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Preface

From September 23 - 27, 2002 the INQUA Sub-commission V “Western European Shore-
lines” conducted a field meeting entitled “Holocene Evolution of the South-Western Baltic
Coast — Geological, Archaeological and Palaeo-environmental Aspects”. Forty scientists from
nine countries took part in the conference and the four subsequent excursions which were
organized by the University of Greifswald, the Institute of Baltic Research, Warnemuiinde, the
State Agency for Protection of Archaeological Heritage of Mecklenburg-Vorpommern, Lib-
storf, and the State Geological Survey of Mecklenburg-Vorpommern, Gustrow.

In 2000, when the idea of the field meeting was first discussed with Antony Long, President
of the Subcommission V, one main reason existed for inviting those associated with the
commission to Greifswald. The last time a comparable meeting was held in North-East Ger-
many was in 1967, when the late Otto Kolp, Warnemiinde, guided an INQUA commission
and presented the state-of-the-art regarding the Holocene sea-level development and the
related coastal evolution and morphodynamics. After that, scientific and personal exchange
with colleagues from Western Europe was broken off due to the political circumstances and
until 1990 only very few personal contacts were possible. However, throughout this period
the few geoscientists working on coastal evolutionary problems in what is now Mecklenburg
— West Pomerania gathered a lot of new data, ideas and hypotheses as well as discovering
new problems. Some of those remain unresolved and are the subject of a variety of current
geoscientific investigations. The rather small circle of colleagues who could be brought to-
gether in a field meeting seemed us to be the best frame to present and discuss both the re-
sults of these investigations and the problems still open.

A second reason for holding the field meeting arose in the last few months with the success-
ful application to launch the interdisciplinary research unit “Sinking Coasts: Geosphere, Eco-
sphere and Anthroposphere of the Holocene Southern Baltic Sea (SINCOS)” which will be
supported by the Deutsche Forschungsgemeinschaft in the next few years. Along the entire
coast of Mecklenburg — West Pomerania, geoscientists and archaeologists, together with
geophysicists, experts in dating, and palaeo-botanists, will investigate the interplay between
eustasy, neotectonics and material supply during the main Littorina transgression stage and
the consequences of the transgression and fast landscape changes for the ancient human so-
ciety living at the coast. The meeting provides the chance to present the project to a wider
international audience and to encourage the scientific discussion.

Among the most important topics to be addressed during the meeting are:

- Facies architecture and morphological development of barrier spits and beach ridge
plains and the problem of neotectonic movements

- Holocene sedimentation in the West Pomeranian coastal waters — the evolution from
open sea bays to isolated lagoons

- The Late Holocene sea-level record in coastal peat sequences

- Drowned Mesolithic settlement sites off the coast of Mecklenburg - West Pomerania

- Recent morphodynamics and implications for future coastal management.

The volume of the Greifswalder Geographische Arbeiten presented herewith is the product
of many of the SINCOS project members and their collaborators. It has been designed firstly
as an excursion guide and provides the morphological, stratigraphical and archaeological
background to the sites to be visited in the order of the excursions routes on Rtgen, Usedom,
Darss-Zingst and Poel. It is also a first compilation regarding the present state of our knowl-



edge about the sea-level evolution and the related formation of the coastal Holocene deposits
in the south Baltic area, although not all sites of interest could be described and presented.

Finally, the editor wishes to express his gratitude to all the authors for their contributions, to
the draughts(wo)men B. Lintzen and P. Wiese for careful drawing and final design, to the
translators M. Pater and A. Zuhr who took care of the proof reading and language revision
and, last not least, to the management of the Institute of Geography for financial support.

Reinhard Lampe
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Regional geology of the south-western Baltic coast
GOSTA HOFFMANN
In a tectonic sense the Baltic Sea basin covers parts of the East European (EEP) and West

European Platform (WEP). Different tectonic conditions allow a subdivision of the EEP into
the Fennoscandian Shield, the Russian Plate and the Baltic Syneclise (Fig. 1).

++CRATON

Fig. 1: Structural outline of the pre-Permian basement in Central Europe (KATZUNG 2001).
BM - Brabanter Massif; CB - Cracovian Belt; ED - Else duplex; EM - East Elbian Massif; HM -
Harz Mts.; HCM - Holy Cross Mts.; KU - Kielce Unit; LM - Luneburg Massif; LU - Lysogory
Unit; MPB - Malopolska Block; SSU - Strelasund-Szcecinek Uplift; TEF - Trans European
Fault; USB - Upper Silesian Block; ADF - Alpine Deformation Front; CDF - Caledonian De-
formation Front; VDF - Variscan Deformation Front

The Fennoscandian Shield is dominated by Precambrian crystalline rocks; the Russian Plate
is covered by Phanerozoic sediments. Palaeozoic sediments fill the Baltic Syneclise (HARFF et
al. 2001). BERTHELSEN (1992) named the SW-border of the EEP Trans-European Fault (TEF).
As a structural-geological element it extends in the subsurface of the coastal area of West
Pomerania through the Strelasund, Greifswalder Bodden and Usedom. Strike direction is
NW-SE to WNW-ESE. Further towards the east it is approaching the Tornquist-Teisseyre-
Zone (TTZ) following it in SE direction. KATZUNG (2001) describes the Caledonian Deforma-
tion Front on the southern margin of the Eastern European Craton. Thus the TTZ represents




a complex zone, which was tectonically superimposed several times. The first tectonic stress
is due to the Caledonian deformation followed by an extensional phase in Palaeozoic to
Mesozoic, and finally an inversional phase in Late Mesozoic to Cenozoic. According to
KATZUNG (2001) the TTZ stretches from NW Poland in SE direction parallel to the Caledo-
nian Deformation Front. To the NW the TTZ and the Sorgenfrei-Tornquist Zone (STZ),
which is dislocated dextral at the Rgnne-Graben, extending in same direction across the East
European Craton, whereas the Caledonian Deformation Front runs further to the south. As a
result, the coastal area of West Pomerania is situated on the NE margin of the WEP which is
upthrusted onto the EEP.

The subsurface of the southern Baltic Sea as well as the bordering areas are characterized by
block faulting (KrRAuss, MOBUS 1981). The structural character is dominated by an or-
thogonally (E-W, N-S) and a diagonally (NW-SE, NE-SW) direction system. Tectonic activi-
ties at deep reaching fractures influencing the geomorphologic evolution of the area are dis-
cussed by KRAUSS & MOBUS (1981). According to these authors the course of ice marginal
zones of the Brandenburg and Pomeranian stages of the Weichselian glaciation reflects NE-
SW striking faults in the subsurface. According to MOBUS (1996) the NE-SW orientated
course of today’s coastline from Rugen Island to Lubeck Bay as well as the NW-SE orientated
course from Rigen Island to the Oder estuary reflect the subsurface fault system.

Because the coast in Mecklenburg-Vorpommern mostly consists of unconsolidated Pleisto-
cene sediments it is difficult to identify the formation of faults (MOBUS 1996). Normally it is
not possible to determine whether faults are endogenous or a result of glacial tectonics. To
verify recent crust movements, i.e. neotectonic processes, Holocene deposits have to be in-
vestigated. Most of these formations are not easily accessible, because they are situated be-
low the present sea level. For this reason an attempt is made to reconstruct the Holocene sea
level rise for different areas along the south-west Baltic coast. If significant differences ap-
pear, neotectonic processes have to be taken into account.

Most important for the recent geomorphologic setting of the coast of the south-western Baltic
Sea as well as for the rest of Mecklenburg-Vorpommern are glacial dynamics during the
Pleistocene (Fig. 2). During this period different glaciations affected the area. The positive
landforms of Mecklenburg-Vorpommern forming the cliff sections, for instance, consist of
deposits associated with the last, the Weichselian glaciation (DUPHORN, KLIEWE 1995). From
the island of Rigen in the North to the south-western part of Mecklenburg-Vorpommern
three major pleniglacial ice advances can be reconstructed. Due to missing biostratigraphical
indicators subdivision within the glacial deposits is problematic (MULLER et al. 1995). Mor-
phostratigraphical evidence combined with lithostratigraphical methods as described in the
TGL standard of the GDR (TGL 25 232/01-06) are used to separate and link the different de-
posits within the area of former glaciations.

MULLER et al. (1995) subdivided the Weichselian glaciation into several phases (see Fig. 2).
The lowest till sheet together with proglacial outwash deposits belong to the Brandenburg
stage Wip). The W1 - end moraine is also the southernmost marginal zone. The later course of
the Weichselian is characterized by ice decay and readvances. The Frankfurt marginal zone
(W1e) possibly represents the border of such an oscillation (MULLER et al. 1995). No ground
moraine could be found for the Wir—advance (RUHBERG et al. 1995). The Pomeranian stage
(Wo) is subdivided into two phases (Wau, W2 in Fig. 2) by RUHBERG et al. (1995). Ice dynam-
ics are described as strongly scouring. During this phase the thickest and most widely spread
bed of ground moraine was deposited. Eskers are characteristic for the W, ground moraine.
The W3 till of the Mecklenburg stage covers the older units only sporadically. There is no
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continuous end moraine. Only in some parts, as in the west of Stralsund and the southern
part of Usedom Island (Velgast marginal zone, Way in Fig 2) the deposits demonstrate the
character of an end moraine. It is believed that this marginal zone belongs to an ice advance
(RUHBERG et al. 1995).
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Fig. 2: Geological map of the Quaternary of Mecklenburg-Vorpommern (RUHBERG et al.
1995).

