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Abstract 38 

Knowledge of the distribution, types and properties of buried soils, i.e. palaeosols, is essential 39 

in understanding how lowlands in northern central Europe have changed over past millennia. 40 

This is an indispensable requirement for evaluating long-term human impact including soil 41 

erosion and land-cover dynamics. In the Serrahn area (62 km2), a young glacial landscape 42 

representative for northeastern Germany and part of the Müritz National Park, 26 43 

pedosedimentary sections were documented and analysed. To this end, a multiproxy-44 

approach was applied using pedology, micromorphology, geochronology, and palaeoecology. 45 

Statistical and spatial analyses of c. 5200 soil profiles, of which 10% contain palaeosols, 46 

show that buried soils cover an area of 5.7 km2, i.e. 9% of the area studied. Most palaeosols 47 

are Cambisols, Arenosols and Gleysols. Palaeosols are mainly covered by aeolian and 48 

colluvial sands, as well as by lacustrine sands and peat. Radiocarbon and luminescence dating 49 

together with palynological and anthracological data reveal that former land surfaces were 50 

dominantly buried through erosion triggered by human activity in the late Holocene. In 51 



3 

 

addition, but to a clearly smaller extent, Lateglacial/early Holocene palaeosols and cover 52 

sediments occur. Following medieval clear-cutting and intensive land use, the study area is 53 

today again widely forested. The high share of buried land surfaces detected here is expected 54 

to be representative for the hilly glacial landscapes even in the wider region, i.e. in northern 55 

central Europe, and should be considered in soil mapping, soil carbon budgeting and 56 

assessments of past human impact. 57 

 58 

Keywords: Buried soil, soil erosion, land-cover change, human impact, landscape dynamics, 59 

Holocene    60 

 61 

1. Introduction 62 

Buried soils, i.e. palaeosols (Johnson, 1998; Muhs et al., 2013), are highly useful to study 63 

landscape evolution and the role of natural and anthropogenic drivers, triggering, for 64 

instance, changes in climate, erosion/sedimentation and land cover (e.g. Gilbertson et al., 65 

1999; Mauz and Felix-Henningsen, 2005; Chendev et al., 2018). Palaeosol research is mostly 66 

performed on aeolian sediments with main focus on loesses with their rather thick and 67 

complexly structured pedosedimentary sequences that cover partly several hundreds of 68 

millennia (e.g. Zeeden et al., 2018). By contrast, geologically younger landscapes, such as 69 

recently deglaciated lowland regions, are less represented in literature (e.g. Hirsch et al., 70 

2015; Jonczak et al., 2019; Kappler et al., 2019).        71 

The loess-free northern parts of Europe represent an example, where the potential of 72 

palaeosol research has only been rudimentarily used so far. This area was occupied by the 73 

Scandinavian Ice Sheet during the late Pleistocene (Hughes et al., 2016), that formed ‘young 74 

glacial’ (glacial drift) landscapes. Research detecting Quaternary palaeosols here has mainly 75 

focused on late Pleistocene and Holocene sandy aeolian (Kaiser et al., 2009; Jankowski, 76 

2012; Küster et al., 2014; Kruczkowska et al., 2020) and colluvial sequences (Helbig et al., 77 
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2002; Dreibrodt et al., 2010; Smolska, 2011; Kappler et al., 2018; Kołodyńska-Gawrysiak, 78 

2019; van der Meij et al., 2019), which often formed due to anthropogenic soil erosion. 79 

Palaeosols have also been used to study glacial history (Olsen, 1998; Pitkäranta, 2009) and 80 

the formation of late Holocene archaeological sites (Hannon et al., 2008; Kittel, 2014; 81 

Lungershausen et al., 2017; Khamnueva‐Wendt et al., 2019).  82 

Only recently research on the spatial distribution and physical-chemical properties of 83 

palaeosols has also contributed to the field of carbon budgeting. As a net-sink of soil organic 84 

carbon (SOC), subsoil horizons including buried palaeosols play an important role for 85 

modelling carbon stocks and dynamics at different spatial and temporal scales (Quinton et al., 86 

2010; Hoffmann et al., 2013; Chaopricha and Marin-Spiotta, 2014; Marin-Spiotta et al., 87 

2014; Wang et al., 2014).  88 

Thus, the spatial distribution and characteristics of palaeosols can be useful to explore 89 

landscape evolution and estimate SOC distribution. So far, however, studies on palaeosols 90 

normally rely on a small number of profiles (several tens in maximum) only. Soil and 91 

geologic surveys usually do not map the areas, depths and types of buried soil horizons 92 

(Costantini et al., 2007; Layzell and Mandel, 2019). Existing palaeosol maps are restricted to 93 

very local archaeological and palaeoecological sites (e.g. Chapman et al., 2009; van Mourik 94 

et al., 2012; Sevink et al., 2013; Schneider et al., 2017; van der Kroef et al., 2019). Thus, 95 

information about landscape-scale distribution of palaeosols and their spatially variable 96 

properties is rare.     97 

We here present, to our knowledge, the largest record of palaeosols from a clearly delineated 98 

larger landscape in northern central Europe. The dataset has been compiled during various 99 

research projects on landscape evolution and geoecology in the Müritz National Park, 100 

northeastern Germany (Kaiser et al., 2014a; Küster, 2014; Heinrich et al., 2018). Here now c. 101 

5200 soil profiles have been documented across an area of 62 km2 with a subset of 520 102 

palaeosol-bearing profiles. Together with substantial sedimentological, geochronological and 103 
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palaeobotanical data this dataset offers the rare opportunity to explore the spatial distribution, 104 

stratigraphy and evidence of palaeosols on landscape evolution at a larger scale. The present 105 

study aims to (1) assess the spatial distribution, types and ages of palaeosols as well as their 106 

stratigraphic integration depending on local landforms and geology, (2) characterise the 107 

sedimentological and geochemical properties of palaeosols, related cover sediments and 108 

topsoils, and (3) explore the potential of palaeosols and cover sediments as geoarchives for 109 

reconstructing geomorphical and environmental changes of a geologically young landscape, 110 

which was modified by humans for several millennia. 111 

 112 

2. Study area 113 

The Serrahn study area is located within the reach of the last Scandinavian glaciation 114 

(Weichselian glacial period; Fig. 1A). It is part of the Müritz National Park (total area 322 115 

km2; Fig. 1B) of northeastern Germany, which represents a typical young glacial landscape of 116 

the northern mid-latitudes, which is characterised by lakes, peatlands and widespread forests 117 

on sandy ground (Fig. 1C). 118 

The altitude ranges from 58 to 144 m a.s.l. with flat (southern area) to strongly undulating 119 

parts (northern area; Fig. 1D). Several mostly NE-SW-stretching lake channels structure this 120 

area, which represent former subglacial channels (Börner, 2015; Figs. 2A, 2B). In addition, a 121 

multitude of closed basins (kettle-holes) occupied by mires are present (Fig. 2C). The depth 122 

of these rather small basins, formed by Lateglacial to early Holocene dead-ice melting 123 

(Kaiser et al., 2012), locally reaches up to 35 m.  124 

The thickness of the Quaternary sediments varies from c. 50 to 250 m, covering Cretaceous 125 

and Tertiary sediments. Directly below prominent hills at Serrahn (‘Serrahner Berge’ in 126 

German, 124 m a.s.l.), a stacked sequence of six glaciofluvial layers and six till layers of 127 

Elsterian to Weichselian age reach a total thickness of 230 m (Börner and Schütze, 2005; Fig. 128 

3). The late Weichselian Pomeranian terminal moraine (c. 20 ka; Lüthgens et al., 2011; Hardt 129 
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and Böse, 2018) forms a prominent arc-shaped structure with a related till plain and an 130 

outwash plain to the north and south, respectively (Fig. 1E). This terminal moraine represents 131 

the main watershed between the catchments of the Baltic Sea and the North Sea. Aeolian 132 

sand sheets and dunes (linear, parabolic and hummocky forms) occur locally (Fig. 2D), 133 

particularly in the outwash plain but in some cases even reaching the terminal moraine. 134 

Peatlands occupy several depressions, hydrologically representing lake, kettle-hole, swamp 135 

and percolation mires (Fig. 2E). Several lacustrine landforms occur along the lake shorelines, 136 

such as terraces, fossil cliffs, beach ridges, and mire plains (Kaiser et al., 2014a; Fig. 2F). 137 

Although several sediment textures occur in the near subsurface of terrestrial sites (e.g. 138 

boulder, gravel, sand, till/loam), the surface is dominated by sands of different grain size, 139 

originating from intensive periglacial reworking and subsequent soil formation as well as 140 

erosion and related deposition processes. Lacustrine sediments and peats are spread in lakes 141 

and wet depressions, respectively. Depending on the texture, Luvisols (till plain) and 142 

Cambisols (terminal moraine and outwash plain) developed at terrestrial sites (BGR, 2011; 143 

Fig. 1F). By contrast, Regosols indicate immature soil formation, following rather young soil 144 

erosion. Correspondingly, Colluvic Regosols (‘Kolluvisole’ in German) are common on 145 

footslopes and depressions. Only very locally, (Gleyic) Podzols occur. Wet sites are occupied 146 

by Gleysols and Histosols. 147 

The present climate of the study area is documented by data from the nearby German 148 

Weather Service (DWD) climate station at Neustrelitz, showing a mean annual temperature 149 

of 8.0 °C and a mean annual precipitation of 584 mm (range 428-814 mm) with dominating 150 

summer rainfalls for the reference period between 1961-90 (Kaiser et al., 2014b). For the last 151 

decades, distinct changes of climatic parameters were observed (e.g. increasing temperatures 152 

and winter precipitation, increase of extreme weather events; Stüve, 2015).     153 

Forests (86%) dominate the present-day land cover, complemented by lakes (7%), pastures 154 

and some arable land (4%), peatlands (2%), and settlements (<1%; Schneider, 2017; Fig. 1G).  155 
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In the wider Lake Müritz region, agricultural land use started some 6000 years ago. Human 156 

activity since then can be characterised by repeated changes between higher and lower land 157 

use intensities (Kaiser et al., 2002; Küster, 2014; Müller et al., 2016). Human occupation of 158 

the Serrahn area is proven since the Neolithic (Supplement 1). After widespread agricultural 159 

land use during the Medieval, local human impact has decreased since the 18th century AD. 160 

Sustainable forestry, manorial hunting and the establishment of a nature reserve has resulted 161 

in the reestablishment of near-natural beech (Fagus sylvatica) forests at parts of the terminal 162 

moraine, representing the UNESCO World Natural Heritage Serrahn site (Schwabe et al., 163 

2015; Müller et al., 2016; Fig. 2C). Further forest sites consisting of glaciofluvial and aeolian 164 

sands are widely covered with (formerly intensively managed) forests dominated by Scots 165 

pine (Pinus sylvestris; Figs. 2B, 2D). Generally, stronger human impact by forestry, 166 

agriculture, fishing, and intensive hunting widely ceased during the 1990s when the Müritz 167 

National Park was established in that area, leaving extensive tourism as the only remaining 168 

important local economy (Jeschke, 2014).              169 

 170 

3. Material and methods 171 

3.1. Soil profile data, soil classification, pedogenic features, and palaeosol mapping 172 

Soil profile data from the Serrahn area are available from two soil mapping campaigns in 173 

1958/1959 and 1997/1998 as part of forest management plans (StaO, 1962; LFoA M-V, 174 

1999). These campaigns resulted in a total of 5080 soil profiles, which are available for this 175 

study. Moreover, within the framework of recent studies on Holocene landscape evolution 176 

and geoecology (Kaiser et al., 2014a; Küster, 2014; Müller, 2014), a dataset of additional 134 177 

soil profiles was retrieved, contributing to a total of 5214 soil profiles for the Serrahn area 178 

(Table 1; Fig. 4A). The soil profiles are rather densely distributed, i.e. c. 1 profile per ha, 179 

except in a c. 2.3 km2-large agriculturally used area around Goldenbaum village, where no 180 

profile data exist. The profile datasets were digitised, evaluated and attributed as well as 181 
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finally mapped and certain parameters were calculated using the ArcGIS software. As proper 182 

profile descriptions are not available for all profiles, highly aggregated information from 183 

archived working maps were extracted in such cases (Schneider, 2017). Consequently, the 184 

statistics for the parameters ‘thickness of sediment covering’ and ‘number of palaeosols per 185 

profile’ is based on a much lower population number (n = 95).          186 

Soil survey and research in this area is originally based on the German classification 187 

standards ‘KA5’ and ‘SEA95’ (Ad-hoc-AG Boden, 2005; Landesforst Mecklenburg-188 

Vorpommern, 2009). In this study, the naming of diagnostic horizons follows both ‘KA5’ (in 189 

text, figures, tables, supplements) and the international FAO standard (FAO, 2006; in 190 

Supplement 2) to allow for comparison, whereas the classification of surface soil and 191 

palaeosol types follows the international IUSS Working Group WRB (2015) standard. 192 

Furthermore, to allow for quick comparison a concordance list is given in Supplement 3, 193 

where all German ‘KA5’ soil horizons used in the text, figures and tables were translated into 194 

their FAO pendants (approximations).  195 

Only buried palaeosols were identified; relict and exhumed palaeosols (Nettleton et al., 2000) 196 

do not play a role in the Serrahn area. Generally, the term ‘palaeosol’ (syn. fossil soil, buried 197 

soil, palaeo-surface) is not consistently used in the literature. Whereas some scholars restrict 198 

this term to (even buried) soils older than the Holocene (e.g. Schirmer, 1999; Felix-199 

Henningsen and Bleich, 2014), others plead for a much wider application including the latter 200 

(e.g. Johnson, 1998; Muhs et al., 2013), as is used in this study. Consequently, a ‘palaeosol’ 201 

(Table 1) is to be understood here as a former soil of Holocene or late Pleistocene age, 202 

including remnants of a palaeosol, which is buried by sediment. It can consist of one (e.g. fH 203 

horizon, i.e. buried Histosol) to several buried soil horizons (e.g. fAeh-fAhe-fBsh sequence, 204 

i.e. buried Podzol).    205 

Some basic pedogenic and sedimentary features will be used in the following to identify, map 206 

and interpret palaeosols and related geomorphical processes. The feature ‘thin sand covering’ 207 
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(Table 1) describes a sandy layer of 20 cm thickness in maximum (Landesforst Mecklenburg-208 

Vorpommern, 2009), which covers the surface soil, i.e. normally the Ah horizon. Even under 209 

present-day forest vegetation a (relic) ‘plough horizon’ (rAp; Table 1) may occur, which 210 

indicates former agricultural land-use. Finally, an ‘erosion profile’ (Fig. 5) shows traces of 211 

truncation of soil horizons indicating soil erosion, whereas a ‘deposition profile’ (Fig. 5) 212 

marks slight colluvial sedimentation, which is not necessarily connected with the formation 213 

of a buried soil horizon.  214 

The sediment facies was determined by means of both local field properties and evidence 215 

from geological mapping (LUNG, 2005). Correspondingly, generalised terms of the 216 

sedimentary facies will be used (e.g. colluvial, aeolian, lacustrine, telmatic). 217 

The topographic relationships and spatial dimensions (area size and shape) of palaeosols were 218 

estimated using a geo-statistical approach developed by Vogel et al. (2016). It is based on the 219 

empirically calculated spatial relationship between the find locations of palaeosols as a 220 

dependent variable and the digital elevation model (DEM)-based relief attributes as 221 

independent variables. At first, digital terrain analysis was carried out using SAGA GIS 222 

(Conrad et al., 2015) with a horizontal DEM resolution of 10 m. After preprocessing by sink 223 

drainage route detection and sink removal, several primary and secondary relief attributes 224 

were deduced (Supplement 4). The palaeosol sites were then mapped with the raster-based 225 

relief attributes to derive the relief characteristics for each palaeosol. These characteristics 226 

were statistically evaluated by box-and-whisker plots (Supplement 5). The statistical 227 

importance of the relief attributes was determined by calculating the median absolute 228 

deviation. To estimate their area sizes and forms, the palaeosol data points were interpolated 229 

using Voronoi-Thiessen diagrams. Contiguous palaeosol areas were finally combined to one 230 

area. The intensity of soil relocation (Fig. 12) was calculated using the tool ‘Point density’ in 231 

ArcGIS. With this statistical method, the points of relocation were spatially interpolated with 232 
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equal value using nearest neighborhood (Silverman, 1986). The sum of points are divided by 233 

the area of the specific neighborhood. The cell size of each neighborhood is around 1260 m2.         234 

     235 

3.2. Soil analyses and micromorphology 236 

From 34 profiles and a total of 253 samples, sedimentological laboratory analyses were 237 

performed on the sample matter <2 mm (Table 2, Supplement 2) in order to assist the 238 

designation of sedimentary facies and soil horizons (data sources: AFSV, 1995; Graventein, 239 

2013; Kaiser et al., 2014a; Küster, 2014; Müller, 2014; Landesforst Mecklenburg-240 

Vorpommern, unpublished data).    241 

After air drying, hand-crushing and, where applicable, soil organic carbon and carbonate 242 

removal (by 30% H2O2 and 10% HCl, respectively), different methods were used to 243 

determine the grain-size distribution, i.e. laser diffraction (even measuring sand grain sizes) 244 

with Fritsch Analysette 22 (Monella et al., 2000), combined pipette sieving and 245 

sedimentation (‘Köhn’) test and a wet-sieving test (Schlichting et al., 1995). We are aware 246 

that these different techniques lead to a somewhat biased grain-size dataset. Generally, 247 

comparative analyses using laser diffraction and ‘Köhn’ test reveal differences, particularly 248 

with respect to the quantities of silt and clay (e.g. Beuselinck et al., 1998; Spörlein et al., 249 

2004). However, as the majority of our samples is extremely dominated by sand, having only 250 

very low silt (<5%) and clay contents (<10%), our mixed dataset is able to estimate the local 251 

grain-size conditions. The specific methods used to determine the grain-size distributions are 252 

given per profile in Supplement 2. For samples where no clay content was measured, the 253 

value of silt represents the sum of clay and silt. The classification of sand grain-size (ranging 254 

from fine to medium and coarse) is generally defined by the class sizes <0.2 mm, <0.63 mm 255 

and <2.0 mm respectively (Ad-hoc-AG Boden, 2005; FAO, 2006). The content of organic 256 

matter was estimated by combustion at 550 °C (loss-on-ignition/LOI; Heiri et al., 2001). The 257 

CaCO3 content was determined volumetrically by a Scheibler-apparatus (Schlichting et al., 258 
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1995). Soil pH was analysed potentiometrically in 0.01 M CaCl2 or KCl (soil : solution ratio 259 

= 1 : 2.5; Schlichting et al., 1995). The statistical analysis of the soil data aggregated the 260 

analytical results for designated soil horizons und sediments by providing respective means 261 

and standard deviations (Table 2).    262 

Two thin sections for micromorphological analysis were prepared from oriented and 263 

undisturbed soil samples in profiles S-1 (thin section size: 8 cm x 6 cm) and KFS8 (thin 264 

section size 9 cm x 7 cm) in order to clarify hardly visible details of buried soil horizons. The 265 

samples were impregnated with polyester resin. The thin sections were analysed using a 266 

petrographic microscope under plane (ppl), crossed polarised (xpl) and oblique incident (oil) 267 

light. The microscopic description mainly followed the terminology after Bullock et al. 268 

(1985) and Stoops (2003). 269 

 270 

3.3. Geochronology 271 

Geochronological data are available from 73 samples of 26 soil profiles (Fig. 4B). 272 

Radiocarbon (14C) dating was performed on 18 profiles on a total of 40 samples in the 273 

Poznan, Erlangen and Beta Analytic 14C laboratories by accelerator mass spectroscopy (Table 274 

3). Materials used for dating are charcoal (n = 16 samples), peat (n = 15), wood (n = 4), and 275 

bulk soil matter (n = 3) as well as small plant remains (n = 2). Pretreatment of the samples 276 

was performed using the ABA/AAA (acid-base-acid/acid-alkali-acid) procedure. This three-277 

step treatment removes humic and fulvic acids, and secondary carbonates deposited in 278 

organic fractions of sediments (Brock et al., 2010). The radiocarbon ages were calibrated (2σ) 279 

with software OxCal version 4.2 (Bronk Ramsey, 2009) using the calibration curve IntCal 13 280 

(Reimer et al., 2013). 281 

Optically stimulated luminescence (OSL) ages were determined on 12 profiles on a total of 282 

33 samples at the luminescence dating laboratory at Humboldt University, Berlin, using sand 283 

samples of colluvial (n = 23), aeolian (n = 6) and lacustrine origin (n = 4; Table 4). The OSL 284 
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analytical procedures followed standard routines as given by Kappler et al. (2018) for the 285 

Berlin laboratory, using the sand-size sediment (quartz) fraction of 90 to 250 µm (coarse 286 

grain technique). Small aliquots (2 mm) were prepared containing approx. 200 grains each. 287 

Equivalent doses were calculated using the Central Age Model (CAM). The pre-heat 288 

temperature was set at 180°C (10 s) and the test dose cut-heat temperature at 160°C. The 289 

sediment dose rates were estimated by measuring the contents of uranium, thorium and 290 

potassium applying high resolution gamma ray spectrometry. The cosmic ray dose rates were 291 

estimated from site position, elevation and burial depths. The gamma ray spectrometry did 292 

not reveal any radioactive disequilibrium. 293 

In the following, all radiocarbon ages are stated as calibrated years/kiloyears before present 294 

(a/ka cal BP) with the year AD 1950 as reference. Luminescence ages in this study are 295 

reported as years (a) or kiloyears (ka) with the year of measurement as individual reference 296 

year, as the term BP is reserved to radiocarbon ages (Brauer et al., 2014). To clearly 297 

differentiate radiocarbon and OSL data in the text and figures, they are indicated by different 298 

terms (e.g. 14C age = 3210-2967 a cal BP, OSL age = 2090 ± 240 a). There is a systematic 299 

offset of up to 66 years in the comparison between luminescence and radiocarbon age data. 300 

Regarding the timescales of interest this offset is considered negligible for this study. Partly, 301 

when referring to historical or archaeological data the ages are given even as a AD and a BC.   302 

For the statistical analysis, i.e. cumulative distribution of radiocarbon and OSL ages, relative 303 

probability estimates and kernel density estimates, respectively, were computed using 304 

algorithms in the statistical programming environment R (Kappler et al., 2019).  305 

 306 

3.4. Palaeoecology  307 

Palaeoecological analyses, i.e. pollen and/or charcoal analysis, have been conducted on 10 308 

palaeosol-bearing profiles. These pedon-scale analyses primarily aim to reconstruct the very 309 

local vegetation and land-use history.             310 
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Pollen analysis was carried out on six profiles (FUER3, FUER6, FUER14, FUER15, KFS8, 311 

Mü-1) and included a range from 3 to 15 samples per profile (48 samples in total). 312 

