of the archaeological artefacts and the occupation of a site. One of the few cases when inorganic the dating of inorganic materials can be directly associated to important events of crucial archaeological significance, as e.g. the abandonment of a site, is linked to the use of fire. Fire can be connected to different human activities such as food cooking, pottery or bricks production, accidental or intentional fire of ancient villages. In these cases, the last firing event can be associated to specific phenomena occurring in the inorganic matrix, particularly when it is composed by clayey soils. 
Baked clay presents the advantage to contain tiny iron oxide particles that after heating at high temperatures can record the direction and intensity of the ambient ancient geomagnetic field at the time of their cooling. Thanks to this important physical phenomenon, archaeomagnetic dating of ancient baked clays, still found in situ, is possible, after comparison of the geomagnetic field vector recorded by the archaeological artefacts during their last firing with the reference Secular Variation (SV) curves that describe the variation of the Earth’s magnetic field in the past (Eighmy and Sternberg, 1990; Linford, 2004; Tema, 2011). At the same time, the firing of baked clays results in the clearing of unstable energy traps constituted of localized defects or imperfections in the lattice of e.g. quartz and feldspar minerals present in the same matrix, which allows for thermoluminescence (TL) dating through the evaluation of the dose of radiation subsequently absorbed by the material (Fleming, 1979; Aitken, 1985; Liritzis, et al. 2013). The great advantage of archaeomagnetic and TL dating is that they can be applied to the very same material, such as fired archaeological structures and artefacts, and they date the same event:, the last firing of the studied baked clays.
Thanks to the complementarity and comparability of the results obtained by the archaeomagnetic and TL investigations, several studies researchers applied these two dating techniques to gain information about the last firing of ancient structures (e.g. Aitken, 1970; Liritzis and Thomas, 1980; Becker et al., 1994; Schnepp et al., 2003; Tema et al., 2015; Kondopoulou et al., 2015; Aidona et al., 2018). In most of these studies, the results of archaeomagnetic and TL analysis are in good agreement confirming their high potential to date baked clays and to offer valuable information in the case of rescue excavations (Tema et al., 2014). In other cases, the TL results are complementary to the archaeomagnetic dating, being decisive for the selection among several dating intervals obtained by the archaeomagnetic investigation, after comparison with the SV reference curves (Tema et al., 2013). Finally, there are also cases where archaeomagnetic and TL dating may provide different ages, probably due tobecause of undetectable drawbacks, even if in both cases the obtained results are of very good technical quality (Aidona et al., 2018). Such examples altogether focus even more on the importance of cross-checking dating by applying more dating techniques when possible, in order to obtain reliable results and guarantee the acquisition of the maximum number of information available from an archaeological site, which will not be available in the future for further analysis, as often happens in the case of rescue excavations.
In this study, we present the combined archaeomagnetic and TL results obtained from the investigation of a baked clay kiln excavated in Northern Italy, as part of a rescue excavation during the installation of methane tubes close to Santhià. The aim of this study work is to date the excavated kiln, to contribute to the evaluation of the importance of the findings that cannot be otherwise thoroughly investigated (due to the short-lasting archaeological excavation in the area) and to underline the importance of multidisciplinary dating in the case of rescue excavations. Moreover, the independent dating furnished by TL, can offer further important information reserved in our cultural heritage, providing independent dating for the new directional archaeomagnetic data that can be integrated as a reference point to reconstruct the past SV path in Italy.