1 - marginal zones, 2 - marginal zone, supposed, 3 - glacitectonic compression zone, 4 - out-
wash plain, 5 - ice-marginal valley, 6 - Esker, 7 - basin, 8 - Saalian flat upland area, W5 -
ground moraine of the Mecklenburg stage, subdivided by W3r: Rosenthal marginal zone and
Wiay: Velgast marginal zone; Wamax and W» - Pomeranian marginal zone and ground moraine;
Wir: Frankfurt stage; Wis: Brandenburg stage;

Because of rapid ice decay, melt-out of dead-ice and the rapid dispersion of ground vegeta-
tion the shape of the young moraine area is well preserved. The hydrographical system is
still fragmentary. Although there are stratigraphical problems, making it difficult to correlate
the different Pleistocene deposits, the glacial processes provided the clastic material the coast
consists of. Due to coastal dynamics their reworking and redeposition is still going on.
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Post-glacial water-level variability along the south Baltic coast
—a short overview

REINHARD LAMPE

The water-level evolution which occurred in the area of the southern Baltic mainland after
the retreat of the Weichsel-Ill ice sheet was characterized by some remarkable fluctuations.
The reasons were the formation of the postglacial drainage system and — later — the arrival of
the Holocene sea-level transgression in the area off the recent coast.

The oldest and simultaneously highest water level marks, located between 25 — 3 m above
mean sea level (msl), are terraces, mostly of erosive but sometimes of accumulative nature
too (JANKE 1978, cf. C-3 this volume), which are connected with the existence of a pre-Bélling
meltwater lake (“Haffstausee”) in the region of the Ueckermiinder Heide, the Puzszcza Go-
leniowska as well as the Puszcza Wkrzanska, both located in westernmost Poland. The pri-
mary drainage occurred to the northwest through the Grenztal valley. The opening of addi-
tional drainage channels towards the northwest (Peene, Peenestrom-Ziese-Strelasund sys-
tem) led to the first water table degradations. Associated with the ice retreat to the northern
edge of today’s Pomeranian Bight, the drainage direction changed more and more to a
northerly direction and led to the accumulation of fluvio- and limno-glacial sediments in the
inner bight, probably as a delta or braided river plain. With further degradation of the water
table the delta area largely dried out. The Late glacial lacustrine sediments of the Oder Bight
are located at depths of -12 m (KRAMARSKA 1998: 281), along the western shore they can be
found at —-14 m (SCHMIDT 1957/58: 270). The lowering of the base level was accompanied by
an incision phase of the rivers. Among others, the lowermost river bed level of the lower
Oder river at —45 to —65 m (BROSE 1972: 60, DOBRACKA 1982: 114) is believed to be due to this
process. Because, according to recent knowledge, this very low level cannot be traced to the
Oder Bight, additional processes have to be considered to explain how it was formed .

The earliest phases of the Baltic Ice Lake (BIL), which came into being about 13,000 BP (BIORK
1995a) , can be demonstrated by warve clays at Kriegers Flak in waters depths of about —-25
m (LEMKE 1998: 137). In the Older Dryas the replenishment of the valleys started initially
with periglacial flowsheets. Simultaneously, a water level rise is to be observed, which
reached its maximum at the end of the Alleréd and in the Younger Dryas. Throughout the
Alleréd there was widespread accumulation of muds and peats, the altitude of which
spread over a wide range — depending on the elevation of the depressions. It is not clear if
the peats located in the Szczecin Lagoon at —11 m (cf. C-4) or in the Oder Bight at -16 m
(KRAMARSKA 1998: 282,) represent the maximum water table in the Lower Oder Valley or in
the Baltic basin at that time because, at least until this period, inactive ice blocks were melt-
ing and causing shifts of the sediments formed at the same time. LEMKE (1998: 156) indicates
that, during the Aller6d/Younger Dryas period, the water table of the Baltic Ice Lake east of
the Darss sill rose from —40 m to —20 m (see also BENNIKE, JENSEN 1998, cf. curve A in Fig. 1).
SCHWARZER et al. (2000: 72) even suspect the maximum height of the BIL reached -9 m ac-
cording to the results of seismic investigations in the inner part of the Tromper Wiek/Rugen
(cf. B-6); this is substantiated by a neotectonic uplift of about 6m according to SCHUMACHER
& BAYERL (1999: 112, cf. B-5). If this elevation can be proved, we have to imagine at least the
western part of the Oder Bight as a wide Late Pleistocene delta-like sedimentation area,
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characterized by braided rivers and many small local waters. The accumulation of sandy and
silty sediments would then have led to an extensive levelling of the former relief. The areas
not drowned then would have been subjected to substantial deflation and the evolution of
aeolian sand sheets and dunes (KAISER 2001: 154).

Depth (m below sea level)

30

401

50

12 10 8 6 4 2 0
Age (cal. ka BP)

T T T T T T T T T T T 1
11 10 8 6 4 2 0

Age (conv “C ka BP)

Fig. 1. The Postglacial water table variations in the south Baltic area

A - Relative shoreline displacement in the Arkona basin after BENNIKE & JENSEN (1998)

B; - relative shoreline displacement along the West Pomeranian coast after KLIEWE & JANKE
(1982)

B, - relative sea-level variations along the West Pomeranian coast after JANKE & LAMPE (2000)

C - the shoreline displacement curve of Rligen Island according to SCHUMACHER (this vol-
ume, see B-5)

D — water level course as revealed from the distribution of carbonate-bearing sandy sedi-
ments in the vicinity of the Oder Bight, related to the Ancylus Lake by KLIEWE &
REINHARD (1960)

E — water table of coastal rivers and inland waters after JANKE (1978, see C-3)

OD1, OD2 - two stages of water table rise according to the distribution of sandy sediments
preliminary related to an ancient Oder delta, assumed due to current surveys
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The transgression of the BIL ended with the retreat of the Scandinavian ice sheet from the
southern Swedish mountains. The opening of the gap at Billingen in about 10,300 BP caused
the final regression of the BIL (Bjork 1995: 27) and the degradation of the water table to about
—-40 m. Hence, in the valleys the early Holocene incision phase started and in the basins fur-
ther peat aggradation and desiccation took place, which comprised the Preboreal and Boreal
period. However, the very low lying areas experienced a water level rise again. According to
BIORK (1995), in the Baltic basin in 9,500 BP the Ancylus phase had already started as an
freshwater body isolated from the ocean. The views regarding the maximum level of the
Ancylus transgression differ widely in the scientific literature. KLIEWE (1960: 230, 1995: 183)
and KLIEWE & REINHARD (1960: 166f) assumed an elevation of -8 m due to their findings of
fine sandy freshwater sediments on Usedom (cf. C-10) and eastern Rugen (cf. B-8); KoLp
(1975: 38) initially supposed a level not higher than —20 m. KLIEWE & JANKE (1982: 68f, curve
B, in Fig. 1) again determined the maximum at -8 m and dated it to 8,800 — 8,700 BP. Finally
KoLp (1986: 90) accepted this view and identified the Darss sill as a natural dam, the breach-
ing of which caused the Ancylus regression and the origin of the Kadet Channel in about
8,800 BP. BJORK (1995b: 31) considers earlier estimations of —20 m possible and specifies the
onset of the regression in 9,200 BP. Recent investigations in the Mecklenburg Bight and the
Arkona Basin carried out by LEMKE (1998: 148ff) and LEMKE et al. (1999: 69) led them to state
that the Darss sill could not have been a dam barrier and therefore east of the sill the Ancylus
Lake could not have been higher than -18 m (cf. D-4). In fact, the freshwater sands found by
KLIEWE and REINHARD and determined as Preboreal/Boreal accumulations seem to be re-
stricted to the region between Jasmund/Rigen and Usedom.

The investigation of the Schaabe by SCHUMACHER & BAYERL (1997) was not able to verify the
existence of corresponding accumulations, and the findings near Zingst, like those from the
Bug/NW Rigen area, could also be interpretated as local lake deposits (KLIEWE, JANKE 1991:
6f, LEMKE 1998: 150; LEMKE et al. 1999: 69). BENNIKE & JENSEN (1998: 30) argue that all of
these higher freshwater sediments, formerly related to the Ancylus Lake, are accumulations
of smaller freshwater basins.

Summarizing everything stated above about the Ancylus Lake level, three competing hy-
potheses result, namely

a) a large Preboreal/Boreal Ancylus Lake, stretching fjord-like in the south into the
deep ice-excavated basins of Rigen and Usedom during its maximum height of -8
m,

b) a freshwater body with a level of -8 m (the primary Oder Lagoon) covering at least
the western part of the recent Oder Bight and a short steep outflow of the Oder down
to the Ancylus Lake in the Arkona Basin with a level of -18 m (from the geomor-
phological point of view rather unlikely), or

¢) the reinterpretation of the above mentioned freshwater sands as accumulations of an
end-Pleistocene/Early Holocene delta, intervening between the Oder river and the
Baltic Ice Lake or the Ancylus Lake, with sustained desiccation and river incision dur-
ing the base level fall and remediation during its rise (Fig. 1, curve sections OD1 and
0OD2). The fluvio-limnic depression filling occurred until the Boreal and even the ear-
liest Atlantic. With the arrival of the Littorina transgression the area was finally
flooded. This latter assumption results from current surveys not yet finished. Until
these investigations are completed and new radiocarbon data are available, this
enigma of the Ancylus Lake (HURTIG 1958) will remain unresolved.

All the water level data mentioned above are related to their current position in respect of
the sea-level, without a consideration of any subsequent isostatic movement or compaction
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that has caused an unknown relocation of sediment layers to another height than primarily
deposited. This ignorance about such post-sedimentary movements finally makes the fluvio-
limnic deposits “uncorrelatable” (KAISER 2001: 164).

The first precursors of the Littorina transgression are marine-brackish diatom assemblages
found in deposits of the Mecklenburg Bight which are 8,500 to 8,000 radiocarbon years old
(ERONEN et al. 1990). Over the depth interval of —30 to —20 m LEMKE (1998: 153) found indica-
tions of a rapid transition to marine conditions for the period between 7,500 and 7,000 BP.
Closer to the coast the oldest limnic-telmatic sediments, which were overlaid by marine de-
posits, were found at about —15m and dated to c. 8,000 BP. The initial rise of the water table
occurred rapidly and reached —2 m in about 6,000 BP (JANKE, LAMPE 2000: 587, cf. B-3, D-6, ).