Preparation (cf. Fægri and Iversen, 1989) of the pollen samples (0.25 ml volume) included 313 

addition of one Lycopodium tablet, treatment with 10% HCl, 20% KOH, sieving (120 µm), 314 

acetolysis (7 min), and HF digestion (three days in a shaker). Samples were mounted in 315 

silicone oil. Counting was carried out at 400-x magnification. Samples were counted up to a 316 

minimum pollen sum of 100, with some exceptions. Pollen identification and nomenclature 317 

follows Moore et al. (1991). To clearly distinguish between the original pollen data and the 318 

inferred presence of plant taxa, pollen types are written in small capitals and plant taxa in 319 

italics (cf. Joosten and de Klerk, 2002). 320 

Soil-anthracological analyses (Robin et al., 2013) were performed on 18 samples from 4 321 

profiles (S-1, S-3, S-5, S-6), comprising 673 charcoal particles determined. The sampling (10 322 

l soil matter per sample) and determination of charcoal follows the procedure described in 323 

Robin and Nelle (2014) with wet and dry sieving (mesh size of 1 mm) and taxonomical 324 

analysis under a reflected-light microscope at 100-, 200- and 500-x magnifications, using the 325 

microscopic anatomical criteria for wood identification from the determination literature 326 

(Schweingruber, 1990) and from recent wood.   327 

 328 

4. Results 329 

4.1. Spatial occurrence, types and general stratigraphy of palaeosols  330 

With c. 50% the majority of soil profile data from the Serrahn area represents sites with 331 

glaciofluvial sand, followed by terminal moraine, till, mire, and lake shoreline sites (Table 1). 332 

As surface soils from the total of 5214 soil profiles, Cambisols with well-developed Bv 333 

horizons dominate (n = 1842, 36%), followed by Colluvic Regosols (n = 510, 10%), Luvisols 334 

(n = 491, 9%), eroded Arenosols (‘Rumpfrosterde’) (n = 429, 8%), Histosols (n = 360, 7%), 335 

and other soil types such as Podzols, Gleysols and Arenosols (‘Ranker’) (n = 1582, 30%). A 336 
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subset of 520 profiles (10%) has buried soil horizons (Table 1), which represent palaeosols of 337 

different types. Palaeosol-bearing profiles dominantly occur in areas with glaciofluvial sand 338 

(62%; Table 1).      339 

While the total soil profile data are spread rather uniformly (Fig. 4A), palaeosol-bearing 340 

profiles are distributed non-uniformly (Fig. 4B), concentrating in areas with terminal moraine 341 

and aeolian sand in the northwest (around Serrahn village), with glaciofluvial and aeolian 342 

sand in the southeast (around Waldsee village), and along the shoreline of Lake Fürstenseer 343 

See in the southwest (around Fürstensee village). These areas are characterised by sandy 344 

sediments and, partly, by a strongly undulating relief (Fig. 1D, E). In contrast, palaeosols 345 

nearly lack in the till and terminal moraine area in the northeast (near Goldenbaum village), 346 

which is characterised by loamy sediments and moist to wet soils (Fig. 1D, E, F). However, 347 

when looking at the ‘erosion / deposition profile’ feature a more uniform distribution of 348 

respective profiles is evident except in the outwash plain east of Lake Fürstenseer See (Fig. 349 

5A). Thus, clear signs of soil erosion and deposition becomes visible even for areas, where 350 

palaeosols are rare or absent. Moreover, 209 profiles (4% of all profiles) had a thin sand 351 

cover (≤ 20 cm), dominantly occurring in areas with glaciofluvial sand (Table 1, Fig. 5A). 352 

The occurrences of 543 profiles (10% of all profiles) with relic plough horizons indicate 353 

widespread agricultural activities in the past before becoming forested (Table 1, Fig. 5B).  354 

Most palaeosols recorded (Fig. 6) belong to the soil types Cambisol (n = 310, 60%), eroded 355 

Arenosol (‘Rumpfrosterde’) (n = 60, 12%) and Gleysol (n = 52, 10%), followed by Arenosol 356 

(‘Ranker’) (n = 34, 7%), Histosol (n = 32, 6%), Podzol (n = 14, 3%), Colluvic Regosol (n = 357 

11, 2%), and Luvisol (n = 5, 1%).  358 

The thickness of sediments covering palaeosols varies between 10 and 320 cm with a mean 359 

of 64 cm (n = 95). These sediments were identified to be of colluvial, aeolian, lacustrine, 360 

telmatic (peat), and anthropogenic (overburden) origin. Sands dominate except when peat or 361 

gyttja covers palaeosols in mires and lakes, respectively.       362 
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With respect to the number of palaeosols (layers) per profile, i.e. the record of superimposed 363 

palaeosol storeys, from the total of 95 analysed profiles the majority (n = 66) have only one 364 

palaeosol layer, followed by profiles having two (n = 19), three (n = 8) as well as four and 365 

five palaeosols (n = 1). The most complexly formed palaeosol-bearing profiles, characterised 366 

by a multitude of buried horizons reflecting repeatedly changing site conditions, are 367 

developed at kettle-holes and lake terraces.   368 

The descriptive statistics of the location characteristics of palaeosols by means of box-and-369 

whisker plots are displayed in Supplement 5, whereas Supplement 6 shows the ranking of the 370 

relative statistical importance of their relief characteristics. It is remarkable that the digital 371 

terrain analysis shows a clustering of palaeosols within flat topography that is prone to 372 

sedimentation processes favoring their burial and conservation. Very small values for ‘flow 373 

accumulation’ show that the palaeosols are preferably located in situations of low 374 

concentrated fluvial erosion with a small contributing upslope area. That means, that the 375 

sediments burying the palaeosols were redistributed rather locally by sheet erosion along 376 

micro-topographies. This is an indication for prevailing colluvial processes. A ‘plan 377 

curvature’ and ‘profile curvature’ near zero and low values in further attributes (‘relative 378 

slope position’, ‘vertical distance to channel network’, ‘LS factor’, ‘slope’) point to locations 379 

within the plain or at lower slopes. 380 

The spatial interpolation of the palaeosol datapoints and subsequent combination of 381 

contiguous areas leads to 349 palaeosol areas with a total area of 5.7 km2, which is equivalent 382 

to 9% of the study area. The areas have an average size of 0.01630 km2, ranging from 383 

0.00006 to 0.18804 km2 (Fig. 7). Buried Cambisols have with 3.7 km2 (66%) the highest 384 

share, followed by eroded Arenosols and Gleysols with 0.6 km2 (10%) each, Arenosols with 385 

0.35 km2 (6%), Podzols with 0.14 km2 (3%) as well as Histosols with 0.09 km2 (2%) and 386 

Colluvic Regosols with 0.08 km2 (1%). Luvisols, eroded Luvisols and Gyttjas have the 387 

smallest shares, totalling 0.07 km2 (2%).     388 
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 389 

4.2. Soil analytical properties  390 

In general, the number of samples representing various top-/subsoil horizons, buried horizons 391 

as well as sediments is highly different, ranging between 1 to 92 samples per category (Table 392 

2). This is due to different research agendas of the underlying studies providing the analyses. 393 

The thickness of the recorded sediment types is rather small with a mean ranging between 17 394 

and 105 cm. The minimum represents peat, whereas the maximum represents aeolian sand. 395 

Buried A and B horizons have a similar mean thickness (e.g. fAh = 16 cm, fBv = 37 cm) like 396 

topsoil A and B horizons (e.g. Ah = 11 cm, Bv = 36 cm).       397 

All sediments and soil horizons are dominated by sand grain sizes, except lacustrine gyttja, 398 

were silt and sand occur in nearly equal shares (Table 2). Even the minerogenic residuum 399 

from peat horizons, whether buried or not, mainly consists of sand supplemented by a distinct 400 

portion of silt. In general, clay has only a share up to 5% (Table 2). The reason for this sand 401 

dominance is the texture of glacial parent sediments in that area, widespread comprising 402 

glaciofluvial sand and gravel as well as sandy till (Figs. 1, 3). Coarser (e.g. boulder packing) 403 

and finer (e.g. glaciolacustrine silt) glacial sediment types only occur very locally. All further 404 

sediments originate or received matter from this parent materials by fluvial, lacustrine, 405 

colluvial or anthropogenic transport, causing enrichment of sand at the expense of fines. 406 

Compared to their C horizons, both topsoil and buried A and B horizons show an enrichment 407 

of silt, which might originate from cryoclastics on Pleistocene surfaces and aeolian as well as 408 

partly colluvial input on Pleistocene and Holocene surfaces. There are differences within the 409 

sand fraction of the sediments (Table 2). Glaciofluvial and lacustrine sands are dominated by 410 

the medium sand class, whereas aeolian sands have their maximum in the fine sand class. 411 

Moreover, lacustrine sands are enriched by coarse sand. 412 

Corresponding to the prevailing record of topsoil and palaeosol A horizons at (wet) 413 

depression sites, their mean soil organic matter content (LOI) is with c. 4% each rather high 414 
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(Table 2). The same applies to colluvial and lacustrine sands (c. 4-5%). All surface 415 

sediments, topsoils and palaeosols lack CaCO3 due to complete decalcification of the 416 

uppermost glacial sediments over the millennia. Deeper subsoil sections at sites with till and 417 

glaciofluvial sands, however, have CaCO3, being the geochemical source for the enrichment 418 

of CaCO3 in lacustrine gyttjas. Due to the low base supply, the mean pH of topsoil and 419 

palaeosol A horizons is with 3.5 and 4.6 very strongly and strongly acidic.  420 

 421 

4.3. Micromorphology 422 

The micromorphological analysis of a buried brownish horizon in profile S-1/site ID 20 423 

(IIfBv) aimed at confirmation of its character as an in-situ weathered soil horizon (Figs. 4B, 424 

6). The texture is dominated by sandy quartz grains. Finer material (fine silt and clay) can be 425 

found between the sand grains and partly covering them (Fig. 8A). The grains are closely 426 

packed showing a chitonic and partly enaulic c/f-related distribution pattern with complex 427 

packing voids. Mostly, the fine mass is brownish colored and shows a very low birefringence. 428 

There are no signs of clay illuviation such as bridges of well oriented clay between the sand 429 

grains or the formation of clay bands in the sediment. Moreover the material shows 430 

characteristic features supporting the in-situ formation of a weathered (cambic) soil horizon 431 

like weathered sand grains and ferruginous punctuation of the fine mass (Figs. 8B-D). 432 

In profile KFS8/site ID 13 (Figs. 4B, 6, 9A) the micromorphological analysis closely 433 

characterises the contact zone of a palaeosol (Gleyic Podzol) buried by a very thin (0.5-2 cm 434 

thickness) sand layer and followed by 48 cm-thick peat. The thin section reveals three units. 435 

The uppermost horizon (Hr3) dominantly consists of organic material (plant tissue residues 436 

and decomposed material forming peat) and contains only very few mineral grains (Fig. 8E). 437 

Also remnants of roots and charcoal pieces can be identified within the material (Fig. 8F). 438 

The intermediate horizon (IIGr-fM) is made of loosely packed, mostly blank sand grains 439 

(some grains are partly coated; Fig. 8G). Organic material is mixed in by bioturbation 440 
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documented by faunal infillings that are rich in organic matter (Fig. 8G). The lowermost 441 

horizon (IIIfAeh) is in its upper part made of more or less decomposed organic material with 442 

only a few sand grains. This composition is continuously changing with depth to sandy 443 

material with lower amount of organic matter (Fig. 8H). These findings suggest that a humic 444 

soil surface (lowermost horizon) was covered by a thin layer of sand (intermediate horizon) 445 

due to local colluvial sedimentation followed by a period of peat formation (uppermost 446 

horizon). 447 

 448 

4.4. Geochronology 449 

Among the dating results (n = 73, 100%), Holocene ages (<11.7 ka) prevail (n = 66, 90%). 450 

One radiocarbon and three OSL ages, marked in Tables 3 and 4, are omitted from further 451 

analyses, as these appear as implausible. The radiocarbon age in profile Mü-1 (sample Beta-452 

291881) is regarded as being too old, when compared to the palynological data from that 453 

profile. The three OSL ages have to be interpreted even as too old because of the equivalent 454 

dose distribution characteristics, suggesting partial bleaching (FUER2/HUB-0324, 455 

FUER5/HUB-0190) and no bleaching (Mü-1/Beta-291881), respectively.  456 

The majority of the radiocarbon subset clusters in the last 3000 a, i.e. during late Holocene. 457 

Only few ages cover the mid- and early Holocene as well as the Lateglacial (Fig. 10A1). The 458 

distribution of OSL data is even more clustered, peaking in the last 1000 a (Fig. 10A2). We 459 

are aware that the data have been obtained for specific study purposes particularly aiming at 460 

the late Holocene landscape history and are, thus, based on highly intentional sampling 461 

strategies. This could lead to a somewhat overrepresentation of younger ages. However, 462 

already this general age distribution indicates intensified soil surface burying, i.e. enhanced 463 

geomorphical activity in the late Holocene.  464 

Nearly the same distribution pattern applies for radiocarbon and OSL ages from buried humic 465 

and peaty surface soil horizons (fAh, fAa, fHv, fHa, fHr; Figs. 10B1, 10B2), accentuating a 466 
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late Holocene age. For this period the oldest buried surface horizon dates at 2950-2781 a cal 467 

BP (Poz-98723, fAeh horizon in profile KFS8/site ID 13; Figs. 4A, 6, 9A), whereas the 468 

youngest dates at 452-155 a cal BP (Poz-38927, fO horizon in profile FUER12/site ID 7; 469 

Figs. 4A, 6). However, even some Lateglacial palaeosols occur. In profile FUER10-4 470 

KM3/site ID 6 at the base of a c. 3 m-thick telmatic infill of a kettle-hole, which is attached to 471 

the southeastern shoreline of Lake Fürstenseer See (Figs. 4A, 6), a fAh horizon developed 472 

from glaciofluvial sand was dated using charcoal at 13475-13250 a cal BP (Poz-46611), 473 

which corresponds to the Older Dryas-Allerød period (c. 13500-12600; Giesecke et al., 2012) 474 

period. Further, buried brownish weathering horizons (fBv), occurring in two profiles in the 475 

terminal moraine area west and east of Serrahn village, were dated by minimum ages (termini 476 

ante quem) using OSL. In profile S-1/site ID 20 an age of 13440 ± 610 a (HUB-0045) on 477 

overlying aeolian sand confirms the Lateglacial dating of a fBv horizon (120-140 cm) 478 

immediately below (Figs. 4A, 6, Supplement 1). In profile S-6/site ID 24 a fBv horizon (205-479 

212 cm) is overlain by aeolian sand dating at 10550 ± 510 a (HUB-0061; Figs. 4A, 6), which 480 

corresponds to the early Holocene. 481 

Colluvial horizons/sediments (n = 21) strongly cluster in the period 1000 to 500 a, peaking at 482 

c. 800 a (Fig. 10C). This peak corresponds with a calendar age of c. AD 1200, marking the 483 

high Medieval colonisation of that area (Schich, 2003). Thus, in most cases colluvial 484 

sediments were formed in the early (Slavic) to late (German) Medieval period in the Serrahn 485 

area, referring to widespread soil erosion in historic times. The youngest age on colluvial 486 

sand dates at 580 ± 30 a (HUB-114, Wa-3c/site ID 25; Figs. 4A, 6), which refers to very late 487 

Medieval erosional processes at nowadays forested sites east of Serrahn village. Only a few 488 

colluvial OSL ages date from the prehistoric time at 3350 ± 150 a (HUB-117, Wa-3/site ID 489 

25), 2190 ± 160 a (HUB-0052, S-5/site ID 23) and 1460 ± 60 a (HUB-0054, S-4/site ID 22), 490 

which all origin from the area west and east of Serrahn village. When including three 491 

radiocarbon ages obtained from colluvial soil horizons in profiles Mü-1/site ID 17 (4825-492 
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4535 a cal BP, Beta-291882, Gr-M; Figs. 4A, 9B), Ku1ND1/site ID 14 (3228-2959 a cal BP, 493 

Erl-16603, M-fAh; Figs. 4A, 6), and KFS8/site ID 13 (3210-2967 a cal BP, Poz-98722, Gr-494 

M; Figs. 4A, 6) local formation of colluvial sediments during the Bronze Age to older Iron 495 

Age can further be corroborated.  496 

Six OSL data were obtained from aeolian sands in four profiles, showing a dichotomous age 497 

distribution into the Lateglacial/early Holocene (S1/site ID 20, S-6/site ID 24) and late 498 

Holocene (FUER3/site ID 3, S-2/site ID 21). The youngest age of 320 ± 20 a (HUB-0187, 499 

FUER3/site ID 3) from an aeolian-lacustrine sequence next to the southwestern shoreline of 500 

Lake Fürstenseer See shows that still in the 17th/18th century AD local aeolian dynamics 501 

occurred. 502 

A total of 17 ages obtained from charcoal (n = 15) and partly charred wood (n = 2) attests fire 503 

dynamics (Fig. 10D). Most ages belong to the late Holocene (n = 13) peaking at c. 800 a cal 504 

BP, whereas only few data derive from the Lateglacial (n = 2), early Holocene (n = 1) and 505 

mid-Holocene (n = 1).                         506 

 507 

4.5. Palaeoecological evidence  508 

4.5.1. Palynology 509 

Pollen diagram Mü-1 510 

Located in a glacial kettle-hole in the terminal moraine area west of Serrahn, profile Mü-1 511 

(site ID 17) comprises a 110 cm-thick sequence of colluvial sand, peat and gyttja as well as 512 

half-bog (German ‘Anmoor’) overlying glaciofluvial sand (Figs. 4B, 9B). Local pollen zone 513 

Mü-A (110-98 cm) is dominated by PINUS, BETULA and CORYLUS pollen, indicating early 514 

Holocene (Boreal period, c. 10500-9500 a cal BP; Giesecke et al., 2012) forest vegetation 515 

dominated by the respective tree taxa. The radiocarbon age of that zone correspondingly is 516 

9525-9305 a cal BP (Beta-291883; Supplement 7). In zone Mü-B (98-75 cm) also pollen of 517 

warm-loving tree taxa is present, i.e. QUERCUS, TILIA, ULMUS and ALNUS. Furthermore, the 518 
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continuous presence of PLANTAGO LANCEOLATA TYPE and first findings of FAGUS pollen 519 

indicate a much younger age (Subboreal period, c. 5800-2750 a cal BP; Giesecke et al., 2012) 520 

of this zone, which is correspondingly dated to 4825-4535 a cal BP (Beta-291882). 521 

Consequently, the transition between zone Mü-A and Mü-B is marked by a hiatus for 522 

thousands of years, comprising the Atlantic period (c. 9500-5800; Giesecke et al., 2012). 523 

Again higher values of BETULA in the following zone Mü-C (75-65 cm) possibly reflect 524 

single stands of birch close to the coring site. In zone Mü-D (65-55 cm) a distinctive increase 525 

of NAP (non-arboreal pollen) including CHENOPODIACEAE, CALLUNA VULGARIS and 526 

PTERIDIUM AQUILINUM indicates increased human activity. The synchronous increase in 527 

charred particles may point at land-use by slash-and-burn activities. The closed curve of 528 

SECALE CEREALE starts. The radiocarbon age at 59 cm depth (4331-3995 a cal BP, Beta-529 

291881) is regarded as being too old, when compared to the palynological data. 530 

Palynologically, the zone is dated to the early Subatlantic period (whole Subatlantic: 2750-0 531 

a cal BP; Giesecke et al., 2012). Zone Mü-E (55-49 cm) shows increased amounts of tree and 532 

shrub pollen. The closing of forest is characterised by Fagus, Quercus, Alnus and Carpinus. 533 

Zone Mü-F (49-35 cm), dated by a radiocarbon age at 50 cm at 1517-1300 a cal BP (Beta-534 

291880), shows a strong rise of NAPs comprising CEREALIA INDIFF. and SECALE CEREALE. It 535 

reflects an open, deforested landscape, while several charred particles and high values of 536 

PTERIDIUM AQUILINUM give evidence of slash-and-burn practice. In zone Mü-G (35-26 cm) 537 

low NAP values suggest moderate to low human impact. The closing forest is reflected by 538 

increasing values of FAGUS and QUERCUS. In zone Mü-H (26-15 cm), however, land use 539 

activities are recorded again, indicated by increasing values of CEREALIA INDIFF., SECALE 540 

CEREALE and RUMEX ACETOSA TYPE. The zones Mü-F to Mü-H archaeologically comprise 541 

the Slavic settlement period, c. AD 700-1180. The topping zone Mü-I (15-10 cm) reflects a 542 

closed forest with Quercus and a distinct increase of Fagus. It is dated to the high Medieval 543 

German settlement period, c. AD 1180-1300. 544 
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 545 

Pollen diagram KFS8 546 

Profile KFS8 (site ID 13) is located in a glacial kettle-hole in the outwash plain east of Lake 547 

Fürstenseer See. It comprises a 48 cm-thick peat cover overlying a very thin colluvial 548 

layer/band (48-48.5 cm, IIGr-M) and a buried Gleyic Podzol (48.5-80 cm, IIIfAeh/Go-549 

fAhe/Go-fBsh/Gor-sequence) developed from glaciofluvial sand (Figs. 4B, 6, 9A). The pollen 550 

diagram KFS8 shows clear changes in tree and herb pollen composition, so three pollen 551 

assemblage zones have been separated (Supplement 8). The lowest zone KFS8-A (47.5-60 552 

cm) is characterised by a dominance of tree pollen, with very high values of PINUS (>50%). 553 

Also BETULA (>15%), ALNUS (10%) and CORYLUS (10%) are well represented. FAGUS, 554 

CARPINUS and further tree pollen occur in low values. Herb pollen amount to only ~5% of all 555 

terrestrial pollen. The most common herb pollen types are WILD GRASS GROUP, ARTEMISIA and 556 

CALLUNA. The latter two, and very high values of charcoal particles (550%) point at some 557 

openness of the forest, probably in relation to fire. Two radiocarbon ages from the colluvial 558 

layer (IIGr-fM) and the buried humic topsoil horizon (IIIfAeh) of the buried Gleyic Podzol 559 

yielded 3210-2967 a cal BP (Poz-98722, IIGr-M) and 2950-2781 a cal BP (Poz-98723, 560 

IIIfAeh), respectively (Fig. 9A). The following zone KFS8-B (22.5-47.5 cm) is characterised 561 

by even lower values of herb taxa, with ARTEMISIA and CALLUNA now being very rare. Also 562 

charcoal particles are now rarer or absent. Tree pollen composition clearly changes at about 563 

40 cm. The proportion of PINUS declines from well above 50% to only about 10%, while 564 

BETULA, QUERCUS, FAGUS and CARPINUS increase to their maxima at 25 cm depth. CORYLUS 565 

is overall rarer than in zone KFS8-A. In the upper zone KFS8-C (0-22.5 cm), the proportion 566 

of herb taxa is clearly elevated to 10-20%. The values of WILD GRASS GROUP are continuously 567 

high (~10%), while ARTEMISIA and CYPERACEAE show high values in single samples only. 568 

