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Abstract 43 

The Baltic Sea basins, some of which only submerged in the mid-Holocene, preserve Stone Age 44 
structures that did not survive on land. Yet, the discovery of these features is challenging and 45 
requires cross-disciplinary approaches between archeology and marine geosciences. Here we 46 
combine shipborne and AUV hydroacoustic data with up to a centimeter range resolution, 47 
sedimentological samples, and optical images to explore a Stone Age mega-structure located in 48 
21 m water depth in the Bay of Mecklenburg, Germany. The structure is made of 1,673 individual 49 
stones which are usually less than 1 m in height, placed side by side over a distance of 971 m in 50 
a way that argues against a natural origin by glacial transport or ice push ridges. Running 51 
adjacent to the sunken shoreline of a paleo-lake (or bog), whose youngest phase was dated to 52 
9143±36 ka BP, the stonewall was likely used for hunting the Eurasian reindeer (Rangifer 53 
tarandus) during the Younger Dryas or early Pre-Boreal. It was built by Hunter-gatherer groups 54 
that roamed the region after the retreat of the Weichselian Ice Sheet. Comparable Stone Age 55 
mega-structures have become known worldwide in recent times, but are almost unknown in 56 
Europe. Representing one of the oldest documented hunting structures on Earth, and potentially 57 
the largest known Stone Age structure in Europe, the site will become important for 58 
understanding subsistence strategies, mobility patterns, and inspire discussions concerning the 59 
territorial development in the Western Baltic Sea region. 60 

Significance Statement 61 

Structures from the stone-age can provide unique insights into Late Glacial and Mesolithic 62 
cultures around the Baltic Sea. Such structures, however usually did not survive within the 63 
densely populated Central European sub-continent. Here we explore a newly discovered Stone 64 
Age mega-structure from the Western Baltic Sea, that was likely constructed more than 10,000 65 
years ago. After it drowned during the Littorina transgression at 8.500 years before present, it 66 
remained hidden at the seafloor, leading to a pristine preservation that will inspire research on the 67 
lifestyle and territorial development in the larger area.  68 



 

3 

Main Text 69 

Introduction 70 

The seafloor is shaped by geologic, biologic, and anthropogenic processes. The resulting 71 
morphologies are manifold and their description and quantification can teach us about the 72 
underlying processes (1-2). Yet the seafloor is veiled from our eyes and we rely on geophysical 73 
and underwater visual studies. For many decades it has been possible to resolve seafloor 74 
features on a scale of meters to tens of meters (depending on water depth) using ship-borne 75 
multibeam echosounder systems. Many smaller structures have, however, simply not been 76 
discovered to date. We applied state-of-the art hydrographic and geophysical instruments and 77 
processing, as well as archaeological diving techniques to investigate a remarkable morphologic 78 
feature consisting of thousands of aligned stones that we discovered in the Baltic Sea at a water 79 
depth of about 21 m. The structure is located in the Bay of Mecklenburg, about 10 km northwest 80 
off Rerik, in Germany (Fig. 1).  81 

The Bay of Mecklenburg is located in the southwestern part of the Baltic Sea (Fig. 1a) and was 82 
mainly shaped by the Weichselian glaciation (3). The sea level in this region since the 83 
Weichselian glaciation was governed by glacio-isostatic rebound and climatically controlled by ice 84 
coverage. Transgression and regression phases have led to at least four evolutionary stages of 85 
the Baltic Sea during the Holocene where alternating fresh, brackish and marine water conditions 86 
occurred due to the opening and closure of drainage channels to the North Sea. As a result, rapid 87 
sea-level fluctuations occurred along the present-day coast of the Baltic Sea (4). Stattegger and 88 
Leszczyńska (5), provide evidence that the sea level in the Western Baltic Sea rose from -28 m to 89 
-10 m below the mean relative sea level during the Littorina transgression between 8.57 to 8.0 ka 90 
BP. Schwarzer et al. (6), report on a sea level rise from -40 m to -20 m between 13,3 and 12,7 ka 91 
BP. The Bay of Mecklenburg has a maximum water depth of about 28 m. Shallow sedimentary 92 
strata is characterized by Holocene sandy mud that gets progressively sandier towards the coast. 93 
The surficial sediments are deposited on a basal till which is occasionally exposed on the 94 
seafloor.  95 

The region is well known for its high density of submerged archeological sites, most of them 96 
documented by Lübke (7) and during the following SINCOS project between 2002-2009 (8-10). 97 
With a scientific focus on the post-Littorina transgression period, 23 submerged sites were 98 
uncovered in water depths of eleven to two meters, dating from 8,500 to 5,000 years BP, 99 
shedding light on the continues settlement activities and the resilience of these societies. While 100 
older submerged sites are known from Scandinavia and the Eastern Baltic (11-13), older sites in 101 
Northern Germany are currently only known from the hinterland. Examples are the late glacial 102 
hunting spots at the Saaler Bodden (14) or the Ahrensburger Tunneltal (15), as well as the early 103 
Holocene camp sites at Hohen Viecheln at Lake Schwerin (16-17) or ancient Lake Duvensee (18-104 
20). Located in a water depth of about 21 m, the newly discovered stonewall likely predates the 105 
Littorina transgression, representing possibly the first known submerged Paleolithic archeological 106 
site in the German section of the Baltic Sea. With frequent outcrops of basal till in water depths 107 
ranging from the present coastline to more than 20 meters (21) and given the above-mentioned 108 
advances in resolution of shallow water hydroacoustic data, it seems likely, however, that similar 109 
yet undiscovered sites can be found elsewhere. 110 
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Results 111 

The seafloor structure and basin-wide morphology in the Bay of Mecklenburg have been 112 
investigated by means of hydroacoustic data during numerous research campaigns over the last 113 
decades. However, it was only in September 2021, that we detected a spatially continuous, 114 
almost 1 km long, and usually <1 m high morphologic feature in high resolution shipborne 115 
multibeam echosounder data. This elongated structure, that we hereafter refer to as the 116 
Blinkerwall, is located on the southern (landward) facing site of a northeast-southwest trending 117 
bathymetric ridge (Figs. 1 & 2). On its northeastern site, the ridge is connected to a concentric 118 
mound that elevates to a water depth of 13.5 m (Fig. 2a). The Blinkerwall extends over a 119 
longitudinal distance of 971 m between water depth of 21 m in the east and 21.5 m in the west. 120 
Towards the southeast (i.e. towards the present-day coastline), the two topographic elevations 121 
connect to shallower waters via a 300 m wide ridge located in a water depth of about 19 m (Fig. 122 
1). 123 

The Blinkerwall is typically less than 1 m high (Figs. 2 & 3). Video observations from different 124 
sections along the wall, recorded by scientific divers, verified that the Blinkerwall is formed by a 125 
succession of individual stones (Fig. 4). The vast majority of the stones is also well resolved in 126 
the multibeam bathymetric data collected with the AUV at a range of about 2 m (Fig. 3). We used 127 
the high-resolution near-range AUV multibeam data to semi-automatically map the individual 128 
stones, in order to evaluate their sizes and quantities. From the semiautomatic mapping 129 
approach, we counted 1673 stones with a cumulative volume of 52.75 m³ and a cumulated weight 130 
of 142,437 kg. The latter has been calculated by multiplying the volume with the density of granite 131 
of about 2700 kg/m². While most stones weigh clearly below 100 kg, we also identified 288 132 
heavier stones as part of the structure. The largest stone, located in the central section of the 133 
wall, has a calculated weigh of 11,389 kg (Figs. 2b and 3c). Interestingly, it marks a sharp change 134 
from an east-west trending course of the stonewall to the west to a southwest-northeast trending 135 
course farther east. The second, third and fourth largest stones, with weighs of 2,083, 2,506 and 136 
5,792 kg are located at the western end of the wall, with the latter marking the termination of the 137 
wall (Figs. 2b and 3a). Overall, the ten heaviest stones are all located within regions where the 138 
stonewall changes its strike direction (Fig. 2b). 139 