Recently an end-Mesolithic settlement site with three dug-out boats has been excavated in
the city of Stralsund; they had been preserved in a former coastal area of the Littorina Sea
now located at about - 2 m. Preliminary observations suggest a dating of c. 5,400 to c. 4,000
cal. BC (cf. B-4), which corresponds to c. 6,400 to c. 5,200 BP. This agrees with the previously
stated level. However, for the Wismar Bight a noticeably lower sea-level has to be assumed,
as demonstrated by findings from end-Mesolithic sites at depths of -7 m (6,200-6,300 BP) and
-2.5 to - 3.5 m (5,500-5,300 BP, LUBKE 2000: 31, cf. E-2); this correlates better with the sea-
level curve for the southern Baltic described by KLUG (1980).

The following period until about 5,300 BP, which is believed to have been a retardation or
regression phase (RL-I, KLIEWE, JANKE 1982: 70), became the subject of discussion due to the
investigations of SCHUMACHER & BAYERL (1997, 1999) and JANKE & LAMPE (2000). The au-
thors believe they found hints of a neotectonic uplift of some meters in that period (Fig. 1,
curves B, and C, cf. B-5). They found peats and soils intercalated in marine sediments which
have been dated by means of pollen analysis and radiocarbon measurements. Attempts to
verify these findings at other sites have not yet been successful. However, the problem of
neotectonic movements is not out of the discussion for this reason. Moreover, it remains the
key to explain the cause of the West Pomeranian sea-level curve running higher than the
curves for adjacent regions (Fig. 1). For instance, in comparison with contiguous areas, the 1st
Littorina phase (L-I) reached the —2 m level about 1,500 years earlier (KLUG 1980: 242). Also,
older sediments like the deposits of the BIL are located in exceptionally high positions in
northern Rigen (SCHWARZER et al. 2000: 72, cf. B-6).

The continuation of the sea-level rise just after 5,000 BP may be traced mainly by investiga-
tions of the coastal peat lands as well as archaeological findings, because siliciclastic sedi-
ments of barrier spits and beach ridge plains contain very little datable material. After the
RL-I, which attracts attention by a peat oxidation horizon and a hiatus in the peat profiles,
the sea-level rose slowly to about -0.6 m msl until 3,000 BP. The period of the Urnfield
Bronze Age, which is known from the inland as a dry period (JAGER, LOZEK 1978: 217), is
characterized by slight peat degradation in the coastal mires. Whether a (minor) sea-level
fall occurred simultaneously is still under discussion. MORNER (1999: 81) argued such a rela-
tionship between drought und sea-level fall, in line with changes in regional air pressure
and river runoff.

The transgression throughout the Roman Age (L-111) raised the water table only marginally
to -0.5 m msl. The subsequent regression caused by the climate deterioration during the pe-
riod of the German Tribes Migration might also have been only slight. Perhaps it constitutes
a retardation or cessation of the transgression. In contrast, during or just after the medieval
climate optimum, a remarkable sea-level rise to -0.25 m occurred about 1,000 to 600 BP.
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LANGE et al. (1986: 14) used Slavonic findings from Ralswiek/Rigen even to reconstruct a
water table of 0.25 — 1 m msl (cf. B-2). However, evidence for such a high water level cannot
be found in the coastal peat lands and it must be argued that traces of a surge have been con-
fused with evidence of a secular sea-level variation.

The striking subsequent regression, which is indicated by the widespread appearance of a
prominent peat oxidation horizon in the coastal peat lands, has been related to the Little Ice
Age between 450 to 150 BP. According to current knowledge, such sea-level variations over a
range of about + 20 cm coincide by all means with the average margin of error in respect of
sea-level determinations and are therefore difficult to detect. As a result of the minor natural
variations, the available data base for the period younger than 5,000 BP must be assessed as
still uncertain.

It was stated above that at least in the past 5,000 years the sea-level raised on a rather
smoothed course which was interrupted only by some few minor regression stages (Fig. 1,
curves By, By). But in the light of other investigations it remains still open whether or not the
sea-level has experienced more frequent oscillations of an order of about a meter.
SCHUMACHER assumes that such oscillations, he detected in sediment sequences from the
Schaabe barrier spit (SCHUMACHER, ENDTMANN 2000) and from Poel Island (SCHUMACHER
1990), are related to periodic climate fluctuations (Fig. 1, curve C, cf. B-5). He refers to similar
findings described by TOOLEY (1974), MORNER (1978) and others.

Since the onset of regular gauge records in the middle of the 19t century, the sea-level along
the southern Baltic (e.g. in Warnemuinde) has risen on average by another 18 cm (DIETRICH,
LIEBSCH 2000: 616). Here a notable spatial differentiation in the rate of the rise may be ob-
served (Fig. 2), which can only be ascribed to non-eustatic, endogenic causes. The extent to
which this spatial pattern is temporally stable will be the subject of future investigations
(HARFF, SINCOS-project members 2002).

Fig. 2: Recent relative sea-level movements in the area of the south Baltic Sea, calculated from
gauge records by DIETRICH & LIEBSCH (2000)
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Glacial and coastal geomorphology of eastern Rugen Island

WOLFGANG JANKE

From a genetical viewpoint, Rugen Island is an archipelago comprising more than a dozen
larger and smaller Pleistocene isles, which were connected by barrier spits during the
younger Holocene to form only one island. The largest among them is the central Rigen isle,
c. 700 kmz2 in size, which stretches between the Strelasund, Greifswalder Bodden, the North
Rugen (Grofier and Kleiner Jasmunder Bodden) and West Riugen (Kubitzer und Schaproder
Bodden) Bodden waters and the Granitz hills. It consists of two sections. The westerly sec-
tion — mainly west of the highway B96 - is characterized by flat or gently undulating ground
moraines and coastal lowlands seawards of them. The easterly section possesses a wavy or
hilly relief (around Bergen/Rugard, Granitz) with frequent alternations of wavy ground mo-
raines, sand areals, kames, channels, basins and coastal lowlands. Most of the other isles of
the former archipelago are located in front of the northern and eastern edge of the central
island and are connected by barrier spits. In the North and the East these are the spits Bug,
Schaabe and Schmale Heide and the Pleistocene corelands Wittow, Jasmund and Granitz. On
SE Rugen, southwards of the Granitz and located between the Greifswalder Bodden and the
Pomeranian Bight, the Baaber Heide and the Géhren coreland and, on the Mdnchgut penin-
sula, the corelands Lobbe, Gager, Thiessow and Klein Zicker and their connecting barrier
spits are located.

The Pleistocene corelands on Riigen are widely covered by the boulder clay of the Mecklen-
burg stage (Fig. 1). Sands appear frequently too, such as basin and valley sands which are
located on top of the ground moraine or in incised depressions. Sands are also located in
higher elevated areas with a stronger relief where the youngest ground moraine has already
been removed.

About the Late Pleistocene, particular the Late Weichselian formation of the island, two
opinions exist. According to KLIEWE (1975), the glacial relief and landform inventory are de-
termined mainly by three glacial marginal zones. These are 1. the Velgast marginal zone lo-
cated in the very South between Poseritz, Rothenkirchen and Altefahr, 2. the Central Rigen
marginal zone stretching in a strip from the Zudar peninsula across Garz, Sehlen, Gingster
Heide, Kluis, Ganschvitz to Ummanz Island and 3. the North Rigen (or Coastal) marginal
zone which is divided into five sub-zones.

On the other hand RUHBERG (1987) and RUHBERG et al. (1995) are of the opinion that no end
moraines exist on Rugen. This position is stated also in the Geological Map of Mecklenburg —
West Pomerania (1994). The morphological high areas (Jasmund peninsula, Bergen/Rugard
and Granitz) are characterized as “positive landforms (predominantly of glacitectonic ori-
gin); older protrusions”. Unfortunately newer investigations about the structure and forma-
tion of the Granitz and the Bergen/Rugard area are missing. Due to many personal investi-
gations in different areas of West Pomerania (JANKE 1987, 1992 u. 1995), the author of this
contribution, who once advocated the opinion of KLIEWE (KLIEWE, JANKE 1972, 1978), now
shares the view of RUHBERG. The uppermost boulder clay, covering almost all areas of
Rugen, is the till of the Mecklenburg stage. The Velgast marginal zone as defined by ELBERT
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(1907) and RICHTER (1933) and the sub-stage Il, which can be traced in the SW of Rlgen
(KLIEWE 1975), are basically ground moraines.

Fig. 1: Section from the Geological Map of Mecklenburg — West Pomerania, 1 : 500,000, sim-

plified

1 — peatland, 2 — limnic deposits, 3 — sand and gravel, 4 —loam and clay, 5 — aeolian deposits,
6 — basin and valley deposits, 7 — positive landforms (predominantly of glacitectonic origin);
older protrusions), 8 — outwash plain, 9 - esker

At the cliffs along the Riigen coast three to four ground moraines can be observed, mostly
only fragmentarily, one Saalian and the moraines from the Brandenburg, Pomeranian and
Mecklenburg stage of the Weichselian glaciation. The M3-till from SE Rugen - analogous to
Usedom Island — covers thick fine sands, widely deposited in the period between the decay
of the Pomeranian and the advance of the Mecklenburg ice sheet. In other areas the M3-till is
located directly on top of the Pomeranian ground moraine or discordantly above glacitec-
tonic destruction structures (cf. B-7, this volume). However, in many areas — particularly
where there is a strong relief - the till has already been removed due to its limited thickness.

On the NW slopes of the peninsulas Jasmund and Wittow glacitectonic piling structures are
exposed, discordantly covered by the M3 of the Mecklenburg stage. Their formation was
probably caused by this youngest advance of the Weichselian glaciation. At the Jasmund east
coast the hangingwall till has been completely reworked and redeposited as flow debris.
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Below, interbedded strata of steep dipping glacial and Cretaceous clods crop out. Ideally,
the first comprises a M1-11-M2-12-sequence. Here, the M1 is the Saalian while the M2 and M3
are the Weichselian tills (cf. B-7). The numeration differs spatially: on SE Rugen the tills of
the Brandenburg and the Pomeranian stages are called M1 and M2 respectively (KRIENKE
2001).

