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Abstract

:

This paper summarizes the results of a recent geophysical investigation carried out at Porolissum, which is considered to be one of the most significant Roman sites in Romania. The geophysical survey was carried out within the latus dextrum of the fort, which is the same location that had been the subject of earlier geophysical surveys as well as older archaeological excavations (1970s) that had uncovered a multiroom building. A cesium vapor total field magnetometer and a multi-electrode resistivity meter for a dense Electrical Resistivity Tomography (ERT) survey were used. Eighty parallel ERT profiles in combination with the emerging total field magnetic data and an antecedent magnetic survey allowed us to complete a more precise interpretation regarding the building that once existed on the left side of Porolissum’s Principia (the commander’s house). In contrast to the magnetic survey, which only reveals a part of the building’s architecture, the ERT survey provides a comprehensive view of the structure’s layout. More than 20 rooms could be positively identified, and the existence of further rooms might be deduced from the data. The ERT scan revealed the existence of the building’s northern external wall as well, which is not reflected on the magnetic map. Because some parts of the building are not visible on the magnetic map, we can assume that the building was constructed with at least two types of rocks (magmatic and sedimentary). In addition to the archaeological interpretation of the geophysical anomalies, a number of discussions concerning the connection between our survey and the geology of the area were held. The complementarity of the magnetic and resistivity results prompted us to conceive a preliminary 3D reconstruction of the building. Even if the building function is unknown in the absence of reliable archaeological data, it could have been a storage building, a second praetorium, a valetudinarium (hospital), or an armamentarium (weapons storage building). The illustrative reconstruction was completed taking into consideration that the building was a Roman military hospital, which, based on the available data, may be considered a credible assumption.
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1. Introduction


The Roman Empire stretched from Scotland in the north to Morocco in the south, and then east along the northern African coast to the Red Sea in the south and the Black Sea in the north (Figure 1A). The European continental sector of the limes followed major geographical features such as the Rhine and Danube rivers. The regions of Banat and Transylvania in Romania, temporarily incorporated into the Roman Empire as a province of Dacia, were just partly enclosed by the river borders. The Empire’s longest section of the terrestrial frontier, with an estimated total length of more than 1650 km, was located in present day Romania [1]. The northwestern area of the former province is the most important and extensively researched in Romania. The site at Moigrad-Porolissum (Sălaj County) (Figure 1B,C) is well-known for its exceptional strategic and military importance as a central part of the complex defensive system of the province. For these reasons, it is considered the best-studied archaeological site in the area [2,3,4,5]. Despite the topographically diverse setting of the Roman limes, it should be regarded as a whole, given its primary function of fencing off the Roman world from threats from the outer world.
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Figure 1. (A) Porolissum’s location within the Roman Empire’s borders; (B) Drone view of the Porolissum fort (photo: Ștefan Bilasco, UBB); (C) Porolissum’s LiDAR digital elevation model. The study area discussed in this paper is depicted in both (B,C). 
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The Roman presence tore apart the existing human habitat in the region [6], splitting it with a sophisticated border defense system. Following the region’s geography, the whole defense system was built along a series of concentric lines leading into the province’s heart, namely the military fort and town of Porolissum. The first defense line consisted of forts manned by infantry auxiliary troops placed in key natural passes. The auxiliary, highly mobile cavalry was positioned behind and able to displace quickly using the road network, while the legions were settled towards the center of the new province. As a result, the limes defense relied on a complex, in-depth system of surveillance, signaling, and communication comprised a network of roads, posts, camps, turf walls, and watchtowers [3,7,8,9,10]. Despite the complexity of the defensive system surrounding Porolissum, one should consider the limes more as a “bridgehead” connecting Barbaricum with the Roman world, and not as an impenetrable barrier. Apart from its main military function, the limes also played an administrative and bureaucratic role, acting as a vector for cultural and economic exchanges on both sides [11,12].



