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Abstract

:

Sacred water canals or lakes, which provided water for all kinds of purification rites and other activities, were very specific and important features of temples in ancient Egypt. In addition to the longer-known textual record, preliminary geoarchaeological surveys have recently provided evidence of a sacred canal at the Temple of Bastet at Bubastis. In order to further explore the location, shape, and course of this canal and to find evidence of the existence of a second waterway, also described by Herodotus, 34 drillings and five 2D geoelectrical measurements were carried out in 2019 and 2020 near the temple. The drillings and 2D ERT surveying revealed loamy to clayey deposits with a thickness of up to five meters, most likely deposited in a very low energy fluvial system (i.e., a canal), allowing the reconstruction of two separate sacred canals both north and south of the Temple of Bastet. In addition to the course of the canals, the width of about 30 m fits Herodotus’ description of the sacred waterways. The presence of numerous artefacts proved the anthropogenic use of the ancient canals, which were presumably connected to the Nile via a tributary or canal located west or northwest of Bubastis.
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1. Introduction


Ancient Egyptian temples were essential elements of cities and settlements and were of great economic, administrative, religious, and cultic importance. The development of a city in ancient Egypt was therefore always linked to the presence of the temples of one or more local deities [1]. The temple areas (i.e., the temenos), thought to be the residences of deities, were most sacred and were characterized by the use of specific architecture and a multitude of other elements that emphasized their importance and enabled daily cultic and other activities [2,3].



Sacred water canals or lakes, the so-called Isheru of the ancient Egyptian texts, were distinctive constituting features of such temples. These sacred water bodies provided water for all kinds of purification rites and activities. Most central, however, was their role in the performance of the core element of many religious temple festivals, the rowing of the sacred barque of the deity. The Isheru were especially associated with temples of goddesses who appeared as lionesses, for instance as Sekhmet, Mut, Wadjet, and Bastet. Because the lion goddesses were of an ambivalent nature, oftentimes considered mighty and fierce, the presence of a cooling water body close to their temples was supposed to calm their fiery temperaments as well as to protect the cities’ inhabitants from their potential rage [3,4,5,6]. In the Nile Valley such Isheru were found, for example, in Thebes, Luxor, and Memphis [5,7,8].



In Egyptology, knowledge of the existence of sacred lakes or canals connected to temple buildings in the Nile Delta mainly depends on religious texts. Textual sources indicate the existence of such sacred watery landscapes at Buto [4] and Sais [4,9,10] in the western delta, Busiris in the central delta [4], and Tanis [11,12] and Bubastis [2] in the eastern delta (Figure 1a).



Recently, new evidence has become available. Preliminary sedimentological analyses of core drillings and geophysical surveys provide valuable geoarchaeological evidence, allowing deeper investigations of the location, shape, and course of sacred water bodies at the temple sites of Buto, Sais, and Bubastis [3]. However, a truly comprehensive, multi-methodological approach to reconstructing the sacred landscape of a deltaic temple could only be applied to the archaeological site of Bubastis [2,13], where the existence of a canal in the northeast of the Temple of Bastet has been documented for the first time outside ancient writings [2].



This study continues the preliminary investigations and presents the results of combined 2D electrical resistivity tomography (ERT) and geomorphological surveying (i.e., drilling and sediment analyses) conducted in 2019 and 2020. The aim of the current investigations is to further explore the location, shape, and course of the already detected northern canal and to provide evidence on the existence of a second canal described by Herodotus in the 5th century BCE. In the past, 2D Electrical Resistivity Tomography (ERT) was commonly applied to delineate sedimentological differences of the subsurface without soil disturbance (e.g., [14,15,16,17,18]). In particular, the combination of geoelectrical resistivity mapping (i.e., vertical electrical soundings, ERT) and drilling has been applied successfully in the Nile Delta and Nile Valley in related studies aiming to identify and localize buried channels (e.g., [19,20,21,22,23]).




2. Study Area


2.1. Holocene Nile Delta Evolution and Settlement Activities


The Nile Delta is an alluvial plain formed from the Eocene up to the Middle Holocene by a long series of deltaic formations and controlled by natural factors such as tectonics and climate and sea level fluctuations [24,25,26]. The geological evolution of the Nile Delta is quite complex and shows regional differences, especially between the western and eastern delta [27]. From the Pleistocene onwards, it was characterized by alluvial accumulations of the Mit Ghamr Formation (Pre-Nile sediments) as well as the Bilqas Formation (Neo-Nile sediments). The Mit Ghamr Formation consists of numerous smaller units with various genetic origins of Pleistocene age deposited during a previous, interlocked Nile regime. Up to about 8000 cal BP, this material was eroded or translocated by the ancient Nile branches. Fluvial sands at local hills, often redeposited by aeolian processes, formed the Geziracover Formation, widely known as “turtlebacks” or geziras [28]. As a result of the Middle Holocene African humid period, hydrological variations and enhanced sediment supply led to high accumulation rates in the Nile Delta. Consequently, the bluish-black, organic-rich, silty-clayey to clayey-silty deposits of the Bilqas-2 Formation and brownish-greyish sediments with lower organic contents of the Bilqas-1 Formation overlayed the geziras [28,29,30,31].