On Rigen as in the entire area of West Pomerania the water-table development since the
Pleniglacial is characterized by some high-level intervals interrupted by low-level stages. The
high-levels correspond to the stages of the Baltic Ice Lake and the Ancylus Lake, which
reached approximately the same level (cf. A-2) The low-level stages are linked to the melting
of the inland ice sheet and the decay of the permafrost at the end of the Dryas I, to the Yoldia
Sea stage and to the regression of the Ancylus Lake. The Littorina Sea reached the Rugen
area about 7,200 BP. The initial phase was connected with an extremely fast sea-level rise,
which changed the area into an archipelago. In place of the Bodden waters, bays and sounds
of different depths existed at that period, to which fossil cliffs on the present day Bodden
coast testify.

Temporarily, the pace of the rise amounted to more than 2.5 mm per year (cf. A-2). Since
6,000 BP, with the decreasing velocity of the transgression, the transition to a phase of coastal
smoothing occurred. The first stage was characterized by a filling of the submarine basins,
whereas in the second stage, which began at about 5,000 BP, the barrier spits grew above the
mean water level. Due to the exposure of large, dry, sandy areas, the dune formation started
where four generations can be differentiated (cf. B-8).

The first colonization of Rugen Island is related to the end-Mesolithic Ertebolle-Lietzow cul-
ture (c. 6,000 — 5,000 BP; cf. B-3, B-4). Sheltered coves and creek mouths were the favoured
settlement sites of the fishermen, hunters and gatherers, e.g. near Augustenhof and at Bud-
delin near Lietzow. KRAMM (1968) reported findings of more than 30,000 flint artefacts from
the Lietzow site alone (arrowheads, scrapers, blades, flakes and axes). For the area further
inland no settlements sites are known from that period. The Lietzow culture layers are inter-
locked with marine sediments from the Littorina Sea and were covered later by beach sands
(see GRAMSCH 1978, B-3). Therefore important hints about the sea-level history may be revealed
by excavations of these sites.

From 5,000 — 4,500 BP agriculture is known on Rigen Island and from then onwards settle-
ment — albeit very sparse - spread out over the entire island. The same is true for the Iron
Age, Roman Age and the period of the German Tribes’ Migration. The Neolithic Megalith
tombs (5,000 - 3,800 BP), the Bronze Age tumulus tombs and the ring walls and tombs from
the Slavonic Age are conspicuous in this landscape. During the latter period (700 — 1300 AD),
a higher population density was reached for the first time, which in some places was even
higher than during the German Colonization in the 13t century.
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The early medieval trading site of Ralswiek and the development of
the depression

THOMAS TERBERGER

Sea trading sites are of special importance for the Slavonic period (7t -12th century AD). They
are characterized by their protected position, their remarkable size and evidence for crafts-
men production and trading activities. The sites generally consist of a settlement, at least one
grave field and a harbour. Regular evidence of Scandinavian find material is a another typi-
cal feature. Without doubt Scandinavians had an important influence on the development of
the trading sites and we have indications that these people stayed at Ralswiek and compara-
ble sites for a longer time (see i. e. SCHOKNECHT 1977). At present some of these early city
like trading sites with a distance of about one day sailing are known at the southern Baltic
coast (i. e. JONS et al. 1997).
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Fig. 1. Position of the early medieval sea trading site of Ralswiek, island of Rlgen, on the
geological map. The medieval connections to the sea are marked by interrupted lines (after
HERRMANN 1997: 8 with modifications).
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The trading site of Ralswiek was founded in the 2nd half of the 8th century. The site belongs to
the more important sites of this type, although - in contrast to Haithabu, Wollin or Grof
Stromkendorf (,,Reric*) (see i.e. JONS 1999, E-4) — the site has never been mentioned in the
written sources of that time. The site is situated on a ¢. 500 m long beach ridge at the SW-
coast of the GrolRer Jasmunder Bodden (Fig. 1). Excavations headed by P. HERFERT and J.
HERRMANN were conducted since the 1960es to 1989 and modern construction works at the
village document that the site is still not exhausted. With the excavations of more than 5000
m2 it was possible to investigate parts of the main settlement (with phases A-D) and the har-
bour. Of special interest was the documentation of four ship wrecks (fig. 2). The most spec-
tacular find was a big silver hoard detected under a house floor. Excavations headed by D.
WARNKE on the grave field east of the settlement with more than 400 grave mounds derives
special interest (HERRMANN 1989, 588). The archaeological excavations were accompanied by
a natural scientific program to investigate the landscape development on the island of Rugen
(LANGE et al. 1986).

Topographic situation and geo-scientific evidence

In general the sea trading sites have a protected position and the Ralswiek site situated in the
inner part of Rugen can be taken as a typical example. Northwest of the site sailing to the sea
was possible through the Grolier Jasmunder Bodden and the waters between Hiddensee and
Rugen. Geological investigations suggest that there was a second connection to the sea in
early medieval times at the Schaabe near Glowe. Ideas of HERRMANN (1997: 26) that a further
sailing possibility existed from Ralswiek following the Kleiner Jasmunder Bodden and the
Wostevitz Lakes to the Southeast of the island have to be rejected. Geo-scientific investiga-
tions by RUDNITzKI (1979) and pollen and diatomeen evidence of a profile analysed by W.
JANKE suggest an early isolation of the Wostevitz Lakes by beach ridges of the 1st Littorina
transgression (cf. B-8, Fig. 3). The connections to the sea did offer sailing possibilities to the
Ralswiek site and at the same moment it was possible to pass the dangerous Arkona prom-
ontory. However, small depths of the Bodden waters limited navigation possibilities in the
inner waters of Rlgen. Because we can not expect larger water construction works to im-
prove the conditions at that time, it seems plausible that ships with a maximum load of 5-10 t
could reach Ralswiek harbour.

The natural development of the Ralswiek area was summarized by HERRMANN (1997: 24 ff.).
The GroRRer Jasmunder Bodden is a result of shaping by the Weichselian ice sheet. Some me-
ters South and West of the site the end moraines rise up to more than 30 m a.s.l.. Natural
filling of the Ralswiek depression started with the sedimentation of sandy muds in the Post-
glacial (Fig. 2). In the Preboreal we can observe the beginning of turf development. The
beach ridge that was used for settlement ground in the medieval period was formed in the
Littorina transgression at a shallow position. The separation of the small depression behind
the beach ridge favoured the process of sedimentation.

For the Subatlantic period the investigations suggest a wetter phase and layers of beach
sediment were found above the shore sediments of the lake. At the same moment we can
observe an elevation of the beach ridge. In early medieval times only a small lake survived,
but small rivers coming down from the end moraines gave fresh water.

Indications for possible water level changes during the settlement phases at Ralswiek are of

special interest here. It is suggested that at 800 AD the beach ridge lay about 1 — 2.5 m above
the water level. The houses of settlement phase A-B were situated on sandy ground above
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1.1 m as.l. Buildings of the younger settlement phase (C-D) were constructed on turf or
waste layers lying above turf down to c. 0.8 m a.s.l. At the same time we can observe a grow-
ing of the settlement area. This find layer was covered by sandy sediments, that are inter-
preted as evidence for transgression during the settlement period (HERRMANN 1997: 27). But
it is possible that the sand layers do only reflect flood events.
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Fig. 3. Profile on the eastern part of the settlement with rests of a wooden construction to
protect the beach (P).
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Fig. 4. Reconstruction of the water level at Ralswiek on the basis of archaeological evidence
(after HERRMANN 1997: 30).
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A typical profile is characterized by a basic layer of charcoal that is interpreted by
HERRMANN as evidence of human forest clearance by burning. In phase A-B and D the set-
tlement was partly protected against floods by wooden constructions filled with earth (Fig.
3). The profile at ship wreck 4 (Fig. 2) gives clear evidence of sandy sediments formed during
phase B, that elevated the outer beach ridge 30 - 40 cm. Sandy layers (10 - 15 cm) on large
parts of the settlement up to 2.17 m a.s.l. argue for heavy flooding during settlement phase
D. This event lead to the closing of the northern entrance to the Bodden and can probably be
dated to the end of the 12t/ beginning of the 13t century. The flooding is interpreted as the
result of a supraregional water level rise. However, evidence of the younger settlement
phase D proofs that soon after this high water level new houses on ¢. 1 m a.s.l. were erected.
Observations like depth measurements at the ship landing places and the position of the
small landing bridges form the basis for some general interpretations on the water level de-
velopment (Fig. 4). In settlement phase B a water level of c¢. 0.6 to 0.3 m a.s.l. is suggested.
The idea of falling water levels in settlement phase C partly relies on the construction of
wells behind the houses at that time. On the basis of settlement phase D with evidence for
high water levels and flooding of the settlement a tendency of rising water levels is con-
cluded. Pollen analyses does roughly confirm this interpretation.

But it has to be emphazised that the interpretation of the sand layers of phase D as the result
of a general transgressional period is only a possible explanation. These layers can also be
interpreted as evidence for short heavy flood events. Therefore the conclusion of a general
water level rising during the settlement has to be questioned.

Overview on the settlement structures

It is possible to divide the development of the settlement into three major periods: A/B, C/D
and E (Fig. 5; HERRMANN 1997: 33 ff.).

The first settlement period (A/B) with an extension of ¢. 350 x 100 m was limited in the
North by the water entrance into the lake. On the southern part of the beach ridge no houses
were built at that time (Fig. 2). In phase A about 12 — 17 house sites were founded. The build-
ings with an extension of 25 m2 to 90 m2 were erected as timber post and rail constructions
(Fig. 6). Cellars and pits for housing purposes were dug into the sandy ground. 15 ship land-
ing places were connected with the house sites. Their purpose as ship landing places was
indicated by clear traces of ship careens in the profiles. The earthern moles were fastened
with wooden planks and interlacing. Natural scientific dates indicate the foundation of the
settlement in the last third of the 8t century. Settlement A burnt down before the mid of the
oth century. New houses were built in settlement phase B while the use of the ship landing
places continued. The silver hoard that represents one of the largest treasure hoards of the
Baltic area was found in house 157/16. The youngest coin was produced in 844 AD and ar-
gues for the burning of the house around mid of the 9th century. It looks as if some houses
have been destroyed at that time, but probably phase B lasted into the 10t century. It is pos-
sible that phase B ended with the raids of the Danes in the 2nd half of the 10th century.