The importance of Porolissum is also highlighted by the fact that during Hadrian’s administrative reorganization of Dacia, one of the newly created provinces was named Dacia Porolissensis, making direct reference to the importance of the site [13]. The core of the Porolissum military complex was the fort located at Pomăt Hill, the largest auxiliary Roman fort in the Dacian provinces. Its stone phase was built during the reigns of Hadrian and Antoninus Pius and measured 230 × 300 m (almost three times the typical size of an auxiliary fort) [4]. Despite being systematically excavated since the early 1970s, the inner plan of the fort was revealed only in recent years by means of extensive non-invasive surveys comprising both magnetic and electrical resistivity methods [14,15]. The complexity and the spatial distribution of the components of the defense system surrounding the site were revealed using a LiDAR survey, covering about 14 km2 [10]. The remote sensing data illustrated the relationship between the above-mentioned auxiliary fort and another, smaller (101 × 66 m), military post located on the neighboring Citera Hill [16]. The military vici that developed around these forts grew constantly until they were transformed into a municipium [9,17]. Beforehand, a series of excavations were performed to establish the extent of the civilian habitation. However, only recent multi-method geophysical surveys were able to establish both the limits and the structure of this settlement [9,15,18,19,20].



The first geophysical measurements ever taken at Porolissum were performed by Dr. Florin Scurtu in 1996 within the vicus area [21,22]. A Hungarian team led by László Lenkey completed the first geophysical work within the fort in 2008 using a GEM GSM-19 Overhauser Magnetometer in a pseudo-gradient configuration and 1 × 1 m sampling resolution [14,23,24,25]. In this paper, we will refer to this data as Lenkey’s magnetic results or Lenkey’s data. Subsequent surveys in 2009–2012, conducted by the same team but with the sampling resolution increased to 0.5 × 0.5 m, covered the entire fortification. The results revealed numerous archaeological structures, facilitating the outline of some important buildings, located within the fort’s walls (Figure 2A). One can observe very prominent and self-explanatory magnetic anomalies in the central part of the fort. This area, presumably well-preserved, instantly drew the archaeologists’ attention. Further investigations were conducted around the latus sinistrum over the following years (Figure 2B,C). The magnetic measurements were supplemented by Earth Resistance and Electrical Resistivity Tomography (ERT) surveys conducted by Dan Ștefan, a geophysicist and archaeologist (Figure 2B,C). Under Ștefan’s supervision, more geophysical measurements were performed outside the fort, in the vicus area. The outcome of this research has been published [9,15,18,19].
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Figure 2. (A) Magnetic survey results by László Lenkey and Mihály Pethe—the results were published in various formats in [13,14,20,23]; (B) Edited visualization of Earth Resistance Survey within the Latus Sinistrum of the fort conducted by Dan Ștefan published in [14]—Figure 4; (C) Edited visualization of a depth slice rendered from the ERT survey data by Dan Ștefan, published in [14]—Figure 5. The spatial extent of surveys shown in (B,C) is represented with different colors in (A). The results were published without a color scale to display the distribution of the values. The study area is depicted in (A). 
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The purpose of this study is to present the results of the emerging geophysical survey carried out in the summer of 2020. The measurements were designed to cover an area within the latus dextrum of the fort, where the first magnetic survey revealed an extensive building complex. A more detailed total field magnetic survey was designed for that specific area. To complement the magnetic measurements, we decided to apply high-resolution Electrical Resistivity Tomography (ERT), to create high-definition electrical maps of the subsurface within that area.