Most stones are also well resolved in the side-scan sonar data collected on a regional basis (Fig. 140 
2c). The measured heights of the individual stones from the side-scan data, matches with the 141 
semi-automatically determined heights from the AUV multibeam data, indicating consistence 142 
between the individual datasets. The side-scan data also indicate that elsewhere along the ridge, 143 
i.e. northward of the Blinkerwall, the seafloor is characterized by a high backscatter indicative for 144 
a rough topography (Fig. 2b). The high backscatter results from similar stones to the ones within 145 
the wall, which are widely distributed but randomly scattered farther upslope on the southwest-146 
northeast trending bathymetric ridge and the adjacent mound. Directly northwards of the wall, the 147 
stone-density decreases from 0.045 stones/m² at distances of 10-50 m from the wall, to 0.029 148 
stones/m² at 0-10 m distance (Fig. 2b). Especially along the western section of the wall, there are 149 
almost no stones within the first 10 m northwards of the wall. Towards the south, no similar 150 
stones are found and the high backscatter character changes 5 - 25 m southwards of the wall. 151 
Here, a homogenously low backscatter suggests the presence of Holocene sediments (mud) 152 
deposited on the underlying basal till. 153 

To investigate the regional geological setting and to reconstruct the paleo-landscape adjacent to 154 
the Blinkerwall, we compiled various sediment echosounder lines. These data resolve the 155 
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structure of the southwest-northeast trending bathymetric ridge that hosts the Blinkerwall, as well 156 
as the adjacent sedimentary basins towards the north and south (Fig. 5). The bathymetric ridge is 157 
described by a high amplitude seafloor reflection that hinders the imaging of deeper strata. The 158 
high reflection character matches the high backscatter signal observed in the side-scan sonar 159 
data. Towards the south, the seafloor loses its high-amplitude reflection character in the sediment 160 
echosounder and the side-scan sonar data. This is due to the presence of a shallow sedimentary 161 
basin. Within the basin, a high-amplitude erosional unconformity reflector divides an upper unit of 162 
well-stratified sediments from a lower unit of less-stratified sediments with lower reflectivity. Along 163 
the sediment echosounder line shown in Figure 5, the upper unit reaches a thickness of 2.5 m 164 
while the lower unit is up to 3.5 m thick. The sediments in the upper unit show a parallel to sub-165 
parallel relationship with the erosional unconformity. 166 

Sediment core L0923-07, located about 890 m southwards of the wall (Fig. 1) within the shallow 167 
sedimentary basin, recovered mainly Holocene mud before terminating at 1.8 m below the 168 
seafloor. Penetration at this depth was hindered by a peat layer that shows reduced reflectivity in 169 
the sediment echosounder data (Fig. 5). This layer overlies the erosional unconformity and wood 170 
samples from it preserved in the core catcher terminating the gravity core liner were dated to 171 
10,578 ±84 cal BP (Beta Analytic, Beta - 673904). The age of the wood samples suggest that the 172 
underlying erosional unconformity corresponds in time to the Yoldia to early Ancylus Lake 173 
lowstand around 11.7 cal ka BP (3-4). A corresponding unconformity has been observed 174 
elsewhere in the region (22-23). Another wood sample taken from the upper layer of the sediment 175 
in the low backscatter area about 10 m southwards of the wall was dated to 9,886 ±36 cal BP 176 
(Vilnius radiocarbon, FTMC-TR12-4). We therefore refer to the upper unit as Holocene sediments 177 
whereas we interpret the lower unit as Baltic Ice Lake sediments (Fig. 5).  178 

The erosional unconformity reflector crops out at the surface slightly south of the Blinkerwall, 179 
forming the seafloor of the bathymetric ridge as well as the adjacent mound. On the southern 180 
flank of the bathymetric ridge, the surface of the reworked till deposits is not imaged continuously 181 
below the overlying sediment. The patchy character is, however, likely an artifact caused by the 182 
steep slope of the reflector along the flank of the basin. The southern boundary of the 183 
sedimentary basin is also defined by the outcropping of reworked till deposits, forming the 184 
seafloor towards Rerik and the islands of Wustrow and Poel. 185 

Combining dozens of sediment echosounder lines, we traced the erosional unconformity, which 186 
we interpret to correspond in time to the 11.7 ka Yoldia to early Ancylus Lake lowstand, within the 187 
Bay of Mecklenburg (Fig. 6). At this time, the Blinkerwall (if it existed already) was located on an 188 
east-west trending topographic height that was linked to the hinterland in the southeast. South of 189 
the wall, located a 5 km wide basin with a maximum paleo-depth of 25 m, which is ~3-3.5 m 190 
below the ancient landscape adjacent to the Blinkerwall. Today, the basin contains up to 2.5 m of 191 
sediment on top of the Yoldia to early Ancylus Lake lowstand unconformity and up to 3.5 m of 192 
Baltic Ice Lake sediment below the unconformity.  193 

Discussion  194 

The Blinkerwall represents an exceptional morphologic feature, which, to the best knowledge of 195 
the authors, has not yet been observed elsewhere in the Baltic Sea. The sediment echosounder 196 
data indicate that the structure is located on the reworked basal till deposits of the Weichselian 197 
glaciation (Fig. 5; also compare 23). This was confirmed by diver observations during underwater 198 
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surveys at the site. After the retreat of the Weichselian ice at around 17 cal ka BP (24), the basal 199 
till formed the land-surface until it was repeatedly flooded during the following transgressions and 200 
regression of the Holocene Baltic Sea development (25). Considering the water depths of around 201 
21 m, the seafloor surrounding the Blinkerwall was exposed above sea-level during the lowstand 202 
of the Baltic Ice Lake (around 12.8 ka) and the Yoldia Sea (around 11.7 ka), both within the 203 
period of the Younger Dryas. It was also a terrestrial landscape during the lowstand following the 204 
Ancylus Lake regression (around 9.5 ka) in the Holocene (4). It was ultimately flooded during the 205 
Littorina transgression between 8.6-8.0 ka BP, that followed on the Ancylus lowstand (5-6). 206 

Holocene sedimentation in the Bay of Mecklenburg and elsewhere in the Baltic Sea has resulted 207 
in a thick sediment cover of Holocene mud, which also defines the shallow strata in the 208 
sedimentary basin southwards of the wall (Fig. 5). The Blinkerwall is located slightly upslope from 209 
where the reworked till deposits are buried beneath the stratified Holocene sediments and less 210 
well resolved sediments with a lower reflectivity located below the Yoldia to early Ancylus Lake 211 
lowstand unconformity. These older sediments were probably deposited during the existence of 212 
the Baltic Ice Lake (compare unit 3 in (23) and Baltic Ice Lake II deposits described by Endler et 213 
al. (22)). The transition from the sediments to the outcropping till deposits is resolved in the side-214 
scan data due to the higher backscatter of the latter (Fig. 2c). The side-scan mosaic and the 215 
multibeam echosounder data show that stones are common features on the partially eroded till 216 
deposits (Figs. 2-3). This is a result of the subaerial exposure and shallow water environment the 217 
till was exposed to, leading to erosion and subsequent accumulation of formerly buried stones on 218 
its surface (26). Farther downslope within the basins, similar stones likely also exist in the basal 219 
till. However, already ~25 m southwards of the wall they are blanketed by more than 1 m of 220 
overlying sediment, the majority of which likely corresponding to the Baltic Ice Lake as indicated 221 
by the 9.9 cal ka BP wood sample from the surface sediments about 10 m south of the wall  (Fig. 222 
5). The existence of stones on the reworked till deposits on its own, however, does not shed light 223 
on the process that placed some of these stones side by side to create a 971 m long feature.  224 

There is no doubt that sufficient stones for the construction of the Blinkerwall were available in the 225 
immediate vicinity (tens to hundreds of meters) north of the wall where the basal till is exposed at 226 
the seafloor. Southwards of the wall, the basal till is covered by the Holocene sediments and the 227 
underlying Baltic Ice Lake sediments. Here, the basal till may only have acted as source for a 228 
sufficient number of stones before the deposition of the Baltic Ice Lake sediments. In the following 229 
sections we discuss natural and anthropogenic processes that are known to shape the land and 230 
seascape and evaluate whether they might be responsible for the genetic origin of the wall. 231 

