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Abstract 

The Black Death pandemic (1346-53) has caused a 30-50% population decline across Europe. For the 

city of Erfurt in Thuringia, substantial human losses and corresponding mass graves are well-

documented in historical archives. The aim of our study is to localize these mass graves in the deserted 

village of Neuses in order to validate the written sources and to obtain skeletal remains for future 

anthropological and archeogenetic analyses. Here we present our integrative approach of historical 

research and minimally-invasive pedostratigraphical and geophysical prospection. Within the area of 

interest, narrowed down by historical accounts and GIS implementations, we applied vibracoring and 

electrical resistivity tomography (ERT). Coupled geophysical and coring sections help elucidate the late 

Quaternary sedimentary processes as an essential natural background for more detailed 

geoarcheological prospections. They allow for the designation of two distinct pedogeographical zones 

with consistent stratigraphical and pedogenic sequences: (1) a Chernozem zone and (2) a Black 

Floodplain Soil zone. The distribution and extent of these zones co-determined the internal structure 

of the former village Neuses and the positioning of the presumed associated Black Death mass graves. 

Our approach enabled a preliminary reconstruction of the medieval subsurface architecture, despite 

large-scale 20th century ground modifications. We identified a belowground pit structure visible both 

in the borehole sequences and ERT sections. Recovered bones have been AMS radiocarbon dated to 

the 14th century. Seeing as confirmed and precisely dated locations of Black Death mass graves are rare 

in Europe and are commonly found by chance during construction works, our planful discovery may 

help to advance the research on the origin, spread and evolution of the Yersinia pestis pathogen 

throughout this pandemic as well as societal coping mechanisms during epidemic outbreaks. 

Furthermore, our method combination holds the potential to successfully resolve the mapping of 

similarly demanding sites for archeological and forensic investigations.  
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1. Introduction 

1.1 Cause and effect of the Black Death  

The Black Death (1346-1353), the onset of the Second Plague Pandemic, was the single most 

destructive disease in Eurasian history. Its demographic toll is estimated at 30 to >50% of the European 

population (1,2), albeit with considerable regional variation (3). Only quite recently, the bacterium 

Yersinia pestis was unambiguously identified as the causative agent of the Black Death. Rodent 

populations are thought to have acted as the resident hosts for Yersinia pestis before the spillover to 

humans occurred mainly via infected fleas (4,5). The pandemic originated in Central Asia in the first 

half of the 14th century (6,7) and found its way to Western Eurasia through the Black Sea region and 

Mediterranean harbors, likely disseminated along cereal trade networks (8–10). It is still a matter of 

debate, whether and to what extent the emergence and the transmission of the pathogen were 

affected by climatic conditions (4,11).  

1.2 Evolution of the Second Plague Pandemic 

The Black Death was only the first wave of the Second Plague Pandemic, however, and the disease 

periodically returned to the European scene for centuries to come (12,13). While the genetic variety 

of Y. pestis was initially low during the Black Death, the bacterium diversified into multiple strains 

during the course of the Second Plague Pandemic (14–16). It is currently under discussion, whether 

the plague was reintroduced to Europe in the following waves (11,17) or reemerged from Central 

European reservoirs and then spread in concentric waves across the continent (18). With aDNA 

evidence drawn from investigations near Halle/Saale (19) and historical sources for Frankfurt and 

Thuringia (20), Central Germany is one plausible candidate region for hosting such reservoirs. 

1.3 Historical and archeological perspectives 

It is, however, equally true for Central Germany as for most other regions, that the vast majority of 

information on the Black Death is taken from documentary evidence provided by qualitative and 
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quantitative historical studies (2,17,20), whereas archeological material and complementary 

chronological data remain comparatively sparse (3,21). Historical sources imply numerous mass graves 

for plague victims dispersed throughout Europe (22,23). Yet, to our knowledge, there are altogether 

less than ten excavated European mass grave sites for which archeological and documentary evidence 

allow for precise dating to the period of the Black Death and for which positive identifications of Y. 

pestis were presented. Among them are Saint-Laurent-de-la-Cabrerisse and Toulouse/France, London 

East Smithfield, Hereford Cathedral and Thornton Abbey/England, and Barcelona/Spain (16,21,24–28), 

with the best-researched and most-precisely dated of these arguably being East Smithfield (25). For a 

couple of further mass grave sites with reference to the Black Death, such as Bergen op 

Zoom/Netherlands, Lübeck and Manching/Germany, as well as Kutná Hora/Czech Republic, either the 

chronology is still rather vague or the recorded mass fatalities were not unambiguously caused by Y. 

pestis (26,29–31). Apart from an undisputed potential for archeogenetic and anthropological studies, 

the very existence of a mass grave is a crucial piece of evidence for historical sciences as it testifies to 

a society that fell into disarray for its inability to bury the victims during an abrupt mortality crisis 

(23,32,33).  

1.4 Mass graves: Modes of discovery 

The significant scientific value of Black Death mass graves and their sizable numbers attested in 

historical sources stand in harsh contrast to their low archeological representation. Hence, the 

exploration for undiscovered sites is imperative not only for expanding the immediate data base, but 

also, their mapping and delineation can facilitate sustainable heritage management (cf. 34). By default, 

mass burials associated with the Black Death tend to be discovered by chance during construction 

works (25,26,29,35). Well-established geophysical methods, such as Electrical Resistivity Tomography 

(ERT) and Ground-Penetrating Radar (GPR), are often subsequently applied to characterize those 

features and to determine their extent (21,36). Systematic surveys for unmarked mass graves are, 

however, relatively rare in this archeological context (but see 34,37,38). Complementarily, a lot of 

research has been done on the detection of recent, i.e., clandestine mass graves for evidential and 
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forensic reasons, reviewed in Hunter and Cox (39). For such investigations, a stepwise approach is 

regularly used including (i) a map- and remote sensing-based background analysis, (ii) terrestrial 

reconnaissance utilizing a combination of several geophysical methods (e.g., ERT, GPR and fluxgate 

gradiometry), and eventually (iii) more extensive on-site investigations with excavations (cf. 40–44). 

The morphological prominence of older mass graves in their landscape might often be negligible or 

blurred through time, so that subsurface analysis is usually the only way for their detection. 

Conveniently, the backfill of a mass grave is likely to stand out from its environment by differences in 

texture, color, moisture, elemental and organic matter contents, or some combination thereof. For 

that very reason, it can e.g. be detected by geophysical means (33). In spite of these unique 

sedimentary properties, soil mapping and sediment coring to unravel the natural stratigraphy of the 

surroundings and to compare it with potentially deviating structures is not a common part of a 

systematic prospection concept for mass graves, historical or otherwise. However, we argue that this 

kind of stratigraphic exploration should be an integral component for locating mass graves and similar 

subterranean features, at the very least in order to facilitate optimal interpretation and 

contextualization of geophysical results.  

In case of the city of Erfurt, a major medieval urban center, we have particularly good prerequisites to 

combine methods of historical, archeological and geophysical research: According to a contemporary 

local chronicle,  the onslaught of the Black Death began in the summer of 1350 (20), killing thousands 

of its inhabitants. Most of the dead were buried within eleven ditches in the parish churchyard of 

Neuses, a village some kilometers outside the city (45–47). Earthworks to build Erfurt’s first airfield in 

1926/27 uncovered partial remnants of the former parish church along with one mass grave (45). 

Unfortunately, the documentation of the excavation and particularly the locational reference is rather 

inconclusive. It only exists fragmentarily in local archives and none of the skeletal remains are 

preserved.  
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1.5 Research objectives 

In order to obtain verifiable chronological, archeological, archeogenetic and anthropological evidence 

for Black Death mass graves in Erfurt, it is mandatory to first track down their exact location. The 

manyfold references for a large-scale emergency burial at that time from written sources, images, 

inscriptions and tentative archeological findings together with the situation of Erfurt within a wider 

plausible candidate region for the reemergence of the plague following the Black Death, highlight the 

potential and significance of this endeavor. After all, subsequent plague waves from the mid-14th 

century onwards are well-documented for the city, as well (20). Here we present the results of our 

multi-phased and comprehensive survey strategy to detect and characterize the Black Death mass 

grave(s) of Erfurt/Neuses using combined geophysical and pedostratigraphical prospection methods. 

Our objectives were to 1. narrow down the suspect area for the presumed Black Death mass graves, 

2. explore the natural stratigraphic and pedogenic setting by means of sediment coring and geophysical 

surveys to generate a broader contextual understanding of the site, 3. specify the best-suited 

geophysical methods for the detection of a mass grave and characterization of the natural background 

alike, 4. supplement the existing historical and preliminary archeological record with independent 

chronostratigraphic evidence and 5. locate the mass grave(s) as a basis for a future excavation and to 

further archeogenetic and anthropological investigations.  

2. Materials and Methods 

2.1 Natural setting of the study area 

The city of Erfurt (50°59′N, 11°2′E) is situated in Central Germany (Fig. 1A), within the southern part of 

the Thuringian Basin (Fig. 1B). Shales and mudstones from Upper Triassic Keuper period generally dom-

inate the interior of the Thuringian Basin, shaping gently undulating landscapes (48). The area of inter-

est (AOI: Figs. 1C/D) is positioned at the southeastern footslope of the hill “Roter Berg” (“Red Moun-

tain”), a prominent erosional remnant made up of mainly reddish shales and mudstones from the Mid-

dle Keuper (Norian Stage in the Upper Triassic Epoch) surrounded by fluvial gravels of the Weichselian 
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(Upper Pleistocene) Lower Terrace in the wide Pleistocene valley of the River Gera. On the hill’s flat 

summit, a small veneer of highly-weathered fluvial gravels related to the late Elsterian Upper Middle 

Terrace is preserved. The vertical distance between the two terrace surfaces amounts to ~50 m. In 

some areas, the Lower Terrace bears a ca. 2 m thick cover of loess and loess derivates, in which Cher-

nozem-like soils developed during the Holocene. Where this loess cover is missing, especially south 

and southwest of the “Roter Berg”, loamy soils formed through weathering of the Lower Terrace grav-

els (Thuringian State Office for the Environment, Mining and Nature Conservation; Fig.1C/D). In these 

loess-free areas of the Lower Terrace occurring in the southern part of the AOI, wetlands existed at 

least until the 19th century (SI Fig. 1A).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Geographical, topographic and geological overview of the study area. Its position is given within (A) Central 

Europe, (B) the Thuringian Basin, (C) within the wide valley now partially occupied by the river Gera and (D) at 

the SW footslope of the hill “Roter Berg”. Topographic information in panels A and B obtained using open-access 

SRTM data with a 90-m resolution (www.earthdata.nasa.gov/sensors/srtm). For panels C and D, a LiDAR Digital 

http://www.earthdata.nasa.gov/sensors/srtm
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Elevation Model DEM1 with 1-m resolution was used, kindly provided by the Thuringian State Office for Land 

Management and Geoinformation. Geological information, according to the German Stratigraphic Commission 

taken from the Digital Geological Map GK25; pedological information taken from the soil map BGK 100. Both 

were kindly provided by the Thuringian State Office for the Environment, Mining and Nature Conservation. *The 

rough area of former wetlands was deduced from older topographic and geological maps from 1839 and 1932, 

respectively (see Supplementary Section 1).  

The potential natural vegetation consists of Fraxinus-Carpinus to Tilia cordata-Fagus forest, depending 

on the kind of substrate (49). Today, the AOI has a roughly three-part structure in terms of vegetation 

cover (SI Fig. 3). Its northern part is used for agriculture with dominant wheat and rapeseed cultivation, 

the middle part features a dense, partly spontaneous forest with Populus, Acer, Sambucus and Prunus 

species, while the southern part is occupied by a sports facility. Due to the shielded topographic loca-

tion in the Thuringian Basin, Erfurt has low overall precipitation values of 530 mm/a with a pronounced 

summer maximum, and an average annual temperature of 9°C. According to the Köppen-Geiger clas-

sification, the region is located within the Dfb climatic zone (50,51). 

2.2 Archeo-historical setting of the study area 

A first reference to the existence of plague mass graves in the deserted village of Neuses at the foot of 

“Roter Berg“ is given in the Chronicon Sampetrinum (46), a chronicle which covers the history of the 

St. Peter monastery in Erfurt from 1072 to 1355 and is hence considered a contemporary source of 

local information (52). The chronicle describes the overflow of Erfurt's parish cemeteries with the out-

break of the Black Death and the advice of academics to dig ditches instead. To accommodate the 

growing number of bodies, the cemetery of the nearby village of Neuses, probably still in use for the 

local parish, was chosen by official decree as an emergency burial site. There, between July 1350 and 

February 1351, “eleven pits were dug […], into which around twelve thousand bodies of people were 

brought in wagons and carts. These were continuously transported, three or four at a time” (53). In 

the immediate aftermath, but at least since 1355, an annual commemorative procession was estab-

lished on St. Mark's Day (April 25th), leading from Erfurt to the mass graves in Neuses (20, footnote 57), 

which was upheld for several centuries.  



9 
 

In 1926/27, large-scale ground modifications and terrain levelling took place in the AOI for the con-

struction of Erfurt’s first airfield (see Fig. 2A). On the northern margin of the prospective runway, traces 

of the medieval deserted settlement of Neuses were discovered and partly excavated. These results 

were presented alongside historical source studies in two publications by Bolle (45,54). The findings 

include the former churchyard with individual graves as well as the presumed debris of the former 

parish church and remains of the cemetery wall. A 1.50 m by 1.50 m test pit on a slight hillock there 

revealed a mass grave at 1.30 m below the surface, featuring human skeletal remains of ca. 20 individ-

uals stacked upon each other without discernible organization or orientation, and apparently buried 

without a coffin. At a depth of 2.50 m, the excavation was suspended, although the bottom of this 

structure had not been reached. Based on the written sources, Bolle (45) related this archeological 

feature to one of the supposed eleven Black Death mass graves from 1350/51. Unfortunately, the cur-

rent whereabouts of these skeletal remains are unknown, preventing their use for dating or other 

purposes. Therefore, a deviating chronology of this previously found mass grave cannot yet be ex-

cluded, e.g., the Thirty Years War or the prehistoric period, with the latter being extensively repre-

sented in the immediate vicinity (32,45,55). 

