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Abstract 
This study presents the results of interdiscipl inary (pollen, macrofossil, diatom, substrate 
and micromorphological analyses) of the basin Reinberg (Vorpommern). The top pleniglacial 
basin sands contain are formed by a humus layer (Reinberg horizon), which palynologically 
dates at the transition from Weichselian Pleniglacial to Lateglacial. Pollen and macrofossil 
analyses allowed reconstruction of the local paleoenvironment. Analyses of three cores, 
covering the complete lake sediments, provide detailed information on the vegetation 
history and landscape development during the We ichselian Lateglacial. The upper peat layer 
shows a fragmented picture of the Late Holocene. 

 
Zusammenfassung 
In dieser Arbeit werden die Ergebnisse in terdisziplinärer Untersuchungen (Pollen-, 
Großrest-, Diatomeen-, Substratanalyse sowie mikromorphologische Analyse) der Hohlform 
„Reinberg“ (Vorpommern) präs entiert. Im Becken werden die obersten pleniglazialen 
Beckensande von einer schmalen humosen Schicht, dem sogenannten 'Reinberg-Horizont', 
durchzogen. Dieser Horizont kann aufgrund palynologischer Befunde dem Übergang vom 
Weichselpleni- zum Weichselspätglazial zugeordnet werden. Pollen- und Großrestanalysen 
ermöglichen die Rekonstruktion der lokalen Pa läoumwelt. Analyse von drei Kerne, die die 
vollständigen Seeablgerungen umfassen, liefern detaillierte Informationen über die 
Vegetationsgeschichte und Landschaftsentwicklung während des Weichselspätglazials. Die 
oberste Torfschicht zeigt ein fragmentiertes Bild des späten Holozäns. 
 
 
1 Introduction 
Connected with the priority program 'Changes of  the geo-biosphere during the last 15,000 
years - continental sediments as evidence for changing environmental conditions' (cf. 
ANDRES &  LITT 1999), recent studies focused on landscape genesis, vegetation development 
and settlement history during the Weichs elian Lateglacial and Early Holocene in 
Mecklenburg-Vorpommern (cf. B ILLWITZ  et al. 1998, 2000). Within this framework, 
geomorphological investigations concentrated on slope processes of kettle holes within till 
plains of the Mecklenburgian Stage (HELBIG 1999-a/b; HELBIG et al., submitted), in which the 
basin 'Reinberg' (Fig. 1) played an important role. In order to roughly palynologically date its 
substrates, two course pollen diagrams from cores 'Reinberg 6' (REA) and 'Reinberg 11' 
(REB) were prepared, of which preliminar y interpretations were presented by D E KLERK 
(1998) and HELBIG (1999-a). 
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  Fig. 1: Location of the Reinberg basin within the till plains of Vorpommern 
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A humus layer (denoted as 'Reinberg horizon') at the top of basin sands appeared to contain 
a pollen assemblage with low values of ARTEMISIA pollen and high values of A NTHEMIS TYPE, 
WILD GRASS GROUP and ARMERIA MARITIMA TYPE A and B pollen. This humus was 
interpreted to be formed in situ  by a local vegetation on the fresh sandy soils. The vegetation 
phase was provisory (and, as currently can be concluded, unsuitably) referred to as 
'Armeria-phase' (D E KLERK 1998; HELBIG 1999-b). The phase was interpreted to represent the 
Pleniglacial sensu VAN DER HAMMEN  (1951), who palynologically defined the boundary 
between the Weichselian Pleniglacial and Lateglacial by a rise in ARTEMISIA pollen. He 
assumed that an expansion of Artemisia species was caused by a rise in temperature and that, 
therefore, the rise in ARTEMISIA pollen was synchronous over large distances. He correlated 
it hypothetically with the melting of the Pome ranian inland ice. Though it was demonstrated 
later that both events were not synchronous - the rise of ARTEMISIA pollen was dated around 
12900 14C yr B.P. (VAN GEEL et al. 1989) and the melting of the Pomeranian ice-sheet 
currently is estimated at 14800 U/Th yr B.P. (Janke 1996) - the rise in ARTEMISIA pollen was 
generally accepted as the palynological boundary between Pleniglacial and Lateglacial (e.g. 
HOEK 1997-a/b; IVERSEN 1954, 1973; MENKE 1968; USINGER 1985; cf. VAN GEEL et al. 1989). 
 
Until now, only few pollen diagrams have been  published from cent ral/northern Europe 
containing this rise in A RTEMISIA pollen (a.o. BOHNCKE  et al. 1987; CLEVERINGA  et al. 1977; 
MENKE 1968; VAN GEEL et al. 1989). With the exception of 'Schollene' (MATHEWS 2000) at the 
extreme range of the Brandenburgian ice-sheet, none is located within the area glaciated 
during the Weichselian. Though some other diagrams reach back very far in time, e.g. 
Håkulls Mosse (BERGLUND  1971; BERGLUND &  RALSKA -JASIEWICZOWA  1986) and Lake 
Mikolaijki (R ALSKA -JASIEWICZOWA  1966), relative values of ARTEMISIA pollen in these 
diagrams already are high at their bases. 
 
This stresses the scientific importance of the Reinberg basin, containing valuable new 
palaeoecological data. In order to further investigate this loca lity, a new research project was 
financed by the DFG, of which this paper presents: 
 
1. a characterization of the local vegetation and the palaeoenvironment during the transition 
from Weichselian Pleniglacial to Lateglacial by  means of pollen and macrofossil analyses of 
small sections from the Reinberg horizon; 
 
2. a reconstruction of vegetation and landscape development during the Weichselian 
Lateglacial and Early Holocene by means of multidisciplinary investigations (including 
pollen, substrate, diatom, and coarse macrofossil analyses) of the newly derived core 
'Reinberg C' (REC); 
 
3. some additional indications on the palaeoenvironmental development during the Late 
Holocene. 
 
 
2 Genesis and substrates of the Reinberg basin 
The Reinberg basin (54�q12' N, 13�q13' E) is surrounded by hummocky till plains which, 
contrary to the typical slight ly undulating till plains of Vorpommern, show great relief 
variation. The basin surface is positioned at approximately 16 m asl.; the slopes surrounding 
the basin reache up to 20-28 m asl. These slopes (cf. HELBIG 1999-a/b; HELBIG et al. 
submitted) consist of (pedologically modified ) till material of which the median grain sizes 
range between loamy sand and sandy loam. The upper part of the soils contain a brown 
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earth horizon, a clay-eluviation horizon and a clay illuviation horizon: the typical soil 
horizon order is Ap(Ah)/Bw/E/Bt/C (terminology after ISSS-ISRIC-FAO 1998), usually in 
combination with stagnic features. Decalcific ation reaches depths of maximal 300 cm. The 
slopes show clear traces of erosion and subsequent deposition of colluviae along the 
marginal zones of the basin. 
 
The NW-SE cross-section (Fig. 2) cuts through three subbasins (referred to as northern, 
middle and southern subbasin), that are separated by mineral ridges reaching up to 
approximately 15 m asl. These subbasins originate from the melting of buried dead-ice after 
the final retreat of the inland ice of the Me cklenburgian stage (estimated between 15-14 ka 
BP). The meltwater was discharged subterranean from the basin, which has neither in- nor 
outlet. It is unclear when the dead-ice finally thawed: possibly melting processes might have 
modified the original surface of the basi n sands and the covering substrates. Steep 
inclination of peat layers in the Reinberg basin (cf. Fig. 2) may be due to sinking of original 
layers caused by post-sedimentary thawing of dead-ice during the Lateglacial (cf. KAISER 
2001), but may also originate from a floating vegetation mat that sank to the basin grounds 
and covered the existing basin floor. 
 
On top of the  basal tills in these subbasins, basin sands have been deposited. The greatest 
thickness in the middle subbasin could not be determined. The sand body locally shows 
more or less horizontally positioned laminae ranging from a few mm to several cm in 
thickness and are characterized by an alternation of finer and coarser material. This suggests 
that the sand was deposited in water. As the sands reach up to 15.5 m asl. (core R26) and 
possibly even higher (cores R15-13), water tables during the Late Pleniglacial must at least 
have reached these heights. 
 
At some locations (e.g. core R22) the basin sands contain small bands of humus, which might 
originate from incidental establishment of vege tation in the basin during phases with lower 
water tables, or from washing-in from the surro unding slopes. The latter hypothesis is more 
likely because these layers only incidentally were observed without showing a spatial 
pattern. These humus bands contain no interpretable pollen record. 
 
The top 5 to 30 cm of the sand in the middle subbasin and part of the northern subbasin 
contain a humus-layer (the so-called 'Reinberg horizon'). Macroscopically, it shows as a 
diffuse-stained black colouring. It represents an initial soil formation. It is interpreted (cf. 
section 5.4) that this layer was formed after water levels had declined. 
 
At short distances considerable microrelief exists in the sand surface (not showing in the 
cross-sections due to their small differences). 
 
On top of the sands, grey minerogenic sand-silt gyttja and silt-sand gyttja were deposited 
after water levels had rised again. With the exception of some root fragments and small 
humus spots (root canals), no plant macroremains occur in these substrates. Along the 
margins of the northern subbasin, some till-li ke loams, interpreted as solifluction layers, 
occur at the transition from sand to the silty-sandy lake sediments. 
 
Over these clastic sediments, a brown layer of alga gyttja (middle subbasin) or a darkgrey 
layer of detritic mineral gyttja (northern subbasi n) is found. These layers contain at a depth 
of approximately 190 cm the Laacher See Tephra (LST). A brown strongly compacted layer of 
Cyperaceae-brownmoss peat or brown/darkbrown coloured detritus gyttja covers the alga 
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gyttja. The highest occurrence of the peat is at 16 m asl. in the southern subbasin, where it 
appears as a strongly humified peaty soil. 
 
The top of the lake sediments is formed by layers of detritus gyttja, sand-silt gyttja and silt-
sand gyttja deposited after a renewed rise of the water level. Small, mm-thick organic layers 
are embedded in these layers. This gyttja reaches heights of maximally 16.5 m asl. along the 
basin margins. The uppermost substrate layer consist of (brownmoss and Cyperaceae-
brownmoss) peat with a maximum thickness of  approximately 1 m. The upper reaches of 
this peat, especially above the mineral ridges, are strongly humified. Though currently an 
alder carr covers the basin, Alnus peat was only incidentally found in the top 10 cm of the 
peat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 2: NW-SE lithological cross-section through the northeastern part of the study area -

cutting through the northern, middle and southern subbasin respectively – and SW-
NE lithological cross-section through the mi ddle subbasin. Indicated are the locations 
of the analyzed section. 

 
 
 
3 Research methods 
From three cores, the complete lake sediments (including the lower peat layers and the basal 
parts of the upper peat layers) were palynologically studied: Reinberg 11 (REB) in the 
southern subbasin and Reinberg 6 (REA) and Reinberg C (REC) - located only 1 m apart - in 
the middle subbasin. From REC also the complete upper peat layer was palynologically 
studied. Substrate analyses were performed on the upper part of the basal sands and the lake 
sediments of core REC; diatom analyses were carried out on the complete REC-core. At 5 
spots, additionally to REA and REC, the Reinberg horizon was analyzed for pollen and 
macrofossil content: R22, R23, R34 and R35 in the lower subbasin and R29 in the northern 
subbasin; another location (R33) did not provid e interpretable results. A thin section from 
the LST was prepared from a test core in the marginal northeastern part of the large subbasin 
(cf. Fig. 2). The locations of the investigated cores are indicated in Fig. 2. 
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3.1 Coring methods 
Cores REA and REB were cored with a closed 'Rammkernsonde', core REC with a so-called 
'USINGER corer' (LIVINGSTONE -corer modified by H.  USINGER). Corings for the lithological 
cross-sections (Fig. 2), as well as the cores from which the sections of the Reinberg horizon 
were taken, were carried out with a Hiller sampler, and an open 'Rammkernsonde'; the 
sample for the thin section of the LST also was taken from a Hiller sampler. 
 
3.2 Palynological and macrofossil analysis 
3.2.1 Vegetation reconstructions: theoretical background 
At different distances to pollen sources, a different amount of pollen is deposited. JANSSEN 
(1966, 1973, 1981) distinguishes between local pollen deposition with high values in the 
immediate surroundings of pollen sources, regional pollen deposition at substantial 
distances to the sources with values that are more or less constant over large distances, and 
extralocal pollen deposition with  values higher than the regional deposition but not as high 
as the local deposition and which are deposited at intermediate distances to a pollen source. 
These various deposition trajectories vary between different plant species and possibly even 
between individuals. Taxa adapted to insect pollination show local pollen deposition not 
exceeding one or a few m and do not show clear extralocal deposition; extralocal pollen 
deposition values of wind-pollinated tree taxa  might reach up to several 100 m. The heights 
of the various deposition also greatly depend  on pollen production of the pollen sources: 
relative values of a few percents from pollen types from plants with low pollen production 
already can be considered local deposition values, while pollen types from taxa with high 
pollen production might reach high relative values without necessary growing immediately 
around the sampled location. Pollen from outside the study area (i.e. the long-distance 
component) form the extraregional pollen deposition. 
 