Natural processes as origin of the Blinkerwall 232 

Natural processes capable of transporting stones exist, but they are rare and tied to specific 233 
geological settings. Huge tsunami waves for example can transport meter-scale stones and 234 
deposit them into large boulder fields (27). There are prominent examples of stones that have 235 
been moved by this process over kilometers within ocean basins or along continental slopes and 236 
volcanic islands (e.g. the Fogo tsunami boulder on Santiago Island (28)). We are, however, not 237 
aware of a case where a tsunami wave has placed stones side-by-side along a 1 km long line. 238 
The rare occurrence of tsunami in the Baltic Sea reported from Swedish and Polish coasts (29) 239 
combined with the location of the wall on the landward side of the bathymetric ridge, that would 240 
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have buffered the wave energy on the seaward side, does not support a tsunami or storm-wave 241 
transport and deposition of stones along this paleo shoreline. 242 

Moving ice is also able to transport stones. After the retreat of the Weichselian glaciers around 17 243 
cal ka BP (24), different types of moraines remained in Northern Europe, that shape the 244 
landscape and seascape until today. From the different types, ground moraines are composed of 245 
till and not linked to linear ridges of stones. Lateral, medial, and terminal moraines, however, 246 
relate to ridges of unconsolidated debris. A lateral moraine as genetic origin of the wall seems 247 
implausible as there is no glacial valley in the area. This also rules out the presence of a medial 248 
moraine, which would require the presence of a glacial valley and corresponding lateral moraines. 249 
The region of the Blinkerwall, in contrast, was likely located in the center of a glacier stream at the 250 
time of the last glacial maximum based on the ice-marginal positions compiled by Stroeven et al. 251 
(24). The wall itself is oriented in SW-NE direction, and thus perpendicular to the expected 252 
direction of a terminal moraine in the area. Overall, the geographic position of the Blinkerwall 253 
makes it unlikely that it represents the remnants of a moraine from the Weichselian glaciation. 254 
Furthermore, the lack of a gravel fraction also argues against a moraine.  255 

Subglacial meltwater tunnels (eskers) are found near former ice marginal lines, where they also 256 
form ridges composed of sand and gravel that can also include stones (30). In the Baltic Sea, 257 
reworked, branched, and stone-rich eskers up to 7 m high and a few hundred meters in length 258 
have been observed (31). In general, the height and width of eskers vary, but can reach several 259 
meters up to 50 m in height and up to 150 m in width (32). Esker lengths can exceed tens of 260 
kilometers, although they are often fragmented into shorter ridges measuring a few kilometers in 261 
length (30). The low height and small width of the Blinkerwall, along with the lack of a gravel 262 
fraction, are inconsistent with a glaciofluvial origin. 263 

From Estonia and elsewhere in Scandinavia, beach ridges made of gravel have been reported to 264 
result from sediment laden ice-mases that drift to the shoreline, possibly wind-driven, thereby 265 
depositing their load (33). This process requires a coastline at -21 m (i.e. at the water depth of the 266 
Blinkerwall) and the availability of stones from outcropping basal till at the seafloor (or lake floor) 267 
in the adjacent basin to the south. Considering the late Pleistocene and Holocene Baltic Sea 268 
development, a coastline at 21 m was likely present repeatedly, but only over decadal to 269 
centennial periods during the transgressions and regressions in between the highstands and 270 
lowstands of the Baltic Ice Lake, the Yoldia Sea and the Ancylus Lake (4-6). The Littorina 271 
transgression between 8.6-8.0 ka BP, that followed on the Ancylus lowstand, represents the 272 
ultimate period when the Baltic Sea level was reduced by 21 m. During this time, however, the 273 
Baltic Ice Lake sediments and the overlying sediments from the Yoldia Sea and possibly the 274 
Ancylus Lake, had already blanketed the basal till within the basin. The same holds true for the 275 
transgressions and regressions related to the Yoldia Sea and the Ancylus Lake. 276 

The most plausible timing, for ice thrusting along a paleo-shoreline as genetic origin of the wall, 277 
therefore falls into the period of the Baltic Ice Lake. Here, the paleo-lake level variations are less 278 
well resolved compared to the later stages of the Baltic Sea (4). However, it appears likely that 279 
there have been periods when the lake-shore was around -21 m and when the basal till was not 280 
significantly covered by sediments. Being built at this time would, however, imply that the 281 
Blinkerwall formed more than 13 ka ago, and since then had withstand several of the later 282 
transgressions and regressions of the Baltic Sea, where it would have been in the swash zone for 283 
decades. Considering the well-confined width of the wall of generally less than 2 m, it is 284 
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questionable whether such a pristine preservation is possible when the wall has been repeatedly 285 
located in a high-energetic near coastal environment.  286 

Another doubt, whether the Blinkerwall may originate from ice-thrusting along a paleo shore-line 287 
relates to the morphology of known ridges. The ridges usually extend over some meters up to 288 
tens of meters and also include a fine (gravel) fraction (33). The Blinkerwall, however, lacks such 289 
a gravel fraction and also shows a width limited to 2 m. Furthermore, the eastern end of the 290 
Blinkerwall is located in 21 m water depth whereas the western end is located about half a meter 291 
deeper at 21.5 m. If the Blinkerwall is related to an ice push ridge, the elevation of the respective 292 
paleo shore-line would have to vary by 0.5 m. For a shoreline, such a variation over a distance of 293 
less than 1 km seems unlikely. 294 

Taken together, the aspects discussed above do not ultimately rule out a natural process as the 295 
genetic origin of the Blinkerwall. However, for each of the different processes, several unresolved 296 
questions remain. We consider a shoreline influenced by drifting-ice as least unlikely, whereas 297 
eskers, moraines and tsunami deposits appear highly implausible. Finally, there is one 298 
observation that cannot be explained by natural processes at all, and which pointed us towards a 299 
possible anthropogenic origin of the structure. This is the preferential location of the largest and 300 
heaviest stones at knickpoints along the 971 m long Blinkerwall (Fig. 2b). 301 

Anthropogenic construction of the Blinkerwall in the Modern Age 302 

In the absence of basal complexes and basement rocks in Northern Germany, glacially-derived 303 
stones were used for construction purposes in this area towards the end of the last millennium. 304 
The demand for stones resulted in the birth of stone-fishing as a profession. Stone-fishing 305 
represents an anthropogenic effort to move and conquer boulders from the marine environment 306 
using stone pincers and ropes. Stone-fishing along the shorelines of the Western Baltic Sea 307 
dates back to (at least) the end of the 18th century (34). For Mecklenburg-West Pomerania, a 308 
recent investigation identifies 55 locations along the shoreline, where stone-fishing was 309 
conducted (34). All sites are located in shallow water environments below 6 m water depth, and 310 
the vast majority of sites concentrates to the east of the Island of Rügen. After 1906 stone-fishing 311 
was prohibited and the stones were left in place being identified as important habitat and also 312 
useful for coastal protection. Because stone-fishing concentrated on the near-coastal waters and 313 
was not done in the central basins, we consider an anthropogenic movement of the stones for the 314 
purpose of stone-fishing an unlikely candidate to explain the construction of the Blinkerwall. 315 
Furthermore, it seems unlikely that within the 18th and 19th century, stone-fishers would have 316 
been able to place the stones next to each other over a distance of about 1 km given the water 317 
depth of about 21 m. Let alone the fact that their intention was to remove the stones rather than 318 
place them elsewhere on the seafloor. 319 

Stone accumulation at the seafloor could also occur as a result of stone excavation during cable 320 
or pipeline construction. However, the nearest infrastructure of this kind, the "Baltic Cable" 321 
connecting the German and Swedish power networks (35), is situated more than 3 km towards 322 
the north and was placed into the fine-grained deposits of the central Bay of Mecklenburg (36). 323 
Therefore, it is unlikely that this infrastructure is responsible for the observed accumulation of 324 
adjacent stones. It also fails in explaining the change in strike direction of the wall at the position 325 
of the largest stone.  326 
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Anthropogenic construction of the Blinkerwall in Prehistoric times 327 