2. Materials and Methods


Based on the results of the previous magnetic gradient survey, we have chosen an interesting structure in the latus dextrum to study further. To capture more details of the structure, we resurveyed it with magnetics (Figure 3A). We used an alkali vapor (cesium) total field magnetometer from Geometrics (G-858) in a duo-sensor configuration. The measurements were made along parallel profiles in 20 × 20 m grids. The traverse interval was 0.5 m, and due to concern for the best outcome data quality, a parallel sampling pattern was selected instead of the zigzag. The sampling rate of the G-858 magnetometer is 10 Hz, which translates roughly to a 0.1 m sample interval at a data collection speed of 1 m/s. Interpolation was used to downsample the data to a 0.125 m sample interval. Dedicated software’ were used to process the magnetic data collected. The processing workflow consisted of the use of MagMap [26], MagPick [27], TerraSurveyor [28], and Surfer software [29]. The preprocessing was performed in MagMap, where we aligned the data and removed any undesired stagger. The background was removed in MagPick using a linear function. Further data enhancement employing dedicated filters was performed in TerraSurveyor, and the raster visualizations were rendered in Surfer. ERT was performed with the help of a GeoTom MK8E1000 high-resolution multielectrode system. A total of 80 parallel ERT profiles were measured. The separation between the lines and between the electrodes along the lines was even and equal to 0.7 m. The ERT data were processed and visualized in Res2DInv [30], Res3DInv [31], Voxler [32], and Surfer. The profiles were inverted in Res2DINV using the least squares inversion parameters. The collated file containing all the profiles was inverted in Res3DInv. Voxler and Surfer were used for 2D and 3D visualizations of the processed data. The extracted building footprint allowed us to draw the planimetric morphology of the structure. CAD software was used to deliver a three-dimensional solid model of the building. To produce the computer-generated imagery (CGI), we used the three-dimensional rendering technique, which is the process of producing an image based on three-dimensional data. The purpose of the reconstructed model was to represent the shape of the building. Less emphasis was placed on the use of realistic textures. The created virtual model should be seen as a simulation, interpretation, and scientific dissemination tool and not as a realistic visual representation.
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Figure 3. (A) The location of 2020’s geophysical survey. The red rectangle outlines the area surveyed with a total-field magnetometer. The blue indicates the area where the ERT survey was deployed. The basic methodological workflow used in this paper. (B) The methodological workflow used in this paper. 






Figure 3. (A) The location of 2020’s geophysical survey. The red rectangle outlines the area surveyed with a total-field magnetometer. The blue indicates the area where the ERT survey was deployed. The basic methodological workflow used in this paper. (B) The methodological workflow used in this paper.



[image: Heritage 06 00046 g003]






3. Results


According to our estimations, the magnetic survey results (Figure 4) provided a satisfying and slightly more detailed image of the buried structure compared to Lenkey’s survey results (see Figure 2A). This is due to a greater sampling resolution (i.e., 0.125 m vs. 0.5 m in Lenkey’s survey). The use of a duo-sensor configuration allowed us to plot the magnetic maps of total field values as well. The minimum value recorded was c. 48,860 nT, and the maximum was c. 49,750 nT. The mean value was c. 49,260 nT, the standard deviation (SD) value was as high as 540 nT, and the magnitude of responses