  

Fig. 2: Panel A - Terrain levelling for the construction of the airfield in 1926 with the hill “Roter Berg” in the 
background (courtesy of Thuringian State Department for the Preservation of Monuments and Archaeology TLDA; 
photo credits: Wilhelm Lorenz 1926). Panel B - Sketch of the excavation findings 1926/27 (Bolle, 1937). For posi-
tioning, the sketch includes a scale (lower right) and the directional distances to the nearest roads. Abbreviations: 
FM=cemetery wall, M2=second wall, Mgr.=mass grave, Egr.=individual graves (schematic), B=debris of the for-
mer church (schematic).      
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2.3 Geoinformatics and geodata management  

The two reports on the preliminary results of the 1926/27 excavation also contain a sketch locating 

Neuses within the rural landscape, and a detailed scaled map of the excavation area showing the loca-

tions of the churchyard, cemetery and mass grave. Their spatial relationships and distances to adjacent 

roads and footpaths are also indicated (45,54, Fig. 2B). However, this map merely represents a vague 

starting point for the actual localization of the mass grave, because (i) the road network had been 

altered by the airfield construction itself and has evolved ever since, (ii) the excavation map is lacking 

a coordinate system and the section is too small-scale to refer it to any official streetmap, (iii) much of 

the spatial reference in the map consists of archeological features that have been eradicated due to 

the excavation itself and (iv) the original report and documentation of the excavation activity have not 

been preserved, so that the map cannot be critically evaluated and adjusted if necessary. 

Therefore, we attempted to georeference the map in ESRI Arc GIS (version 10) using a tentative and 

exploratory approach (cf. 56) anchored on the few spatial specifications considered reliable in the ex-

cavation map (see SI Fig. 2 and Supplementary Section 2). This resulted in the preferential geographic 

positioning of the excavation sketch by Bolle and its major elements, as presented in Figure 3. How-

ever, due to a scarcity of suitable control points on this sketch, we concede that the easting (i.e. the 

accuracy on the west-east axis) remains a rather rough approximation. We further employed GIS to 

visualize the topographic data alongside geological and pedological information (source: Thuringian 

State Office for the Environment, Mining and Nature Conservation). Geophysical profiles and sediment 

cores attained during our fieldwork have been levelled with a TOPCON differential GPS (DGPS; cm-

scale horizontal and vertical accuracy). 
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Fig. 3: Digital elevation model of the study area displaying all coring positions (vibracoring and Pürckhauer 
soundings) and the course of all ERT-profiles included in the study (P2-P4, P6, P7, P11, P12). Also indicated in 
orange is the tentative position of notable features from the excavation in 1926/27 according to our preferential 
georeferenced version of the sketch by Bolle (1937), cf. Supplementary Section 2.   

 

2.4 Survey and prospection methods 

2.4.1 Principal approach 

To account for the challenging nature of mass graves with very individual sedimentary and dimensional 

properties and thus geophysical responses (33,cf. 43), we applied an integral combination of non-in-

vasive and minimally-invasive survey and prospection techniques. Due to dense woody vegetation in 

vast parts of the AOI (SI Fig. 3), an extensive surface coverage was not applicable for the geophysical 

surveys. Therefore, the prospection strategy pursued a two-step approach. Firstly, ERT cross-sections 

and coring were carried out mainly along three approximately North-South-oriented transects T1 to 
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T3 (Fig. 3), carefully cut into the vegetation. Transects T2 and T3 were laid out to also intersect with 

the supposed position of the mass grave, depending on the respective variant of georeferencing the 

excavation sketch made by Bolle (45, see Fig. 3). By deliberation, our geophysical and coring profiles 

extent well beyond the narrowed-down suspect area for the mass grave. That way, we facilitated a 

better characterization of the natural setting and hence a wider contextual understanding of the mass 

grave site (cf. 34). Once this was achieved, we secondly made use of the fact, that in the old excavation 

sketch, the distance of c. 30 m from the supposed mass grave to the road “Weg zum Roten Berg” might 

be the most dependable piece of spatial information (Figs. 2, 3). Accordingly, our subsurface investi-

gations were then turned to the parallel line 30 m south of the road, running roughly in a W-E direction, 

i.e., about perpendicular to most of the remaining profiles. 

2.4.2 Near-surface geophysical methods 

The application of geophysical methods is well-established for the detection and mapping of graves, 

where often a preference is given to electrical and electro-magnetic approaches (36,44,57). Due to 

dense vegetation and thus transect-wise mapping we had to refrain from using electromagnetic induc-

tion methods as an option for area-covering investigations. We focused on electrical resistivity tomog-

raphy (ERT) that measures apparent electrical resistivity distribution in the subsurface with high verti-

cal resolution. ERT is quite commonly used to investigate substrate variations (58) and moreover was 

successfully applied to map changes of bulk density caused by mass graves (36). ERT profiles were 

measured with a PC-controlled direct current resistivity meter system (Resecs II, GeoServe, Kiel, Ger-

many). Electrode spacing was 0.5 m and transect length varied from 37 to 87.5 meter. Figure 3 shows 

the spatial layout of our ERT surveys. We chose a Wenner electrode array because of its low signal-to-

noise ratio and appropriate vertical resolution for mapping the transects that focus on the stratigraph-

ical background (transects P2, P3 and P4). Measurements were performed in September 2022 after a 

very dry summer period. For transects that aimed to image possible grave structures itself (transects 

P6 and P7), we applied Wenner- and additionally Dipole-Dipole electrode configuration in order to 

allow for higher lateral resolution. Transects P6 and P7 were measured in January 2023 under wet 
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surface conditions. Transects P11 and P12 were measured in the beginning of June 2023. The data 

were processed and inverted using boundless ERT (BERT) software (59). We opted for L1 norm for 

inversion and the smoothing parameter was set to  = 20 to  = 80. 

Ground penetrating radar (GPR) was tested along several transects across the AOI. The penetration 

depth and resolution of GPR depends on electrical conductivity, dielectric permittivity, and magnetic 

permeability of the underground material (60). Measurements were performed with an SIR-4000 (GSSI 

Geophysical Survey Systems, Inc., Nashua, USA) and antenna frequencies from 200 MHz up to 800 MHz 

(UtilityScan DF 300/800, 200 MHz and 400 MHZ – Shielded Antenna, GSSI Geophysical Survey Systems, 

Inc., Nashua, USA). Due to the strong presence of clay (floodplain and colluvial sediments) in the first 

centimeters we are dealing with a very high attenuation and a very low penetration depth (61). GPR 

was therefore unsuitable for our field site. 

2.4.3 Pedostratigraphic survey 

We conducted vibracoring (58 cores with ≤ 6m depth, Fig. 3) to establish the natural pedological and 

stratigraphic background along transects applying the soil catena concept (62). We utilized an Atlas 

Copco Cobra motor hammer and several 1-m long stainless-steel gouges with a diameter of 6 cm for 

coring. Borehole sequences were documented in the field following the standards of German soil map-

ping and the World Reference Base for Soil Resources, WRB (63,64). The descriptions comprise param-

eters such as bedding, texture, Munsell color, contents of humus, carbonates and clastic coarse frac-

tion, redoximorphic properties as well as anthropogenic constituents such as pottery sherds, brick 

fragments and charcoal. Compared to this natural reference, sediment sequences or segments that 

are conspicuous with respect to multiple of these parameters could indicate anthropogenic sub-sur-

face disturbances. In addition to vibracoring, Pürckhauer soil probes were used for time-efficient sub-

surface prospection. These 1-m long notched metal rods were driven into the ground by hand with a 

3 kg plastic hammer. Pürckhauer sequences were not fully documented, because when deviations or 

anomalies occurred, they were instantly double-checked through vibracoring.  
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2.5 Dating approaches 

2.5.1 Radiocarbon dating 

Bone fragments and four additional charcoal pieces from the sediment cores have been subjected to 

AMS 14C dating at the Curt-Engelhorn-Zentrum Archäometrie (CEZA) in Mannheim (see Supplementary 

Section 5 for lab codes and analytical details). The bones were subjected to collagen extraction (mod-

ified Longin method) and ultrafiltration was used to separate the fraction >30kD, which was subse-

quently freeze-dried (65). On the charcoal pieces, the ABA protocol (Acid-Base-Acid) was performed 

using HCl, NaOH and HCl to eliminate the most probable contaminants (66). After pretreatment, the 

remaining sample residue was combusted to CO2 in an elemental analyzer (EA) and the CO2 was cata-

lytically reduced to graphite. The 14C content of the graphite was then measured applying a MICADAS-

type AMS system. Simultaneously, 14C/12C and 13C/12C isotope ratios of samples, as well as calibration 

standards (oxalic acid-II), blanks and control standards were analyzed in the AMS. The determined 14C 

ages were normalized to δ13C=-25‰ (67) and calibrated to calendar ages using the IntCal20 data set 

and OxCal software v4.4.2 (68). 

2.5.2 Pottery-based chronological assessment  

From the cores EN-RK 25, 27, 32, 35, 38, 46-48 and 57, we collected a total of 14 pottery sherds, mostly 

embedded within deposits classified as occupation and floodplain layers (Supplementary Section 3). 

The sherds were described with regard to the following optically analyzed characteristics: State of 

preservation, production technique, color, firing atmosphere, temper, hardness, surface texture and 

vessel type. Due to the strong fragmentation of all pieces, only a rough chronological classification 

could be made on the basis of the respective characteristics, as essential features such as rim and 

vessel shapes were generally not identifiable. Categorization was based on expert knowledge and the 

relevant overview literature (69–71). Further details can be found in the Supplementary Section 5.1. 

2.6 Anthropological description of bones 
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Bone fragments discovered during the coring campaign have received an inventory number 

from the Anthropology Department of the Thuringian State Department for the Preservation 

of Monuments and Archeology (TLDA). All bones were characterized with regard to species, 

skeletal region, approximate age at death and sex (see SI Tab. 2).  

 

3. Results 

3.1 Stratigraphy and pedogeography of the study area 

Pedogeographically, the study area can be divided into a northeastern part and a southwestern part 

with distinctly different near-surface depositional and pedogenic properties: a Chernozem zone and a 

Black Floodplain Soil zone, with the contact boundary of these two running right through the AOI. 

Figure 5 shows the affiliation of each coring location to one of these zones. Standardized sequences 

and the main stratigraphic units (SU) for both zones are presented in the following paragraphs, as well 

as Table 1 and Figure 4. More detailed litho- and pedostratigraphic information including references 

and argumentation for their interpretation can be found in the Supplementary Sections 3 and 6. 

Deviating and anomalous stratigraphic phenomena are also compiled there. 
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3.1.1 Standard stratigraphies 

Tab. 1: Characterization of the Stratigraphic Units (SU) encountered in the study area. The occurrence of the SU 

within respective sediment cores and their affiliation with the two pedogeographical zones ‘Chernozem zone’ (CZ) 

and ‘Black Floodplain Soil zone’ (BFZ) is indicated. 

 

As the lowermost Stratigraphic Unit 1 (SU1) within the entire study area, we encountered a mudstone 

sequence from the Middle Keuper stage. In the Chernozem zone, it is unconformably overlain by 

Stratigraphic Unit 2 (SU2), represented by fluvial gravels of the Weichselian Lower Terrace. This, in 

turn, is covered by a loamy periglacial slope deposit, Stratigraphic Unit 3 (SU3). Following an erosional 

Strat. 
Unit 

Core 
EN-RK 

Thickn. 
[cm] 

Main Sediment Characteristics Resistivity 
in ERT 

Interpretation Pedo-
Zone 

SU1 1,32,33, 
36,41, 
55,58 

tens of 
meters 

unconsolidated (silty) clay; variegated colors (Munsell from 
10R 5/2 and 2,5YR 4/3 to 6/5 BG); (vastly) non-calcareous; 
massive to finely-laminated and free of pebbles; clear and 
erosional upper boundary 

low values 
< 60 Ωm 

mudstone from 
the Middle Keuper 
(Weser formation) 

CZ, 
BFZ 

SU2 
    

3,4,7,19 
36-38,40, 
42,51, 
53,55-58 

~200 gravelly, poorly-sorted fine to coarse sand; pebbles well-
rounded; gravel content 10-50 % (mainly quartz, chert, 
rhyolite and limestone); varyingly calcareous (1 to 10 %); 
mostly reddish-brown color (between 5YR 5/2 and 5/5), 
clear upper boundary 

high values 
≤ 400 Ωm 

Weichselian 
fluvial gravel of 
the ‘Lower 
Terrace’, German: 
“Niederterrasse”  

CZ 

SU3 3-10,18-
31,37-45, 
50-58 

90- >350 heterogeneous clayey loam; massive to finely-laminated; 
gravel content up to 15% (mainly quartz, rhyolite); 
carbonate content up to 10 %; mostly reddish brown (2,5YR 
3/4 to 5YR 6/2); clear and erosional upper boundary 

low to 
medium 
values  
50-150 Ωm   

Weichselian 
periglacial slope 
debris/deposit 

CZ 

SU4 3-5,7,9,  
10,16,18-
28, 51-54 

20-90 alternate, rhythmic bedding and partial mixture of (clayey) 
reddish brown loam and light brown silt (7,5 YR 6/5 to 
2,5YR 4/4), highly calcareous (5 to >10%); interfingering of 
SU3 and SU5.1 characteristics; gradual upper boundary 

low to 
medium 
values  
50-150 Ωm   

Weichselian 
slope-washed 
loess, German: 
“Schwemmlöss” 

CZ 

SU5.1 3-10,16, 
18,20-24, 
26,28-31, 
51,58 

15-65 massive, (slightly fine-sandy to slightly loamy) silt; light 
(yellowish to reddish) brown (10YR 6/5 to 7,5YR 5/4); highly 
calcareous (≥10 %); contains krotovinas, earthworm 
channels and secondary carbonates; clear but gradual and 
contorted upper boundary   

low to 
medium 
values  
50-150 Ωm   

Weichselian 
primary loess 

CZ 

SU5.2 3-10,15, 
16,18,23,
24,26, 
28,29,58 

45-90 mostly massive humic/mollic, dark brown solum (7,5YR 3/2 
to 10YR 3/3); granular structure (earthworm-casts); varying 
carbonate contents (0-10 %); occasionally incipient 
degradation into (luvic) phaeozem; contains krotovinas and 
earthworm channels; plough. horizon usually with Munsell 
values of 4 

low to 
medium 
values  
50-150 Ωm   

Holocene chernic 
horizon 

CZ 

SU6 1,2,11-
14, 
17,32-35, 
41,46-49 

100-170 gravelly sand to sandy gravel; slightly loamy, fine to coarse 
sandy, poorly-sorted matrix with more loamy sections; 
variegated but mostly reddish colors (2,5Y, 10YR, 7,5YR, 5YR 
to mostly 2,5YR 6/3-5/2); calcareous (2 to >10 %); well-
rounded pebbles (30-60 %), mainly quartz, chert and 
rhyolite, with higher limestone contents than SU2; 
sporadically with fining-up sequences; erosional lower 
boundary  

high values 
≤ 400 Ωm 

Late Weichselian 
to Early Holocene 
fluvial gravel 

BFZ 

SU7 1,2,11-
14, 17, 
32-35, 
41,46-50 

70-120 massive, very humic, loamy-clayey solum/pedosediment 
(Munsell 7,5YR 2/1 to 2,5Y 3/1); clay content up to 50 %; 
sand fraction well-sorted medium to coarse sand; 
carbonate content 0 to 10 %; uppermost segments usually 
lighter and siltier; contains small pieces of charcoal and 
burnt loam; gradual lower boundary with decreasing clay 
and humus, but increasing carbonate content 

varied, low 
to medium 
values  
50-100 Ωm 

Early- to Mid-
Holocene organic 
to clastic 
overbank 
formation, poss. 
with weathering/ 
pedogenesis  

BFZ 
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contact, Stratigraphic Unit 4 (SU4), a laminated slope-washed loess was deposited, which grades into 

a rather thin primary loess, Stratigraphic Unit 5.1 (SU5.1). Within this loess, a chernozem has formed 

at the surface, the chernic horizon designated as Stratigraphic Unit 5.2 (SU5.2). In the ERT-profiles (Fig. 