2. Archaeological site and sampling
The studied archaeological site is located in Cascina Madonna, Strada Castelnuovo (45.38 oN, 8.17 oE), near Santhià, a small village in Vercelli Province (Northern Italy). The territory was known in the past for prehistoric and protohistoric findings as well as for sporadic testimonies of the Roman age (Portinaro and Tacchini, 1997). The name of Santhià probably derives from a Christian dedication to Santa Agata, as recorded by an official document in the year 999 AD, when the village was sold to the Bishop of Vercelli. In the Renaissance and Baroque periods, Santhià was particularly frequented by Francis I of France and Charles V, whose Grand Chancellor was Mercurino Arborio of Gattinara.
During the works for the installation of a methane pipeline by SNAM Rete Gas Vercelli-Cavaglià, the continuous archaeological supervision conducted by Lo Studio Snc (Scientific Director, Elisa Panero), allowed the discovery of two brick kilns, investigated between April and October 2015. During the excavation, the remains of these two rectangular kilns were, found in the so-called Area 7a, to the east of the road, and Area 7b, to the west, and were brought into light (Fig. 1). The axis of the first furnace was east-west oriented, while the second one’s was north-south.
The cooking chamber of the first furnace (Kiln 7a) is preserved, without a covering in place (internal dimensions 4 m x 2.75 m); the walls of the furnace were made by the same clay in which the structure was cut. The praefurnium, situated near the west wall of the chamber and connected to this through an opening, was structured with bricks without binder and it was probably equipped with vaulted roof, as confirmed by the traces identified in the collapse of the stratigraphic unit 23 (US 23). Inside the cooking chamber, several fragments of bricks were found and interpreted as waste or “malcotti” (in some cases, fragments are still raw, melted, and mixed with the filling). On the bottom of the structure, no more than 50 cm deep, there were two parallel channels of regular rectangular shape with vertical walls and flat bottom, used for heat conduction and directly connected to the entrance of the praefurnium. In front of the praefurnium, a clay deposit mixed with brick fragments, constituted the first level of filling the access ramp to the same. The excavation outside the kiln, in the northern sector, has brought to light a large irregular-shaped cut of about 10 m diameter, residue of the clay quarry used for the mixture of bricks (mainly filled with clay mixed with scrap brick fragments). A series of holes, distributed without marked orientations, could represent the trace of functional structures for productive activity.
The second furnace (Kiln 7b) of regular rectangular shape (internal dimension 4.30 m x 2.75 m) presents the cooking chamber created by two parallel channels to the north in a larger recess that can be interpreted as the entrance to the double praefurnium. Unlike furnace 7a, in this case the praefurnium is partially conserved. In the four corners, part of the last load of bricks was found. Adjacent to the praefurnium there is a large hole, perhaps the entrance, or possibly the quarry of the clay used for the construction of the bricks. A series of post holes, among which stands out US 44, wider and of regular quadrangular shape and pebble bottom, crowned the plant, perhaps referring to precarious structures functional to the craft activity.
To the west of the Kiln 7b, under the current Via Castelnuovo, a stretch of paving stone emerged, which returned materials ascribable to the 17th-18th century AD. Probably, it constitutes a further remake of a pre-existing layout, as it would also be indicated by the historical cartography that seems to identifiesy the route with one of the “chemin” that crossed the perfectly ordered countryside on the eve of the Santhià siege of 1644 (AST, Plan de la ville de S.Ya en Piedmont, assiégée par l’armée di Roy très Chrétien Louis XIV, commandée par le Prince Thomas de Savoye Lieutenant général en Italie, le 14 Août, rendue à l’obéissance de sa Majesté le 7 Septembre 1644. , Incisione in rame 44,5 cm x 53,5 cm).
The two kilns excavated at Santhià, although very similar to one another in terms of type and materials (rectangular bricks of dimensions 30 cm x 11.5 cm x 6 cm without documentation of special pieces), offer very scarce dating elements. The Kiln 7b is more articulated than the other furnace, given the large quantity of waste products: this datum does not indicate a sudden destruction but rather an intentional abandonment, perhaps linked to an improper functioning of the structure. The represented typology (characterized by semi-buried cooking chamber in the clay counter to contain heat dispersion), the small dimensions of the structures, the construction technique (with bricks used only in the praefurnium), and the proximity to the collection basin of the clay, present a certain homogeneity between the two furnaces. Interesting comparisons can be also found with the furnaces B and C of the block of via della Gualderia-via Massa-via dei Giardini in Chieri, whose activity is attested between the end of the 15th and the first half of the 16th century (Pantò and Vaschetti 2000). On the contrary, for the same characteristics it diverges, in battery and larger, from the nearest Fontanetto Po kiln, dated to the second half of the 17th century AD (Barello et al., 2012).
Due to the rather short little time available after the excavation of the two kilns, the limited economical resources, and the urgency to conclude the excavation for the installation of the methane tubes, systematic combined chronological investigation, including archaeomagnetic and TL sampling, was only applied on the Kiln 7a (Fig. 2). For TL analysis, three brick samples were collected from the south wall of the preafurniumpraefurnium by direct drilling in situ (Fig. 2c). For archaeomagnetic analysis, requiring larger sampling, twenty-five brick samples were collected from the north wall of the preafurniumpraefurnium (Fig. 2d). Samples were directly drilled either in situ with a portable driller, or were subsequently drilled at the laboratory, in order to obtain cylinders of standard dimensions (2.2 cm height, 2.5 cm diameter). During the laboratory preparation of the samples, three of themsamples were broken, so archaeomagnetic analyses were performed on the remaining 22. Before their removal from the structure, all the archaeomagnetic samples were oriented in situ with a magnetic and a solar compass, and an inclinometer (Fig. 2e). 