Ancient settlement activity in the Nile Delta was strongly influenced by the Holocene delta evolution. Today, there are only two estuaries in the Nile Delta (the Rosetta and Damietta branches), although for antiquity up to seven large river branches are described in text sources, which have since silted up or been canalized. Due to their great importance for regional and supra-regional traffic and trade, as well as for the availability of water, major ancient Egyptian settlements were only found in the immediate vicinity of large Nile branches. In addition, if not established on the sandy elevations of the geziras or other geomorphological features, settlements were often built on the riverbanks, as protection against the Nile floods [32,33].



Overall, geziras and the various river branches were the dominant landscape features of the delta plain. Additionally, temples and cemeteries in the delta were usually built on top of natural elevations [34], such as geziras [26,35]. Therefore, sacred landscapes in the delta were usually characterized by an elevated temple connected to a body of water, whether in the form of a river, canal, lake, or pond [3].




2.2. The Ancient City of Bubastis (Tell Basta)


The ancient town of Bubastis ranked amongst the most important cities of the Nile Delta from the beginning of its occupation at around the transitional time from the 4th to the 3rd millennium BCE until the end of the Ptolemaic Period in 30 BCE. The excavation site of Bubastis (Tell Basta) is located in the southeastern Nile Delta at the southeastern city border of Zagazig (30° 57′ N, 31° 51′ E; 8 m a.s.l.), the capital of the Egyptian province of Sharqiya (Figure 1). Ancient Bubastis had access to the Pelusiac and perhaps also the Tanitic branch of the Nile, although the exact course and chronology of these Nile arms have not yet been determined (cf. [36,37,38]; Figure 1b). The additional vicinity of the Wadi Tumilat, the traditional overland route to Sinai and Palestine, gave Bubastis a very advantageous geographical position. In early times, the city held an important position within a trans-regional trade network that included the Levant and the southern Nile Valley. These attractive geographical conditions not only led to the initial development of the city, which probably began in the Predynastic period (c. 3200 BCE) but seem to have been an important factor in the city’s continued importance until its gradual decline during the Roman period (ca. 200 CE). Another reason for the important role of Bubastis was its function as the main cult center of Bastet, the local feline deity, whose temple gained significance especially towards the end of the Old Kingdom (from the beginning of the 6th dynasty, at around 2300 BCE; [39]). At the same time, Bubastis was the residence of high provincial officials [40], a development that might have started more than two centuries earlier, as the discovery of a provincial residence from the middle of the 4th dynasty reveals [41]. A governor’s palace and an associated cemetery of the 12th dynasty (around 1830 BCE) indicate that Bubastis also had the status of a ruling regional center in the subsequent period of the Middle Kingdom [42,43,44]. The city reached its peak of importance as a residence city of the 22th dynasty of Libyan kings (c. 900–800 BCE), which was accompanied by the renovation and probable enlargement of the local main deity Bastet and her temple [45,46,47,48].



The temple of the local deity Bastet is located on the central elevation of the underlying gezira ([13]; Figure 1c). Only a fraction of the original stone material remains visible on the surface. Its poor condition and the loss of a large part of the architecture complicates the reconstruction of the ground plan. However, the general arrangement of the columned courtyards and halls at the time of the Libyan 22nd Dynasty (under Kings Osorkon I and Osorkon II c. 924–850 BCE) can be identified [48,49,50].



The sacred waters of the Temple of Bastet appear prominently in the written record. An important source is the so-called Delta papyrus (Papyrus Brooklyn 47.218.84) from the second half of the 7th century BCE, which contains mythological tales of cities of the Nile Delta. The chapter about Bubastis describes the statue of Bastet in the temple as follows: “[…] An Henet-water of the water surrounds her completely. […]”, with the ancient Egyptian term Henet referring to natural water bodies [3,44,51]. The same papyrus contains a description about the ritual of the rowing of her sacred barque: “And they row her (…) on the Isheru […]” [3,44,51]. Additionally, an inscription on the eastern wall of the Ptolemaic enclosure of the Temple of Horus at Edfu can be interpreted as a description of the canals: “Bastet, the Great One, lady of Bubastis […] under (whose temple) the Nile flows” [3,44].



Besides these mythological and therefore rather vague pictures, Herodotus’ description from the 5th century BCE of the Temple of Bastet offers a more detailed characterization of the temple’s surroundings: “[...] Except the entrance, the rest is an island. The canals, which come from the Nile, are not joining one another, but each one extends to the entrance of the temple; the one surrounds the one side, the other the other side and each one is 100 feet wide and shadowed by trees [...]” [3,52].