6), SU1 and SU2 can be distinguished by their particularly low (less than 50 Ωm) and relatively high 

(300- 400 Ωm) resistivity values, respectively. In contrast, SU3 to SU5 show moderate resistivities of 

60 to 150 Ωm, thus these units cannot be differentiated from each other on the basis of their resistivity 

alone (Tab.1; Fig. 6; Supplementary Section 3). Within the Black Floodplain Soil zone, SU2 to SU5 are 

missing. Instead, with Stratigraphic Unit 6 (SU 6), a fluvial gravel of a presumed younger age than SU2 

overlies the ubiquitous Keuper mudstone of SU1. On top of SU6, the uppermost Stratigraphic Unit 7 

(SU7) is formed by a thick humic and loamy solum, bearing evidence for both, in-situ pedogenesis and 

the deposition as a pedosediment, i.e. overbank deposit. It is denominated as a Black Floodplain Soil. 

Resistivity values in the ERT profiles within this zone allow for a clear separation of SU1 (<60 Ωm), SU6 

(≤400 Ωm) and SU7 (50 to 100 Ωm) (Tab.1 and Fig. 6; SI Fig. 4). 
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Fig. 4: Photographs of cores representing the Chernozem standard sequences (EN-RK 7 & 58) and the Black Flood-
plain Soil standard sequence (EN-RK 41). The attribution of the different deposits to stratigraphic units (SU) is 
indicated. Descriptions of SU1 to SU7 can be found in Table 1 and Supplementary Section 3. 
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Fig. 5: Simplified pedo- and lithostratigraphic sequences along the three coring transects T1 to T3 (Fig. 3). The 
boundary between the Chernozem and the Black Floodplain Soil zone is depicted. The estimates for truncation/soil 
removal in the central parts of the transects caused by ground modifications in the course of the airfield construc-
tion in 1926/27 are indicated by the pale pink rectangles. Yellow bars specify the segments covered by the respec-
tive ERT profiles. 
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Fig. 6: ERT-profiles P2 to P4 (electrode spacing of 0.5 m, model is based on an inversion of a Wenner configura-

tion), arranged from east to west from top to bottom. The profiles are aligned with the central sections of the 

coring transects T1 to T3 (for positions see Fig. 3).  

 

3.1.2 Transect-related stratigraphic findings 

The stratigraphic results along the three main coring transects T1 to T3 are shown in Figure 5, 

furthermore, the segments covered by ERT surveys are indicated (cf. Fig. 3). ERT profiles P2-P4, located 

in the forested central sections of T1-T3 are displayed in Figure 6. The northern parts of the coring 

transects, up to and including the embankment of the road “Weg zum Roten Berg”, show fairly 

consistent and similar stratigraphies. In almost every borehole in this area, stratigraphic units SU3, SU4 

and SU5 are represented, although with slightly varying thicknesses. As a general trend, the slope 

deposits, i.e., the combined units SU3 and SU4, seem to thin out downslope. In a few positions, 
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however, SU4 does not occur (EN-RK 6 and 8), and SU5 is occasionally obscured by occupation features 

(EN-RK 19, 25, 27). South of the road, the lowering and levelling of the terrain for the former airfield 

created a morphological step and further resulted in a systematic truncation of the stratigraphic 

succession, especially in T2 and T3. The amount of intentional soil removal can cautiously be 

reconstructed based on the relative thickness of lacking stratigraphic units (Fig. 5). As for T1, the 

morphological step south of the road is less pronounced and it coincides with the transition from the 

Chernozem zone to the Black Floodplain Soil zone. At the contact of these two, a short-distance 

reworking of SU3 material has apparently taken place (EN-RK 50), as this is the only position, where 

SU7 is overlying SU3 in the whole study area. The amount of soil removal south of the road in T1 is 

difficult to assess, because the entire share of Black Floodplain Soils we studied so far is situated within 

the boundaries of the former airfield. Hence, the standard thicknesses of SU7 are currently not known 

to us and therefore, neither is the magnitude of a possible truncation. It is not unlikely that no or only 

negligible soil removal occurred in this range of T1 and that the step represents a largely natural 

landform feature here. The incongruent degrees of soil removal across our transects T1-T3 are clearly 

related to the original southward bulging of the topography prior to the airfield construction (see the 

180 m contour line in Fig. 2). The slightly higher elevation in the center of the bulge required more 

extensive lowering to level the ground there. In the ERT profiles, stratigraphic units SU3-SU5 cannot 

be differentiated. However, the profiles clearly show the low-resistivity Keuper mudstone (SU1) at 

depths of 3 to 4 m in P2-P4, as well as the gravel of SU2 with higher resistivities and a respective 

thickness and depth of about 2 m. Since this is both corresponding with our coring results, it allows to 

infer a stratigraphic continuity of SU1 and SU2 even in segments where these units are only scarcely 

exposed through vibracoring (Fig. 6). 

The southwestern part of the AOI and of our transects is occupied by the Black Floodplain Soil zone. 

While in T1 circa half of the overall boreholes are located there, in T2 and T3 its boundary with the 

Chernozem zone lies further to the south. In fact, a gradual southward shift of this boundary can be 

observed in the investigated area from west to east (Fig. 5), likewise visible in ERT (Fig. 6). As this 
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contact is utterly sharp and as the Black Floodplain Soil zone is unaffected by the deposition of SU3 to 

SU5, a formation of SU6 and SU7 after the loess accumulation must be presumed. Across this contact, 

in the ERT profiles, it is not possible to distinguish between the fine-grained capping deposits of the 

Chernozem Zone (SU3-SU5) and the Black Floodplain Soil zone (SU7) based on their resistivity values 

alone. The same is true for the two separate fluvial gravels (SU2 versus SU6). However, a clear 

distinction is facilitated by their relative stratigraphic properties: The capping deposits are much 

thinner in the Black Floodplain Soil zone and the gravels lie much closer to the surface compared to 

Chernozem zone. As these findings are well in accordance with the borehole stratigraphies, the contact 

between the two pedogeographic zones can be reliably mapped using ERT even in the local absence 

of a high vibracoring density. The contact is most pronounced in P11 (at ~45m), well-discernible in P2 

(~41m), and has a more transitional character in P12 (~23 to 28m) (SI Fig. 4). 

3.2 Systematic localization and characterization of the mass grave  

According to our geographic positioning of the excavation sketch by Bolle (45), we expected the mass 

grave (Fig. 2, SI Fig. 2) to fall in line with transect T3 and ERT profile P3 (Fig. 3). However, we did not 

identify a corresponding feature there, which is likely caused by substantial uncertainties in the west-

east direction of the control points for georeferencing. Therefore, given that the distance of ca. 30 

meters between the road “Weg zum Roten Berg” and the presumed mass grave is its most dependable 

spatial reference on the sketch, we staked out a parallel line 30 meters south of the road, intersecting 

with our transects T2 and T3 (red dotted line in Fig. 3). Along this parallel line, we carried out shallow 

Pürckhauer soundings (depth: 100 cm) every two meters and increased the resolution if necessary. 

Equipped with an adequate understanding of the original stratigraphy, we focused on conspicuities 

and deviating properties in terms of color and texture and generally unusual constituents. The results 

of these Pürckhauer soundings mostly mirrored the vibracoring findings of the immediate 

surroundings: We encountered the loamy slope debris (SU3), occasionally with a thin overburden of 

slope-washed loess (SU4) in which a recent humic topsoil had formed. About 10 meters west of T3, 

however, we discovered a stratigraphic anomaly, characterized by a slightly elevated humus content 
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and the noticeable admixture of pebbles, as well as the occurrence of brick and charcoal fragments 

below the topsoil (Fig. 7A). As these properties are atypical for the SU3 deposits and were restricted 

to a very small section of this 70-meters long Pürckhauer transect, we further explored this anomaly 

through vibracoring and conducted ERT measurements in a cross-wise manner (P6 and P7) to outline 

the anomaly (Fig. 8). 

 

Fig. 7: A – Photographic documentation of the core EN-RK 55 and 56 within the potential mass grave. SU1 refers 
to the Keuper mudstone, SU2 to Lower Terrace fluvial gravels. The backfill deposits comprise the entire sequence 
above the boundary with SU2. Blue boxes indicate the main occurrence of well-preserved skeletal remains. B1 – 
Fragments of a longbone from EN-RK 55 (264 cm depth), B2 – Fragments of cranial bones from EN-RK 55 (260 cm 
depth), B3 – Bone fragments from EN-RK 56 (180 cm depth). 

 



24 
 

 

Fig. 8: ERT-profiles P6 and P7 (electrode spacing of 0.5 m, model is based on a joint inversion of a Wenner and 

Dipole-Dipole configuration), crossing the potential mass grave in a W-E, resp. N-S direction. The vertical and 

horizontal extent of the potential mass grave based on concurring findings of ERT and Pürckhauer mapping is 

indicated with black dashed lines.  

In the respective cores EN-RK 55 and 56, which are about three meters apart (Fig. 3), the natural 

stratification is substantially disturbed down to even greater depths (approx. 280 cm) than was 

evidenced by the shallow (1 m) Pürckhauer soundings. An intricate mixing of all natural deposits (SU2 

to SU5) from these upper ~3 m with varying degrees of uniformity leads to anomalous contents of 

organic matter and the clastic coarse-grained fraction throughout the backfill sequences (Fig. 7A). The 

lower boundary of the anomalous feature is formed by the contact with the gravels of SU2, situated at 

285cm (EN-RK 55) and 270cm (EN-RK 56). But in fact, since stones and pebbles, stemming from SU2 

are dispersed across the disturbed part of the sequence, this boundary needs to be regarded as 

artificially lowered down during the historical excavation process. Accordingly, in core EN-RK 55, the 

original SU2 gravels below the feature have only about a third of their usual thickness (ca. 60cm) (Fig. 

7A). Apart from allochthonous coarse-grained material, the sediment matrix contains small lumps 

(<1cm) of seemingly unaltered primary loess (SU5.1) throughout the disturbed segments. And it overall 

shows higher silt and fine sand contents than would be usual for SU3 at comparable depths outside of 

the anomaly. This testifies to the admixture of loess into the backfill deposits, which in turn means that 
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the entire structure originates from a time before the large-scale removal of the loess in this part of 

the AOI in 1926/27. Among the unusual constituents found in the backfill are also clearly 

anthropogenic ones: dispersed brick fragments, charcoal pieces and human skeletal remains. The 

latter mainly occur between 235 and 280 cm in EN-RK 55, where they also coincide with the most 

humic deposits, and in EN-RK 56 between 170 and 190 cm coring depth (Fig. 7).  

In the ERT profiles, the anomaly is reflected by a thinning of the low-resistivity capping deposits and 

an updoming of the high-resistivity segments below, likely due to the admixture of coarser grain sizes. 

In P6, the feature is located approximately in the middle of the profile, while it starts at around 15m 

profile length in P7 (Fig. 8). The lower boundary of the backfill, however, is nearly invisible in ERT. 

Instead, high resistivity values of the updomed coarse-grained deposits (>200 Ωm) slowly grade 

downwards into the low values (<70 Ωm) of the underlying Keuper mudstone (SU1).  

Based on the Pürckhauer prospection and the ERT result, we tentatively delimit the anomalous feature 

as follows (Fig. 8): In W-E orientation, a length of ~9 meters is implied, with core EN-RK 55 positioned 

right at the center. In N-S orientation, the northern margin is just one meter north of EN-RK 55, both 

in ERT and according to Pürckhauer prospection. Locating the southern margin was hampered by an 

impenetrable blackthorn (Prunus spinosa) thicket, but the total length was confirmed to be more than 

15 meters.  

3.3 Chronology 

The pottery sherds and charcoal pieces sampled from occupation layers and archeological features 

during the coring campaign can provide first chronological orientation and might reflect the settlement 

period of the former village Neuses. For three charcoals from cores EN-RK 21, 53 and 55, calibrated 

radiocarbon ages ranging from the 11th to the 13th century were obtained, whereas one from the lower 

part of the potential mass grave backfill in EN-RK 56 at 243 cm gave an Early Neolithic age (Tab. 2). Out 

of the fourteen pottery sherds, seven pieces collected from cores EN-RK 27, 32, 38, 47 and 48 could be 

classified as (tentatively) medieval (Tab. 2, Fig. 9). The two bone fragments taken from the cores EN-
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RK 55 and 56 within the potential mass grave showed optimal collagen preservation (C/N values of 3.2, 

collagen contents of 4.4% and 7.3%), and they returned virtually identical age ranges with 1302-1401 

and 1301-1398 cal AD (2σ) (Tab. 2). A higher dating accuracy was hampered by strong fluctuations of 

the radiocarbon calibration curve for this period (68). Further methodological details on the dating 

approaches can be found in Supplementary Section 5.1. 

Tab. 2: Compilation and sampling context of different chronological information from the study area. Abbrevia-
tions for pottery: PH=Prehistory, MA=Middle Ages, LMA=Late Middle Ages, MO=Modern era. *For this sample, 
the cal BC scale applies, instead of cal AD. For pottery finds, the inventory number of the Thuringian State Office 
for Monument Preservation and Archaeology is indicated in italics. For radiocarbon samples, we state the 
MAMS laboratory code from CEZA in Mannheim (bold). 