In the centre of large basins the vegetation on the dry grounds surrounding the basin 
('upland') will show only regional pollen deposi tion; in small or medium-sized basins such 
as the Reinberg subbasins, (extra)local pollen deposition values of the upland vegetation 
might be encountered. 
 
Especially in landscapes with sparse open vegetation cover and low regional pollen influxes, 
the long-distance component might become relatively important and reach high relative 
values (cf. FIRBAS 1934). Simultaneously in such open landscapes, soil erosion will provide 
input of redeposited pollen which might reach high relative values due to low regional 
pollen influxes. In practice, the 'exotic' redeposited and long-distance component hardly can 
be separated. The palynological data from the Reinberg horizon, therefore, must be 
interpreted with care: single grains or continuous low values might represent regional 
deposition or exotic origin and do not give  any information about the presence of their 
producers. Only if pollen types show clear (ext ra)local pollen deposition values, they can be 
interpreted as originating from an (extra)local vegetation. In order to identify (extra)local 
pollen deposition values, the regional deposition values must be known, e.g. by analyses of 
cores at sufficient distances to the pollen sources (cf. DE KLERK in press). If cores with mainly 
local pollen deposition values are studied at short distances, the lowest observed relative 
values might be used as standard for identification of (extr a)local deposition values in other 
cores. Peaks of specific pollen types in some diagrams which do not occur in other diagrams 
only can be interpreted to originate from local pollen sources if the pollen record is 
continuous, i.e. if no gaps exist between the samples which might obscure such peaks. 
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Additional information on the (extra)local vege tation are provided by coherent clumps of 
pollen, which only are deposited in the imme diate surroundings of the parent plant (cf. 
JANSSEN 1984, 1986). 
 
Pollen concentrations - which are a function of pollen influxes, pollen preservation, 
sedimentation rates - not only provide informat ion on vegetation development, but also on 
sedimentary processes (cf. BERGLUND &  RALSKA -JASIEWICZOWA  1986; STOCKMARR  1971). 
 
 
3.2.2 Sample preparation and counting strategy 
Palynological samples were taken volumetrically ; they are referred to as the actual core 
depth below surface (cm). The samples from the Reinberg horizon (with the exception of 
REA) were taken continuously, i.e. the bottom of one samples follow directly the top of the 
previous sample in order to prevent that impo rtant peaks are obscured by a sample interval. 
A known amount of spores of Lycopodium clavatum was added for calculation of 
concentrations (cf. STOCKMARR  1971). Since too few spores were added to the samples REA 
70, 80, 90, 160, 170, 180, 185, 190, 200 and REB 113, 120, 158, 168, 178, 188 and 196, their 
concentration values must be interpreted with care. 
 
Sample preparation (cf. FÆGRI &  IVERSEN 1989) included treatment with HCl, KOH, sieving 
(120 µm) and acetolysis (7 min); samples rich in silicates additionally were treated with HF. 
Samples were mounted in glycerine-water. Counting was carried out with a light microscope 
with 400 x magnification for 'normal' samples and 160 x magnification for samples with only 
limited amounts of pollen and little organic debris  (i.e. the samples from pure sand); larger 
magnifications were used for identification  of problematic grains . Pollen clumps were 
counted as separate palynomorphs. 
 
It was attempted for REA, REB and REC to count until approximately 400 grains attributable 
to upland taxa, but especially in clastic samples this was hardly possible within a reasonable 
time. In the samples from the Reinberg horizon it was aimed to count at least 100 pollen 
grains of PICEA , PINUS DIPLOXYLON TYPE , PINUS HAPLOXYLON TYPE  and PINUS UNDIFF . TYPE, 
which incidentally (REC: 276, 286; R23: 178, 180; R34: 396; R35: 222, 226, 235) was not possible 
due to too low pollen contents; as the samples REA: 240, 250, 265 and REC: 268, 269, 270 (in 
the diagrams of the Reinberg horizon) were analyzed with another research strategy, their 
sums also are lower. 
 
Macrofossil samples of cores R22, R23, R29, R34 and R35 were taken parallel to the pollen 
samples, in the Reinberg horizon of core REC one macrofossil sample of 2 cm thickness 
corresponds with two pollen samples. Macrof ossil samples were washed with water and 
sieved (meshes 0.50 mm); the macrofossil samples from REC were additionally sieved 
through 1.0 mm meshes. Macrofossils were only qualitatively analyzed. 
 
 
3.2.3 Identification and nomenclature of pollen types and macrofossils 
Pollen and spore types have been identified and named after (f): FÆGRI &  IVERSEN (1989); 
(m): MOORE et al. (1991); (p): the Northwest European Pollen Flora (PUNT  1976; PUNT &  

BLACKMORE  1991; PUNT &  CLARKE  1980, 1981, 1984; PUNT  et al. 1988, 1995, in prep.). Single 
grains (sg) and tetrads of spores of SELAGINELLA SELAGINOIDES  (sensu MOORE et al. 1991) 
were counted separately. Other palynomorphs (g) were identified after P ALS et al. (1980), 
VAN GEEL (1978) and VAN GEEL et al. (1989). Types not described in the mentioned 
identification literature are marked with (*) and described in Appendix 1. In order to clearly 
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differentiate between plant taxa and palynomorp hs, in the text the latter are displayed in 
SMALL CAPITALS . 
 
Macrofossils were identified after A ALTO  (1970), BIRKS (1980), FRAHM &  FREY (1992), GROSSE-
BRAUCKMANN  (1972), GROSSE-BRAUCKMANN &  STREITZ (1992), KATZ &  KATZ  (1933) and 
KÖRBER-GROHNE  (1964). 
 
 
3.2.4 Pollen percentage/concentration calculation and pollen diagram layout 
Pollen diagrams were differently prepared for th e sections from the Reinberg horizon (R22, 
R23, R29, R34, R35, REC-Reinberg horizon and REA-Reinberg-horizon), for the sections 
covering the lake sediments of REA, REB, and REC, and for the upper peat layer of REC. For 
calculation and presentation of the palynolo gical data the computer programs TILIA 1.12 
and TILIA GRAPH 1.18 (GRIMM  1992) were used. The pollen diagrams are described in 
Appendix 2 and presented in Appendix 4. 
 
Pollen percentage values of cores REA, REB and REC (lake sediments) were calculated 
relative to a pollen sum including only types wh ich (within the Lateglacial landscape) can be 
attributed to trees (AP) and upland herbs (N AP); the ratio between AP and NAP indicates 
the relative openness of the landscape. Pollen types which might be produced by wetland 
herbs (e.g. WILD GRASS GROUP and CYPERACEAE) were excluded from the pollen sum since 
they might falsely indicate an open upland ve getation if that pollen stems from a wetland 
vegetation along the lake shores (cf. JANSSEN &  IJZERMANS -LUTGERHORST 1973). Pollen types 
which are assumed to be of exotic origin (listed below) also are excluded from the pollen 
sum. 
 
The pollen diagram from the upper peat layer of core REC was calculated relative to a 
similar sum, but that also includes types assumed to originate from trees which were not 
exotic in Vorpommern during the Late Holocene. 
 
As the pollen data of the Reinberg horizon did sh ow (extra)local pollen deposition values of 
types attributable to both upland and wetland taxa, a sum was used which includes only 
PICEA , PINUS DIPLOXYLON TYPE , PINUS HAPLOXYLON TYPE  and PINUS UNDIFF . TYPE pollen. 
These types were selected under the assumption that they are of exotic origin (redeposited 
and/or extraregional) during the tr ansition from Pleniglacial to Lateglacial and, therefore, do 
not show (extra)local overrepresentation. It can not be ruled out, however, that Pinus cembra - 
according to M OORE et al. (1991) producing the PINUS HAPLOXYLON TYPE  (under the 
assumption that their slightly differently described pollen type 'P INUS SUBGENUS STROBUS  

HAPLOXYLON ' is identical with the P INUS HAPLOXYLON TYPE  of FÆGRI &  IVERSEN (1989), who 
do not list possible producers) - might have grown in the Pl eniglacial and Lateglacial 
landscape (cf. ELLENBERG et al. 1992; ROTHMALER  1988). The similar relative values of PINUS 

HAPLOXYLON TYPE  pollen in the various samples, however, do not indicate (extra)local 
presence of Pinus cembra. 
 
Within the AP+NAP percentage curve of diagrams REA (lake sediments), REC (lake 
sediments) and REB, the curves 'Total PINUS pollen' (the sum of PINUS DIPLOXYLON TYPE , 
PINUS HAPLOXYLON TYPE  and PINUS UNDIFF . TYPE) and 'Total BETULA  pollen (the sum of 
BETULA PUBESCENS TYPE, BETULA NANA TYPE  and BETULA UNDIFF . TYPE pollen) are plotted as 
lines. Since the diagrams from the Reinberg horizon were not calculated relative to an 
AP/NAP pollen sum, no AP/NAP curves are presented. The diagrams REA, REB, REC and 
the upper peat layer of REC present the AP+NAP concentration (grains per cubic mm). From 
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the sections of the Reinberg horizon, separate concentrations diagrams (grains per 100 cubic 
mm) were prepared. Relative and concentration values of the various pollen types are 
presented as actual values (closed curves) and a 5-times exaggeration (open curves with 
depth bars). The 'sum' histograms or absolute numbers present the absolute figure of the 
pollen sum. Pollen types are ordered stratigraphically in order to facilitate a successional 
interpretation. 
 
The 'assumed exotic types' are the sum curves of the following types (though probably a 
portion of all other types also is exotic): A BIES (m), AESCULUS (m), ACER CAMPESTRE TYPE (p), 
CARPINUS BETULUS TYPE (p), CARYA CORDIFORMIS TYPE (p), CEDRUS (f), CORYLUS AVELLANA 

TYPE (p), FAGUS SYLVATICA TYPE (p), FRANGULA ALNUS (m), FRAXINUS EXCELSIOR TYPE (p), 
HYSTRIX (an alga, cf. IVERSEN 1936), ILEX TYPE (m), JUGLANS REGIA TYPE (p), LIQUIDAMBAR 

STYRACIFLUA  (m), MYRICA  (m), NYSSA (m), PICEA (m) (not in the diagrams from the Reinberg 
horizon), PTEROCARYA FRAXINIFOLIA TYPE  (p), QUERCUS ROBUR TYPE (p), RHUS TYPHINA  (m), 
RIBES RUBRUM TYPE (m), TILIA  (m), TSUGA (m), ULMUS GLABRA TYPE (p), VISCUM (m), as well 
as various pollen and spore types which could no t be identified with the available european 
Quaternary pollen/spore identification keys and which are interpreted as being of Pre-
Quaternary origin. A LNUS (m) and PINUS HAPLOXYLON TYPE  (f), also incidentally interpreted 
as exotic (e.g. BOS 1998; IVERSEN 1936; POLAK  1962) were not interpreted to be doubtlessly 
exotic because Alnus viridis, A. incana and Pinus cembra (that produce these types), may have 
been part of the Late Pleniglacial and Lateglacial vegetation (cf. ELLENBERG et al. 1992; 
ROTHMALER  1988). 
 
The macrofossils of the Reinberg horizon are presented on the right side of the diagrams. 
Additional macrofossil observations from REC are listed in Appendix 3. 
 
In order to simplify description and correlati on, the pollen diagrams are divided into 'site 
pollen zones' (SPZ's) which are a combination of informal acme zones and informal interval 
zones (sensu HEDBERG 1976; cf. DE KLERK in press). 
 
The substrate is presented on the right side of the diagrams (with the exception of the upper 
peat layer of REC, which hardly showed variatio n); the LST is indicated as a dashed line bar 
in the relevant diagrams. A hiatus is indicated by a (solid or striped) bar. Due to different 
substrate descriptions (cf. section 3.4) in cores R6 and Reinberg C, the substrate collumns of 
adjacent cores REA and REC are not completely identical. Since core R11, after opening, 
appeared to have been subject to core-technical disturbances (related to the closed 
'Rammkernsonde'), actual field depths of the pollen samples and the related substrate 
sequences could not be established. The sample depths and corresponding substrates in 
diagram REB, therefore, are actual core depths and do deviate from the field depths 
indicated in the cross-section of Fig. 2 and the core description presented by HELBIG (1999-a), 
which are based on another coring technique at the same location. 
 