The second major period (C/D) was characterized by a growing of the settlement to a maxi-
mum of c. 450 x 120 m (ca. 3.5 — 4 ha). In the northern part the settlement extended over the
former water entrance and in the southern part the cult place was settled over. At the same
time the ship landing places were given up. Parallel to the main settlement a small southern
settlement was founded in phase C (Fig. 2). Although the settlement area was extended, the
limited number of houses indicates that we are not dealing with a situation of population
growth. Alternatively we have to consider possible changes in the spatial organization of the
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settlement at that time (see HERRMANN 1997: 33). This interpretation is supported by evi-
dence of pollen analyses where elements of farming activities are decreasing at that time.
Phase C probably started in the 2nd half of the 10t century and continues to phase D without
interruption. We get some idea on the dating of phase D by the sandy layer that was formed
around 1100 AD. On the basis of late Slavonic ceramics (Teterow and Vipperow type) and
first sherds of grey-blue German ceramics we can date the end of phase D to the period
around 1200 AD.

main period find layer character and dating number of objects

3" main period E foundation of castle and houses 7 trenches
construction of border trenches

2" main period D2/3 Late Slavonic settlements 24 objects
12" century

silting up of Ds sand layer, transgression at
ship entrances about 1100
D1 Late Slavonic settlement 15 objects

11™ century

C Late Slavonic settlement 42 objects
1 main period B settlement(s) and ship entrances 39 objects
since the 1% half of the 9™ century cult hall B

hoard house destroyed at about 850
deposition of ship 4 and probably
of the ships 1-3

A settlement and ship entrances 53 objects
3" quarter of the 8" until 1°* half cult hall A
of the 9th century cult site on beach

R forest clearing horizon
at about 775 preparations to found
the settlement

Fig. 5. Overview on the settlement phases of Ralswiek (after HERRMANN 1997: 37).

The third period (E) is characterized by high and late medieval settlements, that led to some
destructions of the earlier settlements in the ground. It seems likely that the castel of renais-
sance period that can be seen nowadays was founded on the basis of a medieval castle. In the
high medieval time the site must still have had some importance because we know from
written sources, that after the conquer of Rigen by the Danes in 1168 the represent of the
Danish diocese Roskilde lived at Ralswiek.
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Find material

It is only possible to give some general comments on the find material here. A large amount
of finds consist of Slavonic pottery sherds and faunal remains. More important are finds in-
dicating craftsmen production like metallic ingots of lead, copper and bronze. Melting pots
give clear evidence for metal processing. Numerous antler waste material point to the sys-
tematic manufacturing of antler and comb production. On the other hand the widespread
distribution of amber indicates home work processing of that raw material.

Some finds underline the character of Ralswiek as a trading site. Fragments of a Norwegian
soapstone bowl can be mentioned here as well as a fibula from Gotland. The most important
evidence for supraregional trading is represented by a silver hoard with a weight of ¢. 2750
g. (Fig. 7). Persian Drachmen and numerous Arabic Dirhems indicate strong connections to
the orient and the Kalifat area of the 9th century (fig. 8). We can conclude that Arabic people
played an important role in the trading activities. At the same moment grave goods and a
burial of Nordic tradition with ship rivets clearly indicate the presence of Scandinavians for
longer time periods. In summary besides normal people the elite of the Ralswiek society and
sometimes foreign traders were buried on the grave field (WARNKE 1989). The four ship
wrecks of Ralswiek belong to the few examples of direct navigation evidence at the southern
Baltic coast. The ships were finally excavated in the 1990es and will give some new informa-
tion on slavonic ship construction after their conservation (HERRMANN 1998: 109 ff.).
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Late Mesolithic settlement and sea level development at the Littorina
coastal sites of Ralswiek-Augustenhof and Lietzow-Buddelin

BERNHARD GRAMSCH

From 1964 to 1967 archaeological excavations were conducted by the author in cooperation
with H. KLIEWE (Greifswald University) on two Late Mesolithic settlement sites on Riigen
Island - Ralswiek-Augustenhof and Lietzow-Buddelin (for site locations see Libke, Terberger,
this volume) - which were situated immediately on the Littorina coast of the Rigen
archipelago in later Atlantic times (5th millenium cal BC). The following geomorphological
and sedimentological descriptions and data, as well as the stratigraphical-chronological
conclusions, are the results of the combined archaeological and geological treatment,
evaluations and discussions in the field and afterwards between the author and KLIEWE and
his working group.

The sites are representative of the Lietzow facies of the Ertebolle culture of the West Baltic
region distributed along the coasts and fjords/firths of Denmark, Scania, Schleswig-Holstein,
Mecklenburg and western Pomerania (BRONSTED 1961; GRAMSCH 1963; CLARK 1975;
SCHWABEDISSEN 1994; ANDERSEN 2001). The Ertebdlle populations were the last Stone Age
hunters/-gatherers/-fishermen in the region. They maintained their existence very effectively
and successfully by hunting red-deer, roe-deer, wild boar and sea-mammals and by fishing
salt-water fish along the Danish coasts and fjords at the Skagerrak and the Kattegat and also by
collecting huge amounts of sea molluscs such as oysters. Their mode of settlement was
somewhat residential for longer times in places which were ecologically and economically
favourable. They had sporadic contacts with contemporary early Neolithic farmer groups in
the Lower Elbe and Oder regions through which they were probably incorporated later into
the world of Neolithic farmers and herdsmen.

Ralswiek - Augustenhof

The site of Ralswiek-Augustenhof - discovered and first crudely excavated by the local
forester WIESE before 1914 (later investigations by PERNICE, KLINGHARDT and PETZSCH in
1922/23 and by WERTH in 1928) - is situated on a low peninsula or island in a peat-bog area
which formerly was a small bay of the Littorina sea (KLIEWE 1965; GRAMSCH 1971; KLIEWE,
JANKE 1978). A fresh water brook runs down from an end moraine area in the hinterland and
flows into the bay. In the subground the island is preformed by a low hill of glacial till, which
later and also in the settlement time was covered by marine sands (Fig. 1) on which Mesolithic
man settled. The site sediments were then covered by a beach ridge consisting of sands,
gravels and stones (including water-rolled flint artefacts) produced by a high sea-level period
in later Littorina times. A sandy 'Anmoor’ layer with unrolled flint artefacts below the beach
ridge sediments has been RC-dated to 3,150 +/- 100 uncal BP (BIn) = 1395 +/- 135 cal BC
(information: J. GORSDORF of the Berlin Laboratory, 2002), but the dated material was roots of
trees growing after the Stone Age and before the formation of the beach ridge. Since its
formation the beach ridge has separated the bay finally from the seaside area.

The marine sands are divided into two layers (Fig. 1), each having a lower stratum of
fine/medium sand and an upper stratum of fine/medium sand with humus representing
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ranker horizons of former soil surfaces. The lower humus layer is clearly eroded by the upper
sand complex. This stratigraphy has been interpreted as the result of two events of marine
sand deposition with subsequent growth of vegetation connected with humus production.
The marine sand accumulations of the pre-beach ridge time rise to about 1.6 m above the
present sea-level.
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Fig. 1:
Ralswiek-Augustenhof:
Profile of trench | (meter 6 - 8).
1- boulder clay,

2 - sand,

3 - sand with humus,

4 - sand,

5 - sand with humus,

6 - sand and gravel of beach
ridge,

7 - humus soil on the beach
ridge.

Fig. 2:
Ralswiek-Augustenhof:
Profile of trench I11.

1 - boulder clay,

2 - sand,

3 - sand with humus,

4 - peaty sand (‘(Anmoor"),
5 - peat,

6 - peaty sand (Anmoor"),

7 - sand and gravel of beach
ridge,

8 - humus soil on the beach
ridge.



At Ralswiek-Augustenhof both layers of marine sands contain flint artefacts and tools of the
Ertebolle culture in autochthonous position; this means that they were accumulated in the
layers during the presence of Stone Age man. Around the settlement site on the hill or island a
refuse area with flint waste and animal bone fragments of their prey/diet reaches into the
sandy 'Anmoor" layer and organic mud of the subaquatic shore zone of the Littorina sea (Fig.
2), situated a few decimeters above the present sea level and about 1 m below the marine sands
with the artefacts. The marine sand layers of the site and the surrounding 'Anmoor’ and sandy
organic mud also contained pieces of charcoal from the fire-places of the settlers, particularly
in the humus layers, the '"Anmoor' and the sandy organic mud. The latter layer has been dated
by pollen analysis (LANGE, JESCHKE, KNAPP 1986) to the later Atlantic period (pollen-zone
VIIb sensu OVERBECK) and by radiocarbon measurement (BIn-562) to 5,455 +/- 100 uncal PB
= 4,328 +/- 110 cal BC (GRAMSCH 1978; information J. GORSDORF of the Berlin Laboratory,
2002). Recent radiocarbon measurements on bones from the subaquatic layer have confirmed
the respective time span of the fifth millenium cal BC (kind information from the
Archéologisches Landesmuseum Mecklenburg-Vorpommern 2002).

Fig. 3: Ralswiek-Augustenhof: Flint tools of the Lietzow-facies of Ertebélle-culture.
a, b, e core axes, ¢ 'zinken',d knife with terminal retouche. 1 : 2.
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It is not possible here to give detailed information about the archaeological finds from the
excavations and cuttings. They can only be listed: many flint artefacts (cores, flakes, blades,
debris, fragments) and tools (e.g. core axes, 'picks', flake axes, retouched blades and flakes,
scrapers, borers, large backed knives, 'Grobzinken'. - Fig. 3; see also PETzsCH 1928; GRAMSCH
1971; WECHLER 1993); bone and red deer antler artefacts and tools (e. g. antler T-axes, antler
tools with cutting ends, bone hooks, bone 'knives' and 'daggers' - see PETzSCH 1928; GRAMSCH
1973); few sherds of ceramic vessels; two ‘'imported' Neolithic objects (an ornamented bone
plate and a fragment of a perforated stone axe from the Danubian cultures - TERBERGER 1999).
The fauna list comprises domesticated dog, horse, aurochs, red deer, roe deer, wild boar, fox,
otter, two genera of seal, swan (TEICHERT 1989).