Above 20 cm, the settlement indicators SECALE and CENTAUREA CYANUS are well present. 569 

Both pollen types are commonly observed in Medieval or younger settlement periods, but 570 
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may also be present in records from earlier Slavic periods. Overall, the radiocarbon data and 571 

the pollen diagram suggests that the buried land surface dates at ~3000 a cal BP (late Bronze 572 

Age) and the lower part of the peat section formed during a period with low land use intensity 573 

after ~2500 cal BP (older Iron Age). The upper part instead formed with high land use 574 

intensity in the surroundings of the site, probably during the Slavic or German Medieval 575 

period. 576 

 577 

Further pollen diagrams and single samples from profiles at Lake Fürstenseer See 578 

The underwater profile FUER14 (site ID 8), obtained from a sediment core at a shallow in the 579 

southern part of Lake Fürstenseer See (Fig. 4B), includes a thin peat layer (0-13 cm, fHv) on 580 

top of calcareous gyttja (13-60 cm, IIfF). The peat layer is radiocarbon dated to the early 581 

Holocene (9580-9417 a cal BP, Poz-38929; 8456-8212 a cal BP, Poz-38928). The pollen 582 

record (Supplement 9) shows the immigration of Corylus, Alnus, Quercus, and Tilia taxa and 583 

hence supports this dating. The record is first dominated by PINUS and BETULA pollen alone. 584 

CORYLUS pollen slowly increases above 45 cm and is finally well present in zone FUER14-B. 585 

Finally ALNUS, QUERCUS and TILIA pollen appear in the upper zone FUER14-C. Herb pollen 586 

are very rare in the lower zones FUER14-A and B, indicating an overall dense forest cover. 587 

Instead, zone FUER14-C shows clearly elevated values of several herb pollen and spore 588 

types, e.g. WILD GRASS GROUP, fern spores and SPARGANIUM EMERSUM type. They probably 589 

show local expansion of herbs during drying upof the site. 590 

Located at a lake terrace, pollen diagram FUER15 (site ID 9) was retrieved from a 34 cm-591 

thick sequence of palaeosol horizons (Fig. 4B, Supplement 10), which is overlain by 592 

lacustrine sand (lake terrace sediment). Zone I (156-174 cm) includes the IIIGr, IIIfAh and 593 

the lower part of the IIfHv2 horizon. Pollen samples from this zone are dominated by PINUS 594 

DIPLOXYLON and ALNUS. The presence of deciduous tree pollen still indicates that the sand 595 

was deposited during the Holocene. In Zone II (149-156 cm) PINUS DIPLOXYLON is rarer, 596 
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ALNUS more abundant than before. Also the WILD GRASS GROUP reaches higher values. The 597 

presence of MOUGEOTIA spores can be interpreted as episodic flooding. In Zone III (144-149 598 

cm) PINUS DIPLOXYLON is again the predominant pollen type, ALNUS rarer than before. 599 

QUERCUS occurs regularly. Pollen grains of FAGUS and of cultural indicators (including 600 

SECALE CEREALE) indicate that this zone was deposited not earlier than approx. BC 800 (cf. 601 

Jahns, 2007). Increased values of some taxa (e.g. CYPERACEAE) point at wet conditions; 602 

furthermore MOUGEOTIA might indicate episodic flooding. In zone IV (140-144 cm) PINUS 603 

DIPLOXYLON is rarer than before, ALNUS more abundant, BETULA and QUERCUS occur. 604 

Cultural indicators are well present and suggest that this zone was not deposited before the 605 

Medieval (cf. Jahns, 2007), which is corroborated by the radiocarbon age 908-729 a cal BP 606 

(Poz-47654) of the uppermost centimeter of the peat. The presence of some taxa (e.g. TYPHA 607 

LATIFOLIA TYPE) points to the existence of reed vegetation, whereas water plants (e.g. CHARA 608 

OOSPORES) indicate that the site was occasionally flooded. 609 

Three pollen samples from palaeosol horizons (IVfAi, VrGr+fAh, VIfAh) in profile FUER3 610 

(site ID 3; Figs. 4B, 6, Supplement 11) consist largely of (numerous) charred particles and are 611 

characterised by poor pollen preservation. All samples are dominated by PINUS DIOLOXYLON, 612 

suggesting that pine did occur at or near the site. Pollen of deciduous tree taxa is 613 

correspondingly rare but could indicate at least for the uppermost sample rather diverse tree 614 

composition (alder, birch, oak, hazel, beech). The presence of SECALE CEREALE (representing 615 

rye) in the uppermost sample reveals that the initial humic soil horizon in lacustrine sands 616 

(IVfAi) developed not before the Medieval period (cf. Jahns, 2007).  617 

Pollen spectra from palaeosol horizons (IIfHa, IIIfAa, IIIfAh) in profile FUER6 (site ID 4; 618 

Figs. 4B, 6, Supplement 11) are dominated by PINUS DIPLOXYLON, which may primarily 619 

result from the poor pollen preservation. This pollen type is rather robust and distinguishable 620 

also in highly decomposed material. The occurrence of PEDIASTRUM in the uppermost sample 621 



25 

 

points at wetter conditions with (episodic?) flooding. All samples are rich in charred 622 

particles, indicating that fire played an important role during local soil/peat formation. 623 

 624 

4.5.2. Anthracology 625 

Overall 677 charcoal particles from 18 samples with a total weight of 18 g were 626 

taxonomically analysed primarily from colluvial horizons of soil profiles east and west of 627 

Serrahn village (Supplement 12). The majority is pine (Pinus, n = 371 = 55%), followed by 628 

oak (Quercus, n = 243 = 36%), birch (Betula, n = 39 = 6%), poplar/willow (Populus/Salix, n 629 

= 10 = 1.5%), and beech (Fagus, n = 7 = 1%). Single occurrences (n = 1 = 0.1% each) were 630 

identified for alder (Alnus) and ash (Fraxinus), as well as for stone fruit wood (Prunus). In 631 

addition, four fragments (0.6%) were identified as deciduous wood only. A total of 84 632 

charred non-wood particles (thus not included in the share calculation) shows no wood 633 

anatomical features, potentially being bark fragments and impeding further determination.  634 

Looking on the different profiles, 10 out of 18 charcoal assemblages are dominated by pine 635 

(Supplement 12). Additional three assemblages have pine as a co-dominant taxon (co-636 

dominance defined by a share of at least 33%). Three samples are dominated by oak. There is 637 

only one sample (S-5/site ID 23, lowest layer; Fig. 4B) with no pine. In profile S-1/site ID 20, 638 

the amount of pine relative to oak is higher in the upper part than in the lower. This can also 639 

be observed in profile S-5, where an increase of pine is clearly visible from the Pre-Roman 640 

Iron Age to the (Slavic) Medieval. By contrast, in S-6/site ID 24 there is no clear tendency. 641 

Generally in this region, an increase of pine towards the Medieval might reflect a land-use 642 

effect. Pine is a pioneering species after, for instance, a period of land use and spreading 643 

during re-forestation of abandoned fields. The charcoal spectra in S-3/site ID 18 is dominated 644 

by pine and oak since the Pre-Roman Iron Age, and at least since the (Slavic) Medieval in S-645 

5 and S-6. Beech and oak dominate together the actual vegetation around the profiles, where 646 

beech was only found with small quantities in the lower part of S-5 and in the upper part of 647 
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S-6. If there were beeches growing before their contemporary occurrence, they left no 648 

charcoal signal in the soil profiles investigated.  649 

 650 

5. Discussion 651 

5.1. Properties and formation of buried land surfaces 652 

As the modeling of the palaeosol areas shows (Fig. 7), a share of 9% (5.7 km2) from the total 653 

Serrahn study area (62 km2) has buried land surfaces. Dominant cover sediments are aeolian 654 

and colluvial sands supplemented by local lacustrine sands and peat. Further, rarely occurring 655 

anthropogenic sediments exist in the form of sandy overburden, which particularly originates 656 

from the construction of water ditches and ramparts (Fig. 6). Both the geochronological data 657 

(Fig. 10) and the available knowledge on local to regional landscape history (e.g. Kaiser et 658 

al., 2002, 2014a; Küster, 2014; Küster et al., 2014) show that human impact dominantly was 659 

responsible for stimulating terrestrial erosion processes burying former land surfaces in the 660 

late Holocene (see also chapter 5.2.). Despite the fact that this area is widely covered by 661 

forest, being the effect of modern natural and anthropogenic afforestation after Medieval 662 

clear cutting and land use (Schwabe et al., 2015; Müller et al., 2016), this high share of buried 663 

land surfaces could generally be typical for the hilly morainic landscapes in northeastern 664 

Germany. The land use history in northeastern Germany and the natural configuration 665 

including relief and dominating sandy surface soils are comparable (Zerbe and Brande, 2003; 666 

Böse et al., 2018). However, as the Modern period of agrarian land use intensification (Bayerl 667 

et al., 2008) did not develop in the Serrahn area, the amount of 9% for buried land surfaces 668 

might be a minimum estimate in comparison to the intensively agriculturally used 669 

surroundings.  670 

For instance, soil research in the nearby agrarian Quillow river catchment (168 km2, 70% 671 

arable land and pasture), located ca. 30 km to the east, has shown that only 10-15% of the 672 

area consists of soils unaffected by soil erosion. The majority of soils comprise both eroded 673 
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surface soils and colluvial soils, whereby the latter widespread bury former land surfaces at 674 

depressions (Sommer et al., 2008). The oldest colluvial deposits in this catchment date back 675 

to the late Bronze Age. Most datings, however, cluster within the last 600 years with a peak 676 

in the last 200 years, ascribing the main phase of local soil erosion to the recent past (Kappler 677 

et al., 2018; van der Meij et al., 2019). However, both for the Quillow catchment and for 678 

further central European study areas with well-established soil erosion chronologies (e.g. 679 

Dotterweich, 2008; Dreibrodt et al., 2010; Kołodyńska-Gawrysiak, 2019), a spatial 680 

estimation of buried land surfaces lacks. Even when expanding the spatial and temporal 681 

focus, most studies have focused on single sites (pedon scale), rarely providing numbers on 682 

the geometry of the buried soil storey except for a few available data from aeolian and near-683 

coastal fluvial landscapes in Germany, Poland and The Netherlands (Kaiser et al., 2006; 684 

Jankowski, 2012; van Mourik et al., 2012; Sevink et al., 2013; Missiaen et al, 2015; 685 

Verhegge et al., 2016; Schneider et al., 2017). These studies document contiguous buried soil 686 

surfaces in a spatial range from 0.02 to 3.4 km2.   687 

With respect to a comparison of soil subtypes occurring either buried or on top of the current 688 

land surface there are striking differences in the Serrahn area. When applying the 689 

classification system of ‘SEA95’ (Landesforst Mecklenburg-Vorpommern, 2009), designed 690 

for forest management and representing the most complex level of forest soil classification 691 

available in Germany, 12 soil subtypes are identified for surface soils, whereas 21 soil 692 

subtypes are identified for palaeosols (Schneider, 2017). This means that the soil variability 693 

of the former land surface was obviously higher than that of present-day, which was reduced 694 

by relief equalisation and particularly by the loss of wet micro-sites.  695 

 696 

5.2. Pedostratigraphical settings and implications on geomorphodynamics 697 

5.2.1. Considerations on geochronology 698 
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Backbone for reconstructing geomorphodynamics in the study area is the multitude of 699 

geochronological datings obtained, comprising 40 radiocarbon ages and 33 OSL ages. To our 700 

knowledge, it is generally the largest geochronological dataset available for a local 701 

palaeopedological study in the glacial lowlands of central Europe (Starkel et al., 2013; 702 

Kappler et al., 2019). However, there are some obvious (e.g. the number of datings per 703 

profile) but even some less apparent constraints (e.g. the potential incorporation of older 704 

charcoal in sediments by younger relocation), which should be outlined first to critically 705 

appreciate the information given in the subchapters below. 706 

Most of our dated profiles (20 from 26) have two or more geochronological datings which 707 

helps to reliably draw chronological conclusions. However, there are some remaining ones, 708 

where only one radiocarbon or OSL age was obtained due to practical reasons (missing or 709 

unsuitable dating material, financial constraints). Those cases include some profiles at Lake 710 

Fürstenseer See (FUER1/site ID 1, FUER10-2/site ID 5, FUER12/site ID 7, GFS11-A0/site 711 

ID 12, Ku4.1/site ID 16) and a profile west of Serrahn village (S-2, site ID 21; Tables 3, 4). 712 

The synoptic discussion of all locally available profile datings from the same sedimentary 713 

environment including consideration of potential pitfalls (e.g. effects of bioturbation or 714 

repeated relocations) allows for their careful use or rejection (Kaiser et al., 2014a, Küster, 715 

2014). Further local dating evidence from palynology, archaeology and history, sometimes 716 

available from the same profiles/sites (e.g. Müller et al., 2014), could be integrated in this 717 

evaluations and corroborate our age estimations for specific events. Datings with obvious 718 

doubt (n = 4) are marked in Tables 3 and 4 as well as in Figure 9, and have already been 719 

discussed in chapter 4.4.  720 

Besides bulk peat charcoal is the most important material for radiocarbon dating in our study, 721 

counting for 16 samples (i.e. 40% of the radiocarbon ages). Charcoals were used to mainly 722 

date palaeosol horizons including peat and, in a few cases (n = 5), to also date sediments of 723 

colluvial (KFS8 / site ID 13, Ku1ND1 / site ID 14, Ku3BTr1 / site ID 15) and lacustrine 724 
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origin (FUER3 / site ID 3, GFS-11 / site ID 12; Table 4). With respect on the local fire 725 

source, we assume after predominant natural fires in the Lateglacial and early Holocene a 726 

widely anthropogenic fire regime in the late Holocene (see chapter 5.3. below and Dietze et 727 

al., 2018). However, it should be kept in mind that due to possible relocations the charcoal 728 

age sometimes could be older (thus dating an anthropogenic fire event) than the age of the 729 

sediment deposition (e.g. Henkner et al., 2018). This risk in question primarily cannot be 730 

ruled out if no OSL age is available from the same profile or sampling level for comparison.    731 

Our OSL dataset (33 samples) is dominated by ages obtained from colluvial (n = 23) and 732 

aeolian sands (n = 4), being materials which are generally uncomplicatedly to date (e.g. 733 

Preusser et al., 2008; Alexanderson and Murray, 2012). Also most of our datings from 734 

lacustrine sands (n = 4) have confirmed the local suitability of this material (Kaiser et al., 735 

2014a), although generally waterlain sediments can be difficult to date (e.g. Preusser et al., 736 

2008; Argyilan et al., 2010).  737 

As the discussion above illustrates our geochronological dataset as a whole clearly offers the 738 

potential for a reliable age estimation of geomorphodynamic and palaeoecologic events 739 

including anthropogenic, i.e. past land-use activities in the Serrahn area. For specific profiles, 740 

i.e. focusing on the profile-scale, however, several potential constraints including 741 

bioturbation and ‘anthroturbation’ (Schaetzl and Anderson, 2005) have to be taken in to 742 

account, which can be resolved only by higher horizontal (profiles) and vertical resolution 743 

(datings) in the future. 744 

 745 

5.2.2. Aeolian setting 746 

Prominent palaeopedological feature of aeolian sequences in the study area (e.g. site IDs 19, 747 

20, 21, 24) is a 10 to 40 cm-thick brownish buried soil horizon (fBv), showing properties of 748 

silicate weathering (Figs. 6, 8A-D, 11A). Considering its morphology, pedostratigraphical 749 

position and geochronological dating into the Lateglacial up to the very early Holocene, it 750 



30 

 

was already previously identified as ‘Finow soil’ (Kaiser et al., 2014a; Küster, 2014; 751 

Schwabe et al., 2015), representing a widespread buried marker soil (brunic Arenosol) in 752 

northern central Europe and beyond (e.g. Bussemer et al., 2009; Kaiser et al., 2009; 753 

Jankowski, 2012; Schlaak, 2015; Hirsch et al., 2017; Kappler et al., 2019, Konstantinov et al., 754 

2019). A potentially related fAh horizon usually lacks. Whether this is caused by erosion 755 

during the initial aeolian process finally burying the soil or by complete postdepositional 756 

mineralisation of the organic matter remains unclear. For the latter assumption a layer with 757 

textural properties similar to the fBv horizon could be expected directly above, which has not 758 

been found up to now (Kaiser et al., 2009). Former palaeopedological investigations of this 759 

soil have shown that clay illuviation bands can occur within, but predominantly occur below 760 

this brownish weathering (cambic) horizon (Kaiser et al., 2009). In contrast to Jankowski 761 

(2012), Hirsch et al. (2015) and Hirsch and Raab (2018), who identified bridges of illuviated 762 

clay and textural band formation as characteristic features of the Finow soil, no signs of clay 763 

illuviation could be found in the thin section of the IIfBv horizon in profile S-1 (site ID 20; 764 

Fig. 8A-D). Instead, characteristic features of silicate weathering, such as weathered sand 765 

grains and ferruginous punctuation of the fine mass, suggest the formation of a proper cambic 766 

horizon representing the Finow soil. While weathering of the sand grains could be inherited 767 

from the parent material (at least partly), the ferruginous punctuation of the fine mass is 768 

formed in situ. Impregnations of the fine material covering the sand grains and bridging 769 

those, affect large parts of the material, locally intensifying to a degree of moderate to strong 770 

impregnation. 771 

Soil horizons within (site ID 3) or below Holocene aeolian sands (site IDs 15, 19, 21) are 772 

formed as thin fAi/fAh horizons (Arenosols) and fAh-fBv/fAp-fBv sequences (Cambisols) as 773 

well as fHv horizons, respectively.  774 

Generally, stratigraphical and geochronological evidence from the Serrahn area widely shows 775 

a two-phase aeolian dynamic for that area, comprising a Lateglacial to (very) early Holocene 776 
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and a late Holocene period of aeolian sedimentation and dune formation (Fig. 11A). In 777 

comparison to the regional dynamics, showing several prominent peaks at 13.8-11.2, 9.5-7.8, 778 

2.2-1.6, and 1.0-0 ka cal BP (Kappler et al., 2019), this assumed local dynamic is rather 779 

simple and could be related to climatic (older period with mobilisation of drift sands by soil 780 

erosion due to cool-dry climate) and anthropogenic impact (younger period with mobilisation 781 

of drift sands by land-use triggered soil erosion). The local aeolian dynamic during the late 782 

Pleistocene and Holocene at Müritz National Park is especially well documented by 783 

geochronologically and palynologically dated records (Dieckmann and Kaiser, 1998; Kaiser 784 

et al., 2002; de Klerk, P., 2008; Küster and Preusser, 2009; Theuerkauf and Joosten, 2012; 785 

Küster, 2014; Küster et al., 2014), corroborating our simple two-phase model for the Serrahn 786 

area. Other mid- to north European regions show far more Holocene aeolian activity periods 787 

associated with climatic or human impact (e.g. Tolksdorf and Kaiser, 2012; Dobrotin et al., 788 

2013; Sevink et al., 2018; Pierik et al., 2018; Alexanderson and Bernhardson, 2019; Jonczak 789 

et al., 2019; van Mourik and van der Meer, 2019). Although human settlement is proven for 790 

the Serrahn area since the Neolithic (immediately outside the National Park area) and the 791 

Bronze Age (inside; Supplement 1), a close relationship of potential land use (land 792 

degradation) and aeolian dynamics could not be proven here thus far except for the last c. 800 793 

years.  794 

A specific aeolian feature of the study area is the partly direct neighbourhood of dunes and 795 

aeolian sand sheets with lakes. Such locations are particularly well-developed at the transition 796 

from Lake Fürstenseer See to Lake Hinnensee (western shoreline), at the southwestern 797 

shoreline of Lake Fürstenseer See and of the western shoreline of Lake Lutowsee (Fig. 4B). 798 

At the latter, dune flanks, overlying an older lake terrace, steeply dip into the lake. As profile 799 

FUER3 (site ID 3) shows, still in the 17th/18th century AD aeolian dynamics occurred at 800 

such locations, with a similar dating as in the western part of Müritz National Park, where the 801 

Medieval to Modern period could be resolved into three aeolian activity phases (Küster et al., 802 
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2014). In general, these aeolian-lacustrine sequences (Sevink et al., 2013; Kaiser et al., 803 

2014a; Hošek et al., 2017) form a widely untapped regional geoarchive, which due to their 804 

palaeopedological, palaeoecological and dating potential could help to resolve the sites 805 

history more precisely.    806 

 807 

5.2.3. Colluvial setting 808 

In the Serrahn area colluvial sediments are found widespread particularly in depressions of 809 

the terminal moraine and till plain to the north, but even upon slopes of lake and kettle-hole 810 

depressions in the outwash plain to the south. Due to their local occurrence (several tens to 811 

thousands of square meters), they have not been mapped in geological and geomorphological 812 

maps (e.g. Börner and Schütze, 2005). For the first time they were systematically found and 813 

described during a large-scale soil mapping campaign in 1997/1998 (Dieckmann and Kaiser, 814 

1998; LFoA M-V, 1999). Although it was already known that even the near-natural and 815 

rather large beech-dominated forest stands around Serrahn village underwent a complex late 816 

Holocene site history comprising sporadically strong human impact (Müller, 1962), the 817 

ubiquitous occurrence of signs of past soil erosion such as young pedosedimentary 818 

sequences, eroded soil surfaces, colluvial terraces (lynchets) and specific aeolian landforms, 819 

i.e. hummocky dunes, is remarkable (Figs. 11, 12). Similar to other well-protected sites in the 820 

central European lowlands, a seemingly natural forest vegetation led first to the impression of 821 

rather native site conditions but later, after in-depth palaeoenvironmental studies, to the 822 

recognition of partly drastic ecosystem disturbances in the past (e.g. Bradshaw et al., 2005; 823 

Lorenz et al., 2015; Jaroszewicz et al., 2019). Our local findings give further evidence of 824 

substantial landscape changes (and their partial recovery) in the late Holocene. 825 

The sandy colluvial layers with thicknesses between 0.5 and 159 cm have no textural or 826 

further pedogenic differentiation, as sometimes reported from other colluvial sequences in 827 

northern central Europe, where secondary brunification or clay illuviation were found (e.g. 828 
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Küster et al., 2015a; Kühn et al., 2017; Kołodyńska-Gawrysiak, 2019). This could indicate 829 

with perspective on the sediment delivery the same source area and/or no change of sediment 830 

composition, while no pedogenic differentiation (well-developed soil formation) could mean 831 

a fast sedimentation process and a rather young event or renewed erosion. 832 

As the geochronological data from colluvial horizons in the Serrahn area show, there is a 833 

record solely from the late Holocene, spanning a time interval from c. 4700 to 300 a (Fig. 834 