from most archaeological features was in the range of 600 nT. It is noteworthy that these are unusually high values as compared with typical magnetic surveys on other archaeological sites (e.g., the SD value for the gradiometer survey on a Roman fort in Pojejena (Romania) was 11 nT) [33]. In the total magnetic field map, one can clearly discern between local, highly dynamic, and small anomalies and broader, ambient anomalies of smaller amplitudes. Regarding the latter, the most prominent is the diagonal stripe of approximately 15–20 m in width, manifesting as a positive anomaly. Its values oscillate from around c. 49,300 up to c. 49,500 nT in its southernmost part (Figure 5). Outside this anomaly, the recorded background values are around c. 49,150 nT. In addition to background anomalies, a number of linear and zone anomalies of much smaller extent and sharper edges were recorded. The most pronounced are positive linear anomalies, often accompanied by either negative or positive zone or point responses. The measurements with a complementary ERT technique delivered clear and satisfying images of the spatial distribution of substrate-specific electrical resistivity at different depths (Figure 6). The data presented in this paper are discussed in the form of “depth slices,” i.e., a series of images compiled by collating all the measured and inverted profiles. The minimum resistivity value recorded was 4.93 Ω.m and the maximum was 2482.46 Ω.m. The average value in the entire dataset is 67.75 Ω.m, while the standard deviation (SD) is 61.08 Ω.m. The inversion RMS error is 5.81%. The ERT results show slightly more elements than the magnetic map. The northern exterior wall of the building represents the most essential element revealed by the ERT data. The precise ERT results also allowed us to better individualize the rooms of the building, as presented in Figure 6A,B.
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Figure 4. Magnetic survey results were conducted with a Geometrics G859 cesium total field magnetometer in a duo-sensor configuration, with parallel profiles every 0.5 m. The sampling density in 20 by 20 grids is 0.123 × 0.5 m. For both images, the background was removed with a linear function. The top image presents the dynamics of the magnetic value in grayscale, with the negative values being represented by the white color. In contrast, in the bottom image, the values are reversed (the black color represents the negative values). The red and yellow dots mark the ends of small linear anomalies, which are the separating walls of the rooms. The yellow arrow points to one of the longitudinal walls of the building. The green arrow is pointing to the only magnetic anomaly, suggesting the exterior wall of the building. The red arrow indicates other walls, which are most probably the foundation of the courtyard walls. The cyan arrow indicates the location of one of the older archaeological excavations. 
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Figure 5. A comparison of magnetic surveys (uncompensated total field) and ERT (interpolation based on the entire dataset). The red lines are used as spatial references. The blue-dotted lines represent the boundary of the local geological formation visible in both surveys. Profiles 1 and 2 depict the local distribution of resistivity and magnetic field values. 
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Figure 6. (A) Electrical Resistivity Tomography results are presented as subsequent horizontal depth slices. The slices were extracted after the bulk inversion. The drop in the slice’s resolution, along with the increment in depth, is an effect of the ERT resolution drop with the increasing depth levels of prospection. (B) Interpretation based on the ERT results. 
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4. Discussions