It is of great interest to examine the position of the Ralswiek-Augustenhof settlement- site in
relation to sea level changes in the younger Holocene and to the estimated sea level at the time
of the Ertebolle settlement. The recent sea level would have been good for living near to the
shore in our days, but at the time of the Ertebdlle settlement on the site, around 6,300 sun-years
before the present - according to KoLp (1979), KLIEWE, JANKE (1978), NIEDERMEYER, KLIEWE,
JANKE (1987) and JANKE, LAMPE (2000), the absolute sea-level in the Baltic region of Rligen was
about 2 m below the present level. But the sandy organic mud of the refuse area of the site
could never have developed at -that time because of being situated c. 2 m above the sea level
and ground water level of the Ertebdlle times. A reasonable explanation is the assumption of
an isostatic uprise of the earth crust in the Riigen region of about 2 m and more over the past
6,000 years, as is assumed by geophysicists (BANKWITZ 1965; see also KoLp 1979). This
assumption is supported by similar results at the other Ertebdlle site investigated on Rlgen
island, namely Lietzow-Buddelin. But in the Ertebélle settlement periods at Augustenhof the
sea level must have been already somewhat below the highest level of the transgression
causing the marine sand sedimentation. The humus horizons of the sands give proof of a
retreat of the sea resulting in vegetation growth and humus accumulations in the soil.
Therefore the Ertebdlle-settlement took place during regression events after the transgressive
phases of the Littorina period (Figs. 7 and 8).

Lietzow - Buddelin

The Ertebdlle site Lietzow-Buddelin is situated at the mouth of a fresh water brook running
into the Kleiner Jasmunder Bodden which at the time of settlement was part of the open
Littorina sea. The site was discovered by an amateur archaeologist soon after 1900, but after
having been forgotten it was rediscovered in 1930 by CARL UMBREIT, a teacher in Berlin and
PhD archaeologist. Between 1936 and 1941 UMBREIT undertook systematic archaeological
excavations on the site. The results of the excavations have been published in part (UMBREIT
1939, 1940); we have additional information from hand written records, plans/profiles and
inventories which were found around 1960 in UMBREIT's home. Our investigations in 1964 and
1965 were mainly undertaken in order to understand this documentation better.

The site of Lietzow-Buddelin is located on the shallow slope of the westernmost part of an end
moraine ridge reaching from this area in the west to the Baltic Sea in the east. UMBREIT
excavated parts of the site on the slope but not in the transition zone from the site to the sea
shore and also not in the littoral zone. In his excavation areas not only were Mesolithic
Ertebolle artefacts distributed but also archaeological remains of a Middle Neolithic settlement
period of the second 4th millennium cal BC. Therefore UMBREIT mainly excavated layers with
mixed objects of chronologically far distant periods, also because of the fact that in this slope
area of the Buddelin hill colluvial processes took place in and since Stone Age times.
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Our main excavation trench (GRAMSCH 1966) ran down from the afore-mentioned slope and
reached 11 m into the adjacent meadow area where UMBREIT had already found a layer with
artefacts below peat in a trial pit. The following stratigraphy was recorded (Fig. 4, the layer
numbers of the following descriptions are related to this Figure). Below subrecent artificial
sand deposition with humus above (layers 8, 9) sand with humus (layer 7) and peat (layer 6)
were deposited, the age of which age was determined by pollen analysis (LANGE, JESCHKE,
KNAPP 1986) as zone XI sensu OVERBECK, i. e. Subatlantic times. Down there a sand layer with
pebbles follows including more than a few rolled Ertebdlle flint artefacts (layer 5). This layer
has not been dated but a few unrolled artefacts and ceramic sherds of the Upper Neolithic
culture mentioned above point to an age of about the second half of 4th millennium cal BC.
Further down a real cultural layer was found (layer 4) consisting of sandy peat with extremely
many unrolled flint artefacts and tools of Ertebélle style plus a few animal bone fragments and
pieces of charcoal; sometimes the impression was that a layer of artefacts was laden with
sediment but not conversely. This (Lietzow culture upper) layer is RC-dated to 5,190 +/- 120
uncal BP (BIn-560) = 4,057 +/- 158 cal BC (information from J. GORSDORF, 2002, Berlin
laboratory) and by pollen analysis to zone VIlIb sensu OVERBECK, i. e. Upper Atlantic time
(LANGE, JESCHKE, KNAPP 1986); the same pollen determination was given to the underlying
peat layer 3 containing some Ertebdlle flint artefacts too. Below the peat layer marine sands -
layer 2 = medium-coarse sand and layer 1 = coarse sand with pebbles - contained Ertebdlle
flint artefacts and tools as well as animal bone fragments and charcoal pieces (= Lietzow
culture lower layer). Layer 1 is RC-dated to 5,815 +/- 100 uncal BP (BIn 561) = 4,658 +/- 119 cal
BC (information from J. GORSDORF 2002, Berlin Laboratory) and pollen analysis resulted again
in pollen zone VIlIb sensu OVERBECK (LANGE, JESCHKE, KNAPP 1986).
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Fig. 4. Lietzow-Buddelin: Profile of the trench 1965 (meter 16 - 18).

1 - coarse sand with pebbles, 2 - middle sand, 3 peat, 4 - peaty cultural layer, 5 - fine sand with
pebbles and rolled artefacts, 6 - peat, 7 - sand with humus, 8 -colluvial sand, 9 - sand with
humus.
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The basal marine sand (layers 1/2) lying at the most at about the present sea level represents a
transgressive Littorina phase at about 4,600 cal BC, in which time Ertebolle settlement on the
site first happened - as is seems - directly in the shore area, resulting in intrusions of man made
objects and refuse materials in the marine sand. As at the Augustenhof site, the question again
arises whether the Littorina sea level of that time really reached the recent sea level. Assuming
an isostatic uplift of the earth’s crust of ¢. 2 m since the earlier Ertebdlle settlement on the
Buddelin site there seems to be good agreement with the picture of Littorina sea levels around
Rugen island (KoLp 1979; KLIEWE, JANKE 1978), as given above for the Augustenhof site. The
upper Ertebélle layer 4 at Lietzow-Buddelin with its organic contents reaching about 0.4 m
above present sea level represents a regression phase (after another transgression later than the
transgression connected with layers 1/2) associated with peat/mud formation in a coastal
lake which possibly developed at the back of a (presumed but at the moment not provable)
sand barrier in the subground resulting from a Littorina transgression event. In a discussion on
the site, the late STEN FLORIN (Uppsala University) expressed the opinion that layer 4 resulted
from beach meadows as usually found in some coastal areas of the Baltic with its very slight
tidal lift; man could live directly on such meadows which would explain the high numbers of
artefacts in the layer itself. - Layer 5 was deposited some time after the formation of layer 4 as
the result of another transgression phase in the area. This layer amounts at its highest point to
0.6 m above the present sea level. The many rolled Ertebdlle artefacts again provide evidence
of strong abrasive impacts on the original younger Ertebdélle layer 4.

New RC-datings for bones from the different layers of Buddelin correspond quite well to the
above-mentioned datation for the lower horizon (layer 1/2), but the new datation results for
bones from the upper horizon fall outside of the presumed limits and need to be explained
(kind information from Arch&ologisches Landesmuseum Mecklenburg-Vorpommern 2002).

0 1 2 3 4 5 6 7 8 9 10cm
e ————)

Fig. 5: Lietzow-Buddelin: Flint tools of the Lietzow-facies of Ertebdlle-culture.
1 -7 transverse arrowheads, 8 - borer, 9 - 13 scrapers, 14 - tanged knife with
terminal retouche, 15 - 16 knifes with terminal retouche, 17 - 20 blades and
flakes with lateral retouches. 1 : 2.

42



The archaeological contents of the lower Ertebdlle layer (1/2) mainly comprises silex artefacts
including core and flake axes, one stag antler fragment with shaft-hole, one worked piece of
wood, as well as animal bone fragments representing the animal food of the settlers. The main
cultural layer 4 contained many thousands of worked flints including many flint tools (Fig. 5)
such as transverse arrowheads, scrapers on flakes and blades, blades with end-retouche,
laterally retouched flakes and blades, many flake axes and extremely numerous core axes. A
number of small bone points seem to have been arrowheads, a type which is usual in Ertebélle
culture. One ceramic sherd derives from a vessel of the Ertebdlle type.

The animal bones from the excavations of 1964/65 represent the following genera (TEICHERT
1989): Red deer, roe deer, wild boar and sea mammals and several genera of seal; these were
the main animals hunted; then there are domesticated dog, sheep/goat, badger, otter, marten
species and water fowl. The birds hunted were swan, several genera of duck and sea eagle,
while the fishes caught were sturgeon, pike, roach, codfish, perch and perch-pike, namely sea
and freshwater fishes.