 
3.3 Diatom analysis 
Samples for diatom analysis from core REC were dried at 550�qC, boiled in 10% HCl and 
subsequenly washed with distilled water, boiled in 10% H 2O2 and subsequently washed with 
distilled water and mounted in 'Kanadabalsam'. Due to the small sample sizes it was not 
possible to sufficiently relatively enrich the di atom content. Counting was carried out with a 
light-microscope with magnification up to 1200 x; identification, nomenclature and 
palaeoecological interpretation are after KRAMMER &  LANGE -BERTALOT (1986, 1988, 1991-
a/b). 
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The complete core appeared to have been subject to Si-solution, due to which most samples 
contained only indeterminable diatom shell rema ins; in some samples only the most robust 
species have been preserved. It was, therefore, not possible to perform quantitative analyses. 
The palaeoecological interpretation of qualitative analyses are presented in Table 4. 
 
 

3.4 Substrate analysis 
Field characterisation of the substrates is after AG BODEN  (1994), for which in this text 
approximate english equivalents were used. For gyttja, the minimum requirement of 5% 
organic content was neglected due to the impossibility to determine organic contents in the 
field and to differentiate between sediments with more, or sediments with less than 5% 
organic content (SUCCOW 1988). Only in core REC, a differentiation was made between sand-
silt gyttja (containing more silt than sand) and silt-sand gyttja (containing more sand than 
silt). In other cases these sediments were classified as sand/silt gyttja without any 
differentiation. 
 
Grain size frequencies of core REC were determined with the 'Analys ette A22' apparatus 
(FRITSCH GMBH 1994). Samples were sieved through 1000 �Ím meshes, thus effectively 
removing the grain size fraction larger than 1000 �Ím. Of silty sediments 0.5 g, of sandy 
sediments 2 g material was dispersed in water. An ultrasonic treatment followed; possible 
aggregates of coherent grains thus were separated. Measurement occured subsequentely 
with light refraction, with 0.16 �Ím as the smallest measurable fraction. The grain size 
fractions are calculated in percentages of the total grain sum (including all grains between 
0.16 and 1000 �Ím). The fractions are named after AG BODEN  (1994), for which the following 
english equivalents are used: clay: < 2.0 �Ím; fine silt: 2.0 - 6.3 �Ím; medium silt: 6.3 - 20 �Ím; 
coarse silt: 20 - 63 �Ím; very fine sand: 63 - 125 �Ím; fine sand: 125-200 �Ím; medium sand: 200 - 
630 �Ím. 
 
Mean, standard deviation and skewness of the grain size frequencies were calculated after 
MARSAL (1979). 
 
Mean = (q1x1 + ... + qnxn/100; x: centre of grain size fraction (measured in Ø-scale); q: 
percent frequency of grain size fractions. 
 
Standard deviation �Ô = ROOT(q1(x1-mean)2 + ... + qn(xn-mean)2/100). 
 
Skewness = (q1(x1 - mean)3 + ... + qn(xn-mean)3)/100 �Ô3. 
 
Total carbon content and anorganic carbon content were determined with a 'Eltra metalyt CS 
500' (cf. BIRKELBACH &  OHLS 1995). Total carbon content was determined by measuring the 
evading CO2 after glowing at 1350 �qC. The anorganic carbon content was determined in a 
second measurement series after adding phosphorous acid. The difference between both 
measurements forms the organic carbon content (Corg), presented in percentages of total 
sample volume (including the mineral compon ents).  Measurement error lies at 0.5 %. 
 
CaCO3 content is calculated by multiplying the anorganic carbon content with 8.33. 
(recalculated after BLUME  et al. 2000). Loss-on-ignition was determined by heating air-dry 
samples at 105 �qC for one hour and subsequently glowing 2 g material in previously 
weighted porcelain scales at 550 �qC. After cooling, the differences in weight allowed 
calculation of loss-on-ignition (in percentage of total sample weight). 
 



 53

The following substrate parameter were determ ined: bulk density: sample weight (g) per 
sample volume (ml); dry weight: weight of the sample dried at 105 �qC (g) divided by fresh 
sample weight (g); dry weight per wet volume: weight of the sample dried at 105 �qC divided 
by volume of the fresh sample (cm3). (Netto) sedimentation rates are calculated as substrate 
thickness (mm) per year. Subsequently, accumulation rates (presented in kg/cm 2a) could be 
calculated as: sedimentation rate * dry weight per wet volume (cf. D EARING  1986): these 
calculation allows a comparisson of the accumulation independent of water content. 
 
 

3.5 Thin section of the Laacher See Tephra 
A thin section from the LST of a test core from the marginal parts of the large subbasin was 
prepared after BECKMANN  (1997). Micromorphological analysis was carried out after 
BULLOCK  et al. (1985) and STOOPS (1999). 
 
 

3.6 AMS 14C dating 
In order to absolutely date the Reinberg sections, three samples from REC and one from R23 
were prepared for AMS-dating. In order to avoid reservoir effects as well as juvination 
effects of younger organic material penetrating from a higher level, only supraterrestrial 
macrofossils from terrestrial pl ant taxa were selected (cf. TÖRNQVIST et al. 1992). 
 
 

4 AMS 14C-dates of the Reinberg sections: a methodological error 
The following results for the AMS-dates of the Reinberg-sections were communicated by 
P.M. GROOTES (written communication 10.10.2000): 
 

KIA 10816 (remains of Betula and Pinus from REC 101-104) contained 208.25 pMC (percent of 
modern (1950) carbon); it was not possible to date the sample. 
 

KIA 10817 (wood fragments from REC 234-236) contained 105.82 pMC and could not be 
dated. 
 

KIA 10818 (wood/charcoal particles from REC 271-277) contained 822.41 pMC and could not 
be dated. 
 

KIA 10819 (wood fragments of probably Betula nana from R23 173) contained 45.73 pMC and 
dates at 6285 ± 35 14C yr B.P. 
 

Since two samples have a 14C content much higher than the present-day natural content, a 
third ranges around this level and the fourth  sample dated much younger than expected, all 
samples must have been contaminated with modern 14C. This most likely is due to former 14C 
tracer experiments in the laboratories where the samples were prepared. According to P.M. 
GROOTES (pers. com.) such experiments normally cause contamination of the surroundings, 
which is too low to be detected with commo nly used radiation measuring instruments but 
nevertheless causes catastrophal disturbances in highly sensitive measurements used by 
AMS dating. 
 

Isotope experiments, including 14C, frequently were carried out in the past at the Botanical 
Institute of the Greifswald University. Unfort unately, due to substantial changes both in 
personnel and research priorities in the early 1990-ies related with the political changes in the 
former GDR, nobody could be traced with a clear overview of the extent of these 
experiments. It was found out (U.  MÖBIUS pers. com.) that part of the furniture used for 
palaeoecological researches (e.g. laboratory tables and furnaces) temporally were stored in 
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the former isotope laboratory, while the refriger ator used for preservation of the Reinberg 
cores previously was used for storage of radioactive material, possibly 14C. With available 
radiation measurement instruments it was not possi ble to locate the source of contamination. 
From another series of AMS-dates recently sampled and prepared in the Botanical Institute - 
partly in other rooms and with other equipment - the results ranged along expected ages or 
were too old (H.  JOOSTEN, pers. com.), indicating no contamination with recent 14C. 
 
 

5 Palaeoenvironmental interpretation of the records from the Reinberg horizon 
5.1 Correlation of the diagrams from the Reinberg horizon 
The boundary between the Weichselian Pleniglacial and Lateglacial, i.e. the rise in relative 
values of ARTEMISIA pollen, is hard to establish since most diagrams (REC, R22, R34, R35) 
show several rises. For convenience, the SPZ's above the upper rise, which also show 
continuous presence of HIPPOPHAË RHAMNOIDES  pollen, are interpreted to represent 
Lateglacial. Table 1 presents a tentative correlation of the various diagrams and the 
corresponding substrates. As the pollen diagrams show mainly (extra)local deposition 
values, general trends useful for correlation of  the individual SPZ's har dly can be identified. 
The SPZ's below the rise in ARTEMISIA/H IPPOPHAË RHAMNOIDES pollen are considered to 
represent the end of the Pleniglacial with only provisory synchronisation. The greater 
diversity in SPZ's in REC and R22, compared to the other diagrams, suggest that these 
diagrams cover the largest time slice. It is assumed that the upper SPZ's below the 
ARTEMISIA/H IPPOPHAË RHAMNOIDES rise cover the same time period. 
 
Tab. 1: Tentative correlation of the pollen diagrams from the Reinberg horizon 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2 'Background pollen record' 
Prominent in most diagrams (REC, R23, R34, R35) is a basal pollen zone which contains only 
low relative values or single occurences of all observed pollen types. From these values, no 
conclusions can be drawn about a local vegetation. The pollen record of these SPZ's, 
therefore, can be considered as a 'background pollen record' characteristic for the Reinberg 
basin sand and consisting mainly of exotic types; also regional pollen deposition probably is 
recorded. Types which are not (or only very rare ly) recorded in this background record, e.g. 
BOTRYOCOCCUS and H IPPOPHAË RHAMNOIDES , probably are not of exotic origin in the other 
SPZ's and can positively be attributed to presence of their producers. 
 

The absence of a local pollen signal in these pollen zones might be related to several 
feautures. It is thinkable that at the sampled spots no local vegetation was present, or that 
sedimentation dynamics prohibited the preser vance of a pollen signal. The corresponding 
macrofossils, however, as far as not transported from longer distances (e.g. transported along 
with the sediments) points to local presence of Sphagnum around R34 and Juncus around R35. 

Period REC REA R22 R23 R34 R35 R29

Weichselian REC-B REA-A2 R23-B R35-B2 ? Gyttja
Lateglacial R35-B1 ?
Weichselian REC-A3 REA-A R22-A4 R23-A2 R34-B R35-A1 ? Humous sand
Pleniglacial R22-A3 R23-A1 R34-A1 ?

R22-A2 ? Sand
REC-A2 ? R22-A1 ? ?
REC-A1 ?

Background REC-A0 R23-A0 R34-A0 R35-A0
pollen record
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5.3 Vegetation during the Plenigla cial/Lateglacial transition 
5.3.1 Pleniglacial 
A first local vegetation signal around REC is  recorded in SPZ REC-A1 by the peak of 
CERASTIUM FONTANUM GROUP  pollen, that is known to be produced by various Cerastium 
and Stellaria species (PUNT  et al. 1995): producers of the CERASTIUM FONTANUM GROUP  must 
have flourished directly around (i.e. within  one or few metres distance from) the core 
location. Since the known taxa inhabit both wet and dry habitats in a great variety of 
temperature regimes, and it even is thinkable that during the Pleniglacial taxa grew in the 
Reinberg area currently not native in the area covered by the Northwest European Pollen 
Flora, no palaeoecological conclusions can be drawn. Presence of BOTRYOCOCCUS (which 
probably was not redeposited, cf. section 5.2) indicates that water was present at the cored 
location. A fruit of possibly Batrachium favours this hypothesis: the near absence of 
RANUNCULUS ACRIS TYPE  pollen (produced by Batrachium species) at the corresponding 
depth indicates presence of individuals with  poor pollen production and/or dispersal. 
 
The following SPZ (REC-A2) contains a peak of ANTHEMIS TYPE pollen in sample 282, which 
is known to be produced by the genera Achillea, Anthemis, Chamaemelum, Chrysanthemum, 
Cotula, Leucanthemum, Matricaria, Otanthus and Tanacetum (MOORE et al. 1991): one or several 
members of these genera grew immedeately around the sampled spot. A Poaceae fruit at the 
corresponding depth indicates that also grases were locally present. (Extra)local presence of 
Juniperus around REC is indicated by occurrences of clumps of JUNIPERUS TYPE pollen in 
sample 276. 
 