To investigate the sacred landscape of the Temple of Bastet, a remote sensing-based study was recently conducted [53], which was supplemented by initial sedimentological and geophysical investigations [2,13]. Drilling and sediment analyses revealed clayey/silty deposits of several meters in thickness in the north of the Temple of Bastet, which itself is grounded on Pleistocene gezira sands [13]. The recovered sediments were situated below the floor level (3.35 m a.s.l.) of the Temple of Bastet of the 1st mill. BCE and contained numerous anthropogenic artefacts. Direct current resistivity (DCR) sounding and 2D ERT surveying were conducted and confirmed the drilling results, with low resistivity values indicating trench-like layers. The recovered deposits were interpreted as infills of a very low energy fluvial system, providing geoarchaeological evidence of a sacred canal north of the Temple of Bastet. Presumably, this waterway was connected to a branch of the Nile and has been silted up over time. Dating the canal and its active period was not possible [2], however, the textual sources indicate that the water system existed at least in the period from the 7th to the 5th century BCE [3].





3. Materials and Methods


Further geophysical and geomorphological investigations on the sacred canals continued in 2019 and 2020 with special emphasis on the verification of the second canal described by Herodotus (cf. above). For this purpose, on-site drilling and ERT surveying was extended in the vicinity north and south of the Temple of Bastet (Figure 1 and Figure 2).



3.1. Drillings and Sediment Analyses


The hand drillings of 2016 and 2018 [2,13] were supplemented by 34 percussion drillings in 2019 and 2020 using a vibracorer (Wacker BH 65, Wacker Neuson, Munich, Germany) with open steel auger heads of 8, 6, and 5 cm diameter and 1 m length. Drillings were carried out until the Pleistocene gezira sands were hit, reaching a maximum depth of 10.5 m. The drillings were arranged in transects in order to optimally match the possible courses of the canals (Figure 2), with four transects (A–D) in the south and two transects (E–F) in the north of the Temple of Bastet. The altitude given in m a.s.l. is based on a local reference system, established by the archaeological mission of Bubastis [2], and was measured by using an optical levelling instrument (Leica TS06, Leica Camera, Wetzlar, Germany). The ancient floor level of the Temple of Bastet is located at 3.35 m a.s.l. The drilling locations were documented using a standard GPS device (Garmin GPSMAP 60CSx, Lenexa, KS, USA). Retrieved sediments were lithologically described and analyzed on site, following KA5 [54] and FAO [55]. The grain sizes, texture, sediment color, the presence of redoximorphic features, and special findings (ceramic fragments, charcoal, plant remains, bones, limestone, etc.) were documented. Since sample transport is restricted, no further laboratory analyses have been performed to date. However, archaeological artefacts (i.e., well-preserved ceramic fragments embedded in the sediment cores) serve as indicators for the chronostratigraphy.




3.2. Electrical Resistivity Tomography (ERT)


The information of the coring was compared to, and extended with, 2D ERT measurements in 2019 to derive a reconstruction of the former canal system. ERT surveying was conducted for five profiles (ERT 1–5) in locations based on the results of the drillings (Figure 2). The profiles ERT 1–2 are placed south of the Temple of Bastet and the profiles ERT 4–5 are located to its north. The profile ERT 3 is positioned in the center of the temple. The 2D ERT data was acquired using a IRIS Syscal R2 instrument. The Wenner-Beta (WB) configuration was used to estimate the apparent resistivity of the underlying sediments. The WB configuration is characterized by a high signal-to-noise ratio [56] and is commonly applied in geoarchaeological research [57]. It usually provides sufficient vertical resolution to accurately determine the structure of the subsurface and thus the location of expected canals or buried gezira sands. The ERT measurements were performed with two- or four-meter electrode spacing reaching lengths between 38 and 136 m (Table 1). The different electrode spacings were selected according to the results deduced from the drillings and caused different penetration depths and resolutions. The differences in terrain surface elevation were noted manually, even though their influence on the measurements is expected to be of minor relevance as the terrain is rather flat.



The 2D ERT profiles were processed and inverted using the software RES2DINV x64 ver. 4.08 [56]. This program is based on the smoothness-constrained least-squares inversion algorithm and was developed to produce a quick inversion process for 2D ERT measurements [58]. Five iterations were used to generate the 2D profiles. The Root Mean Square Error (RMS) was between 1.9% and 5.2%.





4. Results


4.1. Distribution of Sedimentary Units


In-field sedimentological analyses based on the investigation of all 34 drillings allowed three major lithological units to be distinguished due to their potential depositional milieu (units I–III; exemplarily illustrated for core E7 in Figure 3); another lithological unit (unit IV) was observed very sporadically. The simplified core stratigraphies are displayed together with the locations of the core sites in Figure 4 and Figure 5 (see Table S1 for detailed core descriptions). The different lithological units are described and interpreted as follows:



Unit I: All profiles are covered by an anthropogenic debris layer up to ~6 m thick, characterized by varying contents of modern and ancient debris such as ceramic, charcoal, brick, and limestone fragments. The texture is usually dominated by silt or sand; however, variable grain size distributions occur. The sediment colors range from light brownish to greyish, depending on the kind and number of artefacts.