10C1, C2). The data cluster in the period 1000 to 500 a, peaking at c. 800 a, which is 835 

equivalent to the high Medieval colonisation of that area (Schich, 2003). In addition to this 836 

Medieval data maximum, further colluvial episodes can be detected for the Bronze Age, the 837 

older Iron Age, the Migration Period and the Modern Period (Fig. 11B). In general, this data 838 

distribution fits well to the regional record, where additional data for the Neolithic and 839 

Roman Iron Age exist (Kappler et al., 2018, 2019).     840 

From a regional point of view the record of late Slavic colluvial layers around Serrahn village 841 

in profiles S-1 (site ID 20), S-4 (site ID 22), S-5 (site ID 23), and S-6 (site ID 24), dating in 842 

range of 1010 ± 40 to 1180 ± 90 a (n = 11), is particularly remarkable. They prove intensive 843 

soil erosion already in the 11th to 12th centuries AD, which is corroborated by the 844 

palynological record in pollen diagram Mü-1 indicating agriculture at that time. Normally, 845 

the somewhat younger high Medieval German colonisation phase during the late 12th/13th 846 

centuries AD is considered to be the most important turning point in landscape development 847 

during the late Holocene in northeastern central Europe, where human impact by forest 848 

clearing, settlement construction and land use intensification dramatically increased (e.g. 849 

Starkel, 2005; Böse and Brande, 2009; Küster and Preusser, 2009; Dreibrodt et al., 2010). 850 

However, the area around Serrahn village was obviously subjected to intensive agrarian land 851 

use somewhat earlier in the Medieval period (Küster, 2014).  852 

 853 

5.2.4. Lacustrine and mire setting 854 
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Systematic research of lake shore sites and mires in the Serrahn area have proven a wealth of 855 

wet-site palaeosols on a regionally unprecedented scale. Although known in principle that 856 

these sedimentary environments could contain palaeopedologic features, reflecting phases of 857 

temporally prevailing terrestrial or semiterrestrial (‘dry-site’) conditions, comparing evidence 858 

from northern central Europe is rare (e.g. Mundel et al., 1983; Petzelberger et al., 1999; 859 

Alaily and Brande, 2002; Tolksdorf et al., 2014; Hirsch et al., 2015; Mendyk et al., 2016; 860 

Karasiewicz, 2019). Our findings support some recent records from lakes in northeastern 861 

Germany (e.g. Küster et al., 2012; Küster, 2014; Klos, 2016; Kaiser et al., 2018; Lorenz et 862 

al., 2019), that showed seemingly ‘every’ lake terrace of at least Holocene age containing 863 

sub-sites, where buried palaeosols mostly of Gleysol or Histosol type occur.            864 

Corresponding research in the Serrahn area concentrated on terraces and related beach ridges 865 

in the southern part of Lake Fürstenseer See. Its shoreline is widely accompanied by a flat 866 

terrain fringe, ranging from a few decimetres to c. 2 m above the mean water level of 63.4 m 867 

a.s.l. (Fig. 2F). Two terrace levels occur; a lower one a few decimetres above the lake of 868 

relatively recent age and an upper one between c. 1 and 2 m above the lake of late Medieval 869 

age (Kaiser et al., 2014a).  870 

Profiles from the upper terrace show a sequence of basal glacial sand, intermediate palaeosols 871 

and lacustrine sand on top (Fig. 11C). The palaeosols mostly show a lower humic (terrestrial) 872 

horizon (fAa or fAh) covered by a peat horizon (fH), indicating a transition to wetter (semi-873 

terrestrial) site conditions. In profile FUER15 (site ID 9, Fig. 4B) this transition is clearly 874 

reflected in the reconstructed vegetation shift from tree stands, via occasionally flooded alder 875 

carr to flooded reed swamp (Supplement 10). Peat formation here encompasses an age 876 

interval of c. 600 years, ending in the late Medieval. The presence of highly decomposed 877 

horizons (fHa) with cracks within the peat layers in profiles FUER2 (site ID 4), FUER6 (site 878 

ID 4) and FUER16-4 (site ID 10; Fig. 4B) indicates that the water level fluctuated during or 879 

after peat formation. The palaeosol dates from Lake Fürstenseer See span a wide time 880 
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interval with an age of 5891 to 550 a cal BP, whereas the OSL dates of the overlying 881 

lacustrine sands encompasses a narrow time interval with an age of 760 to 560 a, i.e. late 882 

Medieval. Consideration of the upper limit of lacustrine sands in the dated profiles suggests 883 

that the lake level during the late Medieval period reached a maximum level of c. 66 m a.s.l., 884 

i.e. c. 2.5 m above the present mean water level (Kaiser et al., 2014a; 2014b). Comparable 885 

records from shorelines were also obtained from other lakes in northeastern Germany, 886 

referring to consistent hydrological changes in the late Holocene caused by climatic and 887 

anthropogenic impact (Lorenz, 2007; Kaiser et al., 2012; Küster, 2014; Dietze et al., 2016; 888 

Brauer et al., 2019).     889 

Pedosedimentary sequences in the Serrahn area particularly indicate the development of 890 

mires in glacial kettle-holes, which formed in very local depressions resulting from dead-ice 891 

melting (Couwenberg et al., 2001; Kaiser et al., 2012). As the example for a rather deep 892 

kettle-hole south of Lake Fürstenseer See shows, profile FUER10-4 (site ID 6) has a fAh 893 

horizon at the base, which is buried by a 309 cm-thick sequence of peat and gyttja (Figs. 4B, 894 

6). According to the radiocarbon date (13475-13250 a cal BP; Poz-46611), this humic 895 

horizon has developed in the Lateglacial, most probably when the local dead-ice plomb was 896 

still preserved in the ground. The secondary deep position of the terrestrial topsoil horizon 897 

can be related to local subsidence during ice melting. It has caused down-lift of the covering 898 

sediments including soil with subsequent water-logging and peat formation still in the 899 

Lateglacial (Fig. 11D). Dead-ice melting with similar sedimentary phenomena (i.e. mostly 900 

record of basal peat under lacustrine gyttja) is considered to be mainly responsible for the 901 

formation of lake and mire basins in the Weichselian glacial belt of northern central Europe 902 

and beyond (e.g. Słowinski et al., 2015; Stivrins et al., 2017; Kaiser et al., 2018). The small 903 

round mire at FUER10-4 (40 m in diameter) can be hydrogenetically classified as a kettle-904 

hole mire (Kaiser et al., 2014a), generally being a typical feature of the Serrahn area, where c. 905 

50 of them were recorded (Rowinsky and Kobel, 2011).   906 
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By contrast, the shallow kettle-hole with profile KFS8 east of Lake Fürstenseer See (site ID 907 

13; Figs. 4B, 6, 9) reflects a strongly different site history. After (Lateglacial?) formation of 908 

this c. 80 m-long dead-ice hollow, a Gleyic Podzol (fAeh/Go-fAhe/Go-fBsh/Gor-sequence) 909 

developed on its relatively dry bottom in the Holocene. As the overlying only 48 cm-thick 910 

peat layer as well as the radiocarbon and pollen data attest, local groundwater rise has 911 

initiated peat growth between ~3000-2500 a cal BP (Fig. 11D). Although the pollen analysis 912 

of the lower part of the peat (older Iron Age) reveals less land use intensity as compared to 913 

the upper part (Medieval), this local paludification could be related to the felling or thinning 914 

out of the highly water-consuming tree vegetation in the catchment, as demonstrated in 915 

similar contexts for central Europe and beyond (e.g. Woodward et al., 2014; Dietze et al., 916 

2016). Taking the stratigraphy including peat thickness and chronology into account, this 917 

mire can be hydrogenetically classified as a swamp (paludification) mire (Couwenberg et al., 918 

2001) located in a glacial kettle-hole.   919 

 920 

5.3. Vegetation development, land use and fire 921 

Unlike continuous sedimentary sequences from lake and mire sections, the palynological data 922 

available from discontinuous pedosedimentary sequences in the Serrahn area normally allows 923 

only for temporarily and spatially restricted insights into the local vegetation history. The 924 

palynological sections analysed comprise in one case nearly the whole Holocene (Mü-1), 925 

whereas all other sections comprise either the early (FUER14) or the late Holocene (KFS8, 926 

FUER3, FUER6, FUER; Fig. 4A; Supplements 7-11).  927 

Although initially decreasing at the beginning of the late Holocene, a consistent property of 928 

all sections is a rather high content of pine. This is supported by the anthracological analyses 929 

from 677 fragments of profiles around Serrahn village, showing a late Holocene dominance 930 

of pine (55%) complemented by oak (36%) and others (9%), such as birch and few beech 931 

(Supplement 12). As pollen diagram Mü-1 together with further data from the Serrahn area 932 
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shows (Küster, 2014; Theuerkauf, 2015; Müller et al., 2016), beech started to expand only 933 

about c. 3000 years ago forming beech-dominated tree stands particularly in the terminal 934 

moraine and till plain zone. This is in contrast to anthracological data from Iron Age levels of 935 

the investigated profiles, showing a few Fagus charcoals only. Serrahn pollen data clearly 936 

indicate that beech became locally extinct during the Medieval and afterwards by human 937 

impact (forest clearing, grazing, agriculture) but recovered after cessation of land use. Forest 938 

recovery started with the spread of pioneer trees such as birch and pine followed by 939 

hornbeam and beech. Generally, pine plays a significant role in the Serrahn area throughout 940 

the Holocene, but showing, after high pollen share in the early Holocene, a marked decrease 941 

in the older Subatlantic followed by an increase in the younger Subatlantic again, i.e. from 942 

the Medieval period onwards (Kaiser et al., 2014a; Theuerkauf, 2015; Supplement 7). This 943 

long-term occurrence of pine since the early Holocene is typical even for other sandy sites in 944 

central Europe (Jamrichová et al., 2019).                945 

From an only 15 km x 15 km large area with Serrahn in the centre, a total of c. 30 pollen 946 

diagrams mostly from the 1960s is available (Müller, 1962; de Klerk, 2008; Theuerkauf and 947 

Joosten, 2012; Kaiser et al., 2014a; Theuerkauf, 2015; this study), representing together with 948 

the Berlin-Potsdam area (Brande, 1996; Jahns et al., 2013) and Rügen Island (Lange et al., 949 

1986) a focal point of palynological data in northeast Germany. According to these pollen 950 

diagrams first human influence on the vegetation by local agrarian land use becomes apparent 951 

from the Neolithic onwards, which intensified during the Bronze Age. The subsequent 952 

prehistoric and historic settlement periods are represented by different land use intensities. 953 

This general pattern becomes apparent even in the temporal distribution of archaeological 954 

sites, showing, however, in comparison to open land a markedly reduced overall record due 955 

to the prevailing forest cover (Supplement 1).  956 

As cartographic sources show, the whole Serrahn area was widespread re-covered by forests 957 

not later than in the 18th century AD (Tempel, 2003), with dominating mixed stands (pine, 958 
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beech, oak) in the northern part and dominating coniferous stands in the southern part. Parts 959 

of the UNESCO World Natural Heritage Serrahn site developed within only c. 100 years 960 

from a pine-dominated secondary forest in the late 18th century AD to a beech-dominated 961 

‘ancient’ forest in the late 19th century AD (Schwabe et al., 2015). Although non-uniformly 962 

distributed, some hundred occurrences of relict plough horizons (rAp), observed in topsoils 963 

of the whole area, are direct evidence of preceding agriculture in the Serrahn area (Table 1, 964 

Fig. 5B).  965 

According to the charcoal content of palaeosols and colluvial layers in several of the profiles 966 

investigated, fire has played a significant role in the past. Nowadays, fire is insignificant in 967 

this landscape, because of predominance of fire-unaffected forest ecosystems and effective 968 

suppression of anthropogenic ignition causes (Thonicke and Cramer, 2006; Dietze et al., 969 

2018). Most radiocarbon ages derived from charcoal belong to the late Holocene (n = 13) 970 

peaking at c. 800 a cal BP (Fig. 10D). Whereas most soil horizons and sediment layers show 971 

a scattered distribution of macro charcoals (>200µm; Carcaillet, 2007), several palaeosol 972 

horizons (fAh, fAi, fAa, fHv, fHa) from profiles directly located at the shoreline of Lakes 973 

Fürstenseer See (e.g. FUER3/site ID 3, FUER6/site ID 4, FUER15/site ID 9; Fig. 4B) and 974 

Hinnensee (e.g. HIN34, HIN52; Supplement 2) have very strong contents of both macro and 975 

micro charcoals. Partly, the organic soil matrix is even dominated by charred substance (e.g. 976 

FUER3). The radiocarbon data from charcoals of profiles FUER3 (2713-2379 a cal BP, Poz-977 

38930), FUER6 (961-798 a cal BP, Poz-37355) and FUER15 (908-729 a cal BP, Poz-47654) 978 

point to a prehistoric (older Iron Age) to high Medieval age of the detected fire events. As 979 

artifacts, such as ceramics or other objects, always lack, a context with local settlement 980 

activities (housing) appears unlikely. Instead, fire could have reached the shorelines in the 981 

course of slash-and-burn cultivation of adjoining forests. Generalised knowledge on fire 982 

dynamics of the central European lowlands shows that humans have significantly affected the 983 

fire regimes beyond the local scale, even in periods of low population densities (Dietze et al., 984 
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2018). Further, even wet sites may contain substantial shares of rather old (Holocene) 985 

pyrogenic carbon, amounting for a mean of 13.5% of soil carbon in central and northern 986 

European peatlands (Leifeld et al., 2018). 987 

Direct evidence for pyrolytic woodland conversion, i.e. charcoal production, and related 988 

vegetation change, exists in the whole Serrahn area by the occurrence of vast quantities of 989 

charcoal kilns (hearths) and of some tar kilns (Fig. 5B). They form a potential source of 990 

charcoal found in surface soils and even in palaeosols of that area. Currently, about 1100 991 

charcoal kilns are known with a conspicuous clustering in the southeastern part around 992 

Waldsee village (Küster et al., 2015b). However, as a re-mapping campaign of charcoal kilns 993 

around Lake Fürstenseer See has shown, increasing the number of known kilns from 30 to 994 

230, this pattern is biased by different field mapping approaches and efforts (Nelle et al., 995 

2015). Semi-automated detection of charcoal kilns by using LiDAR-derived digital terrain 996 

models (Schneider et al., 2015) failed for the Serrahn area due to too little size of these 997 

structures with diameters of 3 to 6 m and heights of a few decimeters only. Although 998 

radiometric or dendrochronological ages for the Serrahn kilns are still lacking, a tentative 999 

dating into the period AD 1500 to 1900 seems very plausible following palynological and 1000 

historical evidence (Küster et al. 2015b; Nelle et al., 2015). Generally, the detection of 1001 

charcoal kilns both in lowland and upland forests of central Europe has recently shown (e.g. 1002 

Schmidt et al., 2016; Kočár et al., 2018; Raab et al., 2019; Schneider et al., 2020) that they 1003 

occur extensively. Numbers between thousands (e.g. Serrahn area; Nelle et al., 2015; this 1004 

study) and some hundreds of thousands (e.g. Polish uplands north of Cracow; Rutkiewicz et 1005 

al., 2019) have been recorded per study area. In addition to drastic changes of the very local 1006 

topsoil and relief, the enrichment of charred carbon could even positively influence the local 1007 

growth conditions in the long run (Hirsch et al., 2018; Bonhage et al, 2020).    1008 

 1009 

 1010 
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6. Conclusions 1011 

Knowledge on the distribution, types, ages, and properties of palaeosols and their cover 1012 

sediments plays an essential role in understanding how the lowlands in central Europe have 1013 

changed over the millennia, being an indispensable requirement for evaluating long-term 1014 

human impact including soil erosion and land-cover dynamics. Applying a multiproxy-1015 

approach by using data from pedology, micromorphology, geochronology, and 1016 

palaeoecology, the following conclusions can be drawn: 1017 

• For the Serrahn study area, a total of 520 palaeosol-bearing soil profiles is available, 1018 

comprising a buried soil area of 5.7 km2. Palaeosols dominantly occur in areas with 1019 

glaciofluvial sands but they are associated even with other geological facies such as 1020 

terminal moraines, dunes, lake shores, and mires. Most sandy palaeosols belong to the 1021 

soil types Cambisol, (partly-) eroded Arenosol and Gleysol. Dominant cover 1022 

sediments are aeolian and colluvial sands as well as lacustrine sand and peat.  1023 

• The geochronological data derived from palaeosols (mostly radiocarbon data) and 1024 

cover sediments (mostly OSL data) peak in the last 3000 years and 1000 years, 1025 

respectively. This age distribution indicates intensified soil surface burying, i.e. 1026 

enhanced geomorphical activity in the late Holocene. 1027 

• Implications on Lateglacial and Holocene geomorphodynamics could be concluded for 1028 

several sedimentary environments (aeolian, colluvial, lacustrine, telmatic). A two-1029 

phase aeolian dynamic becomes evident, comprising a Lateglacial to early Holocene 1030 

and a late Holocene period. Colluvial sedimentation, referring to local agriculture in 1031 

the late Holocene, reached a maximum in the Medieval supplemented by further 1032 

colluvial episodes in the Bronze Age, older Iron Age, Migration period, and Modern 1033 

period. Palaeosols within lacustrine and peat sequences reveal lake and groundwater 1034 

level fluctuations, respectively, particularly in the late Holocene.  1035 
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• The palynological data obtained from palaeosols and their cover sediments show that 1036 

first local agrarian land use occurred during the Neolithic and intensified during the 1037 

Bronze Age. Subsequent prehistoric and historic settlement periods are represented by 1038 

different land-use intensities. Anthracological data reveal a late Holocene dominance 1039 

of pine complemented by oak and others, such as birch and beech. 1040 
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Figures 1579 

Fig. 1: Location and properties of the Serrahn study area, northeastern Germany. A: Location 1580 

in northern central Europe. The last glaciation (Weichselian) is indicated, showing the glacial 1581 

maximum at 20 ka (Mangerud et al., 2004). B: Serrahn area as one of the two parts of Müritz 1582 

National Park. C: Topographical map of Serrahn area (green: forest, light green: grassland, 1583 

light blue: lake, beige: arable land, purple: settlement; LiV, 2015). D: Digital elevation model 1584 

of Serrahn (LiV, 2015). E: Geological map of Serrahn (after Börner and Schütze, 2005, 1585 

modified). F: Pedological map of Serrahn (BGR, 2011). G: Landcover map of Serrahn (CLC, 1586 

2012).   1587 

 1588 

Fig. 2: Photographs of typical landscapes in the Serrahn area. A: Oblique aerial view showing 1589 

the transition from terminal moraine to outwash plain at Lake Hinnensee with beech forests 1590 
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in the foreground and plantations of Scots pine in the background (Photo: P. Stüve). B: 1591 

Oblique aerial view of Lake Fürstenseer See surrounded by pine plantations (Photo: P. 1592 

Wernicke). C: Rolling hills (‘Serrahner Berge’) west of Serrahn village with ‘Mückengrund’ 1593 

kettle-hole covered by near-natural beech forest of the UNESCO World Natural Heritage 1594 

Serrahn site (Photo: K. Bartels). The length and depth of the kettle-hole are c. 400 m and c. 1595 

25 m, respectively. D: Small hummocky dune located in the outwash plain around Waldsee 1596 

village covered by planted pines (Photo: M. Küster). The length of the oval ground plan and 1597 

the height of the dune are c. 10 m and c. 1.5 m, respectively. E: Oblique aerial view of Lake 1598 

Großer Serrahnsee surrounded by a mire with the UNESCO World Natural Heritage Serrahn 1599 

site in the background (Photo: P. Wernicke). F: South-eastern shoreline of Lake Fürstenseer 1600 

See with sandy terrace plain (Photo: U. Meßner).  1601 

 1602 

Fig. 3: Geologic-topographic cross-section through the Serrahn area showing the thick 1603 

package of Quaternary sediments attaining a local thickness of 230 m (Börner and Schütze, 1604 

2005). 1605 

 1606 

Fig. 4: Soil profiles available in the Serrahn area. A: Spatial distribution of all soil profiles 1607 

recorded (n = 5214). B: Soil profiles with buried palaeosols recorded (n = 520) with a subset 1608 

having geochronological data (n = 26). The red numbers indicate the site IDs.    1609 

 1610 

Fig. 5: Soil profile characteristics and land use traces in the Serrahn area. A: Distribution of 1611 

soil profiles showing thin sand covering (≤ 20 cm), erosion and deposition (aggradation). B: 1612 

Sites with kilns (charcoal, tar) and relic plough horizons (fAp) indicating former wood use 1613 

and arable land use, respectively. 1614 

 1615 
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Fig. 6: Photographs with pedologic and geochronological information of selected soil profiles 1616 

with palaeosols recorded in the Serrahn area (site ID in parentheses). The sediment types 1617 

covering the palaeosols are given below the photo. For location of the profiles see Figure 4B.  1618 

 1619 

Fig. 7: Geostatistical modeling of palaeosol areas in the Serrahn area. The somewhat angular 1620 

shapes of the palaeosol areas result from the mathematic method used for partition, i.e. 1621 

construction of Voronoi-Thiessen polygons based on the detection of local palaeosol 1622 

occurrences. 1623 

 1624 

Fig. 8: Micromorphology of palaeosol horizons of profile S-1/site ID 20 (IIfBv horizon; A-D) 1625 

and KFS8/site ID 13 (transition from IIfAeh to Hr horizon; E-H). For location of the profiles 1626 

see Figure 4B. A: (ppl) Sand sized material with brown fine mass between the sand grains 1627 

and partly covering them. B: Like A (xpl) – note the low birefringence of the fine material. C: 1628 

(ppl) Weathered sand grains and ferruginous punctuation of the fine mass. D: Like C (oil). E: 1629 

(ppl) Uppermost horizon consisting of peat (plant tissue residues and decomposed material). 1630 

F: (ppl) Bioturbation in the peat layer and charcoal pieces. G: (ppl) Intermediate horizon 1631 

consisting of sand grains. Note the faunal infilling that is rich in organic material. H: (ppl) 1632 

Lowermost horizon representing a fAeh horizon. 1633 

 1634 

Fig. 9: Pedosedimentary sequences from kettle-holes in the Serrahn area with lithological, 1635 

pedological, geochronological, palynological, and sedimentological data. A: Profile 1636 

KFS8/site ID 13 east of Lake Fürstenseer See. B: Profile Mü-1/site ID 17 west of Serrahn 1637 

village. For location of the profiles see Figure 4B.  1638 

 1639 

Fig. 10: Geochronological data from palaeosols and sediments of the Serrahn area. 1640 