Sample 278 of SPZ REC-A2 contains simultaneous peaks of ARMERIA MARITIMA TYPE A and 
ARMERIA MARITIMA TYPE B pollen and indicates presence of Armeria (sub)species 
immediately around the core location. Armeria (and Limonium) taxa are predominantely 
dimorphic, i.e. two different pollen types (A and B) are produced by different individuals 
which are self-incompatible, but cross-compatible (cf. BAKER 1948; IVERSEN 1940). Since both 
the A- and the B-type occur, presence of dimorphic Armeria (sub)species can be concluded 
(i.e. effectively excluding the monomorphic Armeria maritima ssp. sibirica and dimorphic 
Limonium species: though half the individuals of the latter produce A RMERIA MARITIMA TYPE 

B pollen, according to MOORE et al. (1991) the other half do not produce pollen of ARMERIA 

MARITIMA TYPE A). Armeria produces only few pollen (cf. PRAGLOWSKI &  ERDTMAN  1969; 
WOODELL  et al. 1978) and, in accordance with its large heavy pollen grains normally 
transported by insects, has bad pollen dispersal capacities (cf. EISIKOWITCH  & WOODELL  
1975; IVERSEN 1940; WOODELL &  DALE  1993). The only low relative pollen values in REC, 
therefore, already point to presence at extreme short distances. The large differences in 
relative values of A RMERIA MARITIMA TYPE A and A RMERIA MARITIMA TYPE B pollen between 
REC and REA, located only 1 m apart (though the peak in the latter diagram does not 
necessary represent the peak in sample REC 278, but possibly the peak in sample REC 274), 
indicate that the (extra)local deposition trajectory of pollen of Armeria is limited to only 1 or 
few m. This is also indicated in surface pollen samples transects from coastal areas (e.g. 
ERNST 1934; MENKE 1969). 
 
Decreasing concentrations of the pollen sum types in SPZ REC-A2, but slightly increasing 
concentrations of FILIPENDULA , FABACEAE  UNDIFF . TYPE, ALNUS, BETULA PUBESCENS TYPE and 
BETULA UNDIFF . TYPE pollen, indicate that taxa producing these types actually expanded 
during the time span covered by this SPZ. The low relative values suggest that probably only 
regional values are recorded. 
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Relative high values of SPHAGNUM  spores in the lowermost sample of R22-A1, compared to 
its values in REC, indicates local presence of Sphagnum; macrofossils of Sphagnum, however, 
were not observed. The peak of CALLUNA VULGARIS  pollen in R22 (sample 277), compared to 
the only scattered occurrences of this type in REC, suggest that Calluna might have grown 
around R22. The observation of epidermis possibly from Menyanthes (SPZ R22-A2) indicates 
that this taxon might have locally grown: the absence of M ENYANTHES TRIFOLIATE TYPE  
pollen suggest vegetative presence only. 
 

The pollen record indicates that SPZ REC-A3 started with renewed presence around REC of 
dimorphic Armeria taxa and producers of the ANTHEMIS TYPE: the latter remained longer 
present and were succeeded (sample 272) by producers of LACTUCEAE  pollen (according to 
MOORE et al. (1991) and PUNT &  CLARKE  (1984) produced by all members of the Lactuceae 
tribe of the Asteraceae with the exception of Scorzonera humilis). The probable synchronous ) 
SPZ's R22-A1 and R35-A1, peaks of only ARMERIA MARITIMA TYPE B pollen occur. Though it 
can not positively be ruled out from  the pollen record that around R22 Limonium auriculae-
ursinifolium - according to MOORE et al. (1991) the only monomorphic species producing 
ARMERIA MARITIMA TYPE B pollen - had grown, it seems more likely that at this spot only 
individuals producing the B-type were presen t, while individuals producing the A-type 
grew at larger distances to this core outside the range of their deposition. 
 

In SPZ R23-A1, a peak of BETULA NANA TYPE CF . B. HUMILIS  pollen in sample 178 suggests 
possible presence of Betula humilis and/or Betula hybrids around R23. Clumps of SALIX  
pollen in sample R23-176 shows that Salix was present within not too large distances of R23, 
either on nearby upland or in shallow water. In SPZ R23-A2, the pollen record indicates that 
also producers of ANTHEMIS TYPE pollen and Parnassia palustris expanded within few metres 
distance of the core location. Parnassia palustris, which can grow in both wet and dry 
conditions under different temperature regime s, demonstrates lime-rich conditions (cf. 
ELLENBERG et al. 1992). 
 

Around R34 also producers of PLANTAGO MARITIMA TYPE  pollen - according to PUNT  & 
CLARKE  (1980) produced by Plantago maritima, P alpina and/or P. arenaria - were present. 
 

A large peak of WILD GRASS GROUP pollen at the top of SPZ REC-A3, from which also clumps 
were found, demonstrates prominent presence of Poaceae around REC. In the adjacent core 
REA WILD GRASS GROUP pollen is present with high relative  values over a larger depth range 
than in REC (or two peaks occur which can not be separated due to the large sample 
distance), showing great differences in (extra)local pollen deposition of grases at short 
distances, as can be expected. Local presence of grases around R22 (SPZ R22-A2) is indicated 
by high local deposition values and by observation of pollen clumps. Around R34 and R35 
local presence of grases is indicated by finds of Poaceae fruits (SPZ R34-A1 and R35-A1), 
though relative values of W ILD GRASS GROUP pollen are low. In R34, only the top sample 
contains local deposition values of this pollen type. 
 

The Pleniglacial ends at most spots (REC, R22, R23, R34) with prominent rises in the curves 
of CYPERACEAE pollen, indicating a shift to a vegetation with prominent presence of 
Cyperaceae species. The lower relative values of CYPERACEAE pollen in R35 positively 
demonstrate that at the other sites (extra)local deposition is recorded. Such a peak probably 
is obscured in REA due to a too large sample distance. 
 
The macrofossil record indicates that towards the end of the Pleniglacial Juncus (REC), 
Potamogeton and cf. Mniaceae (R22), and Catoscopium nigritum and Sphagnum palustre (R34) 
were present; since only limited amounts of SPHAGNUM  spores were observed, Sphagnum 
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probably mainly vegetatively occurred. A nut of Ranunculus sceleratus (sample R23-177) 
shows presence of this taxon, which inhabits wet and moist environments. Absence of 
RANUNCULUS ACRIS TYPE  pollen at the same depth indicates low pollen production and/or 
bad pollen dispersal of Ranunculus sceleratus. 
 
From these plant taxa, an environment consisting of wet and dry areas at close distances to 
each other must be concluded. Wet environments are also indicated by observations of 
BOTRYOCOCCUS and PEDIASTRUM BORYANUM . in SPZ's REC-A1, REC-A2, REC-A3, REC-A4, 
R22-A1, R22-A3, R22-A4, R23-A2, R34-A2. The absence of BOTRYOCOCCUS and PEDIASTRUM 

BORYANUM  (or low values of PEDIASTRUM BORYANUM , which can not be excluded to have 
been redeposited; cf. section 5.2) in some SPZ's (e.g. R22-A2, R23-A1, R34-A1, R35-A1) might 
suggest that temporarily the wet spots were dry. This seems contradicted by the present 
deep position of core R34: either the original sand surface was post-sedimentary lowered due 
to the melting of buried dead-ice lenses, or local environmental factors in the deepest parts of 
the basin were too unfavourable for these algae. Since already the (sub)species included in 
the morphologic entities distinguished here  have different ecological demands (cf. 
JANKOVSKA &  KOMAREK  2000), it is unknown which factors might have played a role. 
 
Rises in both relative and concentration values, with concentrations of pollen sum types 
predominantly not changing, indicate actual increase of pollen influxes. Such phenomena 
can be observed in the curves of HELIANTHEMUM , ARTEMISIA, BETULA UNDIFF . TYPE, BETULA 

PUBESCENS TYPE, ALNUS and JUNIPERUS TYPE pollen in (one or several of) the SPZ's R22-A3, 
R22-A4, R23-A1, R34-A1 and R34-A2. This shows that Helianthemum, Artemisia, Betula trees, 
Alnus species (probably A. viridis and/or A. incana) and Juniperus actually expanded. The 
values of their pollen types, however, remain so low that (extra)local presence can not be 
positively concluded: their presence somewhere in the landscape, however, is without doubt. 
 
 
5.3.2 Lateglacial 
Around REC, the high relative values of C YPERACEAE pollen (SPZ REC-B), which are higher 
than the possible regional deposition values in  R35, show that Cyperaceae species remained 
dominant at the sampled location. Also producers of the A NTHEMIS TYPE probably were 
present within a few m distance. 
 

Around R23, presence of Cyperaceae, Parnassia palustris and producers of ANTHEMIS TYPE 
pollen are indicated by higher relative values of their pollen types than the possible regional 
values in R35; the macrofossil record adittionally indicates local presence of Equisetum, 
Catoscopium nigritum, Calliergon, Dreponocladus and Meesia triquetra. 
 

In SPZ R35-B1, high (extra)local deposition values of many types (compared to the possible 
regional values in REC) indicate a rich varied vegetation immediately around the core 
location, probably in both dry and wet habitats, of at least Equisetum, Cyperaceae, Poaceae 
(of which also fruits were found), Salix and Juniperus. Water was inhabited by Pediastrum and 
Botryococcus. High values of BETULA PUBESCENS TYPE pollen demonstrate that also Betula trees 
grew in the immediate surroundings. Since tree birches produce much pollen and have great 
dispersal capacities (cf. MOORE et al. 1991), the low regional values of BETULA PUBESCENS 

TYPE pollen in the other analyzed sections, which otherwise would have been higher, 
indicate that only one or few individuals we re present around R35. In SPZ R35-B2, while 
values of the types dominating the previous SPZ have decreased, high relative values of 
WILD GRASS GROUP pollen indicate that grasses were (extra)locally present. 
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Rises in relative and concentration values of HELIANTHEMUM , ARTEMISIA, ALNUS, BETULA 

NANA TYPE , and HIPPOPHAË RHAMNOIDES  pollen in SPZ REC-B and R23-B indicate that 
influxes of these types had increased, suggesting that taxa producing these pollen types had 
expanded in the vegetation. Their values, however, are too low to allow the conclusion of 
(extra)local presence around the cored sites. In REC, rises in concentration of almost all 
observed types correspond both with the start of the Lateglacial and with a substrate change 
from sand to gyttja. This concentration increase is related with both lower accumulation rates 
and better pollen preservation of the gyttja, and with increased pollen influxes of actually 
expanding plant taxa. The rise of concentrations of almost all types in R22 at the sand/gyttja 
transition, which does not correspond with the beginning of the Lateglacial, shows that the 
substrate change is an important factor for concentrations to rise. The rise in concentrations 
at the beginning of the Lateglacial in R23 within homogenous sand, however, shows that 
influxes actually have increased at the beginning of the Lateglacial. 
 
 
5.3.3 Interpretation of diagram R29 from the northern subbasin 
Core R29 was derived from the humus layer in the northern subbasin, which is not directly 
connected with the middle subbasin. 
 
The pollen record of SPZ R29-A shows that within few metres distance producers of 
CERASTIUM FONTANUM GROUP  pollen were present. Leafs of Dryas octopetala indicate that this 
taxon also grew nearby. DRYAS OCTOPETALA pollen first appear at a higher level and with 
low values only. It is, however, thinkable t hat the species/individuals involved have low 
pollen production and dispersal, or were only ve getatively present. It is also thinkable that 
the macrofossils were transported from larger  distances, e.g. winddriven over frozen ice 
surfaces (cf. GLASER 1981). 
 
During the period covered by SPZ R29-B, producers of CERASTIUM FONTANUM GROUP  pollen 
gradually disappeared. The high values of  their pollen types might suggest that Betula trees 
were present immediately around the cored site  (probably on the nearby mineral riches, cf. 
Fig. 2), together with Betula shrubs, Juniperus and Hippophaë. Presence of Poaceae and Dryas 
octopetala is obvious from macrofossils. These, however, not accompanied by high values of 
their pollen types. High values of P EDIASTRUM BORYANUM  and BOTRYOCOCCUS indicate 
presence of water at the sampled spot, in which these algae flourished. 
 
Correlation of R29 with the other diagrams is no t possible, since the recorded pollen values 
greatly differ from the other sections. Especially the high relative values of B ETULA 

PUBESCENS TYPE and H IPPOPHAË RHAMNOIDES  pollen might suggest that this section is 
younger than the other sections of the Reinberg horizon, but since the covering substrates 
were not palynologically analyzed, correlation with the lake sediment diagram of REC is not 
possible. 
 
 
5.3.4 Vegetation and palaeoenvironment in the middle subbasin 
At various spots, presence of water could be demonstrated, inhabited by Pediastrum, 
Botryococcus, water Ranunculaceae (Batrachium and Ranunculus sceleratus) and Potamogeton. 
Water tables during the transition to the La teglacial must have been rather low, since 
presence of dry spots at short distances can be interpreted from the reconstructed vegetation. 
These were at least inhabited by Armeria and by producers of PLANTAGO MARITIMA TYPE  
pollen. In the middle subbasin, therefore, an environment consisting of several shallow 
ponds and low mineral domes must be assumed. This is in accordance with the considerable 
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variations in the microrelief (e.g. the elevatio n differences of the sand surface between REA 
and REC). These small-scaled differences, however, also might be related to post-
sedimentary relief modifications due to  the melting of buried dead-ice. 
 