 

Core 
EN-… 

Depth 
[cm] 

Lab code/ 
Inv. No. 

Layer Pottery 
14C Bone 

cal AD (2σ) 

14C Charcoal 
cal AD (2σ) 

RK 21 130 60284 occupation layer/feature - - 1169-1265 

RK 32 45 22/220-4 overbank deposit/occ. layer? PH-MA - - 

RK 32 85 22/220-7 overbank deposit/occ. layer? PH - - 

RK 35 80 22/220-10 overbank deposit/occ. layer PH - - 

RK 38 36 22/220-1a colluvial deposit/occ. layer MA/MO - - 

RK 38 36 22/220-1b colluvial deposit/occ. layer MO - - 

RK 46 53 22/220-2 overbank deposit (BFS) PH - - 

RK 47 41 22/220-6 overbank deposit (BFS) MA - - 

RK 48 38 22/220-5a occupation layer/feature MA - - 

RK 48 38 22/220-5b occupation layer/feature PH-MA - - 

RK 48 55 22/220-8 occupation layer/feature MA - - 

RK 53 40 60282 topsoil, truncated occ. layer - - 1035-1160 

RK 57 45 22/220-11a topsoil/occ. layer PH - - 

RK 57 45 22/220-11b topsoil/occ. layer MO - - 

RK 55 154 60281 feature, possible mass grave - - 1038-1204 

RK 55 260 
60280/ 

22/220-13 
feature, possible mass grave - 1302-1401 - 

RK 56 180 
65026/ 

22/220-20 
feature, possible mass grave - 1301-1398 - 

RK 56 243 65027 feature, possible mass grave - - 4447-4337* 
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Fig. 9: Synoptic illustration of the main results, integrating ERT and coring to infer the regionalization of the pedo-

lithostratigraphic zones, with their boundary indicated as a white dashed line. Coring positions with presumed 

archaeological subsurface features are marked in blue, positions with available chronological information are 

(additionally) marked in red. Findings of previous archaeological investigations are indicated, as is the presumed 

position of the former cemetery wall (Supplementary Section 5.2) and extent of the mass grave, discovered in this 

study. *For details regarding the chronologies, see Tab.2. 

Fig. 10: Neuses fluvio- and hillscape evolution model. Preliminary chronostratigraphy of all natural deposits en-

countered in the study area, see also the explanation in the text. Letters a-e (right) denote the characteristic of 

the respective lower boundary: a – erosionally disconform, b – (erosionally) disconform, c – gradual, d – laterally-

erosional disconform, e – gradual to disconform. Letters f-k (left) relate to the main depositional process: f – 

fluvial, g – solifluctive, h – colluvial and aeolian, i – aeolian, j – alluvial (overbank deposition). GISP2 δ18O ice core 

record and the MIS boundaries for temporal and palaeoclimatic reference (Lisiecki and Raymo, 2005; Rasmussen 

et al., 2014). 
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4. Discussion  

4.1 Implications for landscape evolution 

Despite sparse numerical age control for the sedimentological deposits, relative stratigraphies and pe-

dosedimentary characteristics allow to propose a first and tentative Neuses fluvio- and hillscape evo-

lution model (Fig. 10): 

1. After the deposition of the Upper Middle Terrace in the late Elsterian on top of the Keuper remnant 

“Roter Berg” (48), multi-phased valley formation took place over the course of the Saalian and Early 

Weichselian, preferentially during climatic transitions (72). This incision eventually exposed the Keuper 

Mudstones (SU1) at the slopes of the “Roter Berg”.  

2. The erosional surface became covered by the gravels of the upper Pleistocene Lower Terrace (SU2) 

in due course. In Thuringia, this terrace formation is assigned to the Weichselian Pleniglacial (48). In 

the (wider) region, well-dated fluvial archives place the most intense pleniglacial fluvial activity and 

aggradation into MIS 4 and 3, again mainly controlled by climatic transitions (73–77).  

3. Thereafter, slope deposition became the dominant process in the “Roter Berg” area, comprising 

Stratigraphic Units SU3 and SU4. This is a clear indication for a destabilizing but still rather humid land-

scape, for which a lot of evidence exists in Central Europe from ca. 40-45 ka (later Interpleniglacial/MIS 

3) onwards, when a general cooling tendency can be observed (78–80). We consider SU3 to be a poly-

genetic periglacial slope debris that formed with the participation of (i) mass wasting/active layer fail-

ure, preserving the original structure of reworked SU1, (ii) solifluction events that homogenized weath-

ered gravels from the Upper Middle Terrace, Keuper Mudstone and early loess, creating massive and 

very poorly-sorted sediments, and (iii) slope-wash processes making for well-sorted interbeds of loess-

like deposits. All of these processes and combinations thereof are well-known to have occurred in 

Central European mudstone landscapes during the Weichselian Pleniglacial (81–83). The laminated 

slope-washed loess (SU4) overlies SU3 following another erosional disconformity, implied by the accu-

mulation of residual gravel directly at their boundary. Such deposits are documented in loess sections 
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across Central and Western Europe, where they often represent slowly aridifying landscapes around 

the MIS 3/2 boundary with accelerating loess deposition (84–86).  

4. As the laminated slope-washed loess of SU4 grades into the massive primary loess of SU5.1, a con-

tinuing aridification and cooling trend leading to increased aeolian activity can be inferred. Both, in 

Central Europe and also specifically in Central Germany, the driest phase of the Weichselian and the 

main loess delivery phase occurred between ca. 25 and 17 ka (78,84,85,87–89). It therefore seems 

reasonable to assign the deposition of SU5.1 to this period.  

5. In the aftermath of loess deposition, in the southwestern part of the study area, another fluvial 

activity phase is evident, that extensively cleared out SU2 to SU5.1 beyond a sharp lateral contact. In 

their stead, a fluvial terrace fill (SU6) was deposited unconformably on SU1. While SU6 is situated in 

the area of Lower Terrace deposits according to the geological map (Fig. 1), it can be differentiated 

from the older SU2 by its carbonate and gravel content, its petrography, sedimentary structure with 

indications of fining-up segments, and by its higher relative elevation (Fig. 6; SI Fig. 4; Supplementary 

Section 3.2). The stratigraphic position and these characteristics might qualify SU6 as a latest Weich-

selian to Early Holocene gravel, when fluvial architectures gradually changed from a braided to a single-

channel meandering style. In fact, a lot of indications from different Central European fluvial catch-

ments point to the Weichselian/Holocene boundary for the youngest stages of Lower Terrace for-

mation (75–77,82,90,91). Hence, a correlation of SU6 with this transitional phase appears plausible.  

6. Within the primary loess of SU5.1, a Chernozem (SU5.2) formed. While the preconditions for its 

pedogenesis and preservation are still somewhat controversial, dry climatic conditions, carbonate 

availability in the solum, specific bioturbation modes and the (possibly anthropogenic) admixture of 

charred organic matter (black carbon) seem to play the most important roles (92–96). For Central Ger-

many, a formation time from the Weichselian Lateglacial/Early Holocene to about 6 or 5 ka BP is as-

sumed (92,97). Subsequently, local to regional decalcification has apparently led to a complex spatial 

pattern of degradation towards (luvic) Phaeozems and Luvisols (94,98). It is noteworthy that 
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(haplic/calcic) Chernozems and subordinately also decalcified (luvic) Phaezems occur in our study area 

in very close proximity. Hence, we cautiously attribute the patchy Chernozem degradation here to 

locally variable occupation and land-use impact on these agronomically important soils since the Early 

Neolithic (cf. 99).  

On top of SU6, a Black Floodplain Soil (SU7) was formed and/or deposited in the Gera floodplain and 

still remains largely uncovered at the surface of our study area today. The same has been documented 

in the Rhine, Main and Weser River catchments in Germany, where similarly thick, clayey-humic fluvi-

sols (labelled as “Pseudochernozems”) developed on calcareous gravels of the latest Weichselian and 

earliest Holocene fluvial terraces in the Alleröd and Preboreal, respectively (100,101). Apart from that, 

Black Floodplain Soils are typically buried under thick sequences of clastic overbank deposits (102). 

They are characterized by >30cm of a clayey and highly-humic solum, formed either (i) by selective 

erosion of clay-humus complexes from surrounding Chernozem plateaus, (ii) decomposition of in-situ 

organic matter or (iii) as gyttjas under water-logging conditions. Estimated ages for Black Floodplain 

Soil formation usually range from the Early Holocene to the Atlantic period (102–106). On a more re-

gional scale, since for the Black Floodplain Soil zone in the study area the toponym “Rieth-Feld” is used 

(“reed field”) (SI Fig. 1A), a connection to the eponymous geological “Rieth”-series in Thuringia could 

likely be drawn. This sequence of peat and organic mud deposits is generally assigned to the Early 

Holocene (48). Based on these references, it seems appropriate to assume a mainly Early to Mid-Hol-

ocene formation/deposition of the Black Floodplain Soil within the study area.  

 

4.2 Historical and archeological implications 

4.2.1 Successful (re)discovery of a Black Death mass grave? 

The anomalous subsurface feature that we detected contains human skeletal remains in different 

depths and segments (SI Tab. 2, Supplementary Section 5.3). Two bones from the cores EN-RK 55 and 

56 were subjected to radiocarbon dating. As the cores are about three meters apart, it can likely be 
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ruled out, that the same specimen was accidentally sampled twice between the cores. Therefore, the 

nearly identical dating results (1302-1401 and 1301-1398 cal AD) (Tab. 2) on the two bones not only 

strengthen the overall chronology, but also testify to a contemporaneous interment of several individ-

uals in the 14th century. The anomaly has the considerable horizontal extent of 9 by >15 meters and 

we reconstructed a depth of ~3.5 meters from the coring depth of ~2.8 meters and at least 0.7 meters 

of soil removal for the airfield construction in 1926/27 (Fig. 5). This results in >470 m³ or about 750 t 

of material when assuming a cuboid shape and a bulk density of 1.6 g/cm3. Taking together these find-

ings, the most plausible interpretation of the anomaly is indeed that of a mass grave (107). If there was 

no further historical context, the designation as a Black Death pit would, however, still be premature, 

even with the chronology established. Alternative reasons for the construction of a mass grave, i.e. 

alternative causes of mass fatalities in that time span comprise climatic disasters, conflicts, famine or 

other illnesses (32,33). Fortunately in the case of Neuses, contemporary written sources are very spe-

cific on the timing (July 1350 to February 1351), location (cemetery of Neuses) and high number of the 

burials (12000 bodies in 11 pits) connected with the Black Death outbreak (46). Since most of the doc-

umentation and all the skeletal finds from the 1926/27 excavation have been lost, the results of our 

investigations can now (i) not only independently confirm the presence of a mass grave in a very similar 

position, but (ii) can also chronologically attribute the timing of the burials to the 14th century for the 

first time. Whether the mass grave that we exposed through vibracoring and ERT is indeed identical 

with the one previously discovered cannot be resolved, nor is it strictly relevant. Most significantly, 

and unique in comparison to all other Black Death mass graves, our prospection findings and the dating 

of the human bones (within the confines of uncertainty) are absolutely consistent with the detailed 

historical accounts. Therefore, we are confident of the successful (re)discovery of at least one of the 

Black Death mass graves in the Erfurt region. Its expected dimensions are far above the average of 

contemporaneous ones in Europe, so that according to our knowledge only the burials in Thornton 

Abbey (GB) compare in their extents, if not depths (21). In Neuses, further exploration for the 
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remaining ten specified plague pits has the unique potential to directly assess the validity of the written 

sources also regarding the specific number of those pits and buried bodies. 

4.2.2 Natural setting, village and mass grave – spatio-temporal relationships  

According to Bolle (45,54), the church of Neuses has been built in the 12th century, while he places the 

foundation of the village a bit earlier, before 1100 AD. This is in agreement with our few 14C-dated 

charcoals, sampled from occupation layers across the AOI, and the age determination of the pottery 

sherds (Tab. 2, Fig. 9). While evidence for activity in the High and Late Middle Ages is present in our 

data, clear indication for Early Medieval activity is lacking so far. The position and spatial organization 

of the former village seem to be inextricably linked with the juxtaposition of the two pedogeographic 

zones in the AOI and their extents (Fig. 9). Considering the findings of the two excavations in 1926/27 

and especially in 2012, all the archeological features and structures that could be related to Neuses 

are situated within the Chernozem zone, whereas only a few single finds have been made in the Black 

Floodplain Soil zone (45,55,108). Up until the mid-19th century, wetlands stretched in the area south 

of “Roter Berg”, where in places, peat was cut and stagnant water surfaces existed (Kirchhoff, 1895; 

Lehmann, 1928). Correspondingly, Neuses was situated entirely on the higher and drier ground of the 

loess area with fertile chernozem soils but on the margins of the wetter lowlands extending in the 

distal River Gera floodplain. A valley edge position of the former village had already been concluded 

by Bolle (45) and implicitly by Sczech (55), and it can now be substantiated and localized based on our 

findings. The evidence suggests that the former village of Neuses was aligned, both, with the “Weg 

zum Roten Berg” as seen for the orientation of the former cemetery wall (Fig. 9, Supplementary Section 

5.2), and with the natural situation, i.e., with the margin towards the Black Floodplain Soil zone. Ac-

cording to our results, not only the village itself, but also the regular cemetery and the Black Death 

mass graves were located in the Chernozem zone. This seems to imply a certain awareness that the 

former wetland area of the Black Floodplain Soil zone would have provided much less favorable soil 

conditions for the decomposition of the bodies in single burials and especially mass graves – a fact 
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which is well-known today and taken into account for the planning of regular and emergency burials 

alike (110,111). 

The timing of the village's demise and abandonment cannot be easily determined on the basis of his-

torical documents (45). In 1354, Neuses was last referred to as ‘villa’ (village) in written sources, while 

in 1516 it was described as “long-since abandoned”, whereas the church was still standing until the 

end of the 17th century. Bolle (45) postulates that it was most likely deserted between 1354 and the 

middle of the 15th century. Our own chronological information on that matter is sparse, but the dates 

for the occupation period seem to cluster in the High to Late Middle Ages with no clear indication for 

activity in the 15th century and beyond (Tab. 2). Largely the same can be said for the preliminary age 

determinations during the 2012 excavation (55,108). Bolle’s assessment can therefore be broadly con-

firmed by the chronological data obtained recently, even if a more precise time frame of the event is 

still not established.  