With a natural origin and modern activities unlikely, the Blinkerwall was most probably built in 328 
prehistoric times. Located in a water depth of 21 m, submergence occurred latest between 8.57-329 
8.0 ka BP, considering the sea-level reconstructions for the Bay of Mecklenburg (5). This 330 
timespan directly serves as a terminus ante quem for the construction. Additionally, the wood 331 
sample recovered from the uppermost peat level of the adjacent paleolake can serve as a post 332 
quem for the submerging of this landscape after 9.1 ka BP. This timeframe is highly remarkable, 333 
as it excludes agrarian societies as founders. Instead, the regional chronology model (37) 334 
recommends ownership to the regional hunter-gatherer societies. Several archaeological traces 335 
from the ninth millennia BP are documented in the region of the southern Baltic Sea (9, 38). But 336 
while these societies are generally known for small-scale camps and non-permanent features, the 337 
feature at hand clearly classifies as a stationary structure. It encompasses around 1385 stones 338 
that weight less than 100 kg and that should be movable by a small group of people. These 339 
movable stones were used to connect about 288 larger stones, with some of them clearly non-340 
movable by hand. All stones locate at the southern flank of a ridge made of glacial till, indicating 341 
that the raw material outcrop for the stones was directly accessible. This implies a short and 342 
downslope directed transport of the stones. This hypothesis is supported by the 10 m wide stripe 343 
just north of the Blinkerwall that shows a reduced stone density. With an estimated number of 344 
1281 of persons living contemporaneously in Northern Germany and Poland during the latest 345 
glacial (39), and a group size of 40-45 persons during the course of a year (Group size 2, cf. 40), 346 
the construction of an about 1 km long stonewall would imply the high relevance of this structure 347 
for the group subsistence. It further raises the question, if the entire structure was built at once or 348 
over multiple stages. 349 

Similar sized man-made constructions are completely unknown from the region, making a 350 
functional interpretation challenging. Late and End Mesolithic coastal cultures are known for 351 
intensive use of the newly emerging marine resources 41-42), and fishing with stationary wooden 352 
fish weirs was of great importance (42-44). Theses constructions, however, usually did not 353 
exceed a few hundreds of meters in length, while the Blinkerwall is almost 1 km long. From other 354 
parts of the world, fish weirs made of stone have also been documented (45-46). It seems, 355 
however, unlikely that the Blinkerwall has served as a stone fish weir, as these installations 356 
require an appropriate water flow for sufficient functionality. They are therefore usually 357 
constructed in rivers or on coastal sections with a strong tidal range. Neither is the case at the 358 
location of the Blinkerwall. 359 

Also, several other functions seem unlikely due to the morphology and setting of the structure. 360 
This encompasses the use as an early groin for sea defense, which has been documented for a 361 
Neolithic site in the near East (47). With a width of usually less than 2 m, the Blinkerwall appears 362 
too small to function as base for such a coastal protection wall. The function of the Blinkerwall as 363 
an early harbor construction seems unlikely as the presumed age corresponds to a time for which 364 
boats have not been documented so far. Even if there would have been boats, they would not 365 
have been very sophisticated but may have been able to land on the beach (48-49). Moreover, it 366 
is a period where we most likely are dealing with highly mobile hunter-gatherer groups with 367 
questionable territorial claims. Without fixed territories, both, a groin as well as a harbor 368 
construction appear implausible. Instead, it appears more likely, that the late Paleolithic or early 369 
Mesolithic hunter-gatherers erected a structure that would need no mending throughout the year, 370 
and would be rather immediately useable when needed. 371 
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The hunting hypothesis 372 

Based on the information at hand, the most plausible functional interpretation for the Blinkerwall is 373 

that it was constructed and used as a hunting architecture, for driving herds of large ungulates. 374 

While the terms “hunter-gatherers” and “architecture” are not the most natural couple, recent 375 
research at sites like Göbekli Tepe, Turkey (50) offer a more complex picture. Hunting 376 
architecture is thereby defined as a human-made modification to the natural landscape or any 377 
built stationary structure with the primary goal of procuring animal resources (51). In recent years, 378 
mega-scale stone-walled enclosures have been documented especially in arid regions, where the 379 
preservation potential is high due to the lack of fluvial erosion and sedimentation (52-53, cf. 380 
https://www.globalkites.fr/). But also, in low-populated areas like west-Greenland (54-55), or 381 
submerged within the Great Lakes of North America (51, 56), similar structures have survived. 382 
These documented structures often encompass different elements including one or more drive 383 
lanes for manipulating the movement direction of the animals, corrals for trapping, and hunting 384 
blinds for killing the animals. Table 1 lists several stonewalls of different sizes, that were used as 385 
driving lanes or corrals in the drive hunt for ungulates living in herds. In warmer regions, these 386 
ungulates usually encompass gazelles or antelopes, whereas in colder regions like in the 387 
Western Baltic Sea, they are represented mainly by reindeer or bison (56).  388 

For a long time, the dating of such mega-structures was problematic, but in the meantime, it has 389 
been possible to prove that individual structures are of prehistoric age (57-59). Due to 390 
comparable environmental conditions in the Late Glacial/Early Holocene transition, stone walled 391 
drive lanes that were used for reindeer hunting are of particular relevance for the interpretation of 392 
the Blinkerwall. The now submerged “Drop 45” site located on the Alpena-Amberley Ridge in 393 
Lake Huron, US shares several characteristics with the Blinkerwall, including:  394 

 a location near the top of the slope, but below the crest, 395 

 a sub-parallel trending marsh/lake shore on one side, 396 

 the construction on bedrock, 397 

 the good preservation in a submerged context of 20-30m water depth 398 

 solid and continuous construction 399 

The functionality of Drop 45 is thereby assumed to be a drive lane for hunting large ungulates. 400 
This interpretation is supported by lithic artefacts, which were documented during multiple diving 401 
surveys. These artefacts culminated in certain constructions along the Drop 45 structure, which 402 
were interpreted as hunting blinds (51, 60). Along the Blinkerwall, the large erratic blocks could 403 
have served as similar hunting blinds. This, however, needs to be tested by further archaeological 404 
surveys.  405 

Both features differ, nevertheless, in scale. With a length of only 30 m and a total diameter of 100 406 
m, Drop 45 is much shorter compared to the Blinkerwall. Furthermore, Drop 45 encompass two 407 
stone lanes that narrow down to a small channel towards their ends, which is not the case for the 408 
site in the Bay of Mecklenburg. However, at the Blinkerwall, two opportunities for a cul-de-sac are 409 
evident. This could be either a second, parallel trending, row of stones to the south, which are 410 
now buried under the Holocene sediments. Or, a small land-bridge between the wall and an 411 
adjacent lake. Although reindeer are generally happy to swim, the water would have slowed down 412 
the animals allowing effective hunting from nearby boats (54). 413 
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Like many other drive lanes, the topographic orientation of Drop 45 suggests biannual migration 414 
routes of large ungulates, most likely caribou (Rangifer tarandus) (51). Interpreting the Blinkerwall 415 
as a driving lane for panicked large ungulates on biannual migration routes, raises the question of 416 
the prey. The most obvious target of hunters in the region would be the Eurasian reindeer 417 
(Rangifer tarandus). Specialized hunting of reindeer herds using distinct topographies is 418 
documented since the Middle Paleolithic (61) and well known for the Baltic region (55, 62-63). 419 
Thereby hunters within these localities used the behavior of reindeers to be attracted to linearity, 420 
which is also used for the drive lanes (56). Furthermore, new studies (64) suggest east-west 421 
oriented migration routes for these herds which possibly explains, why the existing topography of 422 
the east-west oriented glacial ridge was chosen.  423 

However, the expanding Holocene forest likely modified the seasonal patterns (65) and led to an 424 
emigration of reindeer northwards. It was only until 9,8 ka BP, that these animals were regularly 425 
and predictably present in the area (66). Consequently, if the Blinkerwall served as a driving lane 426 
for the reindeer hunt, the terminus ante quem for its construction is the Pre-Boreal or late glacial 427 
period. This puts the Blinkerwall into range of the oldest known examples of hunting architecture 428 
in the world (58-59, 67) and potentially makes it the oldest man-made mega-structure in Europe. 429 
However, exact dating of such hunting structures is generally challenging as artefacts and 430 
carcasses are often missing in these settings due to ancient cleaning (56). The oldest known 431 
drive lane, a so-called desert kite, could only be dated by luminescence dating (10.000 BP, 58). 432 
Dating will also be a challenge for the Blinkerwall. 433 