Within such a landscape an extensive wetland vegetation can be imagined in the moist 
transitional reaches between the ponds and the mineral domes. Unfortunately, most taxa 
reconstructed for the middle subbasin, e.g. Juncus, Poaceae, Cyperaceae, Calluna, Equisetum, 
Parnassia palustris, Lactuceae, producers of ANTHEMIS TYPE pollen, producers of CERASTIUM 

FONTANUM GROUP  pollen, are produced by plants with such different ecological behaviour, 
that an identification of pure upland and pure  wetland taxa can not be made: most of this 
pollen probably originates from taxa in both the dry and wet habitats. Of the demonstrated 
trees and shrubs, Juniperus most likely inhabited the dry grounds, but Salix and Betula 
species may also have grown at moist spots. Sphagnum and the other mosses will have 
inhabited the moist areas together with Menyanthes. 
 
 
5.4 Sedimentation processes, humus formation and water table changes during the 

Pleniglacial/Lateglacial tran sition in the middle subbasin 
In order for a palaeoenvironment as reconstructed here to exist, a considerable decrease of 
water tables must be assumed compared to the earlier periods of the late Pleniglacial, for 
which rather high water tables were reconstructed (cf. section 2). 
 
Within the sand the pollen types show a clear succession, pointing at a synsedimentary 
origin of the pollen record. The possibility t hat the pollen signal of post-sedimentary 
vegetation was mixed with the upper part of th e sand (e.g. by bioturbation or percolating 
water) can be ruled out, since this would hav e resulted in much more homogeneous pollen 
spectra (cf. Andersen 1980). The sand, therefore, was transported into the middle subbasin 
by surface run-off (and/or by wind) and deposited within the local vegetation. 
 
Humus incidentally was found at deeper levels  than the lowest local pollen signal (REC, 
R23); in other cases, however, the first local pollen signal occurs below the lowest humus 
(R22, R35). This shows that no clear connection exists between the settlement of the local 
vegetation and humus formation, which mu st have been mainly along root canals 
penetrating from a higher level. This is in accordance with the observation of abundant root 
fragments among the macrofossils. 
 
The grain-size frequencies of the Reinberg horizon in core REC (cf. Fig. 3) show a dominance 
of medium sand. In general, though many irregular peaks occur, a fining upward tendency 
is observable, showing a gradual shift to deposition of finer material. 
 
CaCO3 content in the Reinberg horizon in REC ranges between 1.5% and 4%. This may be the 
result of redeposition of clastic lime particles from the surrounding till, or from precipitation 
of CaCO3 dissolved in soil- and/or ground-water (C HROBOK 1986). It was not investigated if 
clastic carbonate is present, which can be expected for the pleniglacial basin sands. The 
absence of remains of ostracods, Characeae or molluscs indicate that biogenetic carbonate 
can be ruled out. Loss-on-ignition is extremely low and mainly reflects the low humus 
content. 
 
The start of registration of a local pollen record  varied between the different spots (cf. Table 
1). This probably is related with local sedi mentational conditions, which must have been 
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stable enough to retain the pollen record: no redeposition of the sediment, which will have 
resulted in a mixing with the backgr ound pollen record, might have occurred. 
 
Incidentally, pollen concentrations of all observ ed pollen types greatly decrease within single 
samples (e.g. REC 281, R35 226), indicating increases in sedimentation rates Increases in 
pollen concentrations of all observed types in single samples (e.g. R23 176) and complete 
zones (e.g. REC-A1, R22-A2) indicate decreases of sedimentation rates. The concentration 
flucutations show that a great variation in local sedimentation patterns must have existed 
within the middle subbasin. 
 
Towards the top of the analyzed sections, a transition from sand to gyttja occurs, indicating 
that water levels rised and that the exisiting palaeoenvironment was drowned. This 
transition does not take place simultaneously at all investigated spots (cf. Table 1): in REC in 
the centre of the subbasin, gyttja deposition started earlier than in more marginally located 
sections R23 and R35. Especially along the basin margins a longer lasting input of sandy 
material can be expected, as in general deposits along basin shores are coarser than in their 
centres (cf. DIGERFELDT 1986). This is, however, not in accordance with the even earlier start 
of gyttja deposition in R22, which is another  indication that substantial short-distance 
variation existed in sedimentation patterns. The fact that at the beginning of the Lateglacial 
still a local vegetation signal was recorded at most spots shows that the middle subbasin 
slowly drowned by only gradually rising water levels. 
 
 
5.5 Chronological interpretation  of the Reinberg horizon 
It is difficult to accurately estimate the tota l time range covered by the Reinberg horizon. 
Since pollen production and dispersal of most pl ants greatly fluctuate from  year to year (cf. 
H ICKS 1985; SCAMONI  1955; STIX 1978), pollen diagrams with high  temporal resolution can be 
expected to show great irregular fluctuations in pollen values. The absence of such irregular 
fluctuations in the diagrams from the Reinberg horizon indicates that each sample represents 
at least several years. The total time covered by the pollen diagrams, therefore, must be at 
least several decades. 
 
It is also hazardous to give an absolute age for the Reinberg horizon, since no reliable 14C 
dates are available from the Reinberg basin. Also from other European localities, hardly any 
reliable dates are available from the rise of ARTEMISIA pollen. In Usselo in the eastern 
Netherlands the rise was dated at 12840 ± 200 and 12930 ± 210 14C yr B.P. (VAN GEEL et al. 
1989). Though correlation over such large distances is hazardous, for Reinberg, nevertheless, 
an age of 12900 14C yr. B.P. is assumed. 
 
 
5.6 Comparison with other European localities 
Several other pollen diagrams from north/ce ntral European localities cover the transition 
from the Pleniglacial to the Lateglacial (e.g. BOHNCKE  et al. 1987; CLEVERINGA  et al. 1977; DE 

BEAULIEU &  REILLE 1992; LEROY et al. 2000; LITT &  STEBICH 1999; MATHEWS 2000; MENKE 
1968; SCHIRMER  1999; VAN GEEL et al. 1989), but not all show a clear rise in ARTEMISIA pollen. 
Though the regional vegetation seems to be more or less similar, most of these diagrams do 
not show local pollen deposition values and, ther efore, do not enable the identification of a 
local vegetation. It is, therefore, not possible to say whether the local palaeoenvironment 
reconstructed for the middle subbasin from Reinberg is exceptional, or whether similar 
environments were widespread. 
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At Usselo (VAN GEEL et al. 1989), (extra)local peaks of BETULA  pollen (encompassing all 
BETULA  types of the present study) together with remains of fungi parasiting on Betula, SALIX  
pollen (macrofossils of Salix cf. reticulata were found), POACEAE  (identical with the W ILD 

GRASS GROUP) CYPERACEAE and ASTERACEAE TUBULIFLORAE (encompassing a.o. the 
ANTHEMIS TYPE) were found below the rise in A RTEMISIA pollen. This indicates a vegetation 
that was possibly similar to that of  Reinberg around the Usselo-site. 
 
Hopefully, future discoveries of similar record s in other areas will enable an overregional 
comparison. 
 
 

5.7 Tentative palaeoclimatic interpretation of the Pleniglacial/Lateglacial transition 
Characterisation of the climatic changes at the Pleniglacial/Lategla cial boundary still is 
problematic (cf. discussion in DE KLERK submitted). Several contradicting data are available: 
British and Dutch Coleoptera data indicate  a major temperature rise around 13000/12900 14C 
year B.P. (e.g. ATKINSON  et al. 1987; COOPE 1986; COOPE &  JOACHIM  1980; VAN GEEL et al. 
1989), but Swiss and Swedish Coleoptera data, as well as stable oxygen isotope records from 
Switzerland, The Netherlands and southern Sweden, indicate a major temperature rise to 
occur not before 12500/12450 14C yr B.P. (cf. e.g. AMMANN  et al. 1994; HAMMARLUND &  

LEMDAHL  1994; HOEK et al. 1999; LEMDAHL  1988). DE KLERK (submitted) hypothesizes that 
around 12900 14C yr B.P. only a minor temperature increase took place, which possibly 
consisted of only a small increase of summer temperatures or a longer duration of summer 
warm periods. 
 

The data from the Reinberg middle subbasin allow the posing of some additional hypotheses 
on climatic changes during the Pleniglacial/Lateglacial transition. 
 

The first major event to have occurred in the middle subbasin is a major lowering of water 
tables (cf. section 5.4). Such a reduction in a basin without outlet only is possible by a 
subterranean discharge, which previously was hi ndered. As cause for this hindering, only 
soil frost can be imagined. This indicates that already before the palynological 
Pleniglacial/Lateglacial boundary temperatures started to rise and caused thawing of frozen 
soils. It must also be taken into account that due to changes in temperature and/or summer 
length and subsequent changes in the precipitation/evapotranspiration relation, water 
supply and hydrological conditions probably gr eatly had changed and influenced the basin. 
 

During a period of at least several decades (cf. section 5.5) a local environment consisting of 
small ponds and low mineral domes existed, during which water tables possibly periodically 
slightly changed (cf. section 5.3.1), but in general remained rather low.  Though during this 
period the local vegetation changed at several spots, no vegetation succession caused by 
rising temperatures seem to be recorded, but probably vegetation internal dynamics, so 
probably temperatures remained stable. 
 

A final rise in A RTEMISIA pollen marks the start of the Lateglacial. This rise might be the 
result of an expansion of Artemisia species under influence of a further temperature increase 
(cf. VAN DER HAMMEN  1951). At the same time, suddenly HIPPOPHAË RHAMNOIDES  pollen 
appears and is continuously present wi th low values. Previous presence of Hippophaë in the 
landscape is very likely since a continuous supply of its seeds by birds can be assumed (cf. 
GILLHAM  1970). Under cold conditions, however, Hippophaë only is vegetatively present, i.e. 
without giving a pollen signal (cf. G AMS 1943; IVERSEN 1954). The sudden appearance of its 
pollen, therefore, only can be the result of a temperature increase (cf. FASSL 1996; KOLSTRUP 
1979, 1980). Since only low relative values occur, mass expansion of Hippophaë shrubs did not 
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yet occur (cf. section 6.2.2). Summer temperatures, therefore, probably ranged around, or 
were only slightly higher, for the threshold for Hippophaë. 
 

Together with the increase of ARTEMISIA and H IPPOPHAË RHAMNOIDES  pollen, water levels 
started to rise, due to which the middle subbasin soon was drowned. The relation between 
this water level rise and the rising temperatures  still is unclear. Enlarged precipitation might 
be a possible, but is contradicted by the hypothesis that the subsequent phase was rather dry 
(cf. section 6.2.1). Other causes might be found in changes in water storage in the soils, e.g. 
groundwater levels had gradually rised above the basin floor. 
 
 

6 Palaeoenvironmental development during the Weichselian Lateglacial and 
Early Holocene 

6.1 Stratigraphical and chronological interpretation 
Presently, a large international confusion exists with respect to the division of the 
Weichselian Lateglacial into various periods/phases with specific climatic, vegetational 
and/or chronological implications (cf. B OCK et al. 1985; DE KLERK submitted; K AISER et al. 
1999; USINGER 1985, 1998). In order to avoid further confusion, the SPZ's of the Reinberg 
diagrams are interpreted in terms of the vegetation phases of Vorpommern as introduced by 
DE KLERK (in press). This scheme partly deviates from the preliminary terminology used by 
KAISER et al. (1999) and BILLWITZ  et al. (2000). Table 2 presents the tentative correlation of 
these vegetation phases with commonly used periods/phases of the Weichselian Lateglacial. 
Though originally these periods/phases were (inconsistently and incompatibly) described as 
(combinations of) vegetation phases, climate periods and/or chronozones, on a time scale 
they represent more or less identical periods and can, therefore, be correlated. 
 

Table 3 presents the correlation of diagrams REA, REB and REC with the vegetation phases 
of Vorpommern and their tentative age ranges of 14C-years and calendar years (calibrated 
with aid of the computer program CALPAL of W ENINGER &  JÖRIS (1999) using the default 
INTCAL-98-Tree+U/Th extended calibration  set). This preliminary chronological 
interpretation (cf. D E KLERK in press) is based on comparisson with similar pollen zones in 
14C-dated pollen diagrams from elsewhere. The following criteria were used: 
 

- The boundary between the Late Pleniglacial and Open vegetation phase I, as discussed 
previously, is estimated at 12900 14C yr B.P. after VAN GEEL et al. (1989). 
 

- The beginning of the Hippophaë phase, of which hardly any reliable 14C dates are available 
in Europe, is assumed to represent a major temperature rise (cf. section 6.2.2) and estimated 
at 12450 14C yr. B.P., corresponding with a temperature rise recorded in various oxygen 
isotope curves (cf. DE KLERK submitted). 
 