4.1. Results Interpretation


Both magnetic and ERT survey results delivered clear imagery of buried structures, along with unexpected information on the underlying geology. Furthermore, the results are complementary, i.e., most of the magnetic anomalies coincide with electrical anomalies. On the magnetic map, eleven linear anomalies (marked by red dots at the northern end of Figure 4) can be clearly distinguished in relation to the longitudinal building’s walls. These anomalies can be interpreted as walls, running perpendicular to the main north longitudinal anomaly (suggested by the yellow arrow in Figure 4). The emerging magnetometer survey results reveal a succession of rectangular rooms on the building’s eastern side. This is the first indication of the existence of an exterior outer wall parallel with the strong lengthwise anomaly marked by the yellow arrow (Figure 4) connecting the 11 smaller linear anomalies. The presence of an exterior wall on the magnetic map is also suggested by a small linear anomaly (Figure 4, green arrow) connecting the first two of the small linear anomalies, and one can see that it is parallel with the main longitudinal anomaly (Figure 4, yellow arrow). The magnetic survey found no other anomalies that pointed to the exterior wall. The existence of the exterior wall was already documented by archaeological excavations conducted by the late professor Nicolae Gudea [3]. The western side of the building is mostly not visible on the magnetic map, except for several anomalies suggesting the building extended slightly more towards the west. The western part was also documented by archaeological excavations (Figure 7A) [3]. Some details of the building’s interior are also visible on the magnetic map. For example, another layout, perhaps involving a courtyard or other functional areas, can be seen extending parallel to the strong northern linear anomaly (Figure 4, red arrow). The building’s southern half, which rests on the edge of a terrace, appears to be much more intriguing. Unfortunately, erosion has significantly impacted this part of the structure, which may have led to its eventual destruction. The magnetic map shows a succession of anomalies that indicate, most likely, fragments of walls, suggesting that the southern visible linear anomaly (Figure 4) is not the outer wall of the building on that side and that another layout, like the one existing on the northern side, may have existed. Both the older magnetic gradient map and our own, plus the archaeological excavations, provide support for this theory. Regarding the complicated geology in Porolissum and the broad use of highly magnetic rocks as a construction material, one may expect a magnetic survey to deliver well-contrasting anomalies and conclusive results. However, as this paper proves, even in such a setting, additional and complementary methods should be considered and are strongly recommended since they may shed new light on what seem to be clear and conclusive results. The ERT results provided emerging information on how the edifice in the latus dextrum might have looked, and even more, they possibly indicate the existence of an earlier structure underneath. The depth slices, presenting the horizontal distribution of the ground’s electrical resistivity, clearly outline the layout of the building. The tops of the linear high-resistant features can be noticed, ranging between 0.2 and 0.4 m below ground level (BGL). As we interpret these prominent linear anomalies, the walls appear at 0.4 m BGL and are traceable up to approximately 2.0 m BGL. They start to fade at 1.5 m BGL. Keeping in mind that the recorded resistivity value is true for a bulk of soil, we consider that the readings from the lowest levels, where walls are still visible, are affected by the presence of these contrasting features in the layers above. Based on the ERT data, the foundations of the building are estimated to be at 1.2–1.5 m BGL (Figure 6). We were able to distinguish a total of fourteen rooms (with two smaller appendices, 11a and 13a in Figure 6B) on the northern and eastern sides of the structure (Figure 6, marked from 1 to 14). Except for the rooms on the western and eastern extremities of the northern wall line, which have slightly larger interior space (c. 22 m2), all rooms on the north side are the same size (c. 17 m2). Two types of interior spaces can be found on the edifice’s eastern flank. The first type of interior space is represented by rooms measuring 22 m2 (Figure 6, rooms 11 and 14). The second type, on the other hand, is represented by small and relatively narrow rooms that could have been used as storage or even as a staircase (Figure 6, room 13). The existence of an upper floor might be considered based on the width of the anomalies (i.e., the foundation walls) on the eastern side. It is nearly double that of the foundation walls on the northern side. That significant width difference might be caused by a certain technological demand, and the second floor of the building could be a possible explanation. We noticed a remarkably interesting and unexpected occurrence around the depths of c. 1.0–1.2 m BGL. Along with the fading of the mesh of highly resistant linear anomalies, a rectangular, highly resistant anomaly becomes increasingly pronounced along with the depth, reaching the top clarity at depths of 1.5–2.0 m BGL (Figure 6 and Figure 8). This unexpected feature might be interpreted as an earlier structure, possibly well-preserved since it was overbuilt with the large building (Figure 8). The existence of an underlying structure is possible, and from a methodological