Unit II: In many cores the anthropogenic surface layer is followed by loamy to clayey deposits which are characterized by dark brownish to greyish colors and higher soil moistures. These fine-grained deposits generally contain varying concentrations of anthropogenic debris, with a noticeable concentration at the bottom of the layer in some cores. Unfortunately, only a few pottery fragments were large enough to be dated. Their small grain sizes and dark coloring suggest a high organic content and indicate a fluvial or limnic depositional milieu, with a relatively low flow velocity. While these sediments are missing in some cores, their thickness varies considerably within the remaining cores, ranging from a few centimeters to about five meters.



Unit III: At the bottom of all cores, medium to coarse sandy deposits with varying gravel content occur, which are probably of fluvial origin, usually contain no anthropogenic debris and are yellowish to greyish-blue in color depending on the groundwater level.



Unit IV: Thin layers of yellowish, well-sorted fine to medium sands are found sporadically (i.e., A3, A4, B3). These deposits do not contain anthropogenic debris and are most likely of aeolian origin.



4.1.1. South of the Temple of Bastet (Drilling Transects A–D)


In the southwest of the temple, most cores contain loamy to clayey sediments of fluvial/limnic origin (unit II) below the anthropogenic layer (unit I), especially in the eastern part (Figure 4a–d). The basal layer of all cores consists of sand deposits of fluvial origin (unit III).



In transect A, the fine-grained sediments of unit II were detected in cores A1–A4 between 2.5 m and −3.5 m a.s.l. in various thicknesses (Figure 4a). While the thickness of these sediments in core A1 is relatively low at 0.6 m, cores A2–A4 show significantly thicker layers, ranging from 1.9 m to 5.2 m. Such fine-grained deposits are absent from core A5 and the anthropogenic debris layer (unit I) lies on top of the fluvial sands (unit III). The distribution of the fluvial/limnic sediments (unit II) within the transect shows a basin-like shape with a maximum thickness and depth of this layer in core A3.



Further northwest, transect B shows a comparable picture. Thick layers of clayey sediments of fluvial/limnic origin (unit II) are detectable between 3 m and −3 m a.s.l. with maximum thicknesses of 3.3 m to 3.8 m in the middle transect area of cores B4 and B3 (Figure 4b). Towards the southern and northern margins of the transect, the size of these clay-rich layers decreases to a few decimeters in cores B2 and B5. At the transect edges, in cores B1 and B6, such deposits are completely absent, and the anthropogenic debris layer (unit I) overlies fluvial sands (unit III).



Transect C shows loamy to clayey deposits of fluvial/limnic origin (unit II) towards the southwest (cores C1–C3), while the fluvial sands (unit III) in the northeastern transect area are only overlain by anthropogenic debris layers (cores C4–C5; Figure 4c). The fine-grained sediments of unit II occur at depths between 2 and −2 m a.s.l. and are much thinner than in transects A and B, ranging from 0.6 m to 2.5 m in cores C1–C3. In core C2, an anthropogenic debris layer (unit I) separates two layers of fluvial/limnic deposits (unit II). Ceramic fragments at the bottom of unit II in cores C2 and C3 can be assigned to the Old and Middle Kingdom (i.e., from c. 2700–1700 BCE).



In transect D, only core D1 in the southwestern transect part contains fine-grained deposits of unit II with 1.1 m thickness (i.e., situated between 2.8 and 1.8 m a.s.l.). In the cores D2–D5 towards the northeast, the anthropogenic layer (unit I) overlies the fluvial sands (unit III; Figure 4d).



Aeolian reworked sands of unit IV, each a few decimeters thick, were detected in cores A3, A4 and B6 at different depths (Figure 4a,b). In other cores, they were observed sporadically in very thin layers a few centimeters thick (cf. Table S1).




4.1.2. North of the Temple of Bastet (Drilling Transects E–F)


The drillings north of the Temple of Bastet show parallels to the drillings in the south (Figure 5). Again, most of the cores contain fluvial/limnic sediments (unit II) beneath the anthropogenic surface layer (unit I), especially to the east (transect E; Figure 5a,b). The bottom layers of the profiles consist of fluvial sands (unit III). Aeolian reworked sands of unit IV, on the other hand, were only observed in very thin layers of a few centimeters (cf. Table S1).



In transect E, loamy to clayey sediments of fluvial/limnic origin (unit II) were detected below the anthropogenic layer (unit I) in various thicknesses, varying from 1.1 m in core E2 to 4.6 m in core E8 (Figure 5a, Figure 3). The sediments occur at depths between ~5.5 m and −2.5 m a.s.l., which means that in some cores they are even found up to 2 m above the floor level of the Temple of Bastet (i.e., in cores E1, E4, E5). Overall, the distribution of these fine-grained sediments (unit II) within the transect shows a basin-like shape in the southeast with the most clayey sediments in cores E5–E8 and maximum thicknesses and depths in cores E7 and E8. Ceramic fragments at the bottom of unit II in core E7 can be assigned to a period before the 25th dynasty (i.e., before c. 728 BCE). In core E5 an anthropogenic debris layer (unit I) separates two layers of fluvial/limnic deposits (unit II). In contrast, the anthropogenic debris layer in core E9 lies on top of the fluvial sands (unit III). Core E3, characterized only by an anthropogenic layer, was drilled to a maximum depth of four meters due to the presence of a solid layer that could not be breached.