3. Methods and results
3.1 Archaeomagnetic investigation
Archaeomagnetic investigation was performed at the CIMaN-ALP Palaeomagnetic Laboratory (Peveragno, Italy) and at the National Institute of Metrological Research, INRIM (Torino, Italy). Several magnetic parameters were investigated in order to define the main magnetic carrier of the samples. The Characteristic Remanent Magnetization (ChRM) was determined through stepwise thermal demagnetization procedures and its mean direction was used for the determination of the age of the last heating of the studied material.

3.1.1 Magnetic mineralogy
The magnetic mineralogy of representative samples was investigated through the study of Isothermal Remanent Magnetization (IRM) curves, thermal demagnetization of three axes IRM, hysteresis loops, and thermomagnetic curves monitoring the magnetic moment variation with temperature. The IRM was induced by applying stepwise magnetic fields up to 1.6 T with an ASC Scientific pulse magnetizer and the remanent magnetization was measured with a JR6 spinner magnetometer (AGICO). For the three axes IRM experiment (Lowrie et al., 1990), a field of 1.6 T was first imparted along the z axis of the samples, then a field of 0.6 T was imparted along the y axis, and finally a field of 0.16 T was imparted along the x axis of the samples. Then, all samples were stepwise thermally demagnetized with an ASC Scientific furnace up to 560 °C. Hysteresis loops and magnetic moment versus temperature profiles were measured with a Lake Shore 7400 Vibrating Sample Magnetometer (VSM) equipped with a thermo-resistance oven operating in Ar atmosphere.
The IRM curves obtained for two samples are very similar and indicate the presence of a low coercivity mineral, as both of them saturate at low intensity of applied magnetic field, around 0.2-0.3 T (Fig. 3a). Thermal demagnetization of a composite IRM component also confirms the dominance of the low coercivity magnetic component, while medium and hard magnetization components are very minor (Fig. 3b). The hysteresis loop after subtraction of the paramagnetic contribute (Fig. 3c), and the thermomagnetic curve showing the Curie point (Fig. 3d), also indicate a soft magnetic behavior dominated by the ferrimagnetic contribution of magnetite-type minerals (coercive field Hc= 13 mT and Curie temperature TC ~ 560 °C) (Peters and Dekkers, 2003; Evans and Heller, 2003).

3.1.2 Archaeomagnetic direction
The Natural Remanent Magnetization (NRM) of all independently oriented samples was initially measured with a JR6 Spinner magnetometer. Successively, the samples were stepwise thermally demagnetized with a TD 48-SC furnace (ASC Scientific), following 13 cycles of heating/cooling, starting from 100 °C up to 580 °C. After each heating, the bulk magnetic susceptibility of the samples was measured at room temperature in order to monitor possible magnetic mineralogy changes.
The thermal demagnetization results obtained on 18 samples were elaborated with the Remasoft 3.0 software (Chadima and Hrouda, 2006) and were plotted in orthogonal projection diagrams (Zijderveld, 1967). The Zijderveld diagrams generally show a very stable magnetization, characterized by a single and well-defined magnetic component (Fig. 4a). Any secondary component of viscous origin was easily cancelled during by the thermal demagnetization procedure. The bulk magnetic susceptibility measured after each heating does not show important variations, confirming the thermal stability of the samples. The direction of the Characteristic Remanent Magnetization (ChRM) of each sample was determined through principal component analysis (Kirschvink, 1980) and the mean archaeomagnetic direction was obtained assuming a Fisherian distribution (Fisher, 1958). The calculated mean ChRM direction is very well defined, accompanied by a small semi-angle of confidence, α95, and a high precision parameter, k: Dm= 10.9°, Im= 63.8°, α95= 2.1°, k=267 (Fig. 4b).