point of view, this interpretation is consistent with all previous results. As a passive technique, the magnetic method can only record the values of the Earth’s magnetic field right over the ground surface. The subsurface and surface features and objects disturb the Earth’s magnetic field. However, the intensity of the secondary magnetic fields (i.e., induced, or remanent magnetic fields of the searched features), which are disturbing the Earth’s magnetic field (and producing these highly desirable and sought-after anomalies), drops with the inverse cube of the distance from their sources. Hence, the magnetic method has a limited, but hard to conclusively define, depth of resolution. Regarding the depths of the features known from the ERT data and the overall high magnetization of all the features (i.e., andesite rocks) and the surrounding soil, we argue that even well-preserved structures present at greater depth might not be clear, or even might be totally beyond the range of detection, even for the sensitive Overhauser and alkali vapor magnetometers. Since the non-destructive methods require verification to prove their results, we suggest that further research on this structure be carried out. Ground-penetrating radar is another non-invasive method that could be applied to this structure, and if invasive techniques (namely, archaeological excavations) were to be conducted in this area, we argue that the northern corner of the surveyed area, where another structure appears under the shallow building, should be targeted with more detailed archaeological work. However, because the soil resistivity is below 50 ohm.m (Figure 5), the radar waves could decay before reaching the desired target depth of 1.5 m, but it is worth considering it for future investigations within this area. The geophysical data provide information not only about the shape but also about the condition of the structures. The southern part of the building suffered from more extensive degradations, as seen on both magnetic and electrical resistivity maps. On the other hand, the ERT data provide stronger evidence for the existence of another series of rooms (Figure 6, rooms 15 to 21). The walls of at least seven rooms can be seen at 0.4 m BGL (Figure 6, rooms 15 to 21). Given the building’s symmetry, we can assume that the rooms on the southern side would have followed the same alignment as those on the northern side. Rooms 19, 20, and 21 (Figure 6) might have had a different layout, as differences in their sizes can be observed. Room 19 (Figure 6) might have been a hallway. Other small dependencies can be observed on the southeastern corner of the building toward the interior (Figure 6, red arrows). The central part of the building displays further linear anomalies on both the magnetic and geoelectric maps. Magnetic readings taken from the northeast corner of the building reveal the presence of additional walls within the area bounded by the main foundation. The existence of a rectangular structure within is clarified further by the ERT results (Figure 6, blue arrows). These rectangular foundations are noticeably thinner than those of the main building. A courtyard with various dependencies or an open courtyard could have existed here. It’s possible that the columns sustaining part of the roof were built on top of these thinner foundations. To support this idea, we point out the distribution of magnetic anomalies in the building’s northeast corner, where the linear anomaly appears broken up by a series of smaller circular anomalies spaced at regular intervals. We realize that only further archaeological excavations can best confirm or deny this theory. We can only indicate the existence of that internal structure at this time. Unfortunately, the space inside this rectangular enclosure cannot be explained by geophysics at this moment. The area enclosed by the rectangular foundations is roughly 344 square meters. The construction of the building seems to be significantly less complex on the western side. The only features that can be seen in the magnetic data are the foundations of a single wall line, and there is no indication of the presence of any rooms. Unfortunately, the ERT survey area was positioned according to the magnetic map, and as a result, it does not fully cover the desired extent, leaving the results inconclusive. On the other hand, some of the magnetic anomalies may suggest that the building’s entrance was located on its western side. The traces of one of professor Gudea’s archaeological excavations are represented by the linear negative magnetic anomaly, which runs east–west perpendicular to the building’s western wall (Figure 4, cyan arrow).
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Figure 7. Comparison of old archaeological excavations with the geophysical results. (A) Archaeological sections (S80, 81, 82, 83 and 86) crossing the building—the image is a georeferenced drawing after the main map published by professor N. Gudea in 1997, [3] Figure 10; (B) A magnetic map overlayed by the archaeological sections (with red); and ERT results overlayed on the archaeological sections (with blue). The red arrow on (B,C) indicates the Principia. 
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Figure 8. ERT results—a 2.5D visualization. This visualization was used to illustrate the delineation of naturally occurring geological formations up to 5 m BGLBLG (bottom) and a possible older archaeological visible at 1.6 BGLBLG (top). 
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4.2. The Impact of the Geological Setting on the Results of Archaeological Prospection