Radiocarbon ages are given in red, luminescence ages are given in blue. Bio-/pollenzones 1641 
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(after Firbas in Giesecke et al., 2012) are given in Roman numbers and separated by dashed 1642 

lines. A1, A2: Relative probability and kernel density estimate of radiocarbon and 1643 

luminescence ages, respectively, from all geochronological data available. B1, B2: Relative 1644 

probability and kernel density estimate of radiocarbon and luminescence ages from buried 1645 

humic and peaty surface soil horizons (fAh, fAa, fHv, fHa, fHr). C: Kernel density estimate 1646 

of luminescence ages from colluvial soil horizons (M, fM). D: Relative probability estimate 1647 

from radiocarbon ages on charcoal and partly charred wood indicating past fire dynamics.     1648 

 1649 

Fig. 11: Conceptual models showing the formation of pedosedimentary sequences in the 1650 

Serrahn area. Terminology of the horizons given is simplified. A: Aeolian setting in the 1651 

terminal moraine area west of Serrahn. B: Colluvial setting in the terminal moraine area west 1652 

of Serrahn. C: Lacustrine setting of terrace sites at Lake Fürstenseer See. D: Mire (telmatic) 1653 

setting at the surroundings of Lake Fürstenseer See.  1654 

 1655 

Fig. 12: Erosional pattern in the Serrahn area indicated by the preservation stage of the 1656 

periglacial surface (after Dieckmann and Kaiser, 1998, modified) and by calculating the 1657 

intensity of soil relocation applying the ArcGIS tool ‘Point density’.   1658 

      1659 

Tables 1660 

Tab. 1: Distribution of soil profiles with palaeosols, thin sand coverings and plough horizons 1661 

in the Serrahn area depending from geological units. 1662 

 1663 

Tab. 2: Statistics of soil analytical data from the Serrahn area grouped into topsoil/subsoil and 1664 

buried horizons as well as sediments.  1665 

 1666 
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Tab. 3: Radiocarbon data of the soil profiles investigated in the Serrahn area. Data calibration 1667 

was performed with OxCal version 4.2 (Bronk Ramsey, 2009; Reimer et al., 2013) with a 1668 

range of two sigma deviation for analysis. 1669 

 1670 

Tab. 4: Optically stimulated luminescence dating (OSL) results and radioisotope 1671 

concentrations of the soil profiles investigated in the Serrahn area. 1672 

 1673 

Supplements 1674 

Supplement 1: Archaeological record of the Serrahn area and surroundings (data: State 1675 

Archaeological Survey of Mecklenburg-Vorpommern, unpublished material). The calculation 1676 

of the archaeological sites shown within the map frame yielded the following numbers: 1677 

Neolithic, n = 1; Bronze Age, n = 52; Pre-Roman Iron Age, n = 5; Roman Age, n = 2; Slavic 1678 

Medieval, n = 13; German Medieval, n = 10. 1679 

 1680 

Supplement 2: Pedological and sedimentological data from the soil profiles sampled in the 1681 

Serrahn area. Soil horizons are given both according to the German (Ad-hoc-AG Boden, 1682 

2005) and international pedological standard (FAO, 2006).  1683 

 1684 

Supplement 3: Approximate translation of German soil horizons (Ad-hoc-AG Boden, 2005) 1685 

into the international pedological classification (FAO, 2006). 1686 

 1687 

Supplement 4: Description of relief characteristics deduced from the DEM used as predictor 1688 

variables for the determination of palaeosol sites. 1689 

 1690 

Supplement 5: Box-and-whisker plots of relief characteristics of palaeosols in the Serrahn 1691 

area (n = 506). For ranking of their relative statistical importance see Supplement 6. 1692 
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 1693 

Supplement 6: Ranking of relative statistical importance of relief characteristics for palaeosol 1694 

sites deduced from the absolute deviation of the median. 1695 

 1696 

Supplement 7: Simplified pollen diagram Mü-1 (from Küster, 2014). For location see Fig. 1697 

4B. 1698 

 1699 

Supplement 8: Simplified pollen diagram KFS8. For location see Fig. 4B. 1700 

 1701 

Supplement 9: Simplified pollen diagram FUER14. For location see Fig. 4B. 1702 

 1703 

Supplement 10: Simplified pollen and macrofossil/compartment diagram FUER15. 1704 

Macrofossils/compartments are given in total numbers (for countable objects) or estimated 1705 

proportions of the total volume for charcoal, sand, tissues and wood (adapted from Kaiser et 1706 

al., 2014a). For location see Fig. 4B. 1707 

 1708 

Supplement 11: Simplified pollen diagrams FUER3 and FUER6 comprising single pollen 1709 

samples of these profiles. The pollen sum includes all tree pollen types, Corylus, and pollen 1710 

types attributed to upland herbs. The low pollen sums result from poor pollen preservation 1711 

and concentration in most of the samples. The samples of FUER3 consist nearly entirely of 1712 

charcoal particles, so that explicit counting of charcoal particles, as performed in FUER6, 1713 

was unfeasible (adapted from Kaiser et al., 2014a). For locations see Fig. 4B. 1714 

 1715 

Supplement 12: Charcoal analysis (soil anthracology) of soil profiles east and west of Serrahn 1716 

village. 1717 

 1718 
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Fig. 1: Location and properties of the Serrahn study area, northeastern Germany. A: Location in northern central Europe. The last glaciation (Weichselian) is indicated, showing the glacial maximum at 20 ka (Mangerud et al., 2004). B: Serrahn area as one of the two parts of Müritz National Park. C: Topographical map of Serrahn area (green: forest, light green: grassland, light blue: lake, beige: arable land, purple: settlement; LiV, 2015). D: Digital elevation model of Serrahn (LiV, 2015). E: Geological map of Serrahn (after Börner and Schütze, 2005, modified). F: Pedological map of Serrahn (BGR, 2011). G: Landcover map of Serrahn (CLC, 2012).
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Fig. 2: Photographs of typical landscapes in the Serrahn area. A: Oblique aerial view showing the transition from terminal moraine to outwash plain at Lake Hinnensee with beech forests in the foreground and plantations of Scots pine in the background (Photo: P. Stüve). B: Oblique aerial view of Lake Fürstenseer See surrounded by pine plantations (Photo: P. Wernicke). C: Rolling hills (`Serrahner Berge') west of Serrahn village with `Mückengrund' kettle-hole covered by near-natural beech forest of the UNESCO World Natural Heritage Serrahn site (Photo: K. Bartels). The length and depth of the kettle-hole are c. 400 m and c. 25 m, respectively. D: Small hummocky dune located in the outwash plain around Waldsee village covered by planted pines (Photo: M. Küster). The length of the oval ground plan and the height of the dune are c. 10 m and c. 1.5 m, respectively. E: Oblique aerial view of Lake Großer Serrahnsee surrounded by a mire with the UNESCO World Natural Heritage Serrahn site in the background (Photo: P. Wernicke). F: South-eastern shoreline of Lake Fürstenseer See with sandy terrace plain (Photo: U. Meßner). 
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Fig. 3: Geologic-topographic cross-section through the Serrahn area showing the thick package of Quaternary sediments attaining a local thickness of 230 m (Börner and Schütze, 2005).
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Fig. 4: Soil profiles available in the Serrahn area. A: Spatial distribution of all soil profiles recorded (n = 5214). B: Soil profiles with buried palaeosols recorded (n = 520) with a subset having geochronological data (n = 26). The red numbers indicate the site IDs.
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Fig. 5: Soil profile characteristics and land use traces in the Serrahn area. A: Distribution of soil profiles showing thin sand covering (≤ 20 cm), erosion and deposition (aggradation). B: Sites with kilns (charcoal, tar) and relic plough horizons (fAp) indicating former wood use and arable land use, respectively.
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Fig. 6: Photographs with pedologic and geochronological information of selected soil profiles with palaeosols recorded in the Serrahn area (site ID in parentheses). The sediment types covering the palaeosols are given below the photo. For location of the profiles see Figure 4B.
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Fig. 7: Geostatistical modeling of palaeosol areas in the Serrahn area. The somewhat angular shapes of the palaeosol areas result from the mathematic method used for partition, i.e. construction of Voronoi-Thiessen polygons based on the detection of local palaeosol occurrences.



A B

E F

H

C

D

G

kaiserk
Textfeld
Fig. 8: Micromorphology of palaeosol horizons of profile S-1/site ID 20 (IIfBv horizon; A-D) and KFS8/site ID 13 (transition from IIfAeh to Hr horizon; E-H). For location of the profiles see Figure 4B. A: (ppl) Sand sized material with brown fine mass between the sand grains and partly covering them. B: Like A (xpl)  - note the low birefringence of the fine material. C: (ppl) Weathered sand grains and ferruginous punctuation of the fine mass. D: Like C (oil). E: (ppl) Uppermost horizon consisting of peat (plant tissue residues and decomposed material). F: (ppl) Bioturbation in the peat layer and charcoal pieces. G: (ppl) Intermediate horizon consisting of sand grains. Note the faunal infilling that is rich in organic material. H: (ppl) Lowermost horizon representing a fAeh horizon.
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Fig. 9: Pedosedimentary sequences from kettle-holes in the Serrahn area with lithological, pedological, geochronological, palynological, and sedimentological data. A: Profile KFS8/site ID 13 east of Lake Fürstenseer See. B: Profile Mü-1/site ID 17 west of Serrahn village. For location of the profiles see Figure 4B.
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Fig. 10: Geochronological data from palaeosols and sediments of the Serrahn area. Radiocarbon ages are given in red, luminescence ages are given in blue. Bio-/pollenzones (after Firbas in Giesecke et al., 2012) are given in Roman numbers and separated by dashed lines. A1, A2: Relative probability and kernel density estimate of radiocarbon and luminescence ages, respectively, from all geochronological data available. B1, B2: Relative probability and kernel density estimate of radiocarbon and luminescence ages from buried humic and peaty surface soil horizons (fAh, fAa, fHv, fHa, fHr). C: Kernel density estimate of luminescence ages from colluvial soil horizons (M, fM). D: Relative probability estimate from radiocarbon ages on charcoal and partly charred wood indicating past fire dynamics.    
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Fig. 11: Conceptual models showing the formation of pedosedimentary sequences in the Serrahn area. Terminology of the horizons given is simplified. A: Aeolian setting in the terminal moraine area west of Serrahn. B: Colluvial setting in the terminal moraine area west of Serrahn. C: Lacustrine setting of terrace sites at Lake Fürstenseer See. D: Mire (telmatic) setting at the surroundings of Lake Fürstenseer See.
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Fig. 12: Erosional pattern in the Serrahn area indicated by the preservation stage of the periglacial surface (after Dieckmann and Kaiser, 1998, modified) and by calculating the intensity of soil relocation applying the ArcGIS tool `Point density'.



Geological unit Soil profile without palaeosol Soil profile with palaeosol Thin sand covering (≤ 20 cm) Relict plough horizon
n (%) n (%) n (%) n (%)

Terminal moraine 836 17.8 76 14.6 7 3.3 17 3.1
Till 719 15.3 14 2.7 7 3.3 91 16.8
Glaciofluvial sand 2340 49.9 322 61.9 179 85.6 356 65.6
Aeolian sand  178 3.8 57 11.0 4 1.9 13 2.4
Mire 603 12.8 20 3.8 12 5.7 61 11.2
Lake shoreline 18 0.4 31 6.0 0 0 5 0.9

Total 4694 100 520 100 209 100 543 100
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Tab. 1: Distribution of soil profiles with palaeosols, thin sand coverings and plough horizons in the Serrahn area depending from geological units.



Soil horizons, sediments
Clay Silt 
<0.002 mm <0.063 mm

Mean SD n Mean SD n Mean SD Mean SD Mean SD Mean SD Mean SD n Mean SD n Mean SD n Mean SD n

[cm] [cm] [cm] [cm] [%] [%] [n] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [n] [%] [%]

Ah, rAp, Aeh, M-Ah, Bv-Ah, Bv-Ap, Bv+Ah, Oh-Ah, Oh-Aeh, Go-rAp 11.4 9.5 30 - - - 2.9 2.6 8.5 5.0 31.8 15.4 46.5 11.1 10.3 7.9 35 4.4 3.5 36 0.0 0.0 36 3.5 0.3 28

Aa, rAap 11.8 5.7 4 - - - 1.1 2.1 29.8 26.0 24.4 15.6 35.2 14.6 9.6 4.3 4 17.7 1.8 4 0.0 0.0 3 n.a. n.a. 1

Bv, Ah-Bv 36.0 17.0 8 - - - 4.9 2.2 6.3 1.7 37.0 13.5 43.4 8.8 8.4 5.3 10 0.5 0.3 10 0.0 0.0 10 4.1 0.2 10

Bsh 4.3 2.5 3 - - - 3.1 1.1 3.1 3.3 46.2 14.2 43.0 4.2 4.5 5.5 2 1.6 0.2 2 0.0 0.0 2 3.6 0.1 2

M, Go-M, Bsh-M, M-Go 47.8 39.3 16 - - - 2.6 2.2 6.2 4.7 40.9 15.1 42.2 13.1 8.1 7.0 28 2.2 1.6 28 0.0 0.0 28 4.4 0.4 24

lCv, C, Cv-Bv, Cv-Bb, Bb-Cv, ilC 41.7 28.3 29 - - - 2.0 1.6 3.5 2.5 35.2 17.6 48.3 10.6 10.9 8.4 34 0.2 0.2 34 0.5 2.0 34 4.9 1 33

Go, Gr, rGo, rGr, Gor 38.3 32.0 34 - - - 0.2 0.3 3.2 3.0 29.4 20.4 54.0 15.2 13.2 12.1 40 0.9 0.8 40 0.0 0.0 38 5.2 0.7 19

fAh, fAi, fAe, fAh-fBv-ilCv, fBv-fAp, M-fAh, fAe 15.7 11.6 36 - - - 1.2 1.8 5.5 4.1 36.8 17.5 45.2 11.5 11.2 12.1 42 4.5 4.6 42 0.0 0.0 42 4.6 0.7 25

fAa 14.5 12.0 2 - - - 0.8 0.9 21.5 12.8 30.6 18.5 37.3 13.9 9.9 14.7 3 24.0 2.7 3 0.0 0.0 3 n.a. n.a. 0

fHr, fHv, fHa 13.3 8.1 17 - - - 1.2 1.1 28.0 18.3 25.3 16.0 33.9 20.5 9.2 10.3 6 60.9 18.8 17 0.0 0.0 16 3.1 0.4 2

fBv, fAh-Bv, fBhv 37.4 25.1 7 - - - 3.7 1.9 7.3 4.7 45.8 15.3 35.9 10.5 7.2 7.9 7 3.2 1.9 7 0.0 0.0 7 4.9 0.4 7

fBsh n.a. n.a. 1 - - - 0.3 0.1 2.5 0.2 48.3 0.1 45.1 2.5 3.5 0.2 2 2.6 1.3 2 0.0 0.0 2 3.9 0.1 2

fF 14.9 16.1 11 - - - 1.9 2.1 48.7 35.6 20.5 14.8 20.7 22.5 6.5 9.0 11 8.9 5.0 11 15.8 32.4 11 n.a. n.a. 0

Glaciofluvial sand - - - 83.3 55.7 24 2.4 2.3 5.2 3.7 34.7 15.1 47.0 9.9 10.6 8.5 92 1.5 2.2 91 0.2 1.3 90 4.5 0.9 79

Colluvial sand - - - 69.8 58.1 14 2.3 2.3 6.6 4.7 41.1 14.0 42.3 10.6 7.8 7.0 53 4.0 4.2 53 0.0 0.0 54 4.2 0.7 48

Aeolian sand - - - 105.5 43.2 4 2.4 1.6 4.0 4.6 54.5 14.3 36.1 10.7 2.9 2.5 14 1.6 1.2 14 0.0 0.0 14 4.5 0.6 13

Lacustrine sand - - - 57.2 29.8 19 0.1 0.2 6.9 7.5 20.3 15.7 55.8 15.4 16.9 12.9 16 4.9 6.3 16 0.0 0.0 15 n.a. n.a. 0

Lacustrine gyttja - - - 20.3 22.5 6 1.9 2.1 45.6 38.3 20.8 15.8 18.8 23.2 5.7 9.3 8 8.6 4.7 11 17.8 32.0 11 n.a. n.a. 0

Peat - - - 17.3 12.8 16 1.2 1.1 28.0 18.3 25.3 16.0 33.9 20.5 9.2 10.3 6 62.7 19.7 18 0.0 0.0 17 3.1 0.4 2

Anthropogenic sand - - - n.a. n.a. 1 1.0 0.1 0.9 0.4 48.7 2.0 41.1 2.1 8.4 3.5 2 0.6 0.4 2 0.0 0.0 2 4.8 0.1 2

Loss-on-ignition CaCO3 pH 
[CaCl2 / KCl]Medium sand

<0.63 mm

Coarse sand
<2 mm

Horizon thickness Layer thickness Grain-size composition
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Tab. 2: Statistics of soil analytical data from the Serrahn area grouped into topsoil/subsoil and buried horizons as well as sediments.



Sample ID Site ID Northing Easting Depth Material dated Soil horizon Sedimentary facies Lab ID Age Age calibrated Reference
[cm] [KA5, simplified] [a BP] [2sigma, a cal BP] 

FUER1 1 53°18'26.8" 13°09’30.4'' 60-62 humic sand fAa glaciofluvial Poz-37353 905 ± 30 914-744 Kaiser et al., 2014a

FUER2 2 53°18'23.5“ 13°09'32.9“ 58-59 peat fHa telmatic Poz-37390 1340 ± 30 1306-1185 Kaiser et al., 2014a

FUER3a 3 53°17'57.9“ 13°09'02.9“ 109 charcoal rGr lacustrine Poz-37354 705 ± 30 691-565 Kaiser et al., 2014a

FUER3b 3 53°17'57.9“ 13°09'02.9“ 123-124 humic sand fAh glaciofluvial Poz-38930 2465 ± 35 2713-2379 Kaiser et al., 2014a

FUER6 4 53°18'03.4“ 13°09'43.4“ 80-84 peat fHa telmatic Poz-37355 990 ± 30 961-798 Kaiser et al., 2014a

FUER10-2 5 53°17'52.9'' 13°09'53.9'' 123-124 peat fHa telmatic Poz-46604 995 ± 30 964-798 Kaiser et al., 2014a

FUER10-4 KM3a 6 53°17'53.8'' 13°09'53.1'' 24-26 charcoal Hr telmatic Poz-46606 1620 ± 30 1569-1412 this study

FUER10-4 KM3b 6 53°17'53.8'' 13°09'53.1'' 111-112 partly charred wood Hr telmatic Poz-46607 6860 ± 35 7785-7616 this study

FUER10-4 KM3c 6 53°17'53.8'' 13°09'53.1'' 245-247 wood (birch bark) Hr telmatic Poz-46608 10540 ± 60 12690-12237 this study

FUER10-4 KM3d 6 53°17'53.8'' 13°09'53.1'' 306 wood (pine cone) Hr telmatic Poz-46610 11490 ± 60 13458-13206 this study

FUER10-4 KM3e 6 53°17'53.8'' 13°09'53.1'' 308 charcoal fAh glaciofluvial Poz-46611 11520 ± 60 13475-13250 this study

FUER12 7 53°19'14.6'' 13°09'88.1'' 80-82 soil litter fO glaciofluvial Poz-38927 280 ± 30 452-155 Kaiser et al., 2014a

FUER14a 8 53°18'34.0'' 13°09'79.8'' 41-42 plant macro-remains fHv telmatic Poz-38928 7570 ± 50 8456-8212 Kaiser et al., 2014a

FUER14b 8 53°18'34.0'' 13°09'79.8'' 49-50 peat fHv telmatic Poz-38929 8510 ± 60 9580-9417 Kaiser et al., 2014a

FUER15a 9 53°18'48.3" 13°08'87.8" 140-141 peat fHv telmatic Poz-47654 880 ± 30 908-729 Kaiser et al., 2014a

FUER15b 9 53°18'48.3" 13°08'87.8" 154-155 peat fHv telmatic Poz-47655 1405 ± 30 1355-1283 Kaiser et al., 2014a

FUER16-4a 10 53°18'55.7" 13°09'40.1" 32-34 peat fHa telmatic Erl-16596 1656 ± 44 1694-1415 Kaiser et al., 2014a

FUER16-4b 10 53°18'55.7" 13°09'40.1" 57-58 peat fHr telmatic Erl-16597 3331 ± 46 3687-3455 Kaiser et al., 2014a

FUER16-4c 10 53°18'55.7" 13°09'40.1" 96-99 peat fHr telmatic Erl-16598 4987 ± 47 5891-5606 Kaiser et al., 2014a

FUER19-2 11 53°18'07.0" 13°10'38.3" 91-92 peat fHr telmatic Erl-16599 637 ± 41 668-550 Kaiser et al., 2014a

GFS11-A0 12 53°18'2.5'' 13°10'11.6'' 104 charcoal F lacustrine Poz-61452 11270 ± 100 13334-12893 Dietze et al., 2016

KFS8a 13 53°18'27.6'' 13°10'42.9'' 48.5 partly charred wood Gr colluvial Poz-98722 2940 ± 40 3210-2967 this study

KFS8b 13 53°18'27.6'' 13°10'42.9'' 50 charcoal fAeh glaciofluvial Poz-98723 2765 ± 35 2950-2781 this study

Ku1ND1b 14 53°17'42.2'' 13°09'16.6'' 48-50 peat fHv telmatic Erl-16602 1954 ± 39 1989-1824 this study

Ku1ND1c 14 53°17'42.2'' 13°09'16.6'' 50-55 charcoal M-fAh colluvial Erl-16603 2944 ± 46 3228-2959 this study

Ku1ND1d 14 53°17'42.2'' 13°09'16.6'' 146-148 peat fHv telmatic Erl-16604 6019 ± 55 7140-6724 this study

Ku3BTr1a 15 53°17'38.0'' 13°09'41.8'' 30-37 charcoal M-fAh colluvial Erl-16605 284 ± 41 469-153 this study

Ku3BTr1b 15 53°17'38.0'' 13°09'41.8'' 112-119 peat fHv telmatic Erl-16606 939 ± 49 933-742 this study

Ku3BTr1c 15 53°17'38.0'' 13°09'41.8'' 281-283 peat fHv telmatic Erl-16607 9166 ± 68 10511-10221 this study

Ku4.1 16 53°17'09.2'' 13°09'55.1'' 30-31 peat fHr telmatic Erl-16600 1785 ± 41 1822-1605 this study

Mü-1a 17 53°20'30.5'' 13°11'24.4'' 49 plant remains fHv telmatic Beta-291880 1480 ± 40 1517-1300 Küster, 2014

Mü-1b 17 53°20'30.5'' 13°11'24.4'' 59 charcoal fAa Telmatic (?) Beta-291881 3790 ± 40 4331-3995 Küster, 2014
Mü-1c 17 53°20'30.5'' 13°11'24.4'' 95 charcoal fAh glaciofluvial Beta-291882 4140 ± 40 4825-4535 Küster, 2014

Mü-1d 17 53°20'30.5'' 13°11'24.4'' 109 charcoal fAh glaciofluvial Beta-291883 8410 ± 50 9525-9305 Küster, 2014

S-3a 18 53°20'40.8'' 13°11'46.8'' 55 charcoal ylC anthropogen (pit fill) Erl-14731 334 ± 34 480-308 Küster, 2014

S-3b 18 53°20'40.8'' 13°11'46.8'' 80 charcoal ylC anthropogen (pit fill) Erl-14732 2267 ± 37 2350-2156 Küster, 2014

S-3c 18 53°20'40.8'' 13°11'46.8'' 130 charcoal ylC anthropogen (pit fill) Erl-14733 2385 ± 31 2677-2344 Küster, 2014

S-3d 18 53°20'40.8'' 13°11'46.8'' 140 charcoal ylC anthropogen (pit fill) Erl-14734 2279 ± 35 2353-2158 Küster, 2014

S-3e 18 53°20'40.8'' 13°11'46.8'' 150 charcoal ylC anthropogen (pit fill) Erl-14735 2190 ± 37 2326-2115 Küster, 2014

S-3f 18 53°20'40.8'' 13°11'46.8'' 155 charcoal ylC anthropogen (pit fill) Erl-14736 2118 ± 38 2300-1992 Küster, 2014
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Tab. 3: Radiocarbon data of the soil profiles investigated in the Serrahn area. Data calibration was performed with OxCal version 4.2 (Bronk Ramsey, 2009; Reimer et al., 2013) with a range of two sigma deviation for analysis.