- The end of the Hippophaë phase was AMS 14C dated in the Endinger Bruch area 
(approximately 25 km west of the Reinberg basin) at 11950 ± 70 and 11930 ± 70 14C yr. B.P. 
(DE KLERK 1998, in press; KAISER et al. 1999). In Kolczewo (Wolin, NW Poland) it was dated 
at 12010 ± 120, as deduced from a combination of the 14C dates presented by LATALOWA  
(1992, p. 148, Fig. 6) with the summary pollen diagram presented by RALSKA -JASIEWICZOWA 

&  LATALOWA  (1996, p. 462, Fig. 13.42); at Niechorze (NW Poland) dates are provided of 
11880 ± 110, 11980 ± 130, 12150 ± 100 and 12010 ± 150 14C yr. B.P. (RALSKA -JASIEWICZOWA &  

RZETKOWSKA  1987). From the former lake 'Rappin' (NW Rügen) a date of 12101 ± 600 14C yr. 
B.P. (KLIEWE &  LANGE  1968; LANGE  et al. 1986) has such large ±-values that it hardly has 
chronological relevance. The end of the Hippophaë phase in Vorpommern is estimated at 
12000 14C yr. B.P. 



 

 

 63



 64

Tab. 3: Correlation of pollen diagrams REC, REA and REB with vegetation phases of  
Vorpommern 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No reliable 14C dates are available from NE Germany and NW Poland for the transition from 
Open vegetation phase II to the Lateglacial Betula/Pinus forest phase. Under the assumption 
that the decrease in NAP values (boundaries between SPZ's REC-E1/E2, REA-A4/REA-B, 
REB-B1/REB-B2) represents the beginning of the 'classical' Allerød, this event is assumed to 
have the 'classical' age of 11800 14C yr. B.P. (cf. MANGERUD  et al. 1974). The first signs of 
expansion of Betula forest, recorded in Reinberg in SPZ's REC-E1 and REB-B1, probably 
occurred a little earlier and is, therefore, estimated around 11900 14C yr. B.P., in accordance 
with the beginning of the 'Allerød' as date d in numerous Dutch pollen diagrams (cf. H OEK 
1997-a). Due to these insecure dates, especially if the large ±-values of most original 
conventional 14C-dates are taken into consideration, the duration of the very short Open 
vegetation phase II still is insecure and might be demonstrated to be false if furture 
researches provide more accurate AMS-dates. 
 

- An important chronostratigraphic marker is the LST, which occurs in the upper part of 
SPZ's REC-E4 and REA-B. It was dated at the Crednersee (NE Rügen) at 11018 ± 120 14C yr. 
B.P. and the adjacent Niedersee at 11338 ± 120 14C yr. B.P. (KLIEWE 1995). The latter, within 
its ±-range, corresponds well with the age of 11230 ± 40 14C yr. B.P. given by HAJDAS et al. 
(1995); the former is in good accordance with dates ranging between 11037 ± 27 and 11073 ± 
33 14C yr. B.P. presented by BAALES et al. (1999). The actual 14C age of the Laacher See 
eruption, therefore, still remains uncertain. 
 

- The transition from the Lateglacial Betula/Pinus  forest phase to Open vegetation phase III 
was dated in the Herthamoor (NE Rügen) at 10940 ± 230 14C yr. B.P. (SCHUMACHER &  

ENDTMANN  1998; dated level slightly above the palynological transition) and in Kolczewo at 
10980 ± 120 14C yr. B.P. (LATALOWA  1992; cf. RALSKA -JASIEWICZOWA  & LATALOWA  1996); for 
Reinberg, therefore, it is estimated around 11000 14C yr. B.P. 
 

- The end of Open vegetation phase III and the beginning of the Early Holocene were dated 
in Kolczewo at 10150 ± 130 14C yr. B.P. (LATALOWA  1992; cf. RALSKA -JASIWIECZOWA &  

LATALOWA  1996; dated level slightly below the palynological boundary) and in the 
Herthamoor at 9930 ± 130 14C yr. B.P. (SCHUMACHER &  ENDTMANN  1998; dated level slightly 
above the palynological boundary): 10000 14C yr. B.P. seems a good estimation for the 
Reinberg basin. In the middle subbasin a hiatus obscures this event. 

Reinberg C Reinberg 6 Reinberg 11 Vegetation phases Tentative range Tentative range in

(REC) (REA) (REB) Vorpommern in 14C years BP calendar years BP

REC-G REA-D REB-D Early Holocene 10000-9300 11450-10500
Betula/Pinus forest phase

REC-F3 Open vegetation phase III 11000-10000 13000-11450
REC-F2 REA-C REB-C
REC-F1
REC-E4 Lateglacial Betula/Pinus 11800-11000 13800-13000
REC-E3 REA-B REB-B2 forest phase
REC-E2
REC-E1 REA-A4 REB-B1 11900-11800 13900-13800
REC-D REB-A Open vegetation phase II 12000-11900 14000-13900
REC-C REA-A3 Hippophaë phase 12450-12000 14750-14000
REC-B REA-A2 Open vegetation phase I 12900-12450 15200-14750
REC-A REA-A1 Late Pleniglacial
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The total duration of Open vegetation phase III  in calibrated (i.e. calendar) years is rather 
long in comparisson with assumed identical periods/phases in annually laminated records 
(cf. e.g. BJÖRCK et al. 1998; LITT &  STEBICH 1999; RALSKA -JASIEWICZOWA  et al. 1995). This is 
probably due to insecurities in the calib ration procedure of Lateglacial dates. 
 
 

6.2 Palaeoenvironmental reconstruction 
Some observed macrofossils of core REC are presented in appendix 3. Appendix 4 presents 
the pollen diagrams of the lake sediments of REA, REB and REC.. The substrate parameters 
of core REC are presented in Figure 3. The results and interpretation of diatom analyses are 
presented in Table 4. Table 5 presents sedimentation and accumulation rates of the substrates 
of core REC. Summarizing parameter of the pollen analyses of REC, summary of the diatom 
analyses as well as a summary of the most important palaeoenvironmental conclusions also 
are presented in Figure 3. 
 
 
6.2.1 Open vegetation phase I (SPZ's REC-B, REA-A2) 
Upland vegetation : after the vegetation in the middle subbasin was drowned by rising water 
levels, the distance from the core location to the nearest upland was considerably enlarged. 
Hardly any (extra)local signals from pollen type s attributable to upland taxa are therefore 
recorded (appendix 4. The minor peaks of ARTEMISIA, SALIX , JUNIPERUS TYPE and JUNIPERUS-
WITHOUT -GEMMAE  pollen at the base of SPZ REC-B might represent initial extralocal 
deposition from the shores of the still small la ke. The pollen record indicates an open upland 
vegetation consisting mainly of herbs, such as Artemisia and Helianthemum, in which 
probably also Ericales, Chenopodiaceae and Dryas were present. Also presence of Salix, 
Juniperus and probably Populus is indicated by their pollen types. Presence of Betula trees at 
the beginning of this vegetation phase already was demonstrated in section 5.3.3. and it can 
be assumed that they remained present in the landscape. They probably only were 
incidentally present, not formin g closed stands, since otherwise relative pollen values of this 
taxon with high pollen production and  good dispersal capacities (cf. MOORE et al. 1991) 
would have been much higher. H IPPOPHAË RHAMNOIDES  pollen almost continuously is 
present with low values, indicating that Hippophaë was present in the landscape, but also 
only inciodentally. It seems likely that  the local taxa reconstructed for the 
Pleniglacial/Lateglacial transition remained present in the landscape, but due to the 
enlarged distance to the core location can not be positively identified from the low regional 
pollen values. These reconstruction indicates that, though the vegetation certainly had 
become denser than in the Pleniglacial due to actual expansion of various taxa (cf. section 
5.3.3.), in general it still was rather sparse and open. 
 

Wetland vegetation : low amounts of BOTRYOCOCCUS and PEDIASTRUM BORYANUM , though 
higher than in the sand, indicate that taxa wi thin these morphological entities inhabited the 
lake. Botryococcus had a short-lasting optimum at the beginning of this phase. Presence of 
Potamogeton and/or Callitriche can be assumed from values of POTAMOGETON TYPE  pollen. 
The pollen record does not give clear indication about the presence of a lake-shore 
vegetation. 
 
Fig. 3: Results of substrate analyses of core Reinberg C (Corg, loss-on-ignition, CaCO3-content, 

dry weight, bulk density, grain size fr equencies), together with summarizing 
parameter of the pollen and diatom analyses and a summary of the 
palaeoenvironmental reconstruction. For matte r of convenience, the vegetation phases 
of Vorpommern also are provided with the terminology of B ILLWITZ  et al. (2000). 
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Diatom flora : among the rare diatoms observed (table 4), nordic-alpine-subarctic species 
dominate. These taxa, however, also presently occur in northern German lakes, especially in 
the deeper colder water. They might have flourished in the Reinberg basin because 
competing species were absent. Dystrophic/olig otrophic lake water with slight acid to 
neutral pH-values is indicated; the observation of  epiphytic diatoms points to the presence of 
a marginal lake-shore vegetation. 
 
Substrate: in REC a change occurs from sand to the silt and clay fractions. There are, 
however, strong fluctuations in the 630-1000 �Ím and medium sand curves (Fig. 3), which 
indicate incidental input of coarser material. The strong fluctuations in both mediate grain 
size and standard deviation show that sedimentation was rather irregular. The skewness 
indicates a gradual fining-upward tendency. Assumed exotic pollen types, though with still 
very high percentages, occur in lower amounts than in the sands. Though there are no 
substantial differences in the bulk density betw een the basin sands and the basal part of the 
lake sediments, there is a clear decrease in dry weight. Loss-on-ignition and C org are 
extremely low. The CaCO3-content of the sediments sharply increases, indicating an enlarged 
CaCO3-precipitation in the basin. 
 
Palaeoenvironmental integration : in general, the climatic interp retation of this first phase of 
the Lateglacial is still problematic. Though a minor rise in temperature compared to the 
Pleniglacial certainly must have occured, its extent still is unclear (cf. section 5.7. Due to this 
minor temperature rise, vegetation and sedimentation processes changed. Both parameters 
indicate a dry continental climate with only littl e precipitation, due to which relatively fine-
grained sediments were deposited (compared to later phases). Since the upland vegetation 
still was very open, precipitation directly affe cted the predominantly unprotected soils and 
erosional and sedimentation patterns were extremely irregular. Slight decreasing grain sizes, 
however, point to slightly more stable sediment ation in the course of time: Open vegetation 
phase I can, therefore, geomorphologically be considered to be a transitional phase. 
 
Though the pollen record does not give inform ation about a lake-shore vegetation and the 
low loss-on-ignition and C org-values indicate that organic production in the basin was 
extremely low, the diatom record seems to indicate presence of a marginal wetland 
vegetation. 
 
The enlarged CaCO3 content is hard to explain. Highe r temperatures will have caused an 
increased precipitation of CaCO3 in the basin (cf. CHROBOK 1986). Also the supply of CaCO3, 
however, must be taken into account: the increased biological activity in the soils 
surrounding the basin as consequence of the slightly denser vegetation will have increased 
CaCO3-solution, but the higher te mperatures also caused CaCO3-solution in the soils to 
decrease (cf. KUNTZE  et al. 1994). The netto effect of these opposite processes can not be 
estimated. Since CaCO3-values in REC have increased, the enlarged CaCO3 precipitation due 
to the higher temperatures must have had the largest influence. 
 
 
6.2.2 Hippophaë phase (SPZ's REC-C, REA-A3) 
Upland vegetation : within the open upland vegetation, Hippophaë shrubs expanded. 
Unhindered by competitive shadowcasting trees, as was the case in the early Lateglacial, this 
taxon obtains a tree-like growth form and forms dense stands (cf. SKOGEN  1972). The relative 
high NAP values indicate that the vegetation remained open: an expansion of Helianthemum 
and Salix at the end of this phase is indicated by a minor peak of their pollen types. The small 
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rise of BETULA PUBESCENS TYPE pollen in sample 244 of REC indicates that also Betula trees 
slightly expanded: it can be assumed that only incidental specimens were present, as 
otherwise Hippophaë would have been outshadowed. The samples 254-252 of REC show 
lower relative values of H IPPOPHAË RHAMNOIDES  pollen; AP+NAP concentrations show a 
conspicuous dip in the samples 255-252. 
 