Conclusion 434 

Combining marine geophysical, sedimentological, and archeological data and considerations, we 435 
suggest that the Blinkerwall is of late-Pleistocene/earliest Holocene age. The wide absence of 436 
similar-sized Stone Age mega-structures in Europe is likely due to preservation issues on the 437 
densely populated sub-continent, while difficulties of identification or even recognition could play 438 
another role (68-69). Offshore, their recognition is mainly hindered by the required centimetre to 439 
decimetre scale resolution of hydroacoustic data, which was usually not achieved in legacy 440 
studies conducted over the last decades. Furthermore, the Holocene sediment cover has already 441 
blanketed similar sized structures within the Baltic Sea basins, so that they only remain along 442 
structural heights where basal till crops out at the seafloor. In the Bay of Mecklenburg, there are, 443 
however, a certain number of sites where ground moraines from the Weichselian glaciation crop 444 
out at the seafloor in water depth around 20 m and beyond. These mounds and ridges (Fig. 1), 445 
which are largely starved off Holocene sediments, may provide crucial but yet missing information 446 
on the development of the Late Glacial and Mesolithic cultures during phases of rapid advance of 447 
the Baltic Sea. 448 

The suggested date and functional interpretation of the Blinkerwall makes the feature a thrilling 449 
discovery, not only because of its age but also because of the potential for understanding 450 
subsistence patterns of the early hunter-gatherer communities. As stated by A. Lemke, “[..] 451 
permanent hunting structures anchor [the foragers] to certain places on the landscape and create 452 
sociopolitical and economic tensions concerning ownership, territoriality, leadership, labor 453 
aggregation, group size, and other social dynamics.” (51). The discovery of this kind of structure 454 
shed new light on many aspects of the regional hunter-gatherers, especially regarding their 455 
socioeconomic complexity. This encompasses first the question and search for the associated 456 
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aggregation sites during building and hunting season (19, 38). Second, we need to ask, if the 457 
comprehensive stationary fish weirs from the post-Littorina Mesolithic can be possibly interpreted 458 
in the tradition of the stationary driving lanes from the Late Paleolithic/pre-Littorina Mesolithic? 459 
And finally, it is interesting to mention, that the ethnographic comparisons for continuous and 460 
massive built driving lanes like the one at hand suggest the use of spear or lance (51). While bow 461 
and arrow was regularly used these days (70-71) it could help to explain the high variability in 462 
projectile dimensions (15) and the suggested weapons documented e.g. for the late glacial 463 
tanged points (72). 464 

Materials and Methods 465 

Multibeam echosounder 466 

Multibeam echosounder data were collected in 2021 during RV ALKOR Cruise AL565 (73) and in 467 
2023 during FK Littorina cruise L0123 (74). In both cases, a NORBIT Multibeam iWBMS system 468 
was used. The roll offset of the system was calibrated through collecting data along the same 469 
profile in opposite directions. Sound velocity information from five Conductivity Temperature 470 
Depth (CTD) casts were derived for refraction of the soundings. For overlapping soundings that 471 
showed a systematic offset, we applied a refraction correction algorithm to minimize the standard 472 
deviation (75). The corrected soundings were spline filtered excluding the area of the wall. Here, 473 
we applied a point cloud-based filter and manual editing in order to account for the exceptional 474 
and complex seafloor morphology induced by the wall including the multitude of stones. Motion 475 
and navigation data were left unprocessed except for Real Time Kinematic (RTK) height editing 476 
and interpolation in one file. The processed soundings were gridded with a spacing of 0.5 m and 477 
ultimately re-interpolated in order to remove small data gaps within the area. The final grid is 478 
projected in UTM32N and tidally reduced to GCG2016 with mean sea level as vertical reference. 479 

Using the same multibeam system, we also collected bathymetric data using an Autonomous 480 
Underwater Vehicle (AUV) from the German Aerospace Centre (DLR). The AUV was deployed 481 
during FK Littorina cruise L0123 (74). The AUV is equipped with a doppler velocity log (DVL) for 482 
measuring velocity over ground, a pressure sensor for measuring depth, a sound velocity sensor, 483 
and a GNSS system for positioning at the sea surface. For underwater positioning the AUV uses 484 
a highly accurate inertial navigation system (INS, IXBLUE PHINS). The integrated INS enables 485 
the AUV to reach a high positioning accuracy. Its state-of-the-art positioning sensors enable the 486 
AUV to determine its current position, speed and orientation at any time with a horizontal 487 
uncertainty of 0.1% of the covered distance. With this information in conjunction with a scanning 488 
sonar for obstacle detection, the AUV can independently react to unforeseen environmental 489 
conditions and disturbances such as currents (up to 3 kn), rising or falling seabed and unknown 490 
objects or structures on the seafloor. Processing of the AUV data was conducted in a similar 491 
manner compared to the ship-based data, with a final grid spacing of 0.1 m, accounting for the 492 
shorter range.  493 

Semi-automated mapping of the stones in the AUV multibeam data was conducted through a 494 
combination of multiple hydrogeology tools in ArcMap. It mainly followed workflows used for 495 
mapping of seabed pockmarks (76). Using the inverse grid of the AUV multibeam data, all 496 
depressions (resulting from the inversion of the stones), were filled up to their pour point. The 497 
newly created grid was then subtracted from the original grid and areas that had changed by 498 
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more than 4 cm were classified and outlined with polygons. The outlines of the stones were then 499 
smoothed and their surface areas and volumes were calculated for each feature. Polygons with a 500 
surface area of less than 0.03 m² were deleted as this was close to the resolution of the 501 
underlying bathymetric grid. Subsequently, the polygons were manually inspected and those that 502 
did not encircle stones were removed. 503 

Scientific diving 504 

The site was visited and inspected by a team of scientific divers from Rostock University and the 505 
State Authority for Culture and Monuments in Mecklenburg Western Pomerania on one occasion. 506 
The dive primarily aimed at assessing the nature of the stonewall and to survey the surrounding 507 
seabed for the presence of possible archaeological artefacts. Additionally, a series of 508 
photographs were taken in order to create a measured photogrammetric model of the site (Fig. 509 
4). The photographs were processed in the software Agisoft Metashape for 3D reconstruction. 510 
The dives concentrated on two locations, namely the western end of the structure and a large 511 
stone in the center where the Blinkerwall changes direction (Figure 3c). 512 

While neither artifacts or dateable organic material was found in the immediate vicinity of the two 513 
dive locations, a small timber sample was retrieved from the Holocene sediments about 10 m to 514 
the south of the structure. The sample was used for radiocarbon dating by Vilnius radiocarbon, 515 
resulting in a conventional radiocarbon age of 9143 +- 36BP. Conversion to calendar years was 516 
based on the INTCAL20 database (77), resulting in an age of 9886 ±36 cal BP (95.4% certainty). 517 

Gravity coring and radiocarbon dating 518 

Sediment core L0923-07 was collected in 2023 during FK Littorina cruise L0923 at 54.1609°N 519 
and 11.4728°E. It was recovered with a 3 m long gravity corer attached to a weight of about 600 520 
kg. After recovery, the core was transported to the IOW. It was split and visually described. A 521 
wood fragment from the peat layer below 1.83 m core depth that were preserved in the core 522 
catcher were extracted and used for radiocarbon dating by Beta Analytics. The radiocarbon 523 
dating resulted in a conventional radiocarbon age of 9350 +- 30BP. Conversion to calendar years 524 
was based on the INTCAL20 database (77), resulting in an age of 10662 - 10494 cal BP (92.1% 525 
certainty). 526 

Sediment echosounder 527 

Data on the structure of the subseafloor was retrieved from seismic archives of Kiel University 528 
(CAU) and the Leibniz Institute for Baltic Sea Research Warnemünde (IOW). The data were 529 
recorded with the parametric subbottom profilers Innomar SES-2000® medium and SES96 530 
standard. Innomar SES-2000® medium systems are permanently installed on RV ALKOR and 531 
RV ELISABETH MANN BORGESE with a hull-mounted transducer, while the mobile system 532 
SES96 standard were used onboard RV PROFESSOR ALBRECHT PENCK. Data were recorded 533 
between 2002 and 2022. The Innomar systems are connected with a motion sensor for roll and 534 
pitch stabilization of the sound beam. Due to its parametric operation, it produces two high 535 