Sample ID Site ID Northing Easting Depth Material dated Soil horizon Lab. No. Ua Tha Ka Cosmic Water cont. Water cont. Dose rate Equivalent Age model OSL age OSL age Reference
dose rateb measuredc estimatedc dose (De)d

[cm] [KA5, simplified] [ppm]     [ppm]   [%]        [Gy/ka]  [%]         [%] [Gy/ka] [Gy]     [ka] [a]

FUER2 2 53°18'23.5“ 13°09'32.9“ 40 Lacustrine sand rGo HUB-0324 0.79 ± 0.08 2.49 ± 0.12 1.07 ± 0.03 0.21 ± 0.01 9.1 10 ± 5 1.46 ± 0.09 3.05 ± 0.29 MAM 2.09 ± 0.24 2090 ± 24 Kaiser et al., 2014a
FUER3-1 3 53°17'57.9“ 13°09'02.9“ 27 aeolian sand rGo HUB-0187 0.58 ± 0.05 1.88 ± 0.17 1.01 ± 0.02 0.21 ± 0.01 5.7 6 ± 4 1.39 ± 0.07 0.44 ± 0.01 CAM 0.32 ± 0.02 320 ± 20 Kaiser et al., 2014a

FUER3-2 3 53°17'57.9“ 13°09'02.9“ 55 aeolian sand rGo HUB-0188 0.62 ± 0.09 1.96 ± 0.19 1.02 ± 0.02 0.20 ± 0.01 10.0 10 ± 5 1.34 ± 0.08 0.63 ± 0.01 CAM 0.47 ± 0.03 470 ± 30 Kaiser et al., 2014a

FUER3-3 3 53°17'57.9“ 13°09'02.9“ 76 aeolian sand rGr HUB-0189 0.62 ± 0.07 1.70 ± 0.11 1.00 ± 0.02 0.20 ± 0.01 9.3 10 ± 5 1.31 ± 0.08 0.63 ± 0.03 CAM 0.48 ± 0.04 480 ± 40 Kaiser et al., 2014a

FUER3-4 3 53°17'57.9“ 13°09'02.9“ 100 lacustrine sand rGr HUB-0325 0.62 ± 0.05 1.74 ± 0.07 1.20 ± 0.03 0.20 ± 0.01 9.5 10 ± 5 1.49 ± 0.09 1.02 ± 0.02 CAM 0.69 ± 0.04 690 ± 40 Kaiser et al., 2014a

FUER5-1 19 53°18'1.8'' 13°09'34.6'' 12 colluvial sand M HUB-0190 0.85 ± 0.07 3.06 ± 0.11 1.17 ± 0.03 0.21 ± 0.01 8.2 8 ± 4 1.64 ± 0.08 0.49 ± 0.03 MAM 0.30 ± 0.02 300 ± 20 Kaiser et al., 2014a
FUER5-2 19 53°18'1.8'' 13°09'34.6'' 75 colluvial sand M HUB-0191 1.20 ± 0.12 3.67 ± 0.22 1.19 ± 0.03 0.20 ± 0.01 10.5 11 ± 5 1.70 ± 0.11 1.40 ± 0.06 CAM 0.82 ± 0.06 820 ± 60 Kaiser et al., 2014a

FUER6 4 53°18'03.4“ 13°09'43.4“ 60 lacustrine sand rGo HUB-0326 0.61 ± 0.06 1.83 ± 0.09 1.05 ± 0.02 0.20 ± 0.01 3.0 10 ± 5 1.36 ± 0.08 0.81 ± 0.03 CAM 0.60 ± 0.04 600 ± 40 Kaiser et al., 2014a

FUER19-2 11 53°18'07.0" 13°10'38.3" 40 lacustrine sand rGr HUB-0327 0.55 ± 0.06 1.72 ± 0.14 0.80 ± 0.02 0.21 ± 0.01 11.4 10 ± 5 1.12 ± 0.07 0.80 ± 0.02 CAM 0.71 ± 0.05 710 ± 50 Kaiser et al., 2014a

S-1a 20 53°20'48.2'' 13°11'23.1'' 30 colluvial sand M HUB-0044 0.80 ± 0.02 2.43 ± 0.06 0.94 ± 0.03 0.21 ± 0.01 5.3 5 ± 3 1.42 ± 0.06 1.29 ± 0.02 CAM 0.91 ± 0.04 910 ± 40 Küster, 2014

S-1b 20 53°20'48.2'' 13°11'23.1'' 115 aeolian sand ilC HUB-0045 0.95 ± 0.05 5.39 ± 0.13 0.97 ± 0.03 0.19 ± 0.01 5.3 5 ± 3 1.67 ± 0.07 22.42 ± 0.51 CAM 13.44 ± 0.61 13440 ± 610 Küster, 2014

S-2a 21 53°20'48.2'' 13°11'23.1'' 80 aeolian sand ilC HUB-0046 0.41 ± 0.01 1.38 ± 0.06 0.83 ± 0.03 0.20 ± 0.01 2.1 3 ± 2 1.18 ± 0.04 0.98 ± 0.07 MAM 0.83 ± 0.07 830 ± 70 Küster, 2014

S-3a 18 53°20'40.8'' 13°11'46.8'' 85 colluvial sand ylC HUB-0047 0.55 ± 0.01 1.87 ± 0.06 0.89 ± 0.03 0.20 ± 0.01 2.8 3 ± 2 1.30 ± 0.04 19.42 ± 0.48 CAM 14.94 ± 0.62 14940 ± 620 Küster, 2014
S-4a 22 53°20'30.5'' 13°11'30.4'' 55 colluvial sand M HUB-0053 0.79 ± 0.02 2.97 ± 0.05 1.14 ± 0.03 0.20 ± 0.01 4.3 4 ± 2 1.66 ± 0.05 1.46 ± 0.03 CAM 0.88 ± 0.03 880 ± 30 Küster, 2014

S-4b 22 53°20'30.5'' 13°11'30.4'' 80 colluvial sand M HUB-0054 0.80 ± 0.03 2.59 ± 0.14 1.09 ± 0.03 0.20 ± 0.01 4.6 4 ± 2 1.58 ± 0.05 2.31 ± 0.05 CAM 1.46 ± 0.06 1460 ± 60 Küster, 2014

S-5a 23 53°20'30.6'' 13°11'33.2'' 20 colluvial sand M HUB-0048 0.79 ± 0.03 3.01 ± 0.03 0.97 ± 0.03 0.21 ± 0.01 4.7 4 ± 2 1.50 ± 0.05 1.24 ± 0.13 MAM 0.83 ± 0.09 830 ± 90 Küster, 2014

S-5b 23 53°20'30.6'' 13°11'33.2'' 55 colluvial sand M HUB-0049 0.70 ± 0.02 2.56 ± 0.07 0.97 ± 0.03 0.20 ± 0.01 3.0 4 ± 2 1.45 ± 0.05 1.31 ± 0.07 MAM 0.91 ± 0.06 910 ± 60 Küster, 2014

S-5c 23 53°20'30.6'' 13°11'33.2'' 105 colluvial sand M HUB-0050 0.74 ± 0.02 2.57 ± 0.01 0.98 ± 0.03 0.20 ± 0.01 4.2 4 ± 2 1.46 ± 0.05 1.24 ± 0.04 MAM 0.85 ± 0.04 850 ± 40 Küster, 2014

S-5d 23 53°20'30.6'' 13°11'33.2'' 155 colluvial sand M HUB-0051 0.73 ± 0.01 2.57 ± 0.02 0.93 ± 0.03 0.19 ± 0.01 5.6 6 ± 3 1.37 ± 0.06 1.32 ± 0.02 CAM 0.96 ± 0.04 960 ± 40 Küster, 2014

S-5e 23 53°20'30.6'' 13°11'33.2'' 180 colluvial sand M HUB-0052 0.89 ± 0.08 3.17 ± 0.05 0.96 ± 0.03 0.19 ± 0.01 7.5 7 ± 3 1.46 ± 0.06 3.19 ± 0.20 MAM 2.19 ± 0.16 2190 ± 160 Küster, 2014

S-6a 24 53°21'21.1'' 13°13'00.4'' 30 colluvial sand M HUB-0055 1.02 ± 0.03 3.59 ± 0.11 1.02 ± 0.03 0.21 ± 0.01 12.2 10 ± 3 1.53 ± 0.06 1.16 ± 0.06 MAM 0.76 ± 0.05 760 ± 50 Küster, 2014

S-6b 24 53°21'21.1'' 13°13'00.4'' 40 colluvial sand M HUB-0056 0.77 ± 0.05 2.79 ± 0.09 0.97 ± 0.03 0.20 ± 0.01 7.0 10 ± 3 1.39 ± 0.06 1.24 ± 0.02 CAM 0.90 ± 0.04 900 ± 40 Küster, 2014

S-6c 24 53°21'21.1'' 13°13'00.4'' 65 colluvial sand M HUB-0057 0.76 ± 0.02 2.76 ± 0.12 0.97 ± 0.03 0.20 ± 0.01 6.8 10 ± 3 1.38 ± 0.06 1.27 ± 0.02 CAM 0.92 ± 0.04 920 ± 40 Küster, 2014

S-6d 24 53°21'21.1'' 13°13'00.4'' 80 colluvial sand M HUB-0058 1.24 ± 0.03 3.85 ± 0.10 1.06 ± 0.03 0.20 ± 0.01 13.6 14 ± 3 1.55 ± 0.06 1.39 ± 0.02 CAM 0.90 ± 0.04 900 ± 40 Küster, 2014

S-6e 24 53°21'21.1'' 13°13'00.4'' 100 colluvial sand M HUB-0059 0.69 ± 0.03 2.48 ± 0.15 0.98 ± 0.03 0.20 ± 0.01 8.8 10 ± 3 1.35 ± 0.06 1.38 ± 0.02 CAM 1.02 ± 0.04 1020 ± 40 Küster, 2014

S-6f 24 53°21'21.1'' 13°13'00.4'' 110 colluvial sand M HUB-0060 1.06 ± 0.02 3.33 ± 0.05 0.99 ± 0.03 0.19 ± 0.01 9.8 10 ± 3 1.49 ± 0.06 1.49 ± 0.02 CAM 1.00 ± 0.04 1000 ± 40 Küster, 2014

S-6g 24 53°21'21.1'' 13°13'00.4'' 197 aeolian sand fAh-Bv-ilCv HUB-0061 2.32 ± 0.06 13.96 ± 0.22 0.97 ± 0.04 0.18 ± 0.01 13.2 10 ± 3 2.31 ± 0.09 24.38 ± 0.64 CAM 10.55 ± 0.51 10550 ± 510 Küster, 2014

Wa-2a 25 53°18'36.1'' 13°18'15.7'' 60 colluvial sand M HUB-0112 1.23 ± 0.02 3.93 ± 0.16 1.12 ± 0.02 0.20 ± 0.01 6.3 6 ± 3 1.76 ± 0.07 1.26 ± 0.06 CAM 0.72 ± 0.04 720 ± 40 Küster, 2014

Wa-2b 25 53°18'36.1'' 13°18'15.7'' 80 colluvial sand M HUB-0113 1.52 ± 0.02 4.18 ± 0.16 1.08 ± 0.02 0.20 ± 0.01 7.9 8 ± 3 1.76 ± 0.07 1.57 ± 0.04 CAM 0.89 ± 0.04 890 ± 40 Küster, 2014

Wa-3c 26 53°18'36.5'' 13°18'14.6'' 30 colluvial sand M HUB-0114 0.77 ± 0.03 2.49 ± 0.10 0.92 ± 0.02 0.21 ± 0.01 6.2 6 ± 3 1.39 ± 0.05 0.81 ± 0.03 CAM 0.58 ± 0.03 580 ± 30 Küster, 2014

Wa-3d 26 53°18'36.5'' 13°18'14.6'' 65 colluvial sand M HUB-0115 0.76 ± 0.02 2.48 ± 0.09 0.97 ± 0.02 0.20 ± 0.01 5.6 6 ± 3 1.42 ± 0.05 1.02 ± 0.04 CAM 0.72 ± 0.04 720 ± 40 Küster, 2014

Wa-3e 26 53°18'36.5'' 13°18'14.6'' 90 colluvial sand M HUB-0116 0.87 ± 0.02 2.72 ± 0.13 0.95 ± 0.02 0.20 ± 0.01 6.0 6 ± 3 1.44 ± 0.05 1.31 ± 0.16 MAM 0.91 ± 0.12 910 ± 120 Küster, 2014

Wa-3f 26 53°18'36.5'' 13°18'14.6'' 150 colluvial sand M HUB-0117 0.95 ± 0.02 3.11 ± 0.15 0.98 ± 0.02 0.19 ± 0.01 7.4 7 ± 3 1.49 ± 0.06 4.98 ± 0.11 CAM 3.35 ± 0.15 3350 ± 150 Küster, 2014

a
U-238 and Th-232 contents were determined via gamma spectrometry using the equivalent U and Th contents of following natural daughter products: U-238: Th-234 (63.3 keV), Ra-226 (186.1 keV), Pb-214 (295.2 keV, 351.9 keV), 

Bi-214 (609.3 keV, 1120.3 keV, 1764.5 keV), Pb-210 (46.5 keV). Th-232: Ac-228 (338.3 keV, 911.2 keV, 969.0 keV), Pb-212 (238.6 keV), Bi-212 (727.3 keV), Tl-208 (583.2 keV). K-40: 1461.0 keV. 

For dose rate calculation the weighted mean of all peaks was used (U-238 and Th-232).
b
Cosmic dose rates were estimated regarding geographic position, altitude and sampling depth.

c
Water content of sediment samples in % of dry mass (24 h oven drying at 105 °C). The estimated water contents were used for dose rate calculation.

d
Equivalent doses were calculated using the Central Age Model (CAM) and the Minimum Age Model (MAM, sigma b = 0.1) respectively (Galbraith et al. 1999).

Number of aliquots measured per sample: 48 aliquots (FUER2, FUER3-4, FUER5-1, FUER19-2); 30 aliquots (Wa-3f); 24 aliquots (all other samples).

kaiserk
Textfeld
Tab. 4: Optically stimulated luminescence dating (OSL) results and radioisotope concentrations of the soil profiles investigated in the Serrahn area.



Supplement 1: Archaeological record of the Serrahn area and surroundings (data: State 
Archaeological Survey of Mecklenburg-Vorpommern, unpublished material). The calculation of the 
archaeological sites shown within the map frame yielded the following numbers: Neolithic, n = 1; 
Bronze Age, n = 52; Pre-Roman Iron Age, n = 5; Roman Age, n = 2; Slavic Medieval, n = 13;                      
German Medieval, n = 10. 
 

 
 



Supplement 2: Pedological and sedimentological data from the soil profiles sampled in the Serrahn area. Soil horizons are given both according to the German (Ad-hoc-AG Boden, 2005) and international pedological standard (FAO, 2006)

Profile Site ID Coordinates Landform Sample Sampling Sediment Soil Soil Grain-size composition, Grain-size composition, Textural LOI5 CaCO3 pH Reference, remark
Northing Easting depth classification horizon horizon total3 sand fraction class

Clay4 Silt Sand Fine Medium Coarse
<0.002 mm <0.063 mm <2 mm <0.2 mm <0.63 mm <2 mm

[cm] [KA5] [FAO] [%] [%] [%] [%] [%] [%] [KA5] [%] [%] [CaCl2 / KCl]

FUER1 1 53°18'26.8" 13°09’30.4'' Lake terrace a 8-25 Lacustrine sand rAp Ap 0.6 1.4 98.0 20.9 58.7 18.4 Ss 1.0 0 - Kaiser et al., 2014

b 34-60 Lacustrine sand rGo Cl 0.2 0.3 99.5 5.7 58.2 35.6 Ss 0.2 0 -

c 62-81 Glaciofluvial sand II fAh 2Ahb 0.5 3.7 95.8 13.4 64.0 18.4 Ss 4.4 0 -

d 90-200 Glaciofluvial sand II rGr 2Cr 0.4 0.7 98.9 13.6 67.8 17.5 Ss 0.3 0 -

FUER2 2 53°18'23.5“ 13°09'32.9“ Lake terrace a 0-30 Lacustrine sand Ah Ah 0.3 1.4 98.3 14.2 54.4 29.7 Ss 4.1 0 - Kaiser et al., 2014

b 30-50 Lacustrine sand rGo Cl 0.2 0.2 99.6 0.2 61.6 37.8 Ss 0.2 0 -

c 50-58 Lacustrine sand II rGo+fHa 2Hab/Cl 0.2 0.7 99.1 2.1 59.4 37.6 Ss 2.8 0 -

d 58-75 Peat III fHa 3Hab 1.7 38.2 60.1 5.4 36.9 17.9 Su3 74.8 0 -

e 75-85 Glaciofluvial sand IV fAh 4Ahb 0.4 1.5 98.1 12.4 61.3 24.4 Ss 3.6 0 -

f 85-200 Glaciofluvial sand IV Gr 4Cr 0.4 0.8 98.2 22.4 52.7 18.7 Ss 0.5 0 -

FUER15 9 53°18'48.3" 13°08'87.8" Lake terrace a 0-30 Lacustrine sand rAp Ap - 11.1 88.9 29.9 49.2 9.7 - 2.6 0 - Kaiser et al., 2014

b 30-70 Lacustrine sand Bv-Cv CBw - 2.0 98.0 15.1 68.1 14.8 - 0.3 0 -

c 70-95 Lacustrine sand rGo Cl - 2.0 98.0 19.4 68.2 10.4 - 0.3 0 -

d 95-140 Lacustrine sand rGr Cr - 2.0 98.0 15.1 71.8 11.2 - 0.2 0 -

e 140-150 Peat II fHv1 2Heb1 - - - - - - - 73.9 0 -

f 150-158 Peat II fHv2 2Heb2 - - - - - - - 37.8 0 -

g 158-168 Lacustrine sand III fAh 3Ahb - 13.2 86.8 46.5 39.7 0.6 - 4.2 0 -

h 168-200 Lacustrine sand III Gr 3Cr - 4.6 95.4 70.0 25.3 0.1 - 0.5 0 -

FUER16-4 10 53°18'55.7" 13°09'40.1" Lake terrace a 0-32 Lacustrine sand rGo-rAp ApCl - 13.5 86.5 25.5 47.6 7.0 - 6.4 0 - Kaiser et al., 2014

b 32-45 Peat II fHa 2Hab - - - - - - - 72.3 0 -

c 45-65 Peat II fHr 2Hib - - - - - - - 63.3 0 -

d 65-69 Lacustrine sand III fAh 3Ahb - 6.1 93.9 40.2 47.9 3.0 - 2.8 0 -

e 69-96 Lacustrine sand III Gr 3Cr - 2.4 97.6 45.8 49.3 1.8 - 0.6 0 -

f 96-100 Peat IV fHr 4Hib - - - - - - - 81.2 0 -

g 100-150 Lacustrine sand V Gr 5Cr - 11.6 88.4 36.7 49.4 1.5 - 0.7 0 -

FUER6 4 53°18'03.4“ 13°09'43.4“ Beach ridge aS 5-10 Lacustrine sand Aeh Arh 0.3 1.5 98.2 2.2 69.7 26.3 Ss 7.6 0 - Kaiser et al., 2014

bS 10-80 Lacustrine sand rGo Cl 0.2 0.4 99.4 2.74 63.54 33.1 Ss 0.4 0 -

cS 80-84 Peat II fHa 2Hab 0.7 8.7 90.6 10.7 54.3 25.6 Ss 31.9 0 -

aP 80-84 Peat II fHa 2Hab 0.6 9.5 89.9 2.5 45.4 42.0 Ss 32.3 0 -

bP 84-89 Lacustrine sand III fAa 3Ahb1 0.6 7.5 91.9 14.9 50.1 26.8 Ss 22.2 0 -

cP 90-92 Lacustrine sand III fAh 3Ahb2 0.6 5.5 93.9 13.5 54.2 26.2 Ss 14.2 0 -

dS 90-120 Lacustrine sand III fAh 3Ahb2 0.5 4.3 95.2 16.4 52.9 25.9 Ss 9.9 0 -

eS 120-140 Lacustrine gyttja IV fF1-rGr 4Lrb1 1.2 11.1 87.7 20.4 47.1 20.4 Su2 3.1 0 -

fS 140-142 Lacustrine gyttja IV fF2-rGr 4Lrb2 0.7 11.1 88.2 23.4 44.0 20.8 Su2 7.9 0 -

gS 142-150 Glaciolacustrine sand V Gr 5Cr 1.3 7.9 90.8 64.8 23.8 2.2 Ss 0.4 0 -

FUER10-2 5 53°17'52.9'' 13°09'53.9'' Mire (kettle hole) a 0-8 Colluvial sand O+Ah O+Ah - 21.7 78.3 15.1 50.2 13.1 - 12.6 0 - Kaiser et al., 2014

b 18-50 Colluvial sand M C - 7.2 92.8 21.2 59.1 12.5 - 1.4 0 -

c 60-104 Lacustrine sand II rGo 2Cl - 2.7 97.3 14.2 65.0 18.2 - 0.6 0 -

d 110-123 Lacustrine gyttja IV fF 4Lb - 62.9 37.1 27.8 8.6 0.7 - 12.3 0 -

e 123-130 Peat V fHa 5Hab - 12.7 87.3 20.1 60.0 7.3 - 28.4 0 -

f 130-144 Lacustrine sand VI rGr 6Cr - 10.2 89.8 28.9 47.8 13.1 - 2.4 0 -

g 144-160 Lacustrine sand VII fAh 7Ahb - 7.3 92.7 39.9 42.4 10.5 - 1.1 0 -

FUER19-2 11 53°18'07.0" 13°10'38.3" Mire a 5-25 Lacustrine sand Ah Ah - 13.7 86.3 7.2 55.7 10.1 - 13.4 0 - Kaiser et al., 2014

b 25-51 Lacustrine sand rGr Cr - 0.5 99.5 2.3 91.3 5.6 - 0.3 0 -

c 51-57 Lacustrine sand II Gr+fAh 2Ahb/Cr - 4.2 95.8 5.3 31.2 55.9 - 3.4 0 -

d 91-110 Peat III fHr 3Hib - - - - - - - 81.2 0 -

FUER3 3 53°17'57.9“ 13°09'02.9“ Dune aS 50-70 Aeolian sand II rGo 2Cl 0.7 0.5 98.8 34.3 55.0 9.5 Ss 0.4 0 - Kaiser et al., 2014

aP 90-92 Lacustrine sand IV fAi 4Ahb 0.6 6.8 92.6 23.1 35.1 34.4 St2 3.0 0 -

bS 92-103 Lacustrine sand IV rGr 4Cr 0.3 0.4 99.3 12.6 52.7 34.0 Ss 0.3 0 -

bP 114-115 Lacustrine sand V rGr+fAh 5Ahb/Cr 0.7 4.2 95.1 21.1 54.6 19.5 Ss 13.1 0 -

cP 123-124 Glaciofluvial sand VI fAh 6Ahb 0.5 2.2 97.3 16.7 53.7 26.9 Ss 13.7 0 -

cS 123-140 Glaciofluvial sand VI fAh 6Ahb 0.7 5.4 93.9 22.4 52.7 18.7 St2 6.7 0 -