In transect F, loamy to clayey deposits of fluvial/limnic origin (unit II) could only be found in core F2, which reached a thickness of 3.9 m and ranged from 0.5 m to −3.5 m a.s.l. The cores F1, F3, and F4 only show anthropogenic debris layers (unit I) on top of fluvial sands (unit III).





4.2. Electrical Resistivity Ranges and Distributions


The results of the ERT measurements are displayed together with the locations of the core sites and the simplified core stratigraphies in Figure 6. Overall, the geophysical and stratigraphical data show that the different lithological units of the study area can be roughly assigned to different resistivity ranges. While the clayey/loamy sediments of fluvial/limnic origin (unit II) can be associated with low resistivity values <50 Ωm, fluvial sands (unit III) generally show electric resistivity values > 100 Ωm. Resistivity values from ~10 to 400 Ωm can be associated with the anthropogenic debris layer (unit I).



4.2.1. South of the Temple of Bastet (Profiles ERT 1–2)


The profile ERT 1 extends from north to south and is located at the southern border of the Temple of Bastet (Figure 6a). Vertical resistivity changes divide the profile into three sections. The northern part displays resistivity values of approx. 25–100 Ωm, the southern part shows relatively high resistivity values up to 350 Ωm, interrupted by a zone of low resistivity values about 10 Ωm. The central section shows low resistivity values of about 10–30 Ωm at all depths. Combined with the stratigraphic information of cores A1 to A5, the higher resistivity values can be associated with the anthropogenic debris layer (unit I) and the gezira sands (unit III), while the lower ones are associated with loamy to clayey deposits of fluvial/limnic origin (unit II).



The profile ERT 2 extends from northwest to southeast and is located at the southern border of the Temple of Bastet (Figure 6b). Higher resistivity values (100–600 Ωm) of the basal layer indicate the occurrence of fluvial sands (unit III), while the medium-resistive subsurface layer (50–400 Ωm) is of varying size and most likely corresponds to the anthropogenic debris layer (unit I). The intermediate low-resistive layer (5–50 Ωm), which continues to spread into the western and eastern profile parts, can be associated with the loamy to clayey sediments of unit II as verified by core A3.




4.2.2. Center of the Temple of Bastet (Profile ERT 3)


The profile ERT 3 extends from south to north and is situated in the central part of the Temple of Bastet. Higher resistivity values from ~100–1100 Ωm indicate the occurrence of fluvial sands (unit III), as documented by former drillings in the temple area [2,13], and the presence of stone blocks representing remains of the temple (Figure 6c).




4.2.3. North of the Temple of Bastet (Profiles ERT 4–5)


The resistivity distributions north of the temple (ERT 4–5) are similar to those in the south (Figure 6d,e). The profile ERT 4 is located southwest of the museum and runs from north to south (Figure 6d). The depth profile can be divided into two parts. In the northern area, the uppermost subsurface layer reaches relatively high resistivity values of 70–400 Ωm, followed by lower resistivity values of around 10–100 Ωm. In the southern area, a 2–3 m thick subsurface layer shows resistivity values of up to 90 Ωm, followed by lower resistivity values of approx. 5–20 Ωm. The latter can be associated with clayey sediments of unit II as verified by cores E4, E5 and E6. The upper layer consists of anthropogenic debris (unit I).



The profile ERT 5 extends from northwest to southeast and is positioned southwest of the museum (Figure 6e). The depth profile can be divided into two parts. In the northern area, resistivity values of 50–400 Ωm occur, interspersed with isolated low resistivity areas <25 Ωm. In the southern area, a 2–3 m thick subsurface layer shows resistivity values of up to 300 Ωm, followed by significantly lower resistivity values of approx. 5–20 Ωm. The latter can be associated with loamy to clayey sediments of unit II as verified by cores E4 and E8. The layers of higher resistivity can often be associated with anthropogenic debris (unit I; cf. core E3 and E8).






5. Discussion


5.1. Sedimentary Units and ERT Surveying


The drilling campaigns in 2019 and 2020 revealed the occurrence of four different sedimentary units in the immediate vicinity of the temple, all of which differ in terms of their grain size compositions, color, moisture, and incorporation of anthropogenic artefacts. While the units I–III and their depositional milieus have been described and discussed in previous studies [2,13], unit IV is described here for the first time for Bubastis.



The light brownish to greyish sediments of the surface layer (unit I), composed of varying amounts of clay, silt, and fine sand, were predominantly formed by human activities [2], as evidenced by a large amount of anthropogenic remains such as pottery, brick, and limestone fragments, charcoal, and other finds such as plant remains and bones.