3.1.3 Archaeomagnetic dating
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Archaeomagnetic dating of the last firing of the kiln was obtained by comparing separately the Dm and Im values with the reference secular variation curves calculated from the SCHA.DIF.3k regional geomagnetic field model (Pavón-Carrasco et al., 2009). The curves have been directly calculated at the geographical coordinates of the studied site and dating was performed using the Matlab archaeo_dating program (Pavón-Carrasco et al., 2011). The obtained results indicate that the kiln was for last time used at 1491-1594 AD, calculated at 95% of probability, suggesting that it was abandoned before the end of the 16th century AD (Fig. 5).

3.2 Thermoluminescence investigation
3.2.1 Archaeological dose evaluation 
The two parameters needed for the determination of the archaeological dose or paleodose (P) are: the equivalent dose (ED) and the amount of supralinearity (I). This last phenomenon usually occurs at the initial history of the sample after its last firing, for low irradiation doses (Aitken, 1985). The possible occurrence of anomalous fading was checked too. 
In order to evaluate the archaeological dose, about 2 g of clay in powder have been extracted in two different times from each sample (4 g in total per sample). Initially, the extracted powder was sieved to avoid macroscopic organic material and to exclude particles with diameter larger than 40 µm. Then, the chemical procedure described by Vieillevigne et al. (2007) was applied for sample preparation. For each one of the three samples, 3 sets of 10 aliquots were prepared and studied. The ED was determined using the additive dose method for multiple aliquots (Fleming, 1979) and a calibrated radioactive Sr-90 beta source was used to supply the artificial dose.
In order to reduce the contribution to the TL signal generated by unstable traps after irradiation, a pre-heating at 200 °C was performed in an oven for a time duration of 180 s. The choice of the pre-heating temperature was made after observing the growing of natural thermoluminescence signal for some aliquots before irradiation or pre-heating. All thermoluminescence measurements were carried out by means of a TL2000-Ipses reader in nitrogen atmosphere using a 5 °C/s heating rate. The measured TL glow curves (for samples C1 and C2) are shown in Fig. 6. Based on the plateau test procedure, the range 320-360 °C was identified for integration and comparison of TL signals between natural and irradiated samples. The results obtained and the linear fit for the ED calculation of C1 and C2 samples are shown in Fig. 7.
To measure the supralinearity, a second glow curve analysis at artificial irradiation doses was carried out after removing natural TL (thermal bleaching) by means of a four-hour heating at 500 °C (Aitken, 1985). The response of TL was then compared with the not bleached one to check any change of behavior after the thermal treatment. 
The anomalous fading was also finally estimated. Sample aliquots were irradiated with 6 Gy dose and stored in the dark at room temperature for 30 days together with other not irradiated aliquots. Then, the not irradiated aliquots were exposed to the same dose and their TL signal was compared with the TL of the previously irradiated ones. Anomalous fading was detected in one of the three analyzed samples (sample C3), which was therefore excluded from any further consideration. No anomalous fading was detected for the other two samples (C1 and C2). The obtained results for the archaeological dose evaluation are reported in Table 1.

3.2.2 Annual dose evaluation
The annual dose is the sum of contributions from alpha, beta and gamma particles generated by radioactive decays inside the material investigated and coming from the environment surrounding the sample. To measure the radioactivity generated inside the sample, 1 g of untreated clay from each core was employed to perform alpha decay counting by means of CALPH-Ipses apparatus. The measurement of alpha decays was utilized to calculate the contribution to the annual dose of uranium and thorium decay chains.  The alpha activity must be corrected with the k-factor (Aitken, 1985), that is represents the efficiency of the alpha particles compared to beta particles in producing a TL signal, and it depends on the material. It was calculated comparing the ED values obtained respectively by means of alpha (241Am in vacuum) and beta particle artificial irradiations. 
The beta contribution of potassium to the annual dose was calculated after measuring its content in the baked clay samples by means of ICP-OES (Inductively Coupled Plasma-Optical Emission Spectroscopy) and by considering the isotopic abundance of the 40K isotope. 
The measurement of the environmental dose in situ (gamma dose from the environment and cosmic radiation) has been performed through LiF dosimeters, positioned at the place of the sampled cores for a period of 32 days. 
Finally, the annual dose contributions for each sample were corrected for the water content; the saturation content (W) was evaluated by means of a Sartorius MA35M thermobalance; the fraction of saturation was considered as F = (80 ± 20) %, according to the literature values for tempered environments (Aitken, 1985),. Radon escape is supposed to be absent. All the results on annual dose were calculated using dose rate conversion factors (Guérin, 2011) and are summarized in Table 1.  