FUER14 8 53°18'34.0'' 13°09'79.8'' Lake shallow a 30-40 Lacustrine F L 0.1 0.3 99.7 - - - Ss 9.8 21.7 - Kaiser et al., 2014

b 40-55 Peat II fHv 2Heb 0.0 14.4 85.6 - - - St2 85.6 0 -

c 55-115 Lacustrine gyttja III fF 3Lb 3.7 79.5 16.8 - - - Us 5.5 85.6 -

d 115-120 Lacustrine gyttja IV fF 4Lb 0.5 1.6 98.0 - - - Ss 1.1 12.1 -

FUER17-5 - 53°18'32.6" 13°09'20.2" Lake terrace a 0-20 Lacustrine sand rAap Ap - 17.1 82.9 24.0 32.2 9.5 - 17.2 - - Graventein, 2013

b 20-30 Lacustrine gyttja II fF 2Lb - 89.9 10.1 2.0 0.3 0.2 - 7.7 76.0 -

c 30-52 Peat III fHa 3Hab - - - - - - - 72.8 - -

d 52-70 Glaciofluvial sand IV Gr 4Cr - 1.9 98.1 21.7 68.2 7.3 - 0.9 - -

e 70-80 Glaciofluvial sand Gr 4Cr - 6.0 94.0 6.1 41.2 45.1 - 1.7 - -

FUER18-1 - 53°18'45.6" 13°09'47.5" Beach ridge a 4-10 Lacustrine sand Aa Ah - 19.8 80.2 14.6 35.8 11.9 - 17.8 0 - Graventein, 2013

b 10-15 Lacustrine sand II fAh 2Ahb - 6.9 93.1 16.9 51.7 21.3 - 3.1 0 -

c 15-24 Lacustrine sand rGo 2Cl - 3.9 96.1 13.9 56.5 24.3 - 1.4 0 -

d 24-31 Lacustrine sand III fF 3Lb - 28.8 71.2 15.0 31.0 11.3 - 13.8 0 -

e 31-54 Peat IV fHv 4Heb - - - - - - - 78.1 0 -

f 54-107 Lacustrine sand V fAh 5Ahb - 11.6 88.4 32.8 47.7 2.1 - 5.8 0 -

g 107-130 Lacustrine sand fAi-rGr 5AhbCr - 11.4 88.6 66.8 17.9 0.8 - 3.1 0 -

h 107-130 Lacustrine sand fAh 5Ahb1 - 14.9 85.1 47.4 23.4 3.3 - 11.1 0 -

i 107-130 Lacustrine sand fAa 5Ahb2 - 18.7 81.3 39.4 17.4 1.8 - 22.7 0 -

j 130-141 Peat VI fHr 6Hib - - - - - - - 47.6 0 -

k 141-181 Lacustrine sand VII Gr 7Cr - 5.8 94.2 34.8 48.4 10.5 - 0.6 0 -

FUER22-7 - 53°19'36.8" 13°10'39.0" Beach ridge a 8-18 - Oh O - - - - - - - 73.6 0 - Graventein, 2013

b 18-23 Lacustrine sand Aeh Arh - 5.8 94.2 2.5 81.2 10.5 - 3.0 0 -

c 23-50 Lacustrine sand rGo Cl - 0.6 99.4 2.3 92.3 4.9 - 0.3 0 -

d 50-60 Lacustrine sand II fAh 2Ahb - 0.7 99.3 10.5 80.3 8.5 - 0.4 0 -

e 60-98 Lacustrine sand rGo 2Cl - 1.2 98.8 30.5 66.3 2.1 - 0.4 0 -

f 98-130 Peat III fHv 3Heb - - - - - - - 57.1 0 -

g 130-210 Lacustrine sand IV rGr 4Cr - 8.5 91.5 4.0 67.7 19.7 - 3.7 0 -

h 210-220 Lacustrine sand Gr 4Cr - 2.5 97.5 10.5 70.0 17.1 - 1.5 0 -

FUER26-1 - 53°18'50.0" 13°10'66.9" Mire (kettle hole) a 7-50 Peat Hr Hi - - - - - - 92.8 0 - Graventein, 2013

(KeMB2) b 50-60 Glaciofluvial sand II fAh 2Ahb - 21.8 78.2 28.4 41.9 8.0 - 11.0 0 -

c 60-75 Glaciofluvial sand fAe 2Eb - 4.4 95.6 25.2 63.8 6.6 - 1.2 0 -

d 75-95 Glaciofluvial sand III Go 3Cl - 10.7 89.3 13.1 57.5 18.7 - 2.4 0 -

e 95-110 Glaciofluvial sand IV Go 4Cl - 5.6 94.4 25.7 61.6 7.1 - 1.2 0 -

KFS8 13 53°18'50.0" 13°10'66.9" Mire (kettle hole) KFS8-1 0-27 Peat Hr1 Hi1 1.5 19.2 79.3 30.0 24.3 25.0 Su2 87.1 0 2.5 this study

KFS8-2 27-38 Peat Hr2 Hi2 1.4 13.1 85.5 17.5 26.7 41.3 Su2 90.8 0 2.5

KFS8-3 38-48 Peat Hr3 Hi3 1.3 10.2 88.5 14.1 38.1 36.3 Su2 94.0 0 -

- 48-48.5 Colluvial sand II fM 2C - - - - - - - - 0 -

KFS8-4 48.5-57 Glaciofluvial sand III fAeh 3Ahb 4.6 35.0 60.4 28.3 26.9 5.2 Su3 6.5 0 2.9

KFS8-5 57-70 Glaciofluvial sand Go-fAhe 3EbCl 2.5 24.1 73.4 26.6 38.4 8.4 Su2 1.7 0 3.3

KFS8-6 70-80 Glaciofluvial sand Go-fBsh 3BshbCl 3.2 19.3 77.5 7.2 49.9 20.4 Su2 1.9 0 3.9

KFS8-7 80-140 Glaciofluvial sand Gor 3Cr 2.4 17.0 80.6 9.9 52.7 18.0 Su2 1.4 0 4.4

Mü-1 17 53°20'30.5'' 13°11'24.5'' Mire (kettle hole) 0-10 Half-bog Aa Ah 4.3 67.2 28.5 7.1 13.5 7.9 Us 20.1 0.0 - Küster, 2014

10-20 Lacustrine gyttja II fF 2Lb 3.1 43.9 53.0 51.5 1.5 0.0 Su4 7.5 0.0 -

20-23 Colluvial sand III Go-M 3Cl 2.2 21.0 76.8 70.0 6.8 0.0 Su2 4.7 0.0 -

23-30 Colluvial sand Go-M 3Cl 2.2 19.9 77.9 66.6 11.2 0.0 Su2 4.0 0.0 -

30-40 Colluvial sand Go-M 3Cl 1.2 4.0 94.8 55.2 39.7 0.0 Ss 0.7 0.0 -

40-48 Lacustrine gyttja IV fF 4Lb 4.4 88.1 7.5 7.5 0.0 0.0 Uu 14.1 0.0 -

48-50 Peat V fHv 5Heb 3.2 57.2 39.6 30.8 8.7 0.1 Us 36.6 0.0 -

50-60 Lacustrine gyttja VI fF 6Lb 6.2 86.6 7.2 7.1 0.0 0.0 Uu 17.6 0.0 -

60-70 Half-bog VII fAa 7Ahb 1.7 32.7 65.6 25.9 39.2 0.5 Su3 27.1 0.0 -

70-80 Lacustrine gyttja VIII fF 8Lb 1.4 19.7 78.9 26.9 48.7 3.3 Su2 7.8 0.0 -

80-90 Colluvial sand IX M 9C 0.9 6.1 93.0 34.1 46.1 12.8 Ss 0.8 0.0 -

90-96 Colluvial sand M 9C 0.8 6.8 92.4 23.2 58.8 10.5 Ss 3.5 0.0 -

96-100 Glaciofluvial sand X fAh 10Ahb 1.5 24.4 74.1 26.4 39.6 8.0 Su2 8.1 0.0 -

100-110 Glaciofluvial sand fAh 10Ahb 1.1 12.3 86.6 24.5 47.5 14.7 Su2 14.3 0.0 -

110-120 Glaciofluvial sand Gr 10Cr 0.5 2.0 97.5 22.4 49.1 26.1 Ss 0.4 0.0 -

S-1 20 53°20'48.2'' 13°11'23.1'' Depression in terminal moraine area 2 Colluvial sand Oh-Aeh AhO 3.7 5.2 91.1 61.8 27.5 1.8 Ss 5.1 0 3.6 Küster, 2014

40 Colluvial sand M C 4.0 4.7 91.3 62.4 27.1 1.8 Ss 1.7 0 4.4

55 Aeolian sand II fAh 2Ahb 2.9 2.7 94.4 73.8 19.4 1.2 Ss 1.3 0 4.5

100 Aeolian sand fAh-fBv-ilCv 2CBwAhb 2.1 2.1 95.8 72.7 21.6 1.5 Ss 0.8 0 4.7

120 Aeolian sand ilC 2C 1.9 1.4 96.7 78.1 17.8 0.8 Ss 0.7 0 5.4

140 Glaciofluvial sand III fBv 3Bwb 2.9 11.9 85.2 57.8 26.2 1.2 Su2 6.2 0 5.4

180 Glaciofluvial sand IV rGo-ilCv 4Cl 0.9 0.8 98.3 50.6 42.4 5.3 Ss 0.3 0 5.5

S-2 21 53°20'48.2'' 13°11'23.1'' Depression in terminal moraine area 8 Aeolian sand Oh-Aeh AhO 1.1 2.0 96.9 58.8 37.1 1.0 Ss 3.3 0 3.4 Küster, 2014

15 Aeolian sand Bsh Bsh 2.3 0.8 96.9 56.3 40.0 0.6 Ss 1.4 0 3.6

90 Aeolian sand ilC C 0.8 0.5 98.7 66.6 31.4 0.7 Ss 0.6 0 4.4

120 Aeolian sand II fAp 2Ahb 1.8 2.2 96.0 52.1 39.5 4.4 Ss 0.9 0 4.5

140 Aeolian sand fBv-fAp 2AhBwb 1.4 1.3 97.3 56.5 37.2 3.6 Ss 0.7 0 4.6

170 Aeolian sand ilC 2C 0.9 0.7 98.4 45.9 50.1 2.4 Ss 0.4 0 4.7

180 Glaciofluvial sand III fBv 3Bwb 1.6 2.5 95.9 49.0 40.4 6.5 Ss 4.7 0 4.7

200 Glaciofluvial sand ilCv 3C 0.3 0.8 98.9 53.7 42.1 3.1 Ss 0.2 0 4.6

S-3 18 53°20'40.8'' 13°11'46.8'' Plain in terminal moraine area 4 Colluvial sand Aeh Ah 3.4 5.6 91.0 42.7 40.1 8.2 Ss 4.2 0 3.7 Küster, 2014

7 Colluvial sand Bsh-M CBsh 4.7 6.8 88.5 42.2 38 8.3 Ss 2.6 0 4.1

25 Colluvial sand M C 4.8 6.8 88.4 48.1 31.9 8.4 Ss 2.0 0 4.3

85 Anthopogenic sand II ylC 2Cu 0.9 0.6 98.5 50.1 42.5 5.9 Ss 0.3 0 4.7

155 Anthopogenic sand III ylC 3Cu 1.1 1.1 97.8 47.3 39.6 10.9 Ss 0.9 0 4.8

165 Glaciofluvial sand IV ilCv 4C 0.6 0.5 98.9 50.6 46.6 1.7 Ss 0.2 0 4.9

S-4 22 53°20'30.5'' 13°11'30.4'' Depression in terminal moraine area 2 Colluvial sand Aeh Ah 3.6 8.1 88.3 38.1 43.9 6.3 Ss 2.2 0 3.6 Küster, 2014

4 Colluvial sand Bsh Bsh 3.9 5.5 90.6 36.2 46.0 8.4 Ss 1.7 0 3.7

35 Colluvial sand M1 C1 3.7 5.6 90.7 34.3 47.2 9.2 Ss 1.6 0 3.9

65 Colluvial sand M2 C2 3.5 6.0 90.5 43.7 41.8 5.0 Ss 1.0 0 4.3

72 Colluvial sand II fAh 2Ahb 3.4 4.5 92.1 44.9 41.3 5.9 Ss 1.1 0 4.2

90 Colluvial sand M3 C 3.8 3.6 92.6 38.0 43.7 10.9 Ss 1.0 0 4.5

110 Glaciofluvial sand III fAp 3Ahb 4.3 5.9 89.8 49.8 35.6 4.4 Ss 1.2 0 4.7

155 Glaciofluvial sand fBv 3Bwb 6.1 5.4 88.5 57.4 26.5 4.6 St2 1.7 0 4.9

200 Glaciofluvial sand III ilCv 4C 1.3 0.6 98.1 70.0 27.3 0.8 Ss - 0 5.5

S-5 23 53°20'30.6'' 13°11'33.2'' Depression in terminal moraine area 2 Colluvial sand Oh-Aeh AhO 4.0 6.3 89.7 49.5 34.6 5.7 Ss 2.8 0 3.5 Küster, 2014

6 Colluvial sand Bsh Bsh - - - - - - - - 0 -

165 Colluvial sand M1 C 4.2 4.3 91.5 55.4 33.1 3.0 Ss 1.1 0 4.3

175 Colluvial sand II fAh 2Ahb 4.3 4.8 90.9 55.8 31.2 3.9 Ss 1.3 0 4.5

195 Colluvial sand M2 2C 6.4 4.5 89.1 63.1 23.7 2.3 St2 1.5 0 4.8

245 Glaciofluvial sand III fBhv 3Bwhb 5.7 5.1 89.2 57.5 27.4 4.3 St2 1.9 0 5.0

270 Glaciofluvial sand ilC 3C 0.6 0.7 98.7 41.0 50.2 7.5 Ss 0.3 0 5.6

S-6 24 53°21'21.1'' 13°13'00.4'' Depression in terminal moraine area 5 Colluvial sand Oh-Ah AhO 7.8 15.6 76.6 32.9 37.5 6.2 Sl2 4.3 0 3.7 Küster, 2014

36 Colluvial sand M1 C1 7.6 13.9 78.5 32.2 40.3 6.0 Sl2 2.6 0 4.4

45 Colluvial sand M2 C2 4.4 4.6 91.0 37.3 46.7 7.0 Ss 1.1 0 4.4

85 Colluvial sand M3 C3 4.1 5.8 90.1 38.8 45.1 6.2 Ss 1.2 0 4.4

95 Colluvial sand II fAh1 2Ahb 8.1 14 77.9 40.9 33.9 3.1 Sl3 3.2 0 4.3

104 Colluvial sand M4 2C1 2.7 2.9 94.4 41.9 49.7 2.8 Ss 1.4 0 4.3

120 Colluvial sand M5 2C2 6.3 9.5 84.2 39.6 39.6 5.0 St2 2.1 0 4.3

130 Aeolian sand III fAh2 3Ahb 5.7 9.6 84.7 38.1 42.6 4.0 St2 2.2 0 4.2

190 Aeolian sand fAh-Bv 3BwAhb 4.4 8.3 87.3 47.0 36.8 3.5 Ss 2.7 0 4.6

205 Aeolian sand fAh-Bv-ilCv 3CBwAhb 3.6 9.2 87.2 47.4 37.6 2.2 Ss 3.0 0 5.0

212 Aeolian sand IV fBhv 4Bwhb 4.3 15.1 80.6 35.8 39.0 5.8 Su2 4.0 0 5.3

240 Glaciofluvial sand V ilCv 5C 1.3 4.5 94.2 19.5 58.2 16.5 Ss 0.3 0 5.1

Wa-2 25 53°18'36.1'' 13°18'15.7'' Dry valley 20 Colluvial sand Aeh Ah 0.8 6.8 92.4 20.7 55.4 16.3 Ss 6.2 0 3.5 Küster, 2014

60 Colluvial sand M1 C1 0.9 2.1 97.0 17.7 57.4 22.0 Ss 1.2 0 4.4

100 Colluvial sand M2 C2 1.4 4.9 93.7 15.0 55.2 23.6 Ss 1.5 0 4.3

120 Glaciofluvial sand II fAh 2Ahb 0.9 3.3 95.8 15.0 55.6 25.3 Ss 1.2 0 4.1

190 Glaciofluvial sand fBv 2Bwb 1.1 3.0 95.9 15.9 55.3 24.7 Ss 0.9 0 4.2

200 Glaciofluvial sand Bbt+ilCv 2Cbt 0.5 1.3 98.2 9.0 56.6 32.5 Ss 0.6 0 4.0

Wa-3 26 53°18'36.5'' 13°18'14.6'' Dry valley 10 Colluvial sand Aeh Ah 0.3 1.8 97.9 10.9 55.8 31.2 Ss 9.7 0 3.2 Küster, 2014

43 Colluvial sand M1 C1 0.6 1.2 98.2 20.3 55.6 22.3 Ss 1.0 0 4.3

75 Colluvial sand M2 C2 0.8 1.3 97.9 26.3 57.2 14.4 Ss 0.8 0 4.5

100 Colluvial sand M3 C3 0.8 2.6 96.6 23.5 54.7 18.5 Ss 1.0 0 4.3

125 Colluvial sand II M-fAh 2Ahb 0.5 1.0 98.5 14.1 57.7 26.8 Ss 0.9 0 4.3

165 Colluvial sand M4 2C 1.1 4.3 94.6 22.6 55.8 16.3 Ss 1.0 0 4.3

200 Glaciofluvial sand III ilCv 3C 1.1 3.3 95.6 23.6 51.7 20.3 Ss 0.9 0 5.1

HIN44 - 53°19'44.526'' 13°11'13.866'' Footslope 3-5 Colluvial sand Aeh Ah 0.2 7.1 92.7 48.3 40.9 3.5 Ss 10.4 0 3.3 Müller, 2014

14-16 Colluvial sand M C1 0.3 6.7 93.0 50.5 38.3 4.2 Ss 5.3 0 3.5

26-28 Colluvial sand M C2 0.2 5.0 94.8 44.6 45.8 4.5 Ss 4.5 0 3.7

32-34 Glaciofluvial sand II fAh 2Ahb 0.3 6.4 93.3 43.9 44.5 5.0 Ss 4.5 0 3.8

43-45 Glaciofluvial sand fAe 2Eb 0.2 4.9 94.9 49.6 41.5 3.8 Ss 2.7 0 3.8

55-57 Glaciofluvial sand fBsh 2Bhs1 0.2 2.6 97.2 46.2 46.9 4.0 Ss 3.6 0 3.9

59-61 Glaciofluvial sand fBsh 2Bhs2 0.3 2.3 97.4 50.4 43.3 3.7 Ss 1.7 0 4.0

87-89 Glaciofluvial sand rGo 2Cl1 0.1 1.5 98.4 42.0 52.1 4.3 Ss 0.5 0 4.1

108-110 Glaciofluvial sand rGo 2Cl2 0.1 3.2 96.7 46.7 46.3 3.7 Ss 0.4 0 4.0

140-142 Glaciofluvial sand rGo 2Cl3 0.2 2.7 97.1 29.8 54.4 12.8 Ss 0.4 0 4.1

HIN52 - 53°19'45.1164'' 13°11'14.4384'' Small depression (rim) 7-9 Colluvial sand M-Ah Ah1 0.3 9.6 90.1 47.9 38.6 3.7 Ss 10.4 0 3.1 Müller, 2014

18-20 Colluvial sand M-Ah Ah2 0.2 10.7 89.1 48.3 37.4 3.3 Su2 8.6 0 3.2

26-28 Colluvial sand M-Ah Ah3 0.3 11.4 88.3 47.2 37.6 3.5 Su2 8.4 0 3.2

29-31 Peat II fHv 2Heb 1.7 22.3 76.0 45.7 27.2 3.2 Su2 55.2 0 3.3

40-42 Colluvial sand III M-fAh1 3Ahb1 0.3 6.8 92.9 46.1 43.2 3.7 Ss 21.7 0 3.4

46-48 Colluvial sand M-fAh2 3Ahb2 0.3 4.8 94.9 47.8 42.7 4.3 Ss 3.2 0 4.0

55-57 Glaciofluvial IV fBsv-fAh14AhBswb1 0.2 3.6 96.2 49.2 42.9 4.0 Ss 3.3 0 5.0

63-65 Glaciofluvial sand fBsv-fAh2 4AhBswb2 0.6 5.2 94.2 44.9 44.9 4.4 Ss 3.3 0 5.3

88-90 Glaciofluvial sand Go 4Cl1 0.4 3.5 96.1 51.4 40.9 3.8 Ss 1.5 0 5.5

103-105 Glaciofluvial sand Go 4Cl2 0.1 5.1 94.8 64.1 27.3 3.4 Ss 0.7 0 5.3

110-112 Glaciofluvial sand Gor 4Cr1 0.1 4.1 95.8 66.1 25.6 4.1 Ss 0.6 0 5.4

126-128 Glaciofluvial sand Gor 4Cr2 0.2 2.5 97.3 42.9 47.7 6.8 Ss 0.6 0 5.5

142-144 Glaciofluvial sand Gor 4Cr3 0.2 1.1 98.7 33.8 59.0 5.9 Ss 0.5 0 5.5

HIN34 - 53°19'45.3756'' 13°11'14.532'' Small depression (centre) 3-5 Colluvial sand Aa Ah 0.1 7.1 92.8 43.6 44.6 4.6 Ss 15.8 0 2.8 Müller, 2014