Maybe the general choice of burial location for the Black Death casualties of Erfurt might be an addi-

tional clue as to when the desertion process occurred for Neuses. The question arises: Why was Neuses 

chosen of all places? It stands to reason, that by deliberation, consecrated ground in nearby villages 

was preferred for the emergency interments in order to at least partially adhere to Christian burial 

conventions (112,113). But given the urgency of the situation and the diminishing capacity of available 

work force, it does seem peculiar that the choice fell on Neuses, about 5 km away from the city, rather 

than a more proximal village. Hence, other explanations need to be considered besides logistics, such 

as the notion that Neuses had already been deserting or even deserted by 1350, thus leaving available 

space on the cemetery. Additionally, of course also political and legal aspects preconditioned the 

choice of Neuses as a burial site. Most importantly, we know from written sources that Erfurt’s city 

council held the patronage rights for the parish church of Neuses (54) and that the council was advised 

by medical scholars to dispose of the dead in specially-excavated ditches (46) which apparently could 

only be realized on grounds under the council’s control. In the future, we hope to shed more light on 
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the site selection and a potential relation to the desertion of the village, inter alia with a thorough 

analysis of the 2012 archeological excavation data along with continuing studies of the written sources.  

4.3 Assessment of the combined prospection approach  

For the identification and investigation of the Black Death mass grave in Erfurt, we loosely followed 

well-established procedures, primarily developed for war crime burials (33,43,114), but also widely 

used in archeology (34,36,115). We successfully narrowed down the potential burial site with a desk 

study of historical and available archeological documentation (20,45,52,54,55) as well as remote sens-

ing data.  

In the target area, we conducted combined non-invasive geophysical and minimally-invasive coring 

surveys for stratigraphic and pedogenic reconnaissance. The coupling of different geophysical tech-

niques is generally considered best practice for a successful detection of mass graves (43,116), while 

GPR is regularly reported to produce more meaningful results than ERT (34,36,37,117–119). In our 

case, the opposite effect has occurred. The GPR signal fell short as it apparently attenuated in contact 

with the thick and fine-grained cover layers of loessic deposits and loamy slope debris (SU3 to SU5), so 

that no expressive data could be obtained (61,117). Conversely, our ERT data in conjunction with the 

spatially well-resolved borehole information yielded valuable insights into the near-surface natural de-

posits, also clearly resolving stratigraphic boundaries based on grain-size differences. Similar conclu-

sions were drawn from geomorphological investigations of equally fine-grained floodplain deposits 

contrasting with underlying fluvial gravels (120,121). Thus, ERT both confirms and complements our 

vibracoring findings, especially regarding the position of the pedogeographic boundary between the 

Chernozem and Black Floodplain Soil zones (Fig. 9, Supplementary Sections 3 and 4). 

An additional important outcome of the reconnaissance phase are our estimates for the amount of 

soil removal due to ground levelling in 1926/27 in the suspect area for the mass grave: ~100 cm in 

transect T2 and ~70 cm in T3. Those numbers are derived from lacking and/or truncated stratigraphic 

units SU4 and SU5 (Fig. 5) and are the prerequisites for assessing the original depth of the mass grave 
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at the time of its layout. In the next phase of our fieldwork, a systematic survey for the mass grave 

could be conducted, facilitated by stratigraphic background knowledge and the prior mutual “calibra-

tion” of borehole and ERT results. The lack of these two aspects has previously been identified as a 

main cause for low detection success of burial features in other studies, where the ERT anomalous 

signal was masked by (unknown) naturally heterogeneous depositional settings (e.g. 119). Even so, 

geomorphological or landscape-oriented off-site investigations are only rarely applied as a supplement 

of geophysics to increase the recognition of such features (115,but see 122). For Neuses, not least 

because of the combination with independent coring data, ERT proved a well-suited geophysical 

method for the detection of the mass grave and characterization of the natural background alike. Final 

identification of the mass grave anomaly was enabled by the fact that the original dig in 1350/51 cut 

into the topmost fluvial gravels (SU2) which were then redeposited further up in the shaft together 

with the more fine-grained backfill originating from SU3 to SU5. The unusual presence of these spo-

radic gravels at shallow depths both raised initial suspicions throughout the Pürckhauer soundings and 

caused an ERT-sensitive highly resistive disturbance contrasting with the surrounding sediment matrix 

(21,cf. 43). Apart from the effective localization of the mass grave and its subsequent chronological 

assignment to the 14th century, a 3D delimitation could also be established. In this regard, once again, 

the respective strengths of vibracoring and ERT complemented one another. Whereas the lower 

boundary of the grave anomaly was near-invisible in the ERT profiles, it could readily be detected in 

the cores EN-RK 55 and 56 (Figs. 7, 8). Vice versa, compared to vibracoring, ERT provided a much more 

time-efficient way to trace the horizontal extents of the mass grave (profiles P6 and P7), even though 

the exact shape and the southern margin could not be recorded so far. 

Methodologically, the surveys in Neuses demonstrated the applicability of combined ERT and vibracor-

ing techniques to detect and delineate mass graves in challenging settings. In our case, dense vegeta-

tion impeded the use of 3D geophysical methods such as EMI and moreover, former large-scale ground 

modifications have significantly compromised the natural depositional situation in the target area. 

These challenges could be bypassed by an extensive stratigraphic exploration of the surrounding area 
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in close mutual consultation of ERT and sediment coring, fostering the identification of slight deviations 

from natural standards. Our interpretations and the mentioned challenges may be unique to our site, 

but our method combination holds the potential to successfully resolve the mapping of similarly de-

manding sites for archeological and forensic investigations (38,123,124). 

 

5. Conclusion 

The outbreak of the Black Death in Erfurt and the putative mass grave situated outside its city walls in 

the village of Neuses are unique on a European scale: Dense historical accounts together with initial 

20th century archeological findings allow for the first ever systematic survey of a mass grave related to 

the second plague pandemic. Building on the existing data, our main objective was to detect a mass 

grave in Neuses so that material for dating and later genetic studies could be gained. To that end, we 

chose a prospection approach with a close coupling of electrical resistivity tomography and vibracor-

ing. The results helped unravel the natural stratigraphic situation, which could vertically be subdivided 

into seven stratigraphic units, while spatially, two distinct pedogeographic areas could be identified: a 

Chernozem zone and a Black Floodplain Soil zone, the latter still being wetlands in medieval times. As 

these wetlands apparently remained unoccupied back then, this information also provided valuable 

insights into the positioning and internal organization of the former village and cemetery. The discov-

ery of the mass grave was decisively facilitated by the obtained pedostratigraphic knowledge, which 

helped to better recognize slight deviations against the natural background. Two human bones from 

the mass grave structure were AMS radiocarbon dated to the 14th century, reinforcing the assumption 

that the previously and recently found mass graves can indeed be related to the Black Death.  

To our knowledge, our research represents the first instance where an unmarked Black Death mass 

grave was found through systematic prospection. It offers a rationale to support the widely-used geo-

physical methods with an extensive independent stratigraphic survey, especially in similarly 
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demanding settings, where e.g., dense vegetation and strong ground modifications might otherwise 

hamper the detectability.  
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Supplementary Section 1 – Former wetlands in the study area implied by old maps 

On the old topographic map of 1839 (SI Fig. 1A), south of the “Roter Berg“ and overlapping with the 

southwestern part of our study area (red square), extensive wetlands are documented, also indicated 

by the toponyms Rieth-Feld (reed field) and Nonnen-Erlen (nuns’ alders). Later accounts report on 

stagnant water bodies as the result of peat cutting before the area was drained in the later 19th century 

(Lehmann, 1928; Kirchoff, 1885). On the geological map of 1931 (SI Fig. 1B), roughly the same former 

wetland area is designated as overbank deposits of the river Gera, which deviates from the smaller 

extent of these overbank fines in today’s data (compare Fig.1, main text).  

 

SI Fig. 1: A – Topographic map 1:25000 from 1839, created and designed by von Zittwitz and Uckermann (permalink: 

http://www.deutschefotothek.de/documents/obj/70301944). It documents wetland areas in the SW part of the study area.  B – 

Geological map 1:25000 from 1931, edited by A. Reichardt and published by the Prussian Geological Survey, Berlin. It indi-

cates more extensive areas of overbank deposits/floodloam than today (compare Fig. 1, main text).  

http://www.deutschefotothek.de/documents/obj/70301944
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Supplementary Section 2 – Locating the features of the excavation in 1926/27 

The georeferencing of the excavation sketch by Bolle (1937) (SI Fig. 2; Fig. 2, main text) provides im-

portant information on the location of the church and its surroundings in Neuses. The sketch shows 

mass graves (Mgr.), individual graves (Egr.), the cemetery wall (FM) and the rubble (B(schematisch)) of 

the former church. Due to the lack of a coordinate system, however, localization was a particular chal-

lenge. The referencing (a, b, c) was carried out using control points on prominent landmarks. This re-

sulted in two variants. The western variant (a + b) locates the sketch via the road junction in the north-

west and via the ends of the presumed cemetery wall, which was supposedly visible as an elevation in 

the DEM. The length of the DEM elevation corresponds approximately to the information (25 m) on 

the sketch. The eastern variant (a + c) is based on the distances to the surrounding streets in the north 

(40 m) and east (190 m) of the sketch, which still bear the same names today. The distances were 

converted into control points for georeferencing using auxiliary lines. The eastern variant was given 

greater consideration in the planning of the transects for soil mapping due to its specific dimensions, 

which later proved to be correct. 

 

SI Fig. 2: a - Two variants for georeferencing the excavation sketch by Bolle (1937). b – Western variant hinged on the road 

junction in the north and the (incorrectly assumed) representation of the former cemetery wall in the DEM. c – The preferred 

eastern variant, mainly based on the distances to the surrounding roads as indicated by Bolle (1937). Digital elevation model 

DEM1 coutesy of Thuringian State Office for Land Management and Geoinformation 
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SI Fig. 3: Aerial photographs of the study area and its sourroundings from the years 1944, 1945, 1980 and 2018 (courtesy of 

Thuringian State Office for Land Management and Geoinformation, with property boundaries taken from the Cadastre Infor-

mation System ALKIS, 2019). Note the increase of infrastructure and building structures over time. The study area (around the 

red dot) was largely spared from construction with only a distinct vegetation change noticable. 

The aerial photographs from 1944, 1945, 1980 and 2018 (SI Fig. 3) show that the territory around the 

churchyard (red dot) of the deserted village Neuses. From 1927 to 1945, the area was situated at the 

northern margin of the first airfield of the City of Erfurt. Today, the area has been incorporated into 

Erfurt as the city has grown, whereas the presumed position of the churchyard itself (red dot) has not 

been a site of construction and fortunately is accessible for geophysical and geoarchaeological inves-

tigations. 
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Supplementary Section 3 – Detailed stratigraphic information 

3.1 Chernozem zone 

Stratigraphic Unit 1 (SU1): In this area, the lowermost deposit we discovered is a mudstone sequence 

from the Weser formation in the Middle Keuper period, exposed in the cores EN-RK 1, 36, 41, 55 and 

58 (Figs. 3 and 5, main text). This clayey-silty unconsolidated deposit is vastly non-calcareous, massive 

to finely-laminated and free of pebbles. Its color varies greatly from mostly reddish brown to dark red, 

pale olive and greenish grey (Munsell colors from 10R 5/2 and 2,5YR 4/3 to 6/5 BG), which is in accord-

ance with the known polychrome character of this formation in the wider region (1). The upper bound-

ary of SU1 is usually situated at 175-177 m asl in our boreholes. In the ERT profiles, this unit is charac-

terized by low resistivity values up to 60 Ωm (Fig. 6 and 8, main text; ERT profiles 2, 3, 6 and 7 as well 

as P11/12, SI Fig. 4). 

Stratigraphic Unit 2 (SU2): Unconformably overlying the Keuper mudstone is a gravelly and calcareous 

sand encountered in the cores EN-RK 3, 4, 7, 19, 36-38, 40, 42, 47, 51, 53 and 55-58. Only in two posi-

tions, the deposit has been drilled through completely with respective thicknesses of ~2 m (EN-RK 36 

and 58, see. Fig. 4, main text). It consists of a reddish brown (Munsell colors mostly between 5YR 5/2 

and 5/5), poorly-sorted fine to coarse sand with varying gravel contents between 10 and 50%, the 

latter fraction featuring well-rounded pebbles of mainly quartz, chert, rhyolite and limestone. Occa-

sionally, loamy sections exist in this layer that likely represent redeposited material derived from the 

Keuper mudstone SU1. As a tendency, the upper boundary of SU2 is slightly inclined to the south from 

just over 178 m to just under 177 m asl in the investigated area. SU2 is cautiously interpreted as the 

Weichselian fluvial gravel of the “lower terrace”, or German: “Niederterrasse”. In the ERT profiles, the 

coarse material of this unit and its poor sorting are reflected by high resistivity values up to 400 Ωm 

(Fig. 6, main text; ERT profiles 2 and 3 and SI Fig. 4). 

Stratigraphic Unit 3 (SU3): In all the boreholes of this zone, the stratigraphic superposition of the SU2 

gravels is formed by a heterogeneous loamy to clayey slope deposit. Its fine-grained texture and the 

variegated colors – reddish brown to olive yellow (mostly 2,5YR 3/4 to 5YR 6/2) – are strongly reminis-

cent of the Keuper mudstone SU1. The same applies to the seemingly random changes in the structural 

composition between massive and finely-laminated sections. The main differences to SU1 apart from 

the significantly detached stratigraphic position are (i) a certain (fine) sand content, (ii) a noticeable 

carbonate content of an estimated 2-5 %, (iii) the admixture of up to 15 % well-rounded pebbles – 

mainly quartz and rhyolite, and (iv) the occasional occurrence of loessic interlayers in a mm- to dm-

range (e.g. EN-RK 5, Fig. 5, main text). SU3 has been fully exposed in cores EN-RK 3, 4, 7, 19, 37, 40, 42, 

50, 51, 53, and 57-58. Its thickness fluctuates between 90 cm and >3.5 m (cores EN-RK 51 and 5) with 

a clear tendency to decrease downslope to the south and the east, while its upper boundary is usually 
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subparallel to the surface at 1 to 2 m depth. All of the above properties justify the categorization as a 

periglacial slope debris/deposit. 