3.2.3 Thermoluminescence dating 
Based on the paleodose and annual dose evaluation described above, the age of the last heating of the kiln was calculated. Results obtained for the two studied samples are in very good agreement with each other, as well as with the dating interval obtained by the archaeomagnetic analysis. From the TL dating results of the C1 and C2 samples calculated at 95% confidence level, the weighted average age was computed suggesting that the last firing of the kiln occurred at 1490-1574 AD.

[bookmark: _GoBack]4. Discussion and conclusions
The archaeological site of Santhià is only one example of the numerous rescue excavations of ancient remains brought into light each year. The fast economical and infrastructural development of the last decades, involving cities expansions, infrastructural works, and millions of new constructions, inevitably influences and sometimes destroys a part of our cultural heritage. In these cases, the rescue excavations represent a precious effort to save as much information as possible about our past in a very short time. Indeed, the main characteristics of the rescue excavations are (among others): the very limited time available, the low budget and the missing archaeological context, as in most cases just a small part of the underground archaeological remains can be excavated. Moreover, not always the findings uncovered are of particular significance from an artistic, anthropological or chronological point of view (as on the contrary happens in the case of jewelry, human remains or coins), and in several cases, they cannot be moved to be preserved (as it could be done in the case of statues or pottery). 
The furnace excavated at Santhià is one of these cases: it cannot be considered as an exciting discovery of national interest, it is not going to be preserved or further valued and there was neither the time nor the economic resources to excavate the whole area in order to better understand its function and importance. Nevertheless, the importance of the information stored for centuries in these baked clays is invaluable and it is not only limited to the that of archaeological interest. The archaeomagnetic results obtained here show that the bricks from Santhià kiln, have registered a very stable and well-recorded remanent magnetization, that which can be used for the dating of the last firing of the kiln and at the same time can offers valuable information about the direction of the Earth’s magnetic field at the past. Indeed, thanks to the independent dating obtained through the TL analysis on the same material, the new magnetic direction obtained from this study can be added as a reference point for the improvement of the secular variation curve of the Earth’s magnetic field in Italy. For the period from 1300 AD to 1700 AD, only three other directional data from Italian archaeological sites are available (Tema et al., 2006; Tema, 2011); the enrichment of this reference dataset with new high-quality data is therefore very important.
Dating of production structures such as kilns is also quite problematic from an archaeological point of view because the typology and style of these structures have not undergone important changes through time. In fact, the quite common type of the kilns excavated at Santhià and the lack of findings such as diagnostic pottery and/or other specific artifacts, makes their precise dating based only on archaeological evidence very difficult, if not impossible. In such cases, the use of laboratory-based dating methods is fundamental. The archaeomagnetic and TL dating results presented here are in excellent agreement both on age value and associated uncertainty (archaeomagnetic dating = 1491-1595 AD; TL dating = 1490-1574 AD). This confirms the high potential of these two techniques on dating ancient baked clays. Even though they two techniques were independently applied in on two different sets of samples, the two techniques they gave extremely similar resultsoutcomes indicating the time of the last used of the studied structure. The obtained results suggest that the studied kiln was abandoned around 15th-16th centuries AD, being in very good agreement also with available archaeological evidence obtained from the comparison of the kiln’s characteristics with those of a contemporaneous kiln excavated at Chieri (dated at between the end of 15th century and the beginning of the 16th century AD). 
[bookmark: _Hlk536102197]The use of multidisciplinary cross-checking of different dating techniques is not only beneficial for the archaeological research but it is also fundamental for the improvement of the laboratory methods themselves. The archaeomagnetic data obtained from the Santhià kiln, could not be used as reference point for the reconstruction of the geomagnetic field without the independent dating provided by the TL analysis. On the other hand, although thermoluminescence dating is nowadays a consolidated technique, the comparison of with the results obtained by other dating methods (as in the case of Santhià) provides a continuous check on the reliability of the laboratory experimental procedures. In particular, a control of the chemical procedure used for material selection (Vieillevigne, 2007) is important, to testinggrant its feasibility in for baked clays of different mineralogical composition and in different contexts. The laboratory methods are based on sample preparation procedures, protocols, and measurement conventions that need to be continuously tested upgraded and  testedupgraded, especially in cases like this where the procedure is applied to natural and inhomogeneous materials that can produce spurious luminescence signals while heating. The rescue excavations offer an excellent field for such cross-checking of different methods, as in most cases excavated structures are destined to be destroyed or to be covered again without being evaluated, and thus plenty of material can be collected for archaeometric investigations. Moreover, archaeomagnetic and TL investigations can offer further information regarding the ancient technology through the estimation of the equivalent firing temperatures experienced by the bricks during their use in ancient times (Sanjurjo-Sanchez et al., 2018; Tema and Ferrara, 2018).
This study, besides the new data presented, aims also to focus the attention on the importance of multidisciplinary investigations on material coming from rescue excavations. Even if the time and the resources available at the time of the excavation may not be sufficient to plan and perform archaeometric analyses contemporaneously to the archaeological excavation, it is still crucial to adequately collect suitable material in order to permit the study of these findings in the future. Not always laboratory techniques require sampling from specialists; however, in most cases the material needs to be adequately conveniently recovered while it is still in situ, otherwise fundamental information for reliable and precise analysis may be lost. It is therefore very important the close collaboration between archaeologists and archaeometry scientists to rapidly and efficiently act to preserve as much information as possible from our past, that otherwise would inevitably be lost.   
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Figures caption