The nature of the geophysical anomalies at the Porolissum site is particularly interesting. Typically, in archaeological prospection, the most visible anomalies to be captured with a magnetic survey are those caused by in situ heating. That induces processes leading to a thermoremanent magnetization of features [34,35]. However, in the fort’s latus dextrum, thermoremanent anomalies are not commonly present. The anomalies we interpret as building walls and foundations remain, but they are of a different origin. These are induced magnetic anomalies [34], i.e., derived from the features of considerably high magnetic susceptibility. This can be concluded based on the negative part of the anomalies, visible only in the northern part of each anomaly. The local increase in magnetic susceptibility is the effect of using igneous rocks (andesite) as a construction material for most of the Porolissum edifices. The site is set in a complex geological context [36]. Figure 9 shows that the site is located in the proximity of an andesite dome called Magura Hill (pointed by the western black arrow in Figure 9). Besides the andesite, dacitic volcanic tuff was also used for different purposes. A volcanic tuff quarry is already known to exist within the area [37].
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Figure 9. Geological Map of Romania, scale 1:200,000, extract from L-34-XII sheet, Geological Institute of Romania. Map source: https://geoportal.igr.ro/viewservices (accessed on 20 December 2022). Black arrows point to the mapped andesite bodies. 
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The considerable magnitude of magnetic anomalies from the structures remains due to the use of igneous rocks as a construction material in Porolissum. This occurrence is particularly prominent in the central part of the fort, where one can delineate some buildings, including some distinctive features, e.g., what might be the atrium’s column bases (Figure 10). However, in the other parts of the forts, anomalies seem to be vaguer. Structures are less clear, sometimes even hardly distinctive, and have a clearly smaller amplitude. There are a few possible explanations for this occurrence. Firstly, the archaeological structures might have been constructed using materials of lower magnetic susceptibility, even a different kind of rock, that could produce the inverted contrast, i.e., a negative magnetic anomaly. One of these negative anomalies could be observed in Lenkey’s data, south of the 2020 study area, and several faint negative anomalies can be spotted in the fort’s retentura (Figure 10). Some prominent magnetic anomalies that could be spotted in this dataset represent the underlying geology. Another interesting phenomenon can be observed in both Lenkey’s and 2020’s datasets. This is a fine example of the mutual dependencies between the site’s geology and archaeological features. In the recent magnetometer survey data, a local enhancement of the strength of anomalies related to that part of the structure can be noticed. This is better visualized in the non-compensated total magnetic field data plot (Figure 5). We claim that this local enhancement is related to the geological background. This geological formation can be noticed in Lenkey’s gradiometer data as well (Figure 10, between the red lines). It is less pronounced in this dataset, as the pseudo-gradient configuration of the measurement is meant to remove the unwanted regional magnetic field variations, attributed to the local geology, and emphasize local, small-scale changes, attributed to archaeological features. We argue that the interpretation of this subtle information delivered in both magnetic datasets is that the local geological formation, made of highly magnetically susceptible material, might bear some residual magnetization as well. The local geological formation’s strong magnetic field increases the value of the ambient Earth’s magnetic field. That leads to an increase in the value of the magnetic field induced in the archaeological feature and explains why a part of the walls produces a stronger magnetic anomaly than the rest.
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Figure 10. The magnetic survey at Porolissum conducted by László Lenkey and Mihály Pethe. Results were published in various formats in [14,23,24]. (A) Magnetic map—basic filtration; (B) Filtered magnetic map—geological background removed. The area represented by the red polygon on (A) represents a stripe of local geological formation. 
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A vestige of the tertiary field can be seen in Figure 5, especially in the non-compensated total field magnetic maps. The removal of background geology also decreased the magnetic trace of the local geological formations. The existence of the prominent local geological formations is also visible in the electrical data (Figure 5). The comparison shown in Figure 5 delineates the local geological formation on both magnetic and electrical maps. A single profile trace plot on both magnetic and electrical maps shows that the absolute magnetic field values match relatively low resistivity values to a significant extent. The low resistivity values develop with depth and describe the shape of the local geological formation between 1 and 2.5 m deep (Figure 5 and Figure 8). The geological formation appears on the magnetic map as a positive magnetic anomaly. At the same time, the material tends to be of rather low resistivity (~10–100 Ω.m); hence, the resulting electrical anomaly is described by low resistivity on the ERT composite map. The existence of clays with higher magnetic susceptibility is most likely described by high magnetic anomaly coupled with low resistivity. The existence of red clay with higher magnetic susceptibility was archaeologically documented in the past within the site necropolis.