Wetland vegetation : the pollen record (appendix 4) indicates that the water was inhabited by 
some Pediastrum, Botryococcus and Potamogeton and/or Callitriche; macrofossils at the base of 
SPZ REC-C confirm the presence of Potamogeton and indicate that also Chara and/or Nitella 
were present. No conclusions about a lake-shore vegetation during this phase can be drawn 
from the pollen record. 
 
Diatom flora : a transition in the diatom record (Table 4) occurs at 250 cm depth, i.e. 7.5 cm 
above the lower zone boundary of SPZ REC-C. Only incidental diatoms and sponge needles 
were observed which do not allow detailed pala eoecological conclusions. The lake water was 
neutral to alkalic with low electrolyte content. The latter fact indicates that there was little 
input of groundwater. Species tolerant to air exposure indicate the possible presence of a 
wetland vegetation along the lake shores. 
 
Substrate: the tendency of gradually decreasing grain sizes continues in the lower part of the 
substrates of this phase (Fig. 3). Grains between 630 and 1000 �Ím do not occur above 245 cm. 
Values of assumed exotic pollen types, though showing a prominent peak in the samples 
254-252, also gradually decrease. This indicates that soil erosion became less severe. In a 
transitional trajectory between 242 and 236 cm, the curves of the substrate parameters show a 
more stable sedimentation (the standard deviation hardly fluctuates). Grain sizes at the same 
level, however, indicate a shift to more sandy material (mean grain sizes shifts to the coarser 
fractions, as is also shown by the skewness). The CaCO3-content prominently decreases 
between 248 and 247 cm; towards the end of this phase precipitation of CaCO3 had almost 
completely ceased. Bulk density and dry weight  have very slightly decreased, though they 
show a prominent peak in samples 254-252. There are no relevant changes in values of loss-
on-ignition and C org, indicating that biomass production  within the middle subbasin did not 
increase; also the accumulation rate is similar to the previous phase. 
 
Palaeoenvironmental integration : the sudden increase in relative values of HIPPOPHAË 

RHAMNOIDES  pollen probably represents a further rise in summer temperatures, due to 
which Hippophaë shrubs were able to expand. Based on this assumption, the beginning of this 
phase is correlated with the major temperature rise recorded around 12450 14C yr B.P. (cf. 
section 5.7). The fact that Betula trees were unable to expand considerably and form dense 
stands indicates that climate was unfavourable for this taxon. Since temperatures sufficiently 
high for Hippophaë to flourish would not have prevented Betula to expand, expansion of the 
latter rather oceanic taxon probably was hind ered by a dry continental climate (cf. USINGER 
1998). 
 
Both AP+NAP concentrations and sediment parameters indicate an incidental extreme 
erosional event around 255-252 cm depth. In general, however, soil erosion became less 
severe during this phase, probably as a result of the expansion of Hippophaë, whose extensive 
root system stabilized the soils (cf. GAMS 1943; LI M IN  et al. 1989; LI QUANZHONG  et al. 1989; 
ROUSI 1965). This stabilizing effect also will have caused sedimentation patterns to gradually 
become more stable. Increasing grain sizes at the end of this phase, though sedimentation 
patterns remain stable, indicate a gradual transition towards the following phase. 
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Tab 4: Results and interpretation of the diatom analyses of core Reinberg C 
Dia- 
tom 
zone 

Depth 
range 
 (cm) 

Diatom community Main  species (dominant; extremely 
dominant ) 

Environment and assumed processes 

7 15-0 Species poor Pinnularia viridis 
community with Fragilaria capucina 
var. mesolepta and Cymbella aspera; high 
amounts of diatom shell remains 

Pinnularia viridis, P. maior + P. cardinalis, 
Fragilaria capucina var. mesolepta, Cymbella 
aspera, Epithemia turgida, Eunotia  
bilunaris + E. praerupta + E. pectinalis. 

Oligotrophic/mesotrophic acid environment with 
low/middle electrolyte content. The observed Eunotia 
and Pinnularia species tolerate temporal exposure to air; 
the Pinnularia species partly are deformed, possibly 
related to increasing dry conditions at the core location. 

6 30-15 Species poor Cymbella aspera-Pinnularia 
viridis-Eunotia community. 

Cymbella aspera, Pinnularia viridis +  
P. maior + P. cardinalis, Eunotia bilunaris. 

Increasing oligotrophic/dys trophic conditions with 
decreasing pH-values, probably hummock/hollow 
peatland with considerable amounts of water-areals; 
temporarily drier conditions are indicated by the Eunotia 
species and the deformation of frustules of the Pinnularia 
species. 

5 90-30 Cymbella aspera-Cymbella ehrenbergii-
Pinnularia community, towards the top 
decreasing amounts of Cymbella 
ehrenbergii and increasing amounts of 
Eunotia. 

Aulacoseira granulata, Cymbella aspera + C. 
ehrenbergii, Eunotia sp.,  
Pinnularia cardinalis + P. maior + P. viridis. 

Towards the top, there is a tendency to more acid 
conditions combined with low/middle electrolyte 
content. An increasing amount of Pinnularia species 
indicates an increase of plant-growth in the basin. Due to 
Si-solution almost all frustu les are strongly reduced, 
enabling only incident al identification 

4 145-90 Species poor Cymbella ehrenbergii-
Pinnularia community, above 108 cm 
abundant sponge needles. 

Cymbella aspera + ehrenbergii, Denticula 
kuetzingi, Eunotia bilunaris, Eunotia sp. 
 remains, Fragilaria biceps + F. leptostauron, 
Gyrosigma attenuatum, Pinnularia  
cardinalis + P. maior + P. viridis; various 
 diatom shell remains. 

Extremely poor in species and individuals, possibly 
related to high sedimentation rates and lake dynamics, 
but possibly also to enlarged Si-solution. 
Oligotrophic/mesotrophic conditions are indicated. The 
species between 130 and 100 cm partly are nordic-alpine 
and presently occur in electrolyte-poor lakes and their 
marginal peatlands of the pre-alp regions and the 
northern german plains; clear subarctic/arctic species 
were not observed. Clear changes in the diatom flora 
around 90-105 cm depth were not observed. 

3c 180-145 Species rich Pinnularia community 
with Cymbella ehrenbergii and sponge 
needles. 

Species composition similar as in diatom  
phase 3a/3b, however very low amounts. 

Due to enlarged Si-solution unidentifiable diatom shell 
remains dominate. Samples are poor in species and 
individuals. The diatom flora - similar to diatom phases 
3a and 3b - is a mixture of pure water species and species 
which tolerate exposure to air. 

3b 187-180 Species rich Pinnularia community with 
Cymbella ehrenbergii; sponge needles 
extremely abundant. 

Species composition similar as in diatom  
phase 3a; extremely high amounts of  
sponge needles of Spongilla lacustris and/ 
or S. fragilis and Trochospongilla horrida type. 

This diatom zone is the richest in both species and 
individuals and contains extremely abundant sponge 
needles. Ecological interpretation is similar to diatom 
phase 3a: both an alkaliphilous water body and drier - 
more acid - environments are indicated. The large 
Pinnularia species (which tolerate exposure to air and 
might occur in hollows and floating mats) form more 
than 50% of all observed diatoms. In contrast to all other 
diatom phases, solutional weathering is low and the 
observed individuals are partly well-preserved. The 
massive occurrences of sponges and extremely large 
Pinnularia species may be caused by a nutrient input 
resulting from the Laacher See Tephra; simultaneously 
the enlarged Si-input from this tephra diminished Si-
solution of the diatom shells, resulting in a better diatom 
preservation. 

3a 208-187 Species rich Pinnularia- community 
with Cymbella ehrenbergii; sponge 
needles. 

Cymbella aspera + C. ehrenbergii, Eunotia 
pectinalis + E. praerupta, remains of other 
Eunotia species, Fragilaria brevistriata, cf. F. 
construens var. venter/elliptica, Fragilaria 
pseudoconstruens, Gomphonema acuminatum + 
G. angustatum, Navicula laevissima + N. 
lanceolata, N. tuscula, Neidium iridis, 
Pinnularia brevicostata + P. cardinalis + P. 
dactylus + P. gibba + P. ignobilis + P. 
lagerstedtii + P. nobilis, Stauroneis 
phoenicenteron + S. anceps, Surirella robusta 
type. Sponge needles of Spongilla lacustris 
and/or S. fragilis and Trochospongilla horrida 
type. 

Increased species richness compared to phases 1 and 2. 
Most species - especially the majority of the Pinnularia 
species - occur in nordic-alpine climatic zones. Due to 
strong solutional weathering, corroded diatom shell 
remains dominate. There is a bipartition in the diatom 
flora with alkaliphilous species of open water, and a 
diatom flora from acid environments that temporarily 
may dry up. The lake species indicate 
oligotrophic/mesotrophic water with low/middle 
electrolyte content. The larger Pinnularia species, which 
are dominant, are water species which tolerate exposure 
to air and might occur in dystrophic/oligotrophic 
hummock/hollow peatlands and floating mats. 
Together with Eunotia species, the observed Pinnularia 
species indicate an expansion of plants in the water body 
and/or along the basin shores. 

2 250-208 Extremely poor diatom flora, 
incidentally Cymbella ehrenbergii, 
Diatoma sp., Cyclotella distinguenda type 
and others; sponge needles 
continuously present. 

Cyclotella bodanica type, Cyclotella 
distinguenda type, Cymbella ehrenbergii, 
Diatoma anceps + D. tenuis, Hantzschia 
amphioxys, Meridion circulare, Pinnularia 
remains, Pinnularia maior (sample 211); 
incidental sponge needles of Spongilla 
lacustris and/or S. fragilis and 
Trochospongilla horrida type. 

Due to extremely strong Si-solution only incidental 
diatom remains were preserved (of all species only 1-3 
individuals were observed); the more robust sponge 
needles occur in slightly higher amounts. The planktonic 
diatoms and Cymbella species prefer neutral to alkalic 
conditions with low electrolyte content. Hantzschia 
amphioxys and the Pinnularia species tolerate temporary 
exposure to air and might originate from the lake shore. 

1 294-250 Extremely poor Pinnularia-Cymbella 
aspera flora, incidental needles of 
freshwater sponges, only at 288 cm 
better preservation of robust species. 

Cymbella aspera, Epithemia turgida, Eunotia 
soleirolii type, Navicula jentzschii, Pinnularia 
cardinalis + P. gibba + P. nobilis + P. rupestris 
+ P. viridis. 

Nordic-alpine-subarcti c species dominate. 
Dystrophic/oligotrophic water with low/middle 
electrolyte content is indicated with acid/neutral pH-
value. Epyphitic taxa occur. Very intensive Si-solution; 
only sample 288 shows a better preservation of the most 
robust species with sporadically preserved sponge 
needles. 

Analysis and interpretation: Wolfgang Janke 
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The gradual sedimentary changes during this and the preceding phase resulted in a better 
preservational environment for diatoms, due to which above 250 cm more distinctive taxa 
could be found. In contrast to the pollen record, the diatom record indicates presence of a 
lake-shore vegetation. 
 
Around 247-244 cm depth in REC, several independent parameter (pollen values of BETULA 

PUBESCENS TYPE and H IPPOPHAË RHAMNOIDES  increase; CaCO3-contents decrease; 
disappearance of the coarsest grain-size fractions) indicate that environmental conditions 
changed. Unfortunately, it can not be determined what these conditions might have been. 
 
The low electrolyte content indicated by the diatoms indicates hardly groundwater 
influence: water input in the basin, therefor e, must come from near-surface water flow. 
Decalcification of the surrounding tills may hav e progressed to such depths that the near-
surface water flow into the basin had become deprived of CaCO3, due to which the 
substrates became free of CaCO3. 

 
 
6.2.3 Open vegetation phase II (SPZ's REC-D, REA-A4, REB-A) 
Upland vegetation : pollen data (appendix 4) indicate that Hippophaë lost importance, while 
dwarfshrubs (especially Betula nana/humilis, or Betula hybrids) and herbs (especially 
Artemisia) became more important. The only slightly decrease of BETULA PUBESCENS TYPE 
pollen values show that Betula trees remained an incidental vegetation element. The rather 
low relative values of JUNIPERUS TYPE and JUNIPERUS-WITHOUT -GEMMAE  indicates that 
Juniperus did not greatly expand, in contra st to the Endinger Bruch area (DE KLERK in press). 
 
Wetland vegetation : a minor peak of PEDIASTRUM BORYANUM  at the base of SPZ REC-D 
indicates a minor expansion of Pediastrum taxa included in this mo rphological entity in the 
middle subbasin. A continuous presence of Potamogeton and/or Callitriche is plausible from 
the pollen record. Macrofossils show that  at least at the end of this phase Chara was present 
(cf. appendix 3). No conclusions can be drawn about a possible lake-shore vegetation. 
 