Fig. 1. a) General planimetry of the excavated area at Santhià; b) View of the kiln excavated in area 7a; c) View of the kiln excavated in area 7b.

Fig. 2. a) General view of the Kiln 7a, investigated in this study; b) Photo of the praefurnium of the kiln, built of bricks; c) The south wall of the praefurnium where samples for TL dating were collected. At the same place, LiF dosimeters were placed for the measurement of the in situ environmental dose; d) The north wall of the praefurnium where samples for archaeomagnetic dating were collected; e) All archaeomagnetic samples were in situ oriented with a magnetic and solar compass, before their removal from the brick wall.

Fig. 3. a) Isothermal remanent magnetization (IRM); b) Stepwise thermal demagnetization of composite three axes IRM. Symbols: dot= Soft- (0.16 T); triangle= Medium- (0.6 T); square= Hard- (1.6 T) coercivity component; c) Hysteresis loop and d) Thermomagnetic curve of continuous monitoring of the magnetic moment up to 700 oC for sample SAN_5.

Fig. 4. a) Stepwise thermal demagnetization results illustrated as Zijderveld diagrams for representative samples. Symbols: full dots = declination; open dots = apparent inclination; b) Equal area projection of the ChRM directions at sample level. The big dot represents the mean archaeomagnetic direction calculated for the Santhià kiln.

Fig. 5. Archaeomagnetic dating results. Up: declination (left) and inclination (right) reference secular variation curves calculated from the SCHA.DIF.3k model; middle: calculated probability density functions for declination (left) and inclination (right); down: combined probability density function for declination and inclination.

Fig. 6. TL glow curves for one of the tree set obtained from each sample: beta irradiations were performed in the range 2-8 Gy for the sample C1 (left) and 2-6 Gy for the sample C2 (right). For each irradiation, two aliquots were prepared and measured.

Fig. 7. Plateau test and linear fit for the equivalent dose (ED) calculation for both analyzed samples.

Table caption

Table 1. Summary of the thermoluminescence results obtained for the two studied samples (C1 and C2). The age results are reported considering a 95% of confidence level. Columns: ED=Equivalent Dose, I=supralinearity, P= palaeodose, K=potassium content, W=water content, k-value=alpha efficiency coefficient.
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Table 1
	Sample
	ED
(Gy)
	I
(Gy)
	P
(Gy)
	K
(Wt.%)
	W
(saturation content %)
	
k-value
	Alpha dose
(mGy/yr)
	Beta dose
(mGy/yr)
	Gamma dose
(mGy/yr)
	Annual dose
(mGy/yr)
	Age
(AD)

	C1
	1.5±0.2
	0.1±0.1
	1.6±0.2
	1.00±0.05
	15.1±0.1
	0.056±0.008
	0.50±0.07
	1.09±0.09
	1.71±0.16
	3.30±0.23
	1530±60

	C2
	1.7±0.3
	0.4±0.2
	2.1±0.3
	0.98±0.05
	15.0±0.1
	0.137±0.037
	1.39±0.38
	1.15±0.11
	1.81±0.11
	4.35±0.42
	1535±60
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