 

14 

frequencies, symmetrically placed around 100 kHz, to generate a focused low frequency 536 
soundbeam of low frequency. The resulting secondary frequency corresponds to the difference 537 
between the two high frequencies and can be set between 4 and 15 kHz. The systems have a 538 
vertical resolution of about 6 cm and its accuracy depends on the frequency and water depth, e.g. 539 
100/10 kHz: 2/4 cm + 0.02% of the water depth (78). The secondary frequency for data used in 540 
this study was set between 6 to 12 kHz. For interpretation in this study, raw data were converted 541 
to the sgy-format with the Innomar software tool SESconvert, and loaded into HIS Kingdom for 542 
further interpretation. 543 

Side-scan 544 

Backscatter data were acquired using the dual frequency (100/400 kHz) Klein Marine Systems, 545 
Series 4000 side-scan sonar. Data were recorded onboard the research vessel Elisabeth Mann 546 
Borgese on September 20 and 21, 2020 (79) and processed with SonarWiz 7 (Chesapeake) to a 547 
mosaic resolution of 0.25 m. The high-frequency backscatter mosaics are shown in this study. 548 
Processing included slant range correction, empirical gain normalization, nadir filtering and 549 
layback corrections. The backscatter mosaic is projected in UTM32N. 550 

Acknowledgments 551 

We thank the captains and crew of RV Alkor, FK Littorina, RV Elisabeth Mann Borgese and RV 552 
Limanda for their great support during the recent cruises to the Blinkerwall. CRC1266 “Scales of 553 
Transformation – Human-environmental interaction in prehistoric and archaic societies” of the 554 
German Research Foundation (DFG, German Research Foundation, project number 555 
2901391021-SFB 1266). JJLH was supported by the Marie Curie action KARST, under the EU 556 
H2020 program, project number 101027303. 557 

References 558 

1 A. Micallef, S. Krastel, A. Savini, Eds., Submarine Geomorphology (Springer International 559 
Publishing, 2018) https:/doi.org/10.1007/978-3-319-57852-1 (November 14, 2023). 560 

2 G. A. Díaz-Mendoza, et al., Circular structures on the seabed: differentiating between natural 561 
and anthropogenic origins—Examples from the Southwestern Baltic Sea. Frontiers in Earth 562 
Science 11 (2023). 563 

3 T. Andrén, et al., “The Development of the Baltic Sea Basin During the Last 130 ka” in The 564 
Baltic Sea Basin, Central and Eastern European Development Studies (CEEDES)., J. Harff, 565 
S. Björck, P. Hoth, Eds. (Springer, 2011), pp. 75–97. 566 

4 R. Lampe, Lateglacial and Holocene water-level variations along the NE German Baltic Sea 567 
coast: review and new results. Quaternary International 133–134, 121–136 (2005). 568 

5 K. Stattegger, K. Leszczyńska, Rapid sea-level rise during the first phase of the Littorina 569 
transgression in the western Baltic Sea. Oceanologia 65, 202–210 (2023). 570 

redacted
Sticky Note
Add; Luukkanen, Harri T., and William W. Fitzhugh. "The Indigenous Watercraft of Northern Eurasia." (2019).



 

15 

6 K. Schwarzer, K. Ricklefs, A. Bartholomä, M. Zeiler, Geological Development of the North 571 
Sea and the Baltic Sea (2008). 572 

7 H. Lübke, “Filling a gap – Five years of underwater archaeological investigations on 573 
submarine Stone Age sites in Wismar Bay, Mecklenburg-Vorpommern, Germany.” in (2006), 574 
pp. 64–69. 575 

8 H. Lübke, F. Tauber, U. Schmölcke, “Mesolithic Hunter-Fishers in a Changing World a case 576 
study of submerged sites on the Jäckelberg, Wismar Bay, northeastern Germany” in (2011), 577 
pp. 21–37. 578 

9 S. Hartz, et al., Prehistoric Settlements in the south-western Baltic Sea area and 579 
Development of the Regional Stone Age Economy. Final report of the SINCOS-II-subproject 580 
4. Bericht der Romisch-Germanischen Kommission 92–2011, 77–210 (2014). 581 

10 H. Jöns, et al., “Germany: Submerged Sites in the South-Western Baltic Sea and the 582 
Wadden Sea” in The Archaeology of Europe’s Drowned Landscapes, Coastal Research 583 
Library., G. Bailey, N. Galanidou, H. Peeters, H. Jöns, M. Mennenga, Eds. (Springer 584 
International Publishing, 2020), pp. 95–123. 585 

11 P. M. Astrup, Sea-level Change Aarhus University Press. Aarhus Universitetsforlag 586 
(November 10, 2023). 587 

12 A. Hansson, et al., Shoreline Displacement, Coastal Environments and Human Subsistence 588 
in the Hanö Bay Region during The Mesolithic. Quaternary 2, 14 (2019). 589 

13 V. Žulkus, A. Girininkas, The eastern shores of the Baltic Sea in the Early Holocene 590 
according to natural and cultural relict data. Geo: geography and environment 7, e00087 591 
(2020). 592 

14 T. Terberger, P. De Klerk, H. Helbig, K. Kaiser, P. Kühn, Late Weichselian landscape 593 
development and human settlement in Mecklenburg-Vorpommern (NE Germany). E&G 594 
Quaternary Science Journal 54, 138–175 (2004). 595 

15 S. B. Grimm, et al., Late Glacial Occupation of Northern Germany and Adjacent Areas: 596 
Revisiting the Archives (Propylaeum, 2021) https:/doi.org/10.11588/propylaeum.950. 597 

16 E. Schuldt, Hohen Viecheln: Ein mittelsteinzeitlicher Wohnplatz in Mecklenburg, Reprint 598 
2021 Edition (De Gruyter, 1962). 599 

17 D. Groß, H. Lübke, J. Meadows, D. Jantzen, S. Dreibrodt, “Re-evaluation of the site Hohen 600 
Viecheln 1” in (2019), pp. 15–111. 601 

18 K. Bokelmann, “Spade paddling on a Mesolithic lake – Remarks on Preboreal and Boreal 602 
sites from Duvensee (Northern Germany)” in A Mind Set on Flint, Studies in honour of Dick 603 
Stapert., M. J. L. Th. Niekus, R. N. E. Barton, M. Street, Th. Terberger, Eds. (Barkhuis, 604 
2012), pp. 369–380. 605 

19 D. Groß, et al., People, lakes and seashores: Studies from the Baltic Sea basin and adjacent 606 
areas in the early and Mid-Holocene. Quaternary Science Reviews 185, 27–40 (2018). 607 



 

16 

20 D. Groß, I. S. Henke, H. Lübke, J. Meadows, U. Schmölcke, Duvensee WP 10 – an Early 608 
Mesolithic Site at Ancient Lake Duvensee, Germany. Journal of Wetland Archaeology 21, 1–609 
20 (2021). 610 

21 A. Feldens, et al., Distribution of boulders in coastal waters of Western Pomerania, German 611 
Baltic Sea. Frontiers in Earth Science 11 (2023). 612 

22 M. Endler, et al., Geo-acoustic modelling of late and postglacial sedimentary units in the 613 
Baltic Sea and their acoustic visibility. Marine Geology 376, 86–101 (2016). 614 

23 C. Heinrich, S. Anders, K. Schwarzer, Late Pleistocene and early Holocene drainage events 615 
in the eastern Fehmarn Belt and Mecklenburg Bight, SW Baltic Sea. Boreas 47, 754–767 616 
(2018).  617 

24 A. P. Stroeven, et al., Deglaciation of fennoscandia. Quaternary Science Reviews 147, 91–618 
121 (2016). 619 

25 S. Björck, A review of the history of the Baltic Sea, 13.0-8.0 ka BP. Quaternary International 620 
27, 19–40 (1995). 621 

26 B. Bohling, H. May, M. Thomas, K. Schwarzer, Regeneration of submarine hard-bottom 622 
substrate by natural abrasion in the western Baltic Sea. Marburger geographische Schriften 623 
145, 66–79 (2009). 624 