General remarks

The sequence of transgressive and regressive Littorina phases in the 5th millennium cal BC
seem to be clear at the Lietzow-Buddelin site, and there is good correspondence in this respect
between Augustenhof and Lietzow. Fig. 6 shows the picture in the 1970s (KLIEWE, GRAMSCH)
but it seems that since that time there is no new evidence for another, more modern picture.
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The summarizing table of LANGE, JESCHKE, KNAPP (1986, Fig. 7) may well represent the general
picture as well as our view. It is important that sediments and layers connected with Stone
Age Ertebolle sites on Rugen island are situated near to the present sea level. If there are
geomorphological and hydrographical reasons for new or better knowledge about the
development of the absolute sea level in the Baltic Sea since the middle Holocene, they could
not change the picture given here based on sediments from the sites mentioned above. Only
the absolute values in terms of plus/minus meters could change. The latter is not a problem
for archaeology but merely  for natural sciences engaged in these problems. If
geological/hydrographical data and reasons demand new figures for the sea level
development in later Atlantic times, it must always be considered that the Ertebélle inhabitants
of the sites of Augustenhof and Buddelin had their camps more or less above the
contemporary sea level - and did not live with their feet in the water, and that some sediments
on and near to their camps are produced by marine transgression events or resulted from
humus accumulation and peat formation in lakes/ponds. The origin of which was connected
again with sea level changes at that time.
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Fig. 7. Table of the development of landscape on Riigen Island, in parts for development of
the Baltic sea, for sea level changes and transgressive/regressive phases, settlement periods
and pollen zones sensu FIRBAS (after LANGE, JESCHKE, KNAPP 1986, simplified).
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New evidence on the Ertebglle Culture on Rlgen
and neighbouring areas

HARALD LUBKE, THOMAS TERBERGER

Since the excavations of B. GRAMSCH and H. KLIEWE in the 1960es (see GRAMSCH this vol-
ume) no further systematic field work has been conducted on the Rlgen Ertebglle sites. But
new information was obtained by the accidentally detected coastal sites of Prohn and Parow
situated at the Strelasund southwest of Rigen (Fig. 1) (LUBKE et al. 2000). Together with
some Ertebglle finds which were discovered in the 1930es by sand dredging near Drigge,
these sites give evidence of the importance of the Strelasund and the Jasmunder Bodden area
on Rugen for the final Mesolithic hunter-gatherer-fisher settlements. This view point was
confirmed by rescue excavations of the Landesamt fiir Bodendenkmalpflege Mecklenburg-
Vorpommern at Stralsund in spring 2002, where three final Mesolithic/early Neolithic dug-
outs were discovered at the southern Baltic coast for the first time. There are some less im-
portant sites in the Rigen area which have only been documented by surface finds (Fig. 1).

Fig. 1:
Location of final Meso-
lithic and early Neolithic
sites in the Rligen area
1 - Augustenhof,
0 10 20 30km 2 —Buddelin, 3 - Prohn ,
* * 4 - Parow, 5 - Stralsund,
6 - Drigge

Stralsund

Besides the discovery of new sites helpful information was obtained by sample series for
radiocarbon dating conducted by the Landesamt fur Bodendenkmalpflege in the last years.
In the following we will briefly present some of the new results, but we will not discuss evi-
dence and development of the material culture and the character of the Lietzow Group here
(see GRAMSCH 1978; HARTZ u.a. 2000; LUBKE et al. 2000; TERBERGER 1998; 1999).
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Absolute dating

The early radiocarbon dates of Ralswiek-Augustenhof and Lietzow-Buddelin were measured
on charcoal and charred wood samples that were not necessarily linked to human activity.
New samples were initiated by the authors on processed bone or antler material, some
charred food remains from pottery and on human remains to get more reliable results. Ani-
mal species like seals and cattle were preferred for selection to gather information on the
subsistence strategy. Samples taken from seal, human and dog can be influenced by the ma-
rine reservoir effect and their results can appear somewhat older than contemporaneous ter-
restrial samples (see i.e. BARRETT et al. 2000). It is not intended to discuss this topic here in
detail. But it should be mentioned that under the human remains only the calvarium from
Ralswiek-Augustenhof with a & 13C-value of -17,1 %o seems to be somewhat influenced by
this effect. This is more the case with five seal samples from Lietzow-Buddelin, Ralswiek-
Augustenhof and Prohn with 8 13C-values from -14,0 %o to -17,3 %o. It is interesting to notice
that at Ralswiek-Augustenhof there is another seal sample with a much lower 6 13C-value of -
19,3 %o. The dates are presented on the calibrated time scale using the program Calpal by O.
JORIS (Neuwied) and B. WENINGER (K&In) based on Intcal98 for correction (compare

www.calpal.de).
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Fig. 2: Calibrated radiocarbon dates of the final Mesolithic and early Neolithic coastal sites.
Calibration was conducted with the program Calpal by JORIS/ WENINGER; (www.calpal.de).

A summarizing calibration of the data demonstrates that the majority of the results fall into
the period from 4,700 — 3,900 cal. B.C. (Fig. 2). Within the time range of the selected calibra-
tion curve we realize some plateaus especially in the periods from 4,350 to 4,050 cal. B.C. and
after 3,350 cal. B.C. The latter one is not of relevance here but the older one is important for
the dating of the Mesolithic/Neolithic transition in the southwestern Baltic.
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The earliest evidence for the Ertebglle culture is connected with finds from Drigge (Fig. 1).
Two dates place this site to the time around 5,200 — 4,950 cal. B.C. (Tab. 1; Fig. 3). They are
comparable to datings for the early Ertebglle culture at the Jackelberg site in Wismar Bay and
in Schleswig-Holstein (cf. E-2 this volume; HARTz et al. 2000). The Drigge finds were
dredged out and so we have no further information on the find layer. But because the ar-
chaeological material is of quite homogenous character, we can expect a limited time range
for the development of the find layer (TERBERGER 1998).

Tab. 1 List of radiocarbon dates of final Mesolithic and early Neolithic sites in the Rligen
area.

Sample-No. Age BP Age calBC 5C13  Object

Drigge

UzZ-4093 6250180 5188+106 -19,7 human skull

UtC-6938 6070160 49674191 antler, red deer

Lietzow-Buddelin

BIn-560 51904120 4007+167 Charcoal

BIn-561 5815+100 4662+115 charred wood

KIA-12048 5927135 4791451 -19,1  animal bone, dog, ob. Hor. B2
KIA-12049 4441459 3134+144 -17,3 animal bone, seal, ob. Hor. B2
KIA-12050 5603+33 4419+45 -22.,8 animal bone, red deer, unt. Hor. B1
KIA-12051 5767+33 4618+55 -15,3 animal bone, seal, unt. Hor. B1
Ralswiek-Augustenhof

BIn-562 5455+100 4261+129 charcoal

UtC-7452 5471+41 4305+47 -17,1 human skull

KIA-12053 5395+42 4227+82 -18,1 animal bone, wild boar, ob. Hor. A2
KIA-12055 5248+33 4090492 -15,7 animal bone, seal, unt. Hor. Al
KIA-12129 5269+39 4101+87 -19,9 animal bone, seal, Altgrabung
KIA-12130 476637 3559+56 -24,7 animal bone, cattle, Altgrabung
KIA-12473 5196432 4006+36 -23,2 animal bone, wild boar, unt. Hor. Al
KIA-12474 2123450 172+96 -32,2 animal bone, wild boar, ob. Hor. A2
Prohn

UtC-8108 4720439 3503+100 211 human skull

UtC-9612 460947 3353+132 -15,0 animal bone, seal

UtC-9730 4751+45 3515+96 -14,0 animal bone, seal

utC-9731 868+40 1147469 AD -23,4 animal bone, goat

UtC-9732 5753+46 460465 -23,8  animal bone, aurochs scapulae
Parow

UtC-8109 5158+43 3934482 -27,6 charred food crust, TRB-rimsherd
UtC-8110 5138+43 390776 -28,0 charred food crust, base sherd
utC-8111 5088+47 3876164 -25,9  charred food crust, body sherd
utC-8112 5170+60 3950495 -26,2 charred food crust, body sherd
UtC-9611 621+44 1349+40 AD -19,9 human skull

On first sight the new results for Lietzow-Buddelin seem to confirm an early settlement
phase that is indicated by the older date of the Berlin laboratory (Fig. 2). But because the new
samples were taken from the upper find layer Lietzow-Buddelin B they can not be linked
with the Berlin result for the lower find layer A. The new dates point to a settlement phase of
the middle Ertebglle culture from around 4,800 to 4,400 cal. B.C. at the site. Due to reservoir
effects minor corrections for this time range have to be expected (Tab. 1). A second much
younger settlement phase of the middle Neolithic funnel beaker culture at Lietzow-Buddelin
is suggested by another sample of the new series. This date can probably be connected with
some stray finds identified in the excavation area (see GRAMSCH, Fig. 7). The new results do
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not confirm a find layer of the earliest Neolithic (c. 4,000 cal. B.C.) as suggested by the earlier
charcoal sample measured at the Berlin laboratory.
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Fig. 3: Calibrated radiocarbon dates of the final Mesolithic and early Neolithic grouped by
sites (see Fig. 2).

The new radiocarbon dates raise some doubt on the earlier dating evidence of Lietzow-
Buddelin (see GRAMSCH this volume; 1978: 159). If we accept the new results as the more
reliable information the following preliminary conclusions can be drawn. The lower find
layer Buddelin A with some (partly redeposited) artefacts, faunal remains, charcoal frag-
ments and used stone slabs (but with no ceramics) was separated from the upper find layer
(Buddelin B) by a 0.1 — 0.15 m thick peat layer. So Buddelin A should be somewhat older
than the upper find layer (> 4,800 cal. B.C.). Because B. GRAMSCH recognized some typical
Ertebglle elements layer A can probably be linked to the early Ertebglle culture (c. 5,200 —
4,800 cal. B.C.). On the basis of the new radiocarbon datings the richer layer Buddelin B with
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numerous stone artefacts, faunal remains, worked bone material and some Ertebglle pottery
should correspond to a middle phase of the Ertebglle culture (c. 4,800 — 4,400 cal. B.C.). We
can observe a marked change in the stratigraphy above find layer B. The overlying sandy
layer is interpreted as a transgression sediment with some redeposited finds of Ertebglle and
funnel beaker character. The younger Neolithic date for Lietzow-Buddelin can probably be
connected with some reworked Neolithic material of this layer. The fact that the oldest and
youngest date of Lietzow-Buddelin both belong to the upper part of layer B (B2) points to
some mixture and contact to the overlying sediments. It should be mentioned that the corre-
lation of the sandy layer with a transgression phase has to be taken with some caution, be-
cause this layer can possibly be interpreted as well as the result of a short flood event (pers.
communication R. Lampe).