The loamy to clayey material of unit II together with its usually dark coloring suggest a high organic content and indicate the accumulation within a fluvial system of very low energy [59]. Comparable sediments have also been described as typical sediments of delta environments for other parts of the Nile Delta, e.g., for paleo-channels, ox-bow lakes and cut-offs [59,60,61]. In Bubastis these sediments most likely represent infills of former waterways or water bodies (i.e., canals; [2]). The varying amount of incorporated anthropogenic debris and the noticeable concentration of artefacts at the bottom of the lithological unit II in several cores indicate that these waterways were built and subsequently affected by human activity. This activity included anthropogenic backfilling and possible cleaning in order to allow the continuing performance of religious rites like the rowing of the sacred barque of Bastet.



The fluvial sands with varying gravel contents of unit III are most likely of Pleistocene age and can be addressed as gezira sands belonging to the Geziracover Formation [2,13,27,31], which is supported by the virtual absence of cultural debris within these deposits.



The sediments of unit IV can be interpreted as aeolian reworked gezira sands [31,62].



While the fluvial and aeolian sands of units III and IV can be easily distinguished from the other units, units I and II are somewhat more difficult to separate. Although the anthropogenic debris layer consists predominantly of silty to sandy sediments, it also contains fine-grained layers where the anthropogenic origin of the sediments is only indicated in conjunction with other sedimentological characteristics (i.e., artefact content, color, moisture). It should be noted that a possible misclassification of the depositional environment in individual cases cannot be excluded without further sedimentological and geochemical investigations.



ERT surveying was conducted in addition to the geomorphological investigations in order to extrapolate the results of sediment analyses to a larger area, i.e., to find evidence of the former course of the waterways. The results of the ERT surveying are generally in line with standard literature (e.g., [63,64]) and the observations from the sediment analyses. Thus, the coarser-grained anthropogenic debris layers (unit I: low soil moisture; varying grain sizes with high contents of silt and sand) of the upper one to six meters and the fluvial gezira sands (unit III: medium to coarse sand) underneath the Temple of Bastet and at the bottom of the profiles are usually characterized by higher resistivity values (>50 Ωm), whereas the loamy to clayey deposits of fluvial/limnic origin (unit II: loamy to clayey deposits; higher soil moisture) are characterized by lower resistivity values (<50 Ωm). The observed resistivity distributions are thus strongly influenced by stratigraphic differences in grain size [2].



However, the resistivity zones cannot always be clearly assigned to one lithostratigraphic unit, probably due to grain size variations and/or the influence of moisture and salinity [65,66]. For instance, the ERT measurements were not sensitive enough to discriminate the anthropogenic debris layers (unit I) from the underlying fluvial/limnic fine-grained deposits (unit II) consistently in all profiles. While in some profiles differentiation by resistivity values is consistent with the drilling results (e.g., for cores E4, E5, and E6 in ERT 4 and for core E8 in ERT 5), in other locations and profiles the anthropogenic debris layers are characterized by low resistivity values that are indistinguishable from those of the underlying fluvial/limnic sediments of unit II (e.g., in cores A2 and A3 in ERT 1 and A3 in ERT 2). The stratigraphic results of the cores therefore provide more reliable data on the distribution of anthropogenic debris in the study area. In contrast, the clayey deposits of fluvial/limnic origin (unit II) are essentially characterized by very low resistivity values, which is why they are used for the aerial detection of canal deposits below the temple level and in alignment with the drilling results in the profiles ERT 1, 2, 4, and 5 (see Figure 6).



Moreover, the presence of groundwater favors lower resistivity, as water has a higher electrical conductivity [63,64]. In the temple vicinity, the groundwater table lies at approx. −1.2 m a.s.l. [2], so it is likely that only profiles ERT 3 and ERT 5 are affected by groundwater, as indicated by the low resistivity at the bottom of the depth sections.



With the exception of the profile ERT 3 and ERT 2, gezira sands (unit III) are poorly depicted in the subsurface due to the shallow depths of the ERT sections and the decreasing horizontal resolution of ERT profiles with depth. The aeolian deposits of unit IV are too thin and not visible in the ERT depth profiles.




5.2. Canal Reconstruction


The fine-grained layers detected in the surroundings of the Temple of Bastet can be associated with the existence of a low energy fluvial system. The spatial distribution and thickness of these fine-grained sediments as observed in this study and in previous work [2], in conjunction with descriptions from historical texts, suggest the existence of a canal system that was connected to the Nile over an extended period of time.