27 K. Goto, T. Kawana, F. Imamura, Historical and geological evidence of boulders deposited 625 
by tsunamis, southern Ryukyu Islands, Japan. Earth-Science Reviews 102, 77–99 (2010). 626 

28 R. Ramalho, et al., Hazard potential of volcanic flank collapses raised by new megatsunami 627 
evidence. Science Advances 1 (2015). 628 

29 A. Piotrowski, et al., Sedimentary evidence of extreme storm surge or tsunami events in the 629 
southern Baltic Sea (Rogowo area, NW Poland). Geological Quarterly 61, 973–986 (2017). 630 

30 R. D. Storrar, D. J. Evans, C. R. Stokes, M. Ewertowski, Controls on the location, 631 
morphology and evolution of complex esker systems at decadal timescales, 632 
Breiðamerkurjökull, southeast Iceland. Earth Surface Processes and Landforms 40, 1421–633 
1438 (2015). 634 

31 P. Feldens, M. Diesing, D. Wilken, K. Schwarzer, Submarine eskers preserved on Adler 635 
Grund, south-western Baltic Sea. Baltica: The International Journal on Geosciences 26, 636 
137–145 (2013). 637 

32 T. A. Brennand, Deglacial meltwater drainage and glaciodynamics: inferences from 638 
Laurentide eskers, Canada. Geomorphology 32, 263–293 (2000). 639 

33 K. Orviku, H. Tõnisson, Sea ice shaping the shores. Journal of Coastal Research (2011). 640 

34 K. Brauer, K. Burmeister, J. Lamp, Historische Steinfischerei an der Küste Mecklenburg-641 
Vorpommerns. – Gutachten des WWF Deutschland, Büro Ostsee im Auftrag der 50Hertz 642 
Transmission GmbH. (2020). 643 



 

17 

35 K. Meißner, H. Schabelon, J. Bellebaum, H. Sordyl, Impacts of submarine cables on the 644 
marine environment. Federal Agency of Nature Conservation (Germany). 81pp (2006). 645 

36 F. Tauber, Meeresbodensedimente in der deutschen Ostsee/Seabed sediments in the 646 
German Baltic Sea. Bundesamt für Seeschifffahrt und Hydrographie. Hamburg, Germany 647 
(2012). 648 

37 S. Hartz, H. Lübke, “New Evidence for a Chronostratigraphic Division of the Ertebølle 649 
Culture and the Earliest Funnel Beaker Culture on the Southern Mecklenburg Bay” in 650 
Materialhefte Arch. Baden-Württemberg, (2006), pp. 59–74. 651 

38 M. Sørensen, H. Lübke, D. Groß, The early mesolithic in southern scandinavia and Northern 652 
Germany. Star Carr 1, 305–329 (2018). 653 

39 I. Schmidt, B. Gehlen, A. Zimmermann, “Population estimates for the Final Palaeolithic 654 
(14,000 to 11,600 years cal. BP) of Europe – challenging evidence and methodological 655 
limitations” in (2021), pp. 221–237. 656 

40 L. R. Binford, Constructing Frames of Reference: An Analytical Method for Archaeological 657 
Theory Building Using Ethnographic and Environmental Data Sets (2019) (November 10, 658 
2023). 659 

41 S. Hartz, Die Steinartefakte des endmesolithischen Fundplatzes Grube-Rosenhof: Studien 660 
an Flintinventaren aus der Zeit der Neolithisierung in Schleswig-Holstein und 661 
Südskandinavien (Verein zur Förderung des Archäologischen Landesmuseums e.V. ; In 662 
Kommission bei Wachholz Verlag, 1999). 663 

42 A. Glyoku, Wachholtz Verlag | Aikaterini Glykou: Neustadt LA 156. Ein submariner Fundplatz 664 
des späten Mesolithikums und des frühesten Neolithikums in Schleswig-Holstein Hardcover. 665 
https://www.wachholtz-verlag.de/ (November 10, 2023). 666 

43 L. Pedersen, 7000 years of fishing: stationary fishing structures in the Mesolithic and 667 
afterwards. OXBOW MONOGRAPH, 75–86 (1995). 668 

44 S. Klooß, They were fishing in the sea and coppicing the forest. Terminal Mesolithic and 669 
Early Neolithic wooden artefacts of coastal settlements on the south-western Baltic Sea. 670 
Bericht der Römisch-Germanischen Kommission 92, 251–274 (2014). 671 

45 J. M. Connaway, Fishweirs: A World Perspective With Emphasis on the Fishweirs of 672 
Mississippi, Original Edition (Mississippi Dept of Archives &, 2007). 673 

46 L. Langouët, M.-Y. Daire, Ancient Maritime Fish-Traps of Brittany (France): A Reappraisal of 674 
the Relationship Between Human and Coastal Environment During the Holocene. J Mari 675 
Arch 4, 131–148 (2009). 676 

47 E. Galili, et al., A submerged 7000-year-old village and seawall demonstrate earliest known 677 
coastal defence against sea-level rise. PLOS ONE 14, e0222560 (2019). 678 

48 B. V. Eriksen, Looking for Facts…Still Missing the Boats! Norwegian Archaeological Review 679 
46, 92–94 (2013). 680 



 

18 

49 H. Glørstad, Where are the Missing Boats? The Pioneer Settlement of Norway as Long-681 
Term History. Norwegian Archaeological Review 46, 57–80 (2013). 682 

50 K. Schmidt, Göbekli Tepe - The Stone Age Sanctuaries. New results of ongoing excavations 683 
with a special focus on sculptures and high reliefs. Documenta Praehistorica 37, 239 (2011). 684 

51 A. Lemke, The Architecture of Hunting: The Built Environment of Hunter-Gatherers and Its 685 
Impact on Mobility, Property, Leadership, and Labor (Texas A & M University Press, 2022). 686 

52 R. Crassard, et al., The oldest plans to scale of humanmade mega-structures. PLOS ONE 687 
18, e0277927 (2023). 688 

53 A. Betts, W. P. van Pelt, The Gazelle’s Dream: Game Drives of the Old and New Worlds 689 
(Sydney University Press, 2021) https:/doi.org/10.2307/j.ctv24q4zh6 (November 10, 2023). 690 

54 B. Grønnow, M. Meldgaard, J. B. Nielsen, Aasivissuit, the Great Summer Camp: 691 
Archaeological, Ethnographical and Zoo-archaeological Studies of a Caribou-hunting Site in 692 
West Greenland (Commission for Scientific Research in Greenland, 1983). 693 

55 B. Gronnow, Meiendorf and Stellmoor Revisited: An Analysis of Late Palaeolithic Reindeer 694 
Exploitation (1985). 695 

56 A. Lemke, Literal niche construction: Built environments of hunter-gatherers and hunting 696 
architecture. Journal of Anthropological Archaeology 62, 101276 (2021). 697 

57 J. M. LaBelle, S. R. Pelton, Communal hunting along the Continental Divide of Northern 698 
Colorado: Results from the Olson game drive (5BL147), USA. Quaternary International 297, 699 
45–63 (2013). 700 

58 S. al Khasawneh, A. Murray, F. Abudanah, A first radiometric chronology for the Khatt 701 
Shebib megalithic structure in Jordan using the luminescence dating of rock surfaces. 702 
Quaternary Geochronology 49, 205–210 (2019). 703 

59  S. al Khasawneh, A. Murray, K. Thomsen, W. AbuAzizeh, M. Tarawneh, Dating a near 704 
eastern desert hunting trap (kite) using rock surface luminescence dating. Archaeol 705 
Anthropol Sci 11, 2109–2119 (2019). 706 

60 J. M. O’Shea, A. K. Lemke, E. P. Sonnenburg, R. G. Reynolds, B. D. Abbott, A 9,000-year-707 
old caribou hunting structure beneath Lake Huron. Proceedings of the National Academy of 708 
Sciences 111, 6911–6915 (2014). 709 

61 M. White, P. Pettitt, D. Schreve, Shoot first, ask questions later: Interpretative narratives of 710 
Neanderthal hunting. Quaternary Science Reviews 140, 1–20 (2016). 711 