Stratigraphic Unit 4 (SU4): This widespread unit is characterized by an alternate bedding and partial 

mixture of the underlying SU3 and the overlying loess deposit. These two parent materials appear in 

variable proportions both within and between the core sequences: From sporadic reddish and loamy 

streaks inside an otherwise loess-like sediment to rhythmically-bedded 2 cm alternations of both 

members to more homogenized and reddish mixtures of both components but with isolated bands of 

reworked loess-like material. Therefore, in terms of texture and color, co-occurrences and mixtures 

ranging from light brown sandy silt to reddish brown loamy clay can be found (Munsell colors 7,5 YR 

6/5 to 2,5YR 4/4). Usually however, the lower parts of SU4 are more closely related to the underlying 

deposit and vice versa. Since both end-members involved are calcareous, the same is true for SU4, 

with estimated carbonate contents between 5 and 10 %. The thicknesses vary between 20 and 90 cm, 

with the lower boundaries following the surface in a subparallel manner and being situated at 1.4 to 

1.8 m depth on average. In many cases, these lower boundaries are marked by an accumulation of 

pebbly components, indicating a possible truncation of the underlying SU3 prior to the deposition of 

SU4 (e.g. cores EN-RK 5, 7, 23, 29, 58). Conversely, the upper boundary is not as distinct, but rather 

represented by a gradual transition to the overlying loess of SU5. The stratigraphic unit SU4 is missing 

in the cores EN-RK 3, 4 and 6 for what we assume to be natural causes and additionally in most cores 

located in the area particularly affected by soil removal during the construction of the airfield in 

1926/27, including EN-RK 22, 37-40, 42-45 and 51-54 (Fig 5.). We interpret SU4 to be the product of 

periglacial slopewash processes and refer to it as reworked loess or colluvial loess.  

Stratigraphic Unit 5 (SU5): This unit encompasses the near-surface unstratified loess-like deposits and 

the chernozemic soils that formed within this substrate, and it is thus subdivided into SU5.1 and SU5.2. 

Originally and according to strictly natural distribution, this unit occurs in all boreholes within this zone.  

SU5.1: Conformably above the reworked loess of SU4, a 15 to 72 cm thick layer of coherent and seem-

ingly unstructured loess-like deposits occurs. The sediment is light (reddish) brown in color (10YR 6/5 

to 7,5YR 5/4), mainly silty and slightly fine-sandy/loamy, always highly calcareous with estimated car-

bonate contents of ≥10 % and also contains secondary carbonates, namely pseudomycelia and occa-

sional loess dolls. Plausibly, it represents primary aeolian loess, but as processes of post-depositional 

modifications, such as cryogenesis and slight reworking, cannot be completely ruled out based on our 

findings, we will henceforth refer to it more generally as “loess”. Positions where this loess layer is 

missing in the chernozem zone are the central segments of transects 3 (EN-RK 52-54) and especially 

transect 2 (e.g. EN-RK 42-45), because it was removed there for the construction and levelling of the 
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airfield in 1926/27, and additionally locations with deep archaeological features that incorporate the 

loess (e.g. EN-RK 19, 25 and 27) (Fig. 5, main text). 

SU5.2: Within the loess, a chernozem has formed with thicknesses of the chernic horizon between 45 

and 90 cm. This is typically followed by a ca. 10-20 cm transitional A-C horizon below. Both of these 

horizons, as well as the underlying loess show distinct traces of bioturbation in the form of filled earth-

worm channels (nearly in all cores) and tunnels of burrowing mammals, i.e. krotovinas, e.g. in EN-RK 

8, 9, 22 and 26. The chernic horizon has a granular structure, is dark brown to very dark greyish brown 

in color (10YR 3/3 to 7,5YR 3/2) and in some cases nearly decalcified (e.g. EN-RK 8, 10, 18, 24, 28, 29), 

but mostly, the carbonate contents are estimated to 2-10% (e.g. EN-RK 3-7, 23, 26, 58). At a few posi-

tions, the apparent formation of an incipient clay-humus enriched B-horizon can be observed, there-

fore justifying the designation of the solum as luvic phaeozem there (e.g. EN-RK 29). Whether the 

small-scale co-existence of (haplic/calcic) chernozems and (luvic) phaeozems is an expression of natu-

ral pedogenic variability or rather of structural anthropogenic interventions is not within the scope of 

this research and will be addressed during future investigations, when also soil profiles will be availa-

ble. In the context of this study, however, the humic topsoil of this zone will be more generally referred 

to as “chernozem” or “chernic horizon”. Just as for the loess, the chernozem is missing in the central 

part of the AOI (transects T2 and T3) due to modern soil removal, and in those position where it was 

consumed by deep archaeological features (e.g. EN-RK 19-21, 25 and 27).  

Within the ERT profiles, the rather fine-grained stratigraphic units SU3-SU5 appear as an almost con-

stant and amalgamated layer with resistivity values of 50 to 150 Ωm. In contrast to the borehole stra-

tigraphy, a clear subdivision is not possible in the ERT (Fig. 6, main text; ERT profiles 2 and 3 and SI Fig. 

4). The differences in the resistivities of this layer between profiles 2-4 and 6, 7, 11, 12 (Figs. 6, 8, main 

text; SI Fig. 4) are due to the different acquisition periods: P2-P4 were measured in autumn after a very 

dry summer and P6/7 in January during a wet winter. Transects P11 and P12 were measured beginning 

of June 2023 during an intermediate state of soil wetness conditions. This results in differences in soil 

saturation and affects the electrical properties of the soil, resulting in lower resistivities in wetter con-

ditions. Therefore, the upper centimetres of the topsoil in P2-P4 are characterized by higher resistivi-

ties during dry soil conditions of the topsoil and significantly lower resistivities in the topsoil at P6, P7, 

P11 and P12. 

3.2 Black Floodplain Soil zone 

For this zone, it is all the more important to note, that the designation of the near-surface layers and 

horizons remains rather provisional. In contrast to the neighboring Chernozem zone, the entire area 

under investigation was completely affected by the ground levelling for the construction of the airfield. 
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In addition, it has since been heavily built over, so that a ‘pristine’ standard profile for reference could 

not yet be identified. In any case, the information we gathered on the properties and distribution of 

the units encountered here, is regarded sufficiently meaningful both for reconnaissance and prospec-

tion purposes.  

Stratigraphic Unit 1 (SU1): This Middle Keuper mudstone sequence occurs in this zone as well, display-

ing congruent properties to those described in section 3.1.1. The respective deposits were exposed in 

cores EN-RK 1, 32, 33 and 41. In the ERT profiles, this unit is characterized by low resistivity values up 

to 60 Ωm (Fig. 6 and 8, main text; ERT profiles 2, 3, 6 and 7; Si Fig. 4). 

Stratigraphic Unit 6 (SU6): The direct superposition of SU1 is formed by a gravelly sand to sandy gravel 

with thicknesses varying between ca. 100 and 170 cm and an upper boundary at around 178 m asl. 

SU6 was encountered in all the boreholes of this zone (Figs. 5 and 9, main text). Its matrix is repre-

sented by a mostly yellowish red to (light reddish) brown, poorly-sorted and highly calcareous fine to 

coarse sand which contains occasional loamy segments ranging from olive to light olive brown and 

brownish grey (Munsell colors varying from 2,5Y, 10YR, 7,5YR, 5YR to mostly 2,5YR 6/3-5/2). Despite 

having a fairly similar appearance to SU2, there are numerous indications for a distinction of these two 

units: (i) The upper boundary of SU6 is usually already within the first meter of the boreholes, meaning 

that the slope debris (SU3) as well as loess-like deposits (SU4-SU5.1) overlying SU2 are totally absent 

here. Therefore, a different chronostratigraphic position has to be assumed. (ii) On average, the well-

rounded pebbles are noticeably coarser, have higher overall proportions (ca. 30 to 60% of the deposit) 

and also higher limestone contents compared with SU2, whereas quartz, chert and rhyolite occur 

equally in both units. (iii) The sandy matrix of SU6 shows a higher carbonate content than SU2, which 

might, however, be a slightly deceptive observation caused by the bore dust from the limestone-heav-

ier gravel in SU6. (iv) Sporadically, sandy segments low in pebbles are encountered (cores EN-RK 12, 

15 and 35) that even show tendencies of small-scale fining-up cycles as documented in core EN-RK 35 

between 151 and 200 cm coring depth.  

For the mentioned differences to SU2 concerning composition, facies and stratigraphy, we regard SU6 

as a clearly independent unit and tentatively interpret it as a Late Weichselian to Early Holocene fluvial 

gravel. The resistivity values of the SU6 are similar to those of SU2 and are characterized as high-resis-

tivity layer with values up to 400 Ωm (Fig. 6, main text, ERT profile 4). 

Stratigraphic Unit 7 (SU7): Overlying SU6 is a black to very dark brown or dark olive brown (Munsell 

colors 7,5YR 2/1 to 2,5Y 3/1), loamy-clayey deposit with thicknesses ranging from c. 70 up to 120 cm. 

The sand fraction is fairly well-sorted and dominated by medium to coarse sand, while the proportion 

of clay can regularly reach 50%. There are no macroscopic bedding features, but in some cases, abrupt 
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shift towards lighter (brown) (7,5YR 4/3 to 10YR 3/3) and siltier members seem to naturally occur 

(cores EN-RK 2, 11, 48), especially in the upper half of the unit. Carbonate contents are stratigraphically 

inconsistent, both within and between the boreholes, they vary from 0% to about 10%. At the lower 

boundary, the contact zone to SU6 is mostly enriched in stones and coarse pebbles, while the upper 

part of the SU6 gravels is often still loamy, humic and decalcified, even if the bulk of the SU7 deposits 

is calcareous (EN-RK 11, 13, 17, 33, 48, 49). Frequently, a downcore gradient of decreasing clay and 

humus contents and increasing carbonate content can be observed at this lower boundary of SU7, 

suggesting chemical weathering. Among notable admixtures, apart from occasional pebbles (~5%), 

SU7 also variably contains potential anthropogenic markers such as charcoal flakes and burnt loam 

(EN-RK 2, 35, 46, 49). Together with the high thickness and humus contents, this implies a formation 

as a pedosediment, notwithstanding that at least at the lower boundary indications for in-situ weath-

ering and -pedogenesis seem to exist. Therefore, and on account of its stratigraphic and topographic 

position, as well as its textural distinctness from the loess-derived topsoil of the chernozem zone, we 

interpret SU7 as a Holocene overbank deposit and classify it as “Black Floodplain Soil”, henceforth: 

BFS. Similar to the units SU3-SU5, SU7 is also visible in the ERT profile 4.  SU7 has heterogeneously 

distributed resistivity values of 50 to 100 Ωm. 

3.3 Deviations and anomalies 

The soil removal during the airfield construction affected especially the central part of the AOI in the 

chernozem zone, where the chernic horizon and the loess-like deposits are (largely) missing, being 

replaced by a 20 to 30 cm ploughing horizon often formed in the slope debris of SU3. Relief levelling 

for the airfield might have led to a certain backfilling of topographic depressions in the Black Floodplain 

Soil zone, which would explain the occurrence of near-surface siltier layers in that area. However, this 

interpretation remains hypothetical until we managed to locate a standard profile and also obtained 

some numerical ages for these cover layers. As of now, we refrain from their interpretation as either 

colluvial, alluvial or anthropogenic layers. Surprisingly, no unambiguous colluvial layers, defined as the 

correlate sediment of land use-driven soil erosion, were found in the entire study area, at all yet – 

neither at the foot slope of Roter Berg, nor elsewhere. 

For some positions we could assume existence of occupation layers or other subsurface archaeological 

features, such as pits, based on a combination of conspicuous sediment characteristics. Among those 

are abrupt changes in color, structure and carbonate content, excessive thickness of the humic solum 

and artificial constituents in the form of pottery sherds, burnt loam or the accumulation of charcoal 

fragments. This applies to 9 cores located within the chernozem zone, namely EN-RK 19-21, RK 25, 27, 

38, 42, 55 and 56, as well as core EN-RK 48 in the BFS zone (see Figs. 3, 5, 9, main text) the usual depth 

of these features below the surface amounts to <1.5 m.   
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Supplementary Section 4 – Additional Electrical Resistivity Tomography data 

 

SI Fig. 4: ERT-profiles P11 and P12 (electrode spacing of 0.5 m, model is based on a joint inversion of a Wenner and Dipole-

Dipole configuration). For positioning, see Figs. 3 and 9 in the main text. For pedostratigraphic symbology, see Fig. 5, main 

text. 

A direct comparison of the ERT profiles of the two main soil units reveals that in the area of the black 

alluvial soils (P2 from RK 41, P4, P11, P12) (Fig. 8, main text, SI Fig. 4) the overburden on the gravel has 

a lower thickness and the gravel layer appears to be slightly higher in absolute terms. Furthermore, 

the sediment layers from SU3-SU5 and SU7 appear as an almost uniform low-resistivity layer, and it is 

not possible to distinguish between the different soil materials. The differences in the resistivities of 

this layer between profiles 2-4 and 6, 7, 11, 12 are due to the different acquisition periods: P2-P4 were 

measured in autumn after a very dry summer and P6/7 in January during a wet winter. Transects P11 

and P12 were measured beginning of June 2023 during an intermediate state of soil wetness condi-

tions. This results in differences in soil saturation and affects the electrical properties of the soil, re-

sulting in lower resistivities in wetter conditions. Moreover, the upper centimetres of the topsoil in P2-

P4 are characterized by higher resistivities during dry soil conditions of the topsoil and significantly 

lower resistivities in the topsoil at P6, P7, P11 and P12. 

The ERT profiles 2-4 are located in the section of the forest along the central drilling transects T1-T3 

and are displayed in Figure 6 in the main text. Profiles 6 and 7 are next to P3 and P 11/12 in the south 

of the AOI. The Keuper mudstone encountered in SU1 is characterised by low resistivities (up to 50 

Ωm) at a depth of 4m in P2-4 and P6/7 (Figs. 6 and 8, main text) as well in P11 (SI Fig. 4). In profile P12 
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(SI Fig. 4), the Keuper mudstone is less pronounced. The ERT surveys clearly show the gravel of SU2 

with higher resistivities and a thickness of up to 2 m. In particular, the upper boundary of this layer 

corresponds very well with the depth delimitation from the sediment cores. The SU2 layer appears 

almost constant over the entire length of the profiles at a depth of approximately 2 metres. The same 

applies to unit SU6 in ERT profile 4 (Fig. 6, main text).  

Based on the resistivity values, only profiles P6/7 and P11 show clear anomalies in SU2. P6 shows a 

breakout of the layer with resistivities > 200 Ωm towards the surface. This anomaly is located approx-

imately in the middle of the profile. At P7, from profile metre 15, there is an offset of approximately 

2m in the SU2 layer towards the ground surface. 