Herodotus described two individual canals that were not connected. In addition to the detection of the northern canal in 2018 [2], the geomorphological and geophysical investigations south of the Temple of Bastet provide first evidence of the second canal. Fine-grained sediments detected in the drillings show a basin-like structure that most likely depicts a cross-section of an ancient canal that ran parallel to the temple (Figure 4 and Figure 7). This is confirmed by the geoelectrical measurements, where profile ERT 1 shows a cross-section and profile ERT 2 a longitudinal section of the buried waterway (Figure 6a,b). Due to the occurrence and thickness of these loamy to clayey deposits, the center of the ancient canal can be assigned to cores A2 and A3 in transect A, cores B3 and B4 in transect B, and core C3 in transect C. Peripheral areas can be assigned to cores A1 and A2 in transect A, cores B2 and B5 in transect B, core C1 and C2 in transect C and core D1 in transect D. In total, the canal is 20 to 30 m wide, which confirms the description by Herodotus. The canal deposits occur at depths between ~3 m and −3.5 m a.s.l., placing them entirely below the floor level of the temple. At the deepest point in core A3, the canal bed is located about 6.8 m below temple level, which corresponds to the maximum canal depth in the area under investigation. The grain size distribution within these layers and transects ranges from loamy to clayey, indicating slightly different depositional conditions in the canal system, which could be due to different flow velocities and may have changed over time. Moreover, the alternation of anthropogenic and fluvial/limnic sediments in core C2 and the location of fine-grained sediments in cores B5 and C1 indicate anthropogenic sediment relocations. These could be the result of cleaning and maintenance activities as well as backfilling processes. Based on the drilling results and the geoelectrical survey, the course of the canal can be confirmed and traced over a length of about 150 m. This suggests that the canal ran relatively parallel to the temple, bending slightly in a southwesterly direction in the west (Figure 7).



In the area between the northern border of the Temple of Bastet and the site of the museum, fine-grained canal deposits were detected both in the drillings and in the geoelectrical measurements, supporting and extending the research results of previous investigations [2]. In the southeast, the center of a 30–35 m wide canal was detected in cores E5–E8 as indicated by thick layers of clayey deposits. Peripheral areas can be assigned to cores E1, E2, and E4 in transect E and F2 in transect F, characterized by coarser-grained loamy deposits. The ERT profiles ERT 1 and ERT 2 show cross sections of this buried waterway. The canal deposits occur at depths between ~5 m and −2.5 m a.s.l., indicating extensive sediment relocations, especially in the central to peripheral areas of the canal (cf. cores E4–E6), presumably due to cleaning and maintenance activities. At the deepest point in core E7, the canal bed lies about 5.8 m below the floor level of the temple. Based on the current results, the course of the canal cannot be completely reconstructed, but it can be assumed that similar to south of the temple, it ran relatively parallel to the temple, bending slightly in a northwesterly direction in the west.



Whether the occupants of Bubastis constructed these waterways or whether pre-existing natural channels were used and enhanced for this purpose cannot be conclusively determined. However, the immediate proximity to the temple and the verifiable parallel courses allude to the artificial construction of both canals. Ceramic fragments within the cores C2 and C3 in the southern canal date roughly in the period of the Old and Middle Kingdom (i.e., from c. 2700–1700 BCE), while pottery fragments at the canal base of core E7 in the northern canal date to a period before the 25th dynasty (i.e., before c. 728 BCE). This might indicate that the canals were already constructed in the early settlement and temple phases and were then in use for several centuries to millennia, although we cannot exclude the possibility that the material is intrusive, i.e., fell into the still existing canal at a later time, as the surface of the archaeological site is strewn with pottery. How long the canals were in use and at what time they were completely silted up, however, cannot be stated at present and must be clarified by further (geo)archaeological investigations.



Overall, it seems most likely that at least one feeder canal or natural channel existed which connected the temple canals with a main Nile branch. This also fits with Herodotus’ description, which mentions that both canals were connected to the Nile but did not meet. Given the presumed location of the Pelusiac and Tanitic Nile branches (Figure 1b), it can be assumed that the canals were connected to the Nile in a westerly or northwesterly direction, probably also passing the Temple of Pepi I of the 6th dynasty (c. 2250 BCE; Figure 1c). However, this is a preliminary hypothesis that requires further investigation for verification. In addition, it must be clarified whether the canals ended in an easterly direction at the temple entrance or whether they possibly ran further through the city to the east (Figure 7).





6. Conclusions


The aim of this study was to localize the course of the sacred canals around the Temple of Bastet in the ancient city of Bubastis. In order to detect and obtain further detailed information about the course of these canals, 34 drillings as well as five 2D ERT surveys were conducted in 2019 and 2020, mainly at the northern and southern borders of the temple.



In the first few meters, mostly coarse-grained deposits of anthropogenic origin were detected, whereas the bottom layers of the cores are made of Pleistocene gezira sands typical for the region. In many cores, the anthropogenic debris layer is followed by fine-grained deposits of a dark color typical of increased organic content. These loamy to clayey deposits can be associated with a low-velocity fluvial system, proving the presence of two ancient canals in the direct vicinity of the Temple of Bastet. Beside the basin-like distribution of the canal sediments within the drilling transects, the course of the canals can be additionally reconstructed by the 2D ERT depth profiles. Accordingly, two separate and approx. 30 m wide canals can be located north and south of the Temple of Bastet with an approx. length of 150 m. The immediate proximity to the temple and the verifiable parallel courses allude to an artificial construction of both canals. In addition, the distribution of canal deposits and the incorporation of numerous artefacts indicate increased human activity, such as canal cleaning to allow for the continued performance of religious rites such as the rowing of the barque of Bastet. Ceramic fragments yielded dates from the Old Kingdom to the Third Intermediate Period of Egypt (c. 2700–700 BCE), suggesting that the canals were constructed relatively early and were in use for several centuries to millennia. However, it remains to be clarified when exactly the canals were built and how long they were in use.