9-13 Peat II Hv 2Heb 0.9 42.9 56.2 39.1 16.1 1.0 Su4 57.1 0 2.8

28-32 Colluvial sand III M-fAh 3Ahb 0.3 5.6 94.1 44.1 45.6 4.4 Ss 8.8 0 3.7

50-52 Colluvial sand Go-M 3Cl1 0.2 4.9 94.9 43.8 46.9 4.2 Ss 4.6 0 5.0

65-67 Colluvial sand Go-M 3Cl2 0.7 5.8 93.5 45.3 43.9 4.3 Ss 6.5 0 5.4

69-71 Colluvial sand Go-M 3Cl3 0.3 3.4 96.3 46.2 46.3 3.8 Ss 2.5 0 5.5

74-76 ? IV fAh 4Ahb 0.3 3.9 95.8 44.9 46.8 4.1 Ss 3.8 0 5.6

78-80 ? Gr 4Cr1 0.3 3.4 96.3 48.9 42.7 4.7 Ss 2.1 0 5.7

81-83 ? Gr 4Cr2 0.3 2.5 97.2 51.0 42.5 3.7 Ss 0.8 0 5.8

90-92 ? Gr 4Cr3 0.1 2.3 97.6 49.0 44.5 4.1 Ss 0.8 0 5.6

99-101 Glaciofluvial sand V fAh1 5Ahb1 0.3 3.5 96.2 50.6 40.7 4.9 Ss 3.2 0 5.6

106-108 Glaciofluvial sand V fAh2 5Ahb2 1.0 2.6 96.4 52.2 39.3 4.9 Ss 2.8 0 5.8

109-111 Glaciofluvial sand V fAh3 5Ahb3 1.0 2.6 96.4 50.1 40.0 6.3 Ss 1.6 0 5.6

115-117 Glaciofluvial sand Gr 5Cr 0.5 2.5 97.0 50.9 41.5 4.7 Ss 0.6 0 5.6

Zinow-AFSV - 53°21'27.6840" 13°10'51.492" Slope in terminal moraine area 0-5 Glaciofluvial sand Aeh Ah 4.0 5.0 91.0 33.0 51.0 7.0 Ss 1.5 0 2.9 AFSV, 1995 

5-13 Glaciofluvial sand Bv-Ah AhBw 4.0 5.0 91.0 38.0 48.0 5.0 Ss 1.0 0 3.9

13-34 Glaciofluvial sand Bv Bw 3.0 5.0 92.0 58.0 30.0 4.0 Ss 0.4 0 4.3

34-61 Glaciofluvial sand lCv-Bv BwC 2.0 3.0 95.0 34.0 54.0 7.0 Ss 0.2 0 4.4

61-80 Glaciofluvial sand lCv C 2.0 4.0 94.0 27.0 56.0 11.0 Ss 0.1 0 4.3

80-120 Glaciofluvial sand lCv C 2.0 3.0 95.0 20.0 58.0 17.0 Ss 0.1 0 4.3

120-160 Glaciofluvial sand lCv C 2.0 3.0 95.0 27.0 54.0 17.0 Ss 0.1 0 4.0

Serrahn-AFSV - 53°20'48.9480" 13°11'36.780" Top of a ridge in terminal moraine area 0-10 Glaciofluvial sand Aeh Ah 5.0 9.0 86.0 47.0 35.0 4.0 Ss 1.8 0 3.6 AFSV, 1995 

10-51 Glaciofluvial sand Bv Bw 4.0 7.0 89.0 51.0 33.0 5.0 Ss 0.5 0 4.2

51-76 Glaciofluvial sand lCv-Bv BwC 3.0 6.0 91.0 42.0 46.0 3.0 Ss 0.1 0 4.3

76-160 Glaciofluvial sand lCv C 2.0 7.0 91.0 47.0 40.0 4.0 Ss 0.0 0 4.2

Steinmühle-AFSV - 53°19'54.1200" 13°16'18.336" Slope in terminal moraine area 0-5 Glaciofluvial sand Bv-Ah AhBw 8.0 15.0 77.0 17.0 35.0 25.0 Su2 2.8 0 3.6 AFSV, 1995 

5-10 Glaciofluvial sand Bv-Ah AhBw 5.0 9.0 86.0 25.0 45.0 16.0 Ss 1.7 0 3.5

10-53 Glaciofluvial sand Bv1 Bw1 3.0 4.0 93.0 37.0 47.0 9.0 Ss 0.4 0 3.9

53-78 Glaciofluvial sand Bv2 Bw2 4.0 5.0 91.0 35.0 41.0 15.0 Ss 0.2 0 4.2

78-130 Glaciofluvial sand lCv-Bv BwC 2.0 4.0 94.0 16.0 53.0 25.0 Ss 0.1 0 5.8

130-180 Glaciofluvial sand Cc Ck 2.0 2.0 96.0 18.0 53.0 25.0 Ss 0.1 >10 7.5

Heilige Hallen-AFSV - 53°19'14.7000" 13°22'26.292" Top of a ridge in terminal moraine area 0-5 Glaciofluvial sand Bv-Ah AhBw 7.0 14.0 79.0 25.0 41.0 13.0 Sl2 2.4 0 3.5 AFSV, 1995

5-10 Glaciofluvial sand Bv-Ah AhBw 7.0 14.0 79.0 24.0 40.0 15.0 Sl2 1.2 0 3.5

10-30 Glaciofluvial sand Bv Bw 8.0 10.0 82.0 23.0 40.0 19.0 St2 0.3 0 3.9

30-48 Glaciofluvial sand Cv-Bv BwC 5.0 10.0 85.0 27.0 44.0 14.0 St2 0.1 0 4.0

48-100 Glaciofluvial sand Bbt-Cv CBt 4.0 7.0 89.0 30.0 47.0 12.0 Ss 0.1 0 6.2

48-100 Glaciofluvial sand Cv-Bbt BtC 8.0 7.0 85.0 16.0 46.0 23.0 St2 0.1 0 4.2

100-160 Glaciofluvial sand Cc Ck 3.0 3.0 94.0 17.0 54.0 23.0 Ss 0.1 9.8 7.3

Waldsee-BZE - 53°19'32.1600" 13°19'08.220" Medium slope in terminal moraine area 0-5 Glaciofluvial sand Ah Ah 6.0 11.0 83.0 40.0 39.0 4.0 Sl2 3.0 0 3.4 BZE Nr. 1666

5-10 Glaciofluvial sand Bv-Ah AhBw 6.0 6.8 87.2 41.7 41.5 4.0 St2 1.3 0 3.8

10-30 Glaciofluvial sand Bv Bw 6.0 6.0 88.0 42.0 42.0 4.0 St2 1.0 0 4.1

30-60 Glaciofluvial sand Bv+Cv-Bv Bw 4.1 6.7 89.3 35.5 49.8 4.0 Ss 0.4 0 4.1

60-90 Glaciofluvial sand Bbt-Cv CBt 3.9 7.0 89.1 32.9 50.3 5.9 Ss 0.0 0 4.3

Serrahn-BZE - 53°19'40.8360" 13°11'53.016" Wavy plain in sander area near the terminal moraine 0-5 Glaciofluvial sand Ah Ah 2.0 5.0 93.0 52.0 37.0 4.0 Ss 3.9 0 3.5 BZE Nr. 1668

5-10 Glaciofluvial sand Bv+Ah AhBw 6.4 6.8 86.9 24.9 52.7 9.2 St2 0.9 0 3.9

10-30 Glaciofluvial sand Bv Bw 7.0 7.0 86.0 21.0 55.0 10.0 St2 0.5 0 4.0

30-60 Glaciofluvial sand Bv Bw 6.7 6.8 86.4 21.0 55.4 10.0 St2 0.5 0 4.0

60-90 Glaciofluvial sand Cv-Bv BwC 4.0 5.0 91.0 21.0 60.0 10.0 Ss 0.1 0 4.2

Lüttenhagen-ÖWK - 53°19'15.7080" 13°21'46.152" Top of a ridge in terminal moraine area 0-5 Glaciofluvial sand Ah Ah 4.0 16.0 80.0 25.0 40.0 15.0 Su2 2.8 0 3.6 ÖWK Nr. 3503

5-10 Glaciofluvial sand Ah Ah  -  -  -  -  -  - - 2.2 0 3.4

10-42 Glaciofluvial sand Ah-Bv BwAh 6.0 7.0 87.0 30.0 52.0 5.0 St2 0.8 0 3.7

42-76 Glaciofluvial sand Cv-Bv BwC 3.0 6.0 91.0 35.0 47.0 9.0 Ss 0.2 0 3.9

76-82 Glaciofluvial sand C C 2.0 5.0 93.0 46.0 42.0 5.0 Ss 0.1 0 4.3

82-160 Glaciofluvial sand Cc Ck 1.0 3.0 96.0 16.0 64.0 16.0 Ss 0.1 6.7 7.5

Zinow-ÖWK - 53°19'40.2600" 13°08'54.132" Top of a ridge in hilly sander area 0-2 Glaciofluvial sand Ahe E 4.0 5.0 91.0 30.0 54.0 7.0 Ss 2.0 0 3.3 ÖWK Nr. 3501

2-5 Glaciofluvial sand Aeh Ah 4.0 7.0 89.0 28.0 54.0 7.0 Ss 1.9 0 3.5

5-17 Glaciofluvial sand Bv-Ap ApBw 2.0 6.0 92.0 35.0 49.0 8.0 Ss 0.6 0 4.3

17-54 Glaciofluvial sand Bv Bw 1.0 5.0 94.0 52.0 39.0 3.0 Ss 0.2 0 4.5

54-68 Glaciofluvial sand Cv-Bv1 BwC1 1.0 5.0 94.0 52.0 39.0 3.0 Ss 0.2 0 4.3

68-84 Glaciofluvial sand Cv-Bv2 BwC2 1.0 5.0 94.0 52.0 39.0 3.0 Ss 0.1 0 4.0

84-120 Glaciofluvial sand C C 1.0 0.0 99.0 16.0 67.0 16.0 Ss 0.1 0 4.3

1Ad-hoc-AG Boden, 2005. Bodenkundliche Kartieranleitung (KA5), 5th edition. Schweizerbart, Hannover.
2FAO, 2006. Guidelines for Soil Description, 4th edition. FAO, Rome.
3Based on laser diffraction for profiles FUER1, 2, 3, 6, 14 and for all profiles with IDs 'Mü...', 'S...' and 'Wa…'; based on a wet sieving test for profiles FUER10-2, 15, 16-4, 17-5, 18-1, 19-2, 22-7, 26-1; based on combined pipette sieving and sedimentation (‘Köhn’-) test for all samples with IDs 'HIN…' and profiles Zinow, Serrahn, Heilige Hallen, Lüttenhagen, and Steinmühle.   
4In case of lacking clay values the silt value represents the clay-silt-sum.
5For profiles Zinow-AFSV/-ÖWK, Serrahn-AFSV/-BZE, Steinmühle-AFSV, Heilige Hallen-AFSV, Waldsee-AFSV and Lüttenhagen-ÖWK the values for total carbon (Ct) are given.



Supplement 3: Approximate translation of German soil horizons (Ad-hoc-AG Boden, 2005) into the international pedological classification (FAO, 2006).

Topsoil and subsoil horizons

German classification / KA5 International classification / FAO Remark
(Ad-hoc-AG Boden, 2005

1
) (FAO, 2006

2
)

Hr Hi -

Hv He -

Ha Ha -

O O -

O+Ah AhO -

Oh+Aeh AhO -

Oh-Ah AhO -

Oh-Aeh AhO -

Aa Ah strongly humic (half-bog) horizon

rAap Ap relict ploughing

Ah Ah -

Ai Ah thin / initial humic horizon 

Aeh Ah -

M-Ah Ah colluvial horizon

Bv-Ah AhBw -

Bv+Ah Ah/Bw -

Go-Aeh AhCl -

Go-Ahe ECl -

Ap Ap -

rAp Ap relict ploughing

rGo-rAp ApCl relict ploughing, relict gleyic conditions

Go-rAp ApCl relict ploughing

Bv-Ap ApBw -

Ah-Bv BwAh -

Bv Bw -

Bv+Cv-Bv Bw/BwC -

Bsh Bsh -

Cv-Bv BwC -

Cv-Bbt BtC -

Go-Bsh BshCl -

Bbt-Cv CBt -

Bv-Cv CBw -

Bbt-ilCv CBt -

M C colluvial horizon

Go-M Cl colluvial horizon

Bsh-M CBsh colluvial horizon

M-Go Cl colluvial horizon

Gr-M Cr colluvial horizon

lCv C -

C C -

ilC C -

rGo-ilCv C relict gleyic conditions

ylC Cu -

Cc Ck -

Go Cl -

Gr Cr -

rGo Cl relict gleyic conditions

rGr Cr relict gleyic conditions

Gor Cr -

Buried horizons

German classification / KA5 International classification / FAO Remark
(Ad-hoc-AG Boden, 2005

1
) (FAO, 2006

2
)

fHr Hib -

fHv Heb -

fHa Hab -

fH Hb -

rGo+fHa Hab/Cl -

fO Ob -

fAa Ahb strongly humic (half-bog) horizon

fAh Ahb -

fAi Ahb thin / initial humic horizon 

M-fAh Ahb colluvial horizon

fAeh Ahb -

fAp Apb -

fBv-fAp ApBwb -

Go-fAhe EbCl -

Gr+fAh Cr/Ahb -

rGr+fAh Cr/Ahb relict gleyic conditions

fAh-fBv-ilCv CBwAhb -

fBsh-fAh AhBshb -

fAh-fBv BwAhb -

fAe Eb -

fBv Bwb -

fBhv Bhwb -

fBsh Bshb -

Go-fBsh BshbCl -

fM C colluvial horizon

Gr-fM Cr colluvial horizon

fF Lb -

fF-rGr Lb relict gleyic conditions

1
Ad-hoc-AG Boden, 2005. Bodenkundliche Kartieranleitung. Schweizerbart, Hannover.

2   FAO, 2006. Guidelines for Soil Description, fourth ed. Food and Agriculture Organization of the United Nations, Rome. 

Further information
Discontinuities (geological stratification) are indicated in KA5 as prefixes by Roman numerals (I, II, III…) and in FAO by Arabic numerals (1, 2, 3…). 

Buried soil horizons are indicated in KA5 as suffixes by "f" and in FAO by "b". 



Supplement 4: Description of relief characteristics deduced from the DEM used as predictor variables 
for the determination of palaeosol sites. 

Relief characteristics Description/method/reference 
Elevation Elevation above sea level  
Slope Slope gradient The amount of inclination of the land surface to the 

horizontal (SAGA terrain analysis module; Zevenbergen and Thorne, 
1987). 

Plan curvature Horizontal curvature of the land surface. It can be also described as the 
curvature of the hypothetical contour line that passes through a specific 
cell. The plan curvature is positive for concave contours and negative for 
convex contours and can be associated with the accumulation and 
dispersion of surface water flow (SAGA terrain analysis module; 
Zevenbergen and Thorne, 1987). 

Profile curvature Vertical curvature of the land surface in the direction of the steepest 
slope and perpendicular to the plan curvature (SAGA terrain analysis 
module; Zevenbergen and Thorne, 1987). 

Relative slope 
position 

Relative slope position of a cell between valley floor (0) and ridge top (1) 
(SAGA terrain analysis module; Böhner and Selige, 2006). 

Vertical distance to 
channel network 

Vertical distance between the elevation of a cell and the elevation of the 
closest channel. It utilizes a channel network density of 5% (SAGA terrain 
analysis module; Olaya and Conrad, 2009). 

LS factor Relation between erosive slope length and slope gradient to predict the 
potential vulnerability of a site to soil erosion (SAGA terrain analysis 
module; Olaya and Conrad, 2009). 

Flow accumulation Number of upslope cells flowing into each downslope cell. Cells with a 
high flow accumulation are areas of concentrated flow and may be used 
to identify stream channels (SAGA terrain analysis module; Freeman, 
1991). 

Convergence index Parameterizes how surface water in a cell converges or respectively 
diverges (SAGA terrain analysis module; Köthe and Lehmeier, 1996). 

Topographic wetness 
index 

Anticipated soil moisture of an area in terms of its surrounding 
topography (SAGA terrain analysis module; Olaya and Conrad, 2009). 

 

Böhner, J., Selige, T., 2006. Spatial prediction of soil attributes using terrain analysis and climate 
regionalisation. In: Böhner, J., McCloy, K.R., Strobl, J. (Eds.), SAGA – Analysis and Modelling 
Applications. Göttinger Geographische Abhandlungen 115, Goltze, Goettingen, pp. 13-28. 

Freeman, G.T., 1991. Calculating catchment area with divergent flow based on a rectangular grid. 
Computers & Geosciences 17, 413-422. 

Köthe, R., Lehmeier, F., 1996. SARA – System zur Automatischen Relief-Analyse. User Manual, 2. 
Edition. Dept. of Geography, University of Göttingen, unpublished. 

Olaya, V., Conrad, O., 2009. Geomorphometry in SAGA. In: Hengl, T., Reuter, H.I. (Eds.), 
Geomorphometry: Concepts, software, applications. Developments in Soil Science 33, Elsevier, 
Amsterdam, pp. 293-308.  

Zevenbergen, L.W., Thorne, C.R., 1987. Quantitative analysis of land surface topography. Earth 
Surface Processes and Landforms 12, 47-56. 



Supplement 5: Box-and-whisker plots of relief characteristics of palaeosols in the Serrahn area (n = 
506). For ranking of their relative statistical importance see Supplement 6. 
 

 
 



Supplement 6: Ranking of relative statistical importance of relief characteristics for palaeosol sites 
deduced from the absolute deviation of the median. 
 

Rank Relief characteristics Relative statistical importance [%] 
1 Flow accumulation 100 |||||||||||||||||||||||||||||||||||||||||||||||||| 
2 Plan curvature 65.7 ||||||||||||||||||||||||||||||||| 
3 Relative slope position 60.5 |||||||||||||||||||||||||||||| 
4 Vertical distance to channel network 54.1 ||||||||||||||||||||||||||| 
5 LS factor 52.1 |||||||||||||||||||||||||| 
6 Profile curvature 47.4 |||||||||||||||||||||||| 
7 Convergence index 46.2 ||||||||||||||||||||||| 
8 Slope 21.4 ||||||||||| 
9 Elevation 11.2 |||||| 

10 Topographic wetness index 0.7 | 
 

 



Supplement 7: Simplified pollen diagram Mü-1 (from Küster, 2014). For location see Fig. 4B. 
 

 
 

 



Supplement 8: Simplified pollen diagram KFS8. For location see Fig. 4B. 
 

 
 

 



Supplement 9: Simplified pollen diagram FUER14. For location see Fig. 4B. 
 

 
 

 



Supplement 10: Simplified pollen and macrofossil/compartment diagram FUER15. Macrofossils/compartments are given in total numbers (for countable objects) 
or estimated proportions of the total volume for charcoal, sand, tissues and wood (adapted from Kaiser et al., 2014a). For location see Fig. 4B. 
 

 
 

 



Supplement 11: Simplified pollen diagrams FUER3 and FUER6 comprising single pollen samples of these profiles. The pollen sum includes all tree pollen types, 
Corylus, and pollen types attributed to upland herbs. The low pollen sums result from poor pollen preservation and concentration in most of the samples. The 
samples of FUER3 consist nearly entirely of charcoal particles, so that explicit counting of charcoal particles, as performed in FUER6, was unfeasible (adapted 
from Kaiser et al., 2014a). For locations see Fig. 4B. 
 

 
 

 



Supplement 12: Charcoal analysis (soil anthracology) of soil profiles east and west of Serrahn village.

Profile Site ID Depth Soil horizon Dating1 Mean diameter2 Pinus Quercus Betula Populus/Salix Fagus Alnus Fraxinus cf. Prunus Decidous wood indet. Charred non-wood Sum
[cm] [KA5, simplified] [Culture, geol. era] [cm] [n] [n] [n] [n] [n] [n] [n] [n] [n] [n] [n]

S-1 20 10-50 M (Slavic) Medieval 4 34 - 1 - - - - - 1 3 39

S-1 20 50-100 fAh-fBv-ilCv ? 5 29 11 - 2 - - - - - 1 43

S-1 20 140-160 rGo-ilCv Late Pleistocene 8 20 2 - - - - - - - 17 39

S-3 18 0-20 Aeh, Bsh-M, M Modern Age 1 13 11 5 1 - 1 - 1 - 3 35

S-3 18 30-70 ylC Modern Age 4 23 1 2 - - - - - 1 6 33

S-3 18 56-100 ylC Pre-Roman Iron Age 5 29 6 1 1 - - - - - 4 41

S-3 18 130-160 ylC Pre-Roman Iron Age 10 16 16 2 - - - - - 2 7 43

S-3 18 50-90 ylC ? 2 20 1 1 - - - - - - 12 34

S-5 23 6-25 Bsh, M (Slavic) Medieval 2 52 5 - - - - - - - 3 60

S-5 23 25-95 M (Slavic) Medieval 1 15 22 1 - - - - - - 1 39

S-5 23 95-165 M (Slavic) Medieval 9 6 38 2 4 - - - - - - 50

S-5 23 165-175 fAh ? 10 3 49 - - 3 - - - - - 55

S-5 23 175-195 M Pre-Roman Iron Age 11 - 38 - - 1 - - - - 2 41

S-6 24 5-36 M (Slavic) Medieval 2 21 6 3 - 2 - - - - 9 41

S-6 24 45-85 M (Slavic) Medieval 6 20 15 3 - - - 1 - - 6 45

S-6 24 85-95 fAh (Slavic) Medieval 3 31 4 3 - - - - - - 2 40

S-6 24 95-104 M (Slavic) Medieval 2 24 4 5 2 - - - - - 4 39

S-6 24 104-120 M (Slavic) Medieval 7 15 14 10 - 1 - - - - 4 44

Sum - - - - 371 243 39 10 7 1 1 1 4 84 761

Share3 [%] - - - - 54.8 35.9 5.8 1.5 1.0 0.1 0.1 0.1 0.6 - -

1
Dating is based on geochronological data from the profiles.

2
Reconstruction is based on the method described in: Nelle, O., 2002. Zur holozänen Vegetations- und Waldnutzungsgeschichte des Vorderen Bayerischen Waldes anhand von Pollen- und Holzkohleanalysen. Hoppea - Denkrschriften der Regensburgischen Botanischen Gesellschaft 63, 161-361. 

3
Refers to the share of wood charcoal (sum = 677 particles) excluding charred particles being no wood.
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