Prohn is another site with evidence for the middle phase of the Ertebglle culture where a
date of c. 4,600 cal. B.C. was obtained on a worked scapula of an aurochs (Fig. 3). This result
is in agreement with the typological evidence: The scapula with a cut out rectangular section
finds its parallels in the Danish Ertebglle culture (LUBKE et al. 2000). A possibly more impor-
tant settlement phase of the younger early Neolithic (c. 3,550 — 3,350 cal. B.C.) at Prohn is
indicated by three samples of a human calvarium and two seal bones (LEHMKUHL 1992). The
Neolithic seal bones of Prohn and Lietzow-Buddelin illustrate that marine resources were
still of some importance for the subsistence strategy in that period. Finally the Middle Age
date for a goat bone from Prohn has to be mentioned (Tab. 1). This result underlines that we
have to expect mixing of find material at the site.

For Ralswiek-Augustenhof the new radiocarbon dates are in good accordance with the result
of the Berlin laboratory. They form a cluster of dates in the period from about 4,300 to 4,000
cal. B.C.; the oldest date refers to a human calvarium that may be slightly influenced by the
reservoir effect and the settlement might start a bit later. So we have probably evidence for a
younger Ertebglle to early Neolithic settlement, but the situation is somewhat influenced by
the plateau effect at that time (Fig. 2). So future work has to demonstrate whether we can
support an early Neolithic period with the find material. One date of the new sample series
points to a second clearly younger Neolithic settlement phase (c. 3,500 cal. B.C.). The sample
was taken from a cattle bone of the early excavations at Ralswiek-Augustenhof and so we
have no clear information on the find circumstances. At the same moment speculations on
early domesticated animals in the Ertebglle culture in the Rigen area have to be rejected.
Although sites in Schleswig-Holstein like Grube-Rosenhof show isolated evidence for the use
of cattle and possibly grain in the middle to younger phase of the Ertebglle culture (see
HARTZ et al. 2000, 134 ff.) no finds of this character were detected until now in the eastern
Ertebglle territory at the southern Baltic coast. Finally there is a much younger iron age date
for a wild boar bone from Ralswiek-Augustenhof (Tab. 1). The sample KIA-12474 had a very
low collagen value and the laboratory raised some doubt on the reliability of the sample (let-
ter P. GROOTES 8.6.2001). Therefore the authors suggest to reject this date.

Four dates from Parow obtained on charred food remains from early Neolithic ceramics with
a cluster of dates from about 4,000 to 3,900 cal. B.C. point to a beginning of the Neolithic pe-
riod in the Rigen area before 4,000 cal. B.C. This is in accordance with results for Schleswig-
Holstein, where at 4,100 cal. B.C. a change in the economy and material culture towards a
Neolithic way of life can be observed. So Parow is the most important complex of the earliest
Neolithic in West Pomerania. The radiocarbon date for a human skull points to some mixture
with medieval material at Parow (Tab. 1).
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For the new Stralsund site reliable dating information are not yet available. But some big
trees that were found directly underneath the find layer will give the chance for dendrochro-
nological dating of that period. Preliminary observations suggest a dating of the lower find
layer with two dug-out boats to c. 5,400 to 5,000 cal. B.C and for the upper layer with another
ca. 11 m long dug-out boat to c. 4,000 cal. B.C.

The new radiocarbon evidence is an important step to a more reliable chronological frame-
work of the Ertebglle culture in the Rugen area. At the same time it becomes apparent that
we have to expect mixture of different occupation phases at some sites. As a consequence a
critical revision of the material basis for the definition of the Lietzow group seems necessary.

Evidence for sea level development

On the basis of the archaeological sites in the RUgen area we get some more or less reliable
information on former sea levels which will be summarized in the following. The problem of
eustatic and isostatic uplift will not be discussed here. According to the available information
the find layer of the early Ertebglle culture at Drigge in the Strelasund (c. 5,200 — 5,000 cal.
B.C.) was situated in c. -5m under sea level. Because the material has been found by sand
dredging this evidence has to be treated with caution. The sandy layer of the early Ertebglle
culture at Lietzow-Buddelin (layer 1/2 or Buddelin A) which is now dated to > 4,800 cal. B.C.
was found at maximum at present sea level. The sandy peat layer 4 (Buddelin B; c. 4,800 -
4,400 cal. B.C.) was documented from c. 0.5 m under sea level to 0.4 m above sea level (see
GRAMSCH this volume). At Ralswiek-Augustenhof the ,,anmoor* layer of the subaquatic sho-
re zone with the archaeological material (c. 4,300 — 4,000 cal. B.C.) was documented a few
decimetre above present sea level (cf. B-3). For Prohn and Parow there are only vague in-
formation. We can expect more reliable data for the Stralsund site. The lower refuse layer
which is only preliminary dated to the end of the 6t millenium cal. B.C. so far, was situated
¢. —2 m under sea level (kindly personal communication by P. Kaute and R. Lampe, Greif-
swald).

In conclusion we realize a remarkable discrepancy of the find layer positions at the Jasmun-
der Bodden sites and the Strelasund sites. We hope that in near future investigations of the
research unit “SINCOS” supported by the Deutsche Forschungsgemeinschaft at the sites in
the Riugen area will help to better understand the reasons for these differences in a distance
of ¢. 33 km.
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Coastal evolution of the Schaabe spit and the shoreline displacement
curve for Rugen Island

WALTER SCHUMACHER

The eological, stratigraphical and palaeoecological evidence collected from the ,,Schaabe“
spit in northeast Rigen include 167 cores and about 70 radiocarbon dates resulting in a local
shoreline displacement curve (SCHUMACHER, BAYERL 1997,1999a, b). Most of the radiocarbon
dated profiles are supported by pollen analysis. The stratigraphical base is the master profile
“Herthamoor” with 34 absolute dates from the Alleréd to the present (SCHUMACHER,
ENDTMANN 2000). The palaeoecological events of Northeast Germany and their age (Tab. 1)
were derived from this profile in close vicinity to the Schaabe and Tromper Wiek. The im-
portant borings and their data are shown in Figs. 1, 2 and 3 as well as the reconstruction of
the shoreline displacement curve since 8,300 conv. 14C-years.
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Fig.1: Selected transgression and regression contacts of the borings from NE Rugen, their
dating and the shoreline displacement curve for the interval of 8,000-5,000 conv. 4C-years
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Fig. 4: Shoreline displacement curve for Rigen during the last 13,000 calibrated years (cyclic-
ity of the sea level changes over 550 years; similar changes in mixed oak forest trees derived
from the littoral sediments of NE Rugen; general conformity to the phases in the Kattegat
from MORNER (1978), in NW England from TOOLEY (1974) and in Estonia from KESSEL &
RAUKAS (1979); phases of the development of the Baltic Sea)

Fig. 4 is a synthesis of all useful data concerning the shoreline displacement of Riigen in cali-
brated form (SCHUMACHER, ENDTMANN 2000). The older development of the Baltic Sea (in
excess of 9,000 calendar years: Baltic Ice Lake, Yoldia/Echeneis, Ancylus and Mastogloia
Phase) was derived from investigations in the Tromper Wiek, Arkona basin and the Pomera-
nian Bay (published data of LEMKE (1998), LEMKE et al. (1998), KoLP (1976,1983); GROMOLL
(1994) and unpublished data of MoRos (1999) and SCHUMACHER, ENDTMANN (2000). The
important results are:

1. Our date for the drainage of the Baltic Ice Lake (Mt. Billingen event) is in conformity
with the Swedish varve age for this event - about 10,740 cal. years ago.

2. The marine influence of the Yoldia Phase on the coast of the southern Baltic Sea was
very weak. It is difficult to identify.

3. The rise of the water level in the Ancylus Lake was about 6-7 metres per century and
must be related to the uplift of the Néarke Strait in central Sweden. The water level
rise stopped at the level of the Darss- Sill. There is no significant evidence of an Ancy-
lus high-level or an Ancylus regression.

4. Higher salt content can be dated in Northeast Rugen at about 8,500 cal. years. But the
ocean level has controlled the level of the Baltic Sea for about 9,500 cal. years. Be-
tween 9,500 and 8,500 cal. years the change from fresh to brackish water (Mastogloia
Phase?) occurred.
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5. The shoreline displacement curve for Rigen is a strongly undulating curve with 17
regression and transgression phases since the connection occurred between the ocean
and the Baltic Sea at about 9,500 cal. years. These phases are in general conformity
with the phases in the Kattegat (MORNER 1978), in NW England (TOOLEY 1974) and in
Estonia (KESSEL, RAUKAS 1979).

6. The span of these sea level fluctuations could be dated to about 500 to 600 years. The
fluctuations must be related to world-wide climatic changes. Seventeen phases in
9,400 cal. years suggest a climatic cycle of 550 years. Cyclicity over such an interval of
time is confirmed by investigations of the North Atlantic circulation pattern (CHAP-
MAN, SHACKLETON 2000).

7. The relation to climatic changes can be seen in the variations of mixed oak trees in
the area studied. It seems that the climatic fluctuations influenced the behaviour of
human beings too (Fig. 5).
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Fig. 5: Relationships between regression phases and the intensity of the settlement of Rligen
derived from pollen analysis of the coastal profiles and of the Herthamoor profile

The problem of this shoreline displacement curve is the strong regression from 6,800 up to
6,000 cal. years. That period is indeed known to have been a cooling phase (elm/lime de-
cline) after the Holocene climatic optimum. But other shoreline displacement curves in the
world do not show such strong regression. The comparison between the local shoreline dis-
placement curves for Blekinge (Southeast Sweden, BERGLUND 1964) and Rigen shows the
relative crustal behaviour of the two areas (Fig. 6). The behaviour is similar (2.4 metres per
thousand years) from 8,000 to 6,800 and from 6,000 to 1,200 cal. years. A significant break
exists between 6,800 and 6,000 cal. years. This break is interpreted as land upheaval on
Ragen Island. The upheaval amounts to 8 metres. There are more indications of such an
event along the whole coast of Mecklenburg - West Pomerania. However the reason, mecha-
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nism and regional extension of this upheaval are not clear. It is necessary to plot new
tailed local shoreline displacement curves.
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