From an Egyptological and geoarchaeological point of view, the results of the study are most remarkable as for the first time they provide geoarchaeological proof of the existence of sacred water bodies, i.e., the most important elements of the sacred landscape of temples in the Nile Delta. This is particularly striking, as our knowledge was hitherto limited to descriptions from ancient literary sources of limited reliability. Now, based on new geophysical and sedimentological analyses, the course and width of the canals described by Herodotus could be verified in the southern and northern surroundings of the Temple of Bastet in ancient Bubastis. Most likely, these waterways were connected to the Nile in a westerly or northwesterly direction. However, the areas to the east and west of the temple need further geoarchaeological investigation to fully reconstruct the temple’s sacred waterscape and to determine how the canals were connected to the Nile and whether they flowed through the residential city.
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Figure 1. (a) Location of the modern town Zagazig in the Nile Delta, Egypt (Database: Terra MODIS True Color Corrected Reflectance from August 2020, © earthdata.nasa.gov); (b) Location and extent of ancient Bubastis in Zagazig (Database: Digital Elevation model of the TanDEM-X Mission, ©DLR, 2012); (c) Current extent of Bubastis with ancient and modern features (Database: © Esri Basemap). 
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Figure 2. Overview of drilling locations and the position of 2D Electrical Resistivity Tomography (ERT) profiles (Database: © Esri Basemap). 






Figure 2. Overview of drilling locations and the position of 2D Electrical Resistivity Tomography (ERT) profiles (Database: © Esri Basemap).
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Figure 3. (a) Core stratigraphy of E7 showing the three major lithologic units: anthropogenic surface layer (unit I), clayey fluvial/limnic sediments with a high content of cultural debris (unit IIa), clayey fluvial/limnic sediments with a low content of cultural debris (unit IIb), and sands of fluvial origin (unit III). (b,c) Pottery fragments; (d) Clayey fluvial/limnic sediments; (e) Pottery fragments from a period before the 25th dynasty (i.e., before c. 728 BCE); (f) Sands of fluvial origin. Photos: J. Trappe 2019. 
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Figure 4. Drilling locations (e) and generalized results of drilling transects A–D in the south of the Temple of Bastet (a–d). The dashed green line marks the floor level of the Temple of Bastet in the 1st millennium BCE (3.35 m a.s.l.). 
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Figure 5. Drilling locations (c) and generalized results of drilling transects E–F in the north of the Temple of Bastet (a,b). The dashed green line marks the floor level of the Temple of Bastet in the 1st millennium BCE (3.35 m a.s.l.). 






Figure 5. Drilling locations (c) and generalized results of drilling transects E–F in the north of the Temple of Bastet (a,b). The dashed green line marks the floor level of the Temple of Bastet in the 1st millennium BCE (3.35 m a.s.l.).
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Figure 6. 2D Electrical Resistivity Tomography (ERT) profiles and drilling locations (f). The profiles ERT 1 and 2 are located south of the Temple of Bastet (a,b); profile ERT 3 is located in the center of the Temple of Bastet (c) and the profiles ERT 4 and 5 are located between the northern border of the Temple of Bastet and the museum (d,e). The dashed black line marks the ground level of the Temple of Bastet in the 1st millennium BCE (3.35 m a.s.l.). The dashed white line marks the extent of the expected canal. 






Figure 6. 2D Electrical Resistivity Tomography (ERT) profiles and drilling locations (f). The profiles ERT 1 and 2 are located south of the Temple of Bastet (a,b); profile ERT 3 is located in the center of the Temple of Bastet (c) and the profiles ERT 4 and 5 are located between the northern border of the Temple of Bastet and the museum (d,e). The dashed black line marks the ground level of the Temple of Bastet in the 1st millennium BCE (3.35 m a.s.l.). The dashed white line marks the extent of the expected canal.
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Figure 7. Depth of the onset of gezira sands (unit III), thicknesses of fluvial/limnic layers (unit II) and position of the verified/suspected canals (Database: © Esri Basemap). 
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Table 1. Name, length, electrode spacing, and drilling locations of 2D ERT profiles.
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	Profile
	Length [m]
	Electrode

Spacing [m]
	Drilling Locations





	ERT 1
	76
	2
	A1–A5



	ERT 2
	76
	2
	A3



	ERT 3
	38
	2
	n.a.



	ERT 4
	84
	2
	E4–E6



	ERT 5
	136
	4
	E1–E4, E8
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