P11 on the other hand, shows an offset of SU2 towards SU1 at approx. 45 m. In P12 the SU2 expires to 

the east, following the decreasing resistivity values. The overlying sediment layers of loess, loamy slope 

sediment, humus- and clay-rich high flood sediments (SU3-SU5 and SU7) are characterised by signifi-

cantly lower resistivities. In P3, P6, P7 and at the beginning of P2 and P4 the layers of SU3-SU7 are 

recognisable as low resistance layer with varying values from 50 – 100 Ωm. In ERT profiles 11 and 12, 

however, this layer is even more clearly demarcated with lower resistances (28.5 – 50 Ωm). Following 

the offset of the gravel layer SU2, the layer thickness increases according. The sediment layers from 

SU3-SU5 and SU7 appear as an almost uniform layer of lower resistivity values, and it is not possible 

to distinguish between the different soil materials. However, the differences in the resistivities of this 

layer between profiles 2-4 and 6,7,11,12 are due to the different acquisition periods: P2-P4 were meas-

ured in autumn after a very dry summer and P6/7 in January during a wet winter and P11/12 in in the 

following June. This results in differences in soil saturation and affects the electrical properties of the 

soil, resulting in lower resistivities in wetter conditions. Moreover, the upper centimetres of the topsoil 

in P2-P4 are characterized by higher resistivities of the dry soil and significantly lower resistivities in 

the topsoil at P6, P7, P11 and P12. In a direct comparison between the ERT profiles of both main soil 

units, it is noticeable that in the area of the black alluvial soils (P2, P4, P11 and P12) the overlay on the 

gravel has a lower thickness and the gravel layer appears to be somewhat higher in absolute terms. 
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Supplementary Section 5 – Dating and additional archaeological information 

5.1 Detailed information on dating approaches 

We recovered a total of 14 pottery sherds from the sediment cores in Neuses. They are catalogued 

under the TLDA (Thuringian State Department for the Preservation of Monuments and Archaeology) 

procedure/inventory number 22/220. Their description is presented below. Generally, their high de-

gree of fragmentation due to the coring procedure complicates the chronological classification.  

Therefore, the pottery-based chronological assessment only cautiously be used as a terminus post 

quem for the interpretation of the respective sediment layers. Specimens might also have been intro-

duced into the deposits via bioturbation or through the coring procedure itself.  

 

Fz.no. 201501: Sondage; RK 25, 119 cm von GOK (inv.-No. 22/220-9) 

A freshly-broken wall sherd; reduction-fired, black, hand-built ware; surface well preserved; medium-

grained quartz; soft-fired; 1.9x 2.6cm, thickness 0.7 cm; dating: prehistoric 

Fz.No. 201502: Sondage; RK 32, 85 cm von GOK (inv.-No. 22/2202-7) 

Heavily fragmented ceramic fragment; reduction-fired, hand-built earthenware; soft-fired; 0.4x0.7 cm, 

thickness 0.3 cm; dating: prehistoric 

FZ.no. 201503: Sondage; RK 48, 55 cm from GOK (inv.-No. 22/220 - 8) 

Heavily fragmented wall sherd; probably from a vessel; red brick-like ware with even fine grain and 

smooth surface; hard-fired; traces of manufacture not visible; surface preserved on one side; approx. 

1.5 x 0.9 cm, thickness 0.5 cm; dating: probably medieval   

Fz.No. 201504: Sondage; RK 35, 80 cm von GOK (inv.-N0. 22/220-10) 

Fragmentary wall sherd; reduction-fired, black, hand-built ware; well-preserved rough surface, me-

dium-coarse quartz grain; medium-hard fired; 0.9x2.4 cm, thickness 0.6 cm; dating: prehistoric 

FZ.no. 201505: Sondage; RK 47, 41 cm from GOK (inv. no. 22/220 - 6) 

Heavily fragmented wall sherd; rough-walled, reduction-fired, grey ware with a quartz grain and little 

mica; hard-fired; traces of manufacture not visible; surfaces well preserved; approx. 1.4 x 1.5 cm, thick-

ness 0.4 cm; dating: medieval  

FZ.no. 201506: Sondage; RK 48, 38 cm from GOK (inv.-No. 22/220 - 5) 

a. Heavily fragmented, freshly broken, wall sherd; probably from miniature vessel; reducing grey fired 

wheel thrown ware with yellow oxidising fired outer surface; fine leanness; hard fired; 1.5 x 1.9 cm, 

thickness 0.3-0.4 cm; dating: medieval 

b. Heavily fragmented wall sherd; grey, reduction-fired ware with mantled orange surface; medium 

coarse grain of quartz and mica; moderately hard-fired; 0.7 x 0.8 cm, thickness 0.5 cm; dating: indeter-

minable (prehistoric-medieval)  

FZ.no. 201507: Sondage; RK 27, 65 cm from GOK (inv. no. 22/220 - 3) 
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Heavily fragmented wall sherd; oxidisingly fired, yellow to reddish, younger wheel thrown ware with 

green lead glaze on the inside; finely tempered, occasional mica; hard fired; 1.4 x 1.9 cm, thickness 0.5 

cm; dating: Late Middle Ages, probably 14th/15th century 

Fz.No. 201508: Sondage; RK 46, 53cm von GOK (inv.-No. 22/220-2) 

Heavily fragmented wall sherd; reduction-fired, black, hand-agglomerated ware; medium to coarse 

quartz grain; soft-fired; 0.8x1.1 cm, thickness 0.4 cm; dating: prehistoric 

FZ.no. 201509: Sondage; RK 38, 36 cm from GOK (inv. no. 22/220 - 1) 

a. Heavily fragmented ceramic fragment; red brick-like ware with uniform fine grain and smooth sur-

face; hard-fired; traces of manufacture not visible; surface preserved on one side; approx. 0.7 x 0.8 cm, 

thickness 0.2 cm; dating: indeterminable (medieval/modern period) 

b. Heavily fragmented wall sherd, freshly broken; grey-white earthenware with white glaze, probably 

faience; hard-fired; wheel-thrown ware; surface preserved in fragments; fine grain; 0.8 x 0.9 cm, thick-

ness 0.2 cm; dating: modern period 

FZ.no. 201510: Sondage; RK 32, 45 cm from GOK (inv. no. 22/220 - 4) 

Heavily fragmented wall sherd; reduction-fired, hand-built ware; orange engobe on the inside; coarse 

grain with quartz and lime; soft-fired; heavily rolled; 1 x 1.1 cm, thickness 0.5 cm; dating: indetermina-

ble (Prehistoric/High Middle Ages) 

FZ.no. n.a.: Sondage; RK 57: 40-50 cm von GOK (inv.-no. 22/220-11) 

a. One rim sherd and two heavily fragmented wall sherds; reduction-fired black hand-built ware with 

smoothed surface; coarse lime lean; soft to moderately hard-fired; simple straight rim with slightly 

convex end, rim diameter 4-6 cm, 1.9 x 2 cm, thickness 0.7 cm; WS fragments 0.9 x 1.1 cm, 0.7 x 1.1 

cm; dating: prehistoric 

b. Heavily fragmented wall sherd; oxidisingly-fired wheel thrown ware; black lead glaze inside, sur-

face poorly preserved outside; 0.9 x 1.1 cm, thickness 0.5 cm; dating: modern period 

 

 

SI Tab. 1: Data and results for all samples subjected to radiocarbon dating. 

Lab Nr 
MAMS 

Sample ID 
core/depth 

[cm] 

14C Age 
[yr BP] ± 

δ13C AMS 
[‰] 

Probability 68% 
(1σ) 

Probability 95% 
(2σ) C:N C [%] 

Collagen 
[%] Material 

60280 RK55/260 608 22 -22.4 cal AD 1309-1396 cal AD 1302-1401 3.2 37.3 4.4 bone 

60281 RK55/154 919 23 -20.7 cal AD 1046-1165 cal AD 1038-1204  55.0  charcoal 

60282 RK53/40 941 23 -21.4 cal AD 1042-1156 cal AD 1035-1160  69.1  charcoal 

60284 RK21/139 835 25 -29.6 cal AD 1179-1260 cal AD 1169-1265  61.6  charcoal 

65026 RK56/180 617 17 -24.4 cal AD 1305-1393 cal AD 1301-1398 3.2 42.4 7.3 bone 

65027 RK56/243 5533 32 -34.1 cal BC 4442-4342 cal BC 4447-4337       charcoal 

     Calibrated Ages     
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SI Fig. 5: Calibration graphs of all samples subjected to radiocarbon dating. Calibration was done using OXCal 

v.4.4.2 and the IntCal20 curve (Reimer et al, 2020) (2) 

. 
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5.2 Archaeological evidence for the position of the cemetery within the village 

We argue that the course of the boundary between the Chernozem and Black Floodplain Soil zone had 

a bearing not only on the positioning but also on the internal structure of the village: During the 

1926/27 excavation, a wall fragment of 25 meters length was discovered south of the cemetery, be-

yond which, no occupation features were found to the south. Accordingly, it was interpreted as part 

of the cemetery enclosure forming the southernmost branch of the village (3). The 2012 excavation 

uncovered another wall fragment with a length of <3 meters at the very northern limit of the excavated 

area, which was assumed to turn northwards from its eastern edge (Fig. 9, main text). In many aspects 

these two remnants are strikingly similar to each other: (i) building material – undressed chunks of 

limestone and greenish sandstone, (ii) orientation and position – nearly W-E oriented, parallel to “Weg 

zum Roten Berg” in ~40 m distance, as well as (iii) age – tentatively late medieval. Only the thickness 

(60 cm v. 80 cm) is where the two walls slightly differ (3–5). Therefore, it seems plausible to regard the 

2012 wall as the eastern continuation of the one from 1926/27. Unlike the 1926/27 excavation, the 

more easterly 2012 excavation detected numerous medieval occupation features south of this wall, as 

well, where also the Chernozem Zone extents further to the south (Fig. 9, main text). 
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5.3 Anthropological information  

SI Tab. 2: Characterization of the bone fragments found in the sediment cores. Abbreviations: dx=sin refers to an ambiguous 

dextral or sinistral position, M=F to an ambiguous sex estimation of the specimen. The age-at-death indications are given in 

the description column as an age range/minimum age or as a developmental stage (e.g. adult). The two bones sampled for 14C 

dating are indicated and the CEZA lab codes are specified. All bones are stored at the TLDA in Weimar.  

 

  

 Core 
EN-… 

Depth 
[cm] 

Inv.No. Species 
Skeletal 
Region 

Description 
Dating 

Lab code 

RK20 55 22/220-18 non-human - one tiny fragment of an animal bone; species, sex 
and age-at-death not determinable 

- 

RK55 237 22/220-19 human pelvis? few tiny fragments of cortical and spongy bone; 
adult; M=F 

- 

RK55 260 22/220-13 human skull several fragments of neurocranium, probably one 
individual; 20-40 years; M=F 

MAMS 
60280 

RK55 260 22/220-14 human skull few neurocranium fragments, two orbit roof frag-
ments, possibly same individual as -13, similar mor-
phology; 20-40 years; M=F 

- 

RK55 264 22/220-12 human lower 
arm 

proximal shaft fragment of an ulna (dx=sin); 45+ 
years; M=F 

- 

RK55 264 22/220-15 human leg few fragments of robust compact bone, likely femur 
or tibia; 20-50 years; M=F 

- 

RK55 270 22/220-16 human - tiny fragment of cortical bone; adult; M=F - 

RK55 272 22/220-17 human arm fragment of trochlea humeri; adult; M=F - 

RK56 180 22/220-20 human foot Fragments of left first metatarsal with proximal 
phalanx and one shaft fragment of another meta-
tarsal; 20-50 years; M=F 

MAMS 
65026 
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6. Stratigraphic logs of sediment cores 

. 

SI Tab. 3: Stratigraphic logs of all sediment cores retrieved in the study area. Coordinates are given in UTM zone 32N 

 

 

Core EN-RK 5 (642486.16 E, 5654271.1 N) 

Depth (cm) Strat. Unit Selected Properties 

0-75 SU5.2 silty, humic, calcareous 

75-127 SU5.1 silty, calcareous 

127-180 SU4 silty to loamy, calcareous 

180-500 SU3 loamy to silty, calcareous 

 

Core EN-RK 6 (642472.07 E, 5654193.51 N) 

Depth (cm) Strat. Unit Selected Properties 

0-55 SU5.2 silty, humic, calcareous 

55-85 SU5.1 silty, calcareous 

85-200 SU3 loamy, calcareous 

 

 

   

Core EN-RK 1 (642451.13 E, 5654013.3 N)  

Depth (cm) Strat. Unit Selected Properties 

0-75 SU7 loamy, humic, calcareous  

75-230 SU6 sandy-gravelly, calcareous 

230-400 SU1/SU3 silty-clayey, slightly calcareous 

   

Core EN-RK 2 (642481.52 E, 5654016.55 N)  

Depth (cm) Strat. Unit Selected Properties 

0-90 SU7 loamy, humic, calcareous 

90-270 SU6 sandy-gravelly, calcareous 

270-300 SU1/SU3 silty-clayey, slightly calcareous 

   

Core EN-RK 3 (642577.87 E, 5654052.44 N) 

Depth (cm) Strat. Unit Selected Properties 

0-55 SU5.2 silty, humic, calcareous 

55-75 SU5.1 silty, calcareous 

75-255 SU3 loamy, calcareous 

255-300 SU2 sandy-gravelly, calcareous 

   

Core EN-RK 4 (642603.29 E, 5654042.24 N) 

Depth (cm) Strat. Unit Selected Properties 

0-45 SU5.2 silty, humic, calcareous 

45-67 SU5.1 silty, calcareous 

67-190 SU3 loamy, calcareous 

190-300 SU2 sandy-gravelly, calcareous 
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Core EN-RK 7 (642510.24 E, 5654189.61 N) 

Depth (cm) Strat. Unit Selected Properties 

0-60 SU5.2 silty, humic, calcareous 

60-86 SU5.1 silty, calcareous 

86-165 SU4 silty to loamy, calcareous 

165-332 SU3 loamy to silty, calcareous 

332-400 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 8 (642519.3 E, 5654246.53 N) 

Depth (cm) Strat. Unit Selected Properties 

0-90 SU5.2 silty, humic, slightly calcareous, colluvial influence(?) 

90-145 SU5.1 silty, calcareous 

145-200 SU3 loamy, calcareous 
 

Core EN-RK 9 (642558.03 E, 5654185.82 N) 

Depth (cm) Strat. Unit Selected Properties 

0-90 SU5.2 silty, humic, slightly calcareous, colluvial influence(?) 