62 B. Bratlund, Hunting strategies in the Late Glacial of northern Europe: A survey of the faunal 712 
evidence. J World Prehist 10, 1–48 (1996). 713 

63 M. J. Weber, Late Upper and Late Palaeolithic reindeer hunting in the Ahrensburg tunnel 714 
valley-differences between Hamburgian and Ahrensburgian hunting tactics. Hunting in 715 
northern Europe until 1500 (2012). 716 



 

19 

64 T. D. Price, D. Meiggs, M.-J. Weber, A. Pike-Tay, The migration of Late Pleistocene 717 
reindeer: isotopic evidence from northern Europe. Archaeol Anthropol Sci 9, 371–394 718 
(2017). 719 

65 S. Krüger, M. F. Mortensen, W. Dörfler, Sequence completed–palynological investigations 720 
on Lateglacial/Early Holocene environmental changes recorded in sequentially laminated 721 
lacustrine sediments of the Nahe palaeolake in Schleswig-Holstein, Germany. Review of 722 
Palaeobotany and Palynology 280, 104271 (2020). 723 

66 S. B. Grimm, et al., Late Glacial Occupation of Northern Germany and Adjacent Areas: 724 
Revisiting the Archives (Propylaeum, 2021) https:/doi.org/10.11588/propylaeum.950. 725 

67 L. C. Bement, B. J. Carter, Jake Bluff: Clovis Bison Hunting on the Southern Plains of North 726 
America. American Antiquity 75, 907–933 (2010). 727 

68 A. M. Stewart, D. Keith, J. Scottie, Caribou crossings and cultural meanings: placing 728 
traditional knowledge and archaeology in context in an Inuit landscape. Journal of 729 
archaeological method and theory 11, 183–211 (2004). 730 

69 C. Pasda, Regional Variation in Thule and Colonial Caribou Hunting in West Greenland. 731 
Arctic Anthropology 51, 41–76 (2014). 732 

70 P. Cattelain, “Hunting during the Upper Paleolithic: Bow, Spearthrower, or Both?” in 733 
Projectile Technology, Interdisciplinary Contributions to Archaeology., H. Knecht, Ed. 734 
(Springer US, 1997), pp. 213–240. 735 

71 J. Meadows, C. Heron, M. Hüls, B. Philippsen, M.-J. Weber, Dating the lost arrow shafts 736 
from Stellmoor (Schleswig-Holstein, Germany): Datierung der verlorenen Pfeilschäfte aus 737 
Stellmoor (Schleswig-Holstein, Deutschland). Quartär – Internationales Jahrbuch zur 738 
Erforschung des Eiszeitalters und der Steinzeit 65, 105–114 (2018). 739 

72 K. Serwatka, F. Riede, 2D geometric morphometric analysis casts doubt on the validity of 740 
large tanged points as cultural markers in the European Final Palaeolithic. Journal of 741 
Archaeological Science: Reports 9, 150–159 (2016). 742 

73 J. Geersen, et al., Baltic Sea Geophysical Student Field Trip - Cruise No. AL565, 23.09.2021 743 
– 30.09.2021, Kiel (Germany) – Kiel (Germany), Seegeophys. GÜ Uni Kiel (2021) 744 
https:/doi.org/10.3289/cr_al565 (November 10, 2023). 745 

74 J. Schneider von Deimling, Cruise Report R/V Littorina, Cruise No. L01-23 [L23-01] (2023) 746 
(November 14, 2023). 747 

75 T. Mohammadloo, M. Snellen, W. Renoud, J. Beaudoin, D. Simons, Correcting Multibeam 748 
Echosounder Bathymetric Measurements for Errors Induced by Inaccurate Water Column 749 
Sound Speeds. IEEE Access PP, 1–1 (2019). 750 

76 C. Böttner, et al., Pockmarks in the Witch Ground Basin, Central North Sea. Geochemistry, 751 
Geophysics, Geosystems 20, 1698–1719 (2019). 752 

77 P. J. Reimer, et al., The IntCal20 Northern Hemisphere Radiocarbon Age Calibration Curve 753 
(0–55 cal kBP). Radiocarbon 62, 725–757 (2020). 754 



 

20 

78 S. Müller, J. Wunderlich, Detection of embedded objects using parametric sub-bottom 755 
profilers. 4 (2003). 756 

79 P. Feldens, “ATLAS: Ecological and Geological Mapping of coastal waters of Mecklenburg 757 
Western-Pomerania, Cruise-No. EMB 246, 18th of September - 24th of September, Rostock 758 
(Germany) - Rostock (Germany)” (2020) https:/doi.org/10.48433/cr_emb246. 759 

80 J. W. Brink, The Barnett site: A stone drive lane communal pronghorn trap on the Alberta 760 
Plains, Canada. Quaternary International 297, 24–35 (2013). 761 

81 W. B. F. Ryan, et al., Global Multi-Resolution Topography synthesis. Geochemistry, 762 
Geophysics, Geosystems 10 (2009).  763 



 

21 

Figures and Tables 764 
 765 
Location  Length Construction 

type 
Proposed 
function 

Literature 

JGHD02/Jibal al-
Gadiwiyt, Jordan 

>100 m 2 stone walls 
+ enclosure 

Drive lane and 
corral 

58 

Drop 45 Drive 
Lane, U.S.A. 

>30 m  2 stone walls Drive lane 60 

Barnett site (EeOp-
56), Canada 

64 m 2 stone walls Drive lane 80 

Olson site 
(5BL147),U.S.A. 

>1,300 m Several 
stone walls  

Game drive 57 

AB547 and AB549, 
Saudi Arabia 

1,549 m and 
2,623 m  

2 stone walls 
+ enclosure 

Drive lane and 
corral 

52 

I1/ Aasivissuit, 
Greenland 

70 m 1 stone wall Drive lane 54 

Inussuk system/ 
Aasivissuit, 
Greenland 

3,900 m Row of 
regular and 
irregular 
cairns 

Drive lane 54 

Table 1: Stonewalled hunting structures found elsewhere around the globe with a comparable 766 
morphology.  767 



 

22 

Figure 1. The study area in the Baltic Sea. Location and ages of submerged archeological sites 768 
from (http://www.splashcos.org). (A) Overview map of the Western Baltic Sea. Bathymetric data 769 
from the Global Multi-Resolution Topography (GMRT) synthesis (81). (B) Detailed structure of the 770 
Bay of Mecklenburg including the location of the Blinkerwall. Bathymetric data from The Federal 771 
Maritime and Hydrographic Agency (BSH). 772 

Figure 2. Morphology of the southwest-northeast trending ridge that hosts the Blinkerwall and the 773 
adjacent mound. (A) Multibeam bathymetry collected with RV ALKOR (2021) and FK Littorina 774 
(2023). (B) Multibeam bathymetry collected with the AUV. (C) Side-scan image (bright colors = 775 
high backscatter) collected with RV Elisabeth Mann Borgese in 2020. White arrows point at the 776 
Blinkerwall. 777 

Figure 3. AUV multibeam data from sections along the Blinkerwall. 778 

Figure 4. 3D model of a section of the Blinkerwall adjacent to the large boulder at the western 779 
end of the wall. Photographs were taken by Philipp Hoy, Rostock University. The model was 780 
created using Agisoft Metashape by J. Auer, LAKD M-V. The scale-bar at the top-right edge of 781 
the image is 50 cm. 782 

Figure 5. North-south oriented sediment echososunder profile (see Figure 2a for location) across 783 
the east-west trending ridge that hosts the Blinkerwall and the sedimentary basin to the south. 784 
The erosional unconformity of the Yoldia to early Ancylus Lake lowstand land surface (compare 785 
Figure 6) is located at 1-3 m depth in the basin and crops out slightly south of the Blinkerwall. The 786 
peat layer (10662 – 10494 cal BP) that hindered a deeper penetration of gravity core is visible as 787 
a layer with low reflectivity located above the erosional unconformity. The latter is underlain by 788 
the sediments of the Baltic Ice Lake. 789 

Figure 6. The Yoldia to early Ancylus Lake lowstand land surface reconstructed from dozens of 790 
sediment echosounder lines retrieved from seismic archives of Kiel University (CAU) and the 791 
Leibniz Institute for Baltic Sea Research Warnemünde (IOW). 792 
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