4.3. An Attempt at Building Reconstruction Based on the Geophysical Results and Older Archaeological Excavations


The complementarity of both datasets provided information of great archaeological value. The results shed new light on the interpretation of the building’s layout, mostly by proving the existence of an exterior wall on the northern side. The northeastern closure wall is present in the ERT data (Figure 6 and Figure 7C) and in the archaeological excavations (Figure 7A). Still, it is barely visible on the magnetic maps (Figure 4 and Figure 7B), as is the western part of the building. There is one explanation for this, based on the joint interpretation of magnetic and electric data: most of the building was built of andesite, except for its northeastern wall and the western side of the building, which were constructed of different building materials, probably limestone. This may be because this wall faced via Principalis, and the western side of the building was facing Principia. Because it is white, in contrast to the ubiquitous darker andesites, limestone would be more decorative. To support this hypothesis, it is worth noting that the use of limestone in Porolissum has already been reported [38]. The only peculiarity might be the lack of a negative linear anomaly visible in the magnetic data. The older general studies about Porolissum depict the building, based only on the former magnetic survey, as having one more extension to the east [14,23,24]. Considering the present results, mainly the ERT, we have no reason to believe that the building had another extended module to the east. The existence of a parallel wall on the eastern side about 10 m away (Figure 10) could indicate the presence of another building or an exterior courtyard. Of course, the extension of the geoelectrical survey within that area could explain this situation better. The extension of ERT or any other active geophysical measurements to the west up to the Principia’s eastern wall would clarify the layout of the building even more precisely and would reveal if other rooms or the entrance are located on that side. The discussed building used to be interpreted in many ways, with distinct functions being attributed to it. Initially, due to its plan and analogies with other similar buildings uncovered in the province of Dacia, it was considered a praetorium (commander’s building). Still, other functions have also been proposed, such as the valetudinarium or armamentarium. The access from the long side of the building would have led to an inner courtyard with a portico [3,4]. However, the limited archaeological material discovered so far makes this interpretation relatively difficult to sustain [39]. Recent studies have advanced with great probability the hypothesis that the praetorium was situated in the latus sinistrum [15], making the use of this building uncertain. While a second praetorium is still possible (due to the large number of troops stationed at Porolissum [40], it is also possible that it served as a warehouse or storage space based on its planimetry and the archaeological material discovered [41]. To better understand the geophysical data, we produced an illustrative model reconstruction of how the building might have looked. The decisions on the reconstruction on which the virtual model is based were guided by information from geophysical surveys (Figure 7B,C), older archaeological excavations (Figure 7A), historical material, and technical and typological aspects considering comparisons with similar structures and buildings. The traces of the underground structure, discovered by magnetic and electric surveys, were merged to reproduce the configuration of the building (Figure 7). Having no definite physical evidence to show us a concrete volume, the reconstruction of the building can be an ideal three-dimensional architectural visualization or model, based on comparisons with similar structures discovered over time. The reconstruction was made considering the scenario that the building was used as a storage building or as a Roman hospital (valetudinarium), which, based on the building planimetry, is not that improbable.



The first step in the reconstruction process was obtaining a two-dimensional planimetric image based on the corroboration of all existing data. The older archaeological excavations were corroborated with the geophysical results after a preliminary georeferencing of the main map published by Professor Gudea in 1997 [3]. With no detailed archaeological evidence, we suppose the general appearance of the building is based on some similar structures at Porolissum and the building contour resulting from the geophysical survey. Considering the standard structure of a Roman military hospital with multiple individual rooms connected in between by a corridor and some other bigger rooms on the eastern side, combined with evidence regarding the existence of a courtyard and the considerable thickness of the walls on the eastern side of the building, which might have housed a two-level structure, we produced two visualizations which can be seen in Figure 11. Figure 11A shows the hypothetical shape of the building with a tile roof, while Figure 11B shows a cutaway view showing individual interior rooms. For the reader to better understand the landscape and the location of the building within the fort, we have overlaid the 3D-generated model on a panoramic drone photo. The result can be seen in Figure 12.
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Figure 11. Reconstruction based on geophysical results. (A) A broad view of the generated 3D model; (B) The same building but with the roof removed to highlight the location of each room, reconstructed from the combined results of the geophysical survey. 
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Figure 12. Reconstruction based on geophysical results. An oblique drone image (courtesy of Ștefan Bilaşco, UBB) was overlaid and blended with the generated 3D model. 
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5. Conclusions


The geophysical results presented in this paper shed new light on the archaeological structure of Porolissum fort’s latus dextrum. The combination of passive and active geophysical methods was effective in highlighting various elements of the building in the in Porolissum, as the combined used of geophysical methods was proven efficient in other archaeological sites from central and western Romania [21,22,33,42,43,44,45,46,47,48,49]. If the magnetic survey only reveals a portion of the building, the ERT survey provides a more detailed picture of the structure’s layout. Furthermore, the ERT survey clearly defines the building’s exterior northern wall, which is not visible on the magnetic map. This implies the use of at least two construction materials within this section of the fort: (1) magmatic rocks traced nicely by the magnetic survey, and (2) sedimentary rock (most likely limestone) with weak magnetic properties detected only by the ERT survey. The sedimentary rock (limestone) was most likely used for decorative purposes on the exterior wall facing the Via Principals. The building’s internal layout was also revealed. A 3D reconstruction of the building was created using corroborating archaeological and geophysical data. The reconstruction was virtually integrated into the site’s landscape for a better understanding of the building’s characteristics. Our geophysical survey revealed information about the local geology in addition to archaeology, which is extremely important for planning future geophysical work.
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