90-136 SU5.1 silty, calcareous 

136-152 SU4 silty to loamy, calcareous 

152-200 SU3 loamy to silty, calcareous 
 

Core EN-RK 10 (642566.33 E, 5654231.9 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU5.2 silty, humic, slightly calcareous, colluvial influence(?) 

100-135 SU5.1 silty, calcareous 

135-155 SU4 silty to loamy, calcareous 

155-200 SU3 loamy, calcareous 
 

Core EN-RK 11 (642538.81 E, 5654013.62 N) 

Depth (cm) Strat. Unit Selected Properties 

0-95 SU7 loamy, humic, slightly- to non-calcareous 

95-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 12 (642560.21 E, 5654038.18 N) 

Depth (cm) Strat. Unit Selected Properties 

0-85 SU7 loamy to silty, humic, calcareous 

85-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 13 (642555.59 E, 5654018.08 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU7 loamy to silty, humic, slightly calcareous 

100-200 SU6 sandy-gravelly, calcareous 
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Core EN-RK 14 (642545.59 E, 5654066.3 N) 

Depth (cm) Strat. Unit Selected Properties 

0-120 SU7 loamy to silty, humic, calcareous 

120-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 15 (642549.16 E, 5654073.45 N) 

Depth (cm) Strat. Unit Selected Properties 

0-112 SU7/SU5.2 silty to loamy, humic, calcareous, reworked(?) 

112-140 SU7/SU5.1 silty to loamy, calcareous, reworked(?) 

140-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 16 (642563.39 E, 5654076.95 N) 

Depth (cm) Strat. Unit Selected Properties 

0-70 SU5.2 silty, humic, slightly calcareous, colluvial influence(?) 

70-90 SU5.1 silty to fine-sandy, calcareous 

90-150 SU4 silty to loamy, more gravelly than elsewhere, calcareous  

150-200 SU3 loamy-clayey, slightly gravelly, highly calcareous  
 

Core EN-RK 17 (642497.66 E, 5654059.73 N) 

Depth (cm) Strat. Unit Selected Properties 

0-125 SU7 loamy-clayey to silty, humic, calcareous 

125-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 18 (642617.92 E, 5654177.53 N) 

Depth (cm) Strat. Unit Selected Properties 

0-75 SU5.2 silty, humic, slightly calcareous, colluvial influence(?) 

75-137 SU5.1 silty, calcareous 

137-163 SU4 silty to loamy, calcareous 

163-200 SU3 loamy-clayey, slightly gravelly, calcareous 
 

Core EN-RK 19 (642470.4 E, 5654171.66 N) 

Depth (cm) Strat. Unit Selected Properties 

0-89 SU5 silty, humic, slightly calcareous, occupation feature 

89-159 SU4 silty to loamy, calcareous 

159-263 SU3 loamy-clayey, calcareous 

263-300 SU2 sandy-gravelly, calcareous 
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Core EN-RK 20 (642504.19 E, 5654163.18 N) 

Depth (cm) Strat. Unit Selected Properties 

0-115 SU5 silty, humic, slightly calcareous, occupation feature 

115-130 SU5.1 silty, calcareous 

130-160 SU4 silty to loamy, calcareous 

160-200 SU3 loamy-clayey, calcareous 
 

Core EN-RK 21 (642550.98 E, 5654144.26 N) 

Depth (cm) Strat. Unit Selected Properties 

0-124 SU5 silty, humic, slightly calcareous, occupation feature 

124-142 SU5.1 silty, calcareous 

142-195 SU4 silty to loamy, calcareous 

195-300 SU3 loamy-clayey, calcareous 
 

Core EN-RK 22 (642549.98 E, 5654138.02 N) 

Depth (cm) Strat. Unit Selected Properties 

0-30 SU5 silty, slightly humic, calcareous, ploughing horizon 

30-57 SU5.1 silty, calcareous 

57-95 SU4 silty to loamy, calcareous 

95-200 SU3 loamy-clayey, calcareous 
 

Core EN-RK 23 (642507.051 E, 5654173.244 N) 

Depth (cm) Strat. Unit Selected Properties 

0-60 SU5.2 silty, humic, calcareous 

60-93 SU5.1 silty, calcareous 

93-157 SU4 silty to loamy, calcareous 

157-200 SU3 loamy-clayey, calcareous 
 

Core EN-RK 24 (642506.04 E, 5654170.094 N) 

Depth (cm) Strat. Unit Selected Properties 

0-65 SU5.2 silty, humic, calcareous 

65-95 SU5.1 silty, calcareous 

95-163 SU4 silty to loamy, calcareous 

163-200 SU3 loamy-clayey, calcareous 
 

Core EN-RK 25 (642551.031 E, 5654170.094 N) 

Depth (cm) Strat. Unit Selected Properties 

0-143 SU5 silty, humic, slightly calcareous, occupation feature 

143-166 SU4 silty to loamy, calcareous 

166-200 SU3 loamy-clayey, calcareous 
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Core EN-RK 26 (642551.407 E, 5654165.83 N) 

Depth (cm) Strat. Unit Selected Properties 

0-63 SU5.2 silty, humic, calcareous 

63-130 SU5.1 silty, calcareous 

130-160 SU4 silty to loamy, calcareous 

160-200 SU3 loamy-clayey, slightly gravelly, calcareous 
 

Core EN-RK 27 (642552.307 E, 5654161.624 N) 

Depth (cm) Strat. Unit Selected Properties 

0-105 SU5 silty, humic, slightly calcareous, occupation feature 

105-185 SU4 silty to loamy, calcareous 

185-200 SU3 loamy-clayey, slightly gravelly, calcareous 
 

Core EN-RK 28 (642507.336 E, 5654175.534 N) 

Depth (cm) Strat. Unit Selected Properties 

0-57 SU5.2 silty, humic, calcareous 

57-89 SU5.1 silty, calcareous 

89-100 SU4 silty to loamy, calcareous 
 

Core EN-RK 29 (642599.314 E, 5654129.678 N) 

Depth (cm) Strat. Unit Selected Properties 

0-75 SU5.2 silty, humic, slightly calcareous 

75-100 SU5.1 silty, calcareous 

100-180 SU4 silty to loamy, calcareous 

180-200 SU3 loamy-clayey, gravelly, calcareous 
 

Core EN-RK 30 (642592.161 E, 5654130.277 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU5/5.2 silty, humic, calcareous, colluvial/occupation feature(?) 

100-140 SU5.1 silty, calcareous 

140-180 SU4 silty to loamy, calcareous 

180-200 SU3 loamy-clayey, slightly gravelly, calcareous 
 

Core EN-RK 31 (642590.426 E, 5654130.207 N) 

Depth (cm) Strat. Unit Selected Properties 

0-118 SU5 silty, humic, slightly calcareous, occupation feature 

118-137 SU5.1 silty, calcareous 

137-168 SU4 silty to loamy, calcareous 

168-200 SU3 loamy-clayey, gravelly, calcareous 
 

Core EN-RK 32 (642479.14 E, 5654117.471 N) 

Depth (cm) Strat. Unit Selected Properties 

0-210 SU7/SU6 loamy-clayey, gravelly, calcareous, modern arch. feature 

210-245 SU6 sandy-gravelly, (slightly) calcareous 

245-300 SU1 clayey-silty, non-calcareous 
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Core EN-RK 33 (642479.596 E, 5654109.423 N) 

Depth (cm) Strat. Unit Selected Properties 

0-110 SU7 loamy-clayey to silty, humic, highly calcareous 

110-295 SU6 sandy-gravelly, calcareous 

295-300 SU1 clayey-silty, non-calcareous 
 

Core EN-RK 34 (642479.371 E, 5654119.557 N) 

Depth (cm) Strat. Unit Selected Properties 

0-120 SU7 loamy-clayey to silty, humic, calcareous 

120-170 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 35 (642484.812 E, 5654126.499 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU7(?) silty to loamy-clayey, humic, calcareous, occup. feature (?) 

100-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 36 (642487.877 E, 5654130.502 N) 

Depth (cm) Strat. Unit Selected Properties 

0-20 SU3 (?) clayey-silty, slightly humic, calcareous, ploughing horizon 

20-75 SU3 (?) clayey-silty, calcareous, secondarily reworked(?) 

75-270 SU2/(SU6) sandy-gravelly, calcareous 

270-300 SU1 clayey-silty, non-calcareous 
 

Core EN-RK 37 (642499.156 E, 5654140.447 N) 

Depth (cm) Strat. Unit Selected Properties 

0-26 SU3 loamy, slightly humic, calcareous, ploughing horizon 

26-169 SU3 loamy to silty, slightly gravelly, calcareous 

169-300 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 38 (642497.841 E, 5654123.597 N) 

Depth (cm) Strat. Unit Selected Properties 

0-56 SU3(?) loamy-clayey, humic, calcareous, occupation feature(?) 

56-133 SU3 loamy to silty, slightly gravelly, calcareous 

133-200 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 39 (642500.037 E, 5654129.742 N) 

Depth (cm) Strat. Unit Selected Properties 

0-33 SU3/SU4 loamy-silty, humic, calcareous, ploughing horizon 

33-100 SU3 loamy to silty, slightly gravelly, calcareous 
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Core EN-RK 40 (E, N) 

Depth (cm) Strat. Unit Selected Properties 

0-50 SU3/SU4 loamy-silty, humic, calcareous, plough. horiz./ occ. feature   

50-144 SU3 loamy-clayey to silty, slightly gravelly, calcareous 

144-200 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 41 (642493.404 E, 5654110.005 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU7 loamy-clayey, humic, slightly gravelly, calcareous 

100-218 SU6 sandy-gravelly, (slightly) calcareous 

218-300 SU1 clayey-silty, non-calcareous 
 

Core EN-RK 42 (642497.195 E, 5654119.712 N) 

Depth (cm) Strat. Unit Selected Properties 

0-62 SU3/SU4 loamy-clayey, humic, calcareous, occupation feature 

62-145 SU3 loamy-clayey, slightly gravelly, calcareous 

145-200 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 43 (642499.981 E, 5654134.604 N) 

Depth (cm) Strat. Unit Selected Properties 

0-30 SU3/SU4 loamy-clayey to silty, calcareous, ploughing horizon  

30-100 SU3 loamy-clayey, calcareous 
 

Core EN-RK 44 (642499.614 E, 5654137.583 N) 

Depth (cm) Strat. Unit Selected Properties 

0-30 SU3/SU4 loamy-clayey to silty, calcareous, ploughing horizon 

30-100 SU3 loamy-clayey, calcareous 
 

Core EN-RK 45 (642499.725 E, 5654138.506 N) 

Depth (cm) Strat. Unit Selected Properties 

0-30 SU3/SU4 loamy-clayey to silty, calcareous, ploughing horizon 

30-100 SU3 loamy-clayey, calcareous 
 

Core EN-RK 46 (E, N) 

Depth (cm) Strat. Unit Selected Properties 

0-120 SU7 loamy-clayey, humic, (slightly) calcareous 

120-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 47 (642466.036 E, 5654132.147 N) 

Depth (cm) Strat. Unit Selected Properties 

0-89 SU7 loamy-clayey to silty, humic, calcareous, occupation feature 

89-160 SU6 sandy-gravelly, (slightly) calcareous 
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Core EN-RK 48 (642465.437 E, 5654124.415 N) 

Depth (cm) Strat. Unit Selected Properties 

0-100 SU7 loamy-clayey, humic, slightly calcareous, occ. feature 

100-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 49 (642464.651 E, 5654117.562 N) 

Depth (cm) Strat. Unit Selected Properties 

0-90 SU7 loamy-clayey, humic, (slightly) calcareous 

90-200 SU6 sandy-gravelly, calcareous 
 

Core EN-RK 50 (642467.611 E, 5654152.219 N) 

Depth (cm) Strat. Unit Selected Properties 

0-84 SU7(?) loamy-clayey, humic, calcareous 

84-172 SU3 loamy-clayey, calcareous 

172-200 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 51 (642549.05 E, 5654133.59 N) 

Depth (cm) Strat. Unit Selected Properties 

0-34 SU5 silty, (slightly) humic, calcareous, ploughing horizon 

34-50 SU5.1 silty, calcareous 

50-95 SU4 silty to loamy, calcareous 

95-186 SU3 loamy-clayey, calcareous 

186-300 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 52 (642549.233 E, 5654124.373 N) 

Depth (cm) Strat. Unit Selected Properties 

0-38 SU5.1/SU4 silty, (slightly) humic, calcareous, ploughing horizon 

38-72 SU4 silty to loamy, calcareous 

72-100 SU3 loamy-clayey, calcareous 
 

Core EN-RK 53 (642547.256 E, 5654112.041 N) 

Depth (cm) Strat. Unit Selected Properties 

0-43 SU5.1/SU4 silty, (slightly) humic, calcareous, ploughing horizon 

43-81 SU4 silty to loamy, calcareous 

81-173 SU3 loamy-clayey, calcareous 

173-200 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 54 (642548.551 E, 5654118.275 N) 

Depth (cm) Strat. Unit Selected Properties 

0-44 SU5.1/SU4 silty, (slightly) humic, calcareous, ploughing horizon 

44-83 SU4 silty to loamy, calcareous 

83-100 SU3 loamy-clayey, calcareous 
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Core EN-RK 55 (642538.479 E, 5654119.482 N) 

Depth (cm) Strat. Unit Selected Properties 

0-285 SU2-SU5 
loamy-silty to gravelly, calcareous, slightly humic, occupa-
tion feature (mass grave) 

285-347 SU2 sandy-gravelly, calcareous 

347-400 SU1 clayey-silty, non-calcareous 
 

Core EN-RK 56 (642538.228 E, 5654116.3 N) 

Depth (cm) Strat. Unit Selected Properties 

0-270 SU2-SU5 
loamy-silty to gravelly, calcareous, slightly humic, occupa-
tion feature (mass grave) 

270-300 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 57 (642491.878 E, 5654188.932 N) 

Depth (cm) Strat. Unit Selected Properties 

0-71 SU5.2 silty, humic, calcareous 

71-100 SU4 silty to loamy, calcareous 

100-331 SU3 loamy-clayey, calcareous 

331-500 SU2 sandy-gravelly, calcareous 
 

Core EN-RK 58 (642526.299 E, 5654186.671 N) 

Depth (cm) Strat. Unit Selected Properties 

0-76 SU5.2 silty, humic, calcareous 

76-100 SU5.1 silty, calcareous 

100-168 SU4 silty to loamy, calcareous 

168-320 SU3 loamy-clayey, calcareous 

320-530 SU2 sandy-gravelly, calcareous 

530-600 SU1 clayey-silty, non-calcareous 
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