Diatom flora : the diatom flora does not differentiate Open vegetation phase II and the 
Hippophaë phase. Differentiating taxa, ho wever, might not have been preserved. 
 
Substrate: both in the southern and the middle subbasin, a relatively coarse silt-sand gyttja 
was deposited. In the latter, the deposition of increasingly coarser material, which had 
started at the end of the preceding phase, continued. Though assumed exotic pollen types 
still show a tendency to decrease, their values are prominently higher than at the end of the 
Hippophaë phase. Both factors indicate that upl and erosion increased during this phase. This 
is also indicated by the high accumulation rates (table 5), even if the uncertainty of the dates 
of the vegetation phases are taken into consideration: if duration of this phase is wrongly 
estimated with a factor 4, which is an unlikely high error, accumulation rates still are a factor 
2 higher than previously. The relatively stable  course of the grain sizes, their means and 
standard deviation indicate that upland eros ion occurred much more regular than in the 
preceding phases. Bulk density and dry weight show a small increase; organic content still is 
extremely low, indicating low or ganic production in the basin. 
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Palaeoenvironmental integration : the vegetation regression most likely reflects a decrease of 
summer temperatures, which caused a reduction of Hippophaë (and/or its pollen 
productivity). This temperature decrease also indicated in Coleoptera and isotope records 
from other regions in assumed synchronous periods (cf. AMMANN  et al. 1994; BJÖRCK et al. 
1998; WALKER  et al. 1994). 
 
Other hypotheses state that this phase (denounced as 'Earlier Dryas') in fact was 
characterized by drought rather than cold (cf. K OLSTRUP 1982; VAN GEEL &  KOLSTRUP 1978). 
This is, however, contradicted by the facts that Hippophaë strongly decreased in spite of its 
resistance against extreme droughts (cf. PEARSON &  ROGERS 1962) and that the climate 
previously already was dry. 
 
The gradually increasing grain sizes within the substrates during this and the previous 
period even suggest the contrary: that precipitation had gradually increased due to which 
the coarser fractions were washed into the basin. In the course of time the climate gradually 
had become more oceanic. Soil erosion was further favoured by the dissapearance of the 
stabilizing Hippophaë roots as well as the reduction of the protecting cannapis of this taxon 
(cf. LI M IN  et al. 1989; LI QUANZHONG  et al. 1989). As a consequence, the substrate 
accumulation rate greatly increased during this phase. 
 
The regularity of the sedimentation patterns, compared to the previous phases, indicate that 
extreme precipitational events were better balanced by the more developed vegetation in 
which (dwarf)shrubs and incidental trees pl ayed a more important role than in Open 
vegetation phase I, or that the precipitation itself had become more regular. 
 
 
Tab. 5: Tentative substrate accumulation rates of core Reinberg C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2.4 Lateglacial Betula/Pinus forest phas e (SPZ's REC-E1/E2/E3/E4, REA-B, REB-

B1/B2) 
 
This phase consists of four subphases, which only in REC clearly can be distinguished due to 
a sufficient resolution. 
 
 

Vegetation phases Tentative Tentative Substr. Netto sed. Dry weight/ Accum. rate 6)

Vorpommern age range 1) duration 2) thickness 3) rate 4) wet volume 5)

Open vegetation phase III 13000-11450 1550 830 0.53 0.74 3.9
Lateglacial Betula/Pinus 13900-13000 900 315 0.35 0.37 1.3
forest phase
Open vegetation phase II 14000-13900 100 180 1.8 1.36 24.5
Hippophaë phase 14750-14000 750 225 0.3 1.38 4.1
Open vegetation phase I 15200-14750 450 130 0.29 1.35 3.9

1) calendar years BP 4) mm/year
2) calendar years 5) kg/m 2 year
3) mm 6) kg/m2 year
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6.2.4.1 First subphase (SPZ's REC-E1, REB-B1) 
Upland vegetation : the first signs of expansion of Betula trees in the Reinberg area are 
recorded by rises of BETULA PUBESCENS TYPE pollen in REC and REB; the high NAP-values 
indicate that the upland vegetation remained open. The pollen record shows that Salix and 
Juniperus slightly expanded. Hippophaë remained present, but probably did not form large 
dense stands. 
 
Wetland vegetation : rises in the values of BOTRYOCOCCUS and PEDIASTRUM BORYANUM  
indicate that the environment in the middle su bbasin became slightly more favourable for 
the taxa included in these morphological entities . Since these taxa greatly differ in ecological 
demands (cf. JANKOVSKA &  KOMAREK  2000), it is unclear what these factors might have been.  
 
Diatom flora : the diatom flora of this subphase does not differ from the preceding phases. 
 
Substrate: The sediments in both the middle subbasin and the southern subbasin have 
become finer (sand-silt gyttja instead of silt-sand gyttja). Corg and loss-on-ignition (Fig. 3) 
show slightly increasing values. 
 
Palaeoenvironmental integration : the increased occurrence of Betula trees is a clear indication 
that climate had become more oceanic (cf. USINGER 1998), possibly in relation with higher 
temperatures compared to the preceding phase, as recorded in several stable oxygen isotope 
curves for assumed synchronous periods (cf. AMMANN  et al. 1994; HOEK et al. 1999). 
 
The decrease of grain sizes show that upland erosion diminished as the result of the 
expansion of forests. The only slight increase in organic content o the substrates indicates 
that organic production within the middle subbasin only gradually  increased under the 
warmer conditions. 
 
 
6.2.4.2 Second subphase (SPZ's REC-E2, REA-B, REB-B2) 
Upland vegetation : the upland vegetation suddenly closed, as is indicated by the sharp 
decline of NAP-values in REC (appendix 4). Betula forests dominated the upland. Juniperus 
and Hippophaë, as can be concluded from the low relative values of their pollen types, 
disappeared due to the competition of Betula trees; Salix species remained present. AP+NAP 
concentrations are high, indicating a large pollen influx from a dense upland vegetation 
(combined with low sedimentation rates and g ood pollen preservation in the alga gyttja). 
 
Wetland vegetation : in the middle subbasin a wetland vegetation developed consisting of 
Equisetum, while in the southern subbasin Cyperaceae flourished, as can be deduced from 
the differences in the relative values of their pollen/spore types between REC and REB. 
 
Diatom flora : in sample 208, i.e. 3 cm above the lower subzone boundary and the substrate 
shift, a change in the diatom flora is recorded (Table 4). Two different environments are 
indicated: lake species show the presence of an oligotrophic/mesotrophic water body; 
species which tolerate temporal exposure to air and which normally occur in acid wet 
peatlands indicate expansion of a lake-shore vegetation. The vegetation within the basin had 
expandend, as is indicated by a higher amount of diatoms feeding on plants. 
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Substrate: the sharply enlarged Corg and loss-on-ignition values (Fig. 3), as well as the 
sedimentation of pure alga gyttja, show that organic production in the middle subbasin had 
greatly increased. Hardly any clastic material was found in the sediments. In the southern 
subbasin, however, still sand-silt gyttja was deposited. 
 
Palaeoenvironmental integration : the dense upland vegetation caused soils to stabilize. 
Hardly any upland erosion, therefore, occurre d and the clastic component in the substrates 
of the middle subbasin consequently largely disappeared. In the southern subbasin still a 
large amount of clastic material was deposited that did not reach the centre of the middle 
subbasin, as generally occurs along lake margins (cf. DIGERFELDT 1986). 
 
Though preservation conditions for diatoms alre ady changed at the beginning of this phase, 
only after 3 cm the diatom flora changed: the diatom population apparently needed some 
time to adapt to the new environmental conditions. Expansion of a lake-shore vegetation 
caused the increased abundance of diatom taxa which temporarily tolerate exposure to air. 
This increased plant growth also favoured some epiphytic diatom species to expand. 
 
 
6.2.4.3 Third subphase (SPZ's REC-E3, REA-B, REB-B2) 
Upland vegetation : a very slight opening of the forest might be indicated by a minor increase 
of SALIX  and BETULA NANA TYPE  pollen and possibly by the only very slight increases of 
JUNIPERUS-WITHOUT -GEMMAE  and H IPPOPHAË RHAMNOIDES  pollen; NAP types hardly show 
a reaction. An increase of PINUS DIPLOXYLON TYPE  and PINUS UNDIFF . TYPE pollen, but not of 
PINUS HAPLOXYLON TYPE , indicates a minor expansion of Pinus trees in the Reinberg area, or 
that actual pollen influx of B ETULA PUBESCENS TYPE had decreased as a consequence of a 
largely reduced amount of birch trees, thus favouring P INUS DIPLOXYLON TYPE  and PINUS 

UNDIFF . TYPE pollen to relatively increase. 
 
Wetland vegetation : the Equisetum populations in the middle subbasin were invaded by 
Menyanthes and Filipendula. The presence of Cicuta, Oenanthe and Typha latifolia might be 
concluded from the pollen record: since assumed exotic types are largely absent, low 
amounts or single grains can be interpreted to originate from the actual vegetation. 
 
Diatom flora : no changes are observable. 
 
Substrate: the investigated sediment parameters do not indicate major changes. Though in 
the southern subbasin the various subphases can not be distinguished, the sandy detritus 
gyttja might correspond to this subphase. 
 
Palaeoenvironmental integration : the possible slightly more open upland vegetation might 
be the result of a slightly cooler period as recorded in other areas (cf. IVERSEN 1934; USINGER 
1985). Since this subphase can not be independently dated, it is unclear whether it represents 
the slightly cooler 'Gerzensee fluctuation' recorded in oxygen isotope curves (e.g. AMMANN  
et al. 1994; BJÖRCK et al. 1998; HOEK et al. 1999).The only very slight vegetational differences 
and the absence of a clear increased upland erosion (though such an increase might be 
indicated by the coarser substrates in the southern subbasin), indicate that this cooling had 
no great effects on the landscape.  
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6.2.4.4 Fourth subphase (SPZ's REC-E4, REA-B, REB-B2) 
Upland vegetation : the Betula forests closed again and the upland vegetation probably 
resembled that of the second subphase. A short disturbance is recorded in the sample 
immediately above the LST in REC, where the pollen spectrum indicates a short vegetation 
opening with expansion of Artemisia, Salix, Juniperus and Betula nana/humilis. The (almost) 
complete absence of PINUS DIPLOXYLON TYPE  pollen suggest that the number of Pinus trees 
was drastically reduced, or that Pinus lost reproductive capacities. Due to a much shorter 
recovery time (shorter than the temporal resolu tion of diagram REC) similar effects are not 
observable in pollen types produced by other taxa. Similar fluctuatio ns immediately above 
the LST are recorded in several other pollen diagrams from Mecklenburg-Vorpommern (cf. 
DE KLERK 1998; HELBIG 1999-a; MÜLLER 1962). The strong reduction of AP+NAP 
concentrations might be due to a reduction of upland pollen influxes, but also the presence 
of the (mainly pollen-free) tephra in the analyz ed sample caused concentrations to decrease. 
 
Wetland vegetation : the pollen record suggests that in the middle subbasin the wetland 
vegetation included Equisetum, Menyanthes and Filipendula. The water was inhabited by 
Botryococcus and Pediastrum. At the end of this subphase, the middle subbasin terrestrialized. 
The peat in the basin was a Cyperaceae-brownmoss peat with a dominance of Calliergon 
giganteum (cf. Appendix 3). Contrary to Pediastrum, Botryococcus still was present. Spots of 
open water were inhabited by Nuphar. Also the southern subbasin became terrestrialized and 
was dominated by Equisetum, but it is unclear whether terre strialization in this subbasin 
started synchronous with that of the middle subbasin, or earlier. 
 
Diatom flora : above 180 cm in core REC (corresponding with the peat layer), Pinnularia 
species and sponges are dominant (Table 4). This indicates that, though the presence of open 
water still is recorded, locally drier conditio ns must have dominated, probably in the 
peatforming vegetation. It is possible that the mass expansion and the extremely large 
individuals of Pinnularia in diatom zone 3b, are related to nutrient input in the water by the 
deposition of the LST. 
 
Substrate: during the largest part of this subphase, sediment deposition did not change and 
was only interrupted by the deposition of the LST. The incidental lower values of loss-on-
ignition and C org (Fig. 3) are the result of presence of this tephra layer, which hardly contains 
organic material. The top substrate corresponding with this subphase consists of peat, both 
in the middle and southern subbasin. 
 
Thin section of the Laacher See Tephra (Fig. 4): next to modifications due to the sampling 
technique, fabric modification also occurred du e to air drying and could not be balanced by 
Palatal P 80-21. Preparation of thin sections from similar environments, therefore, better are 
prepared according to M ERKT (1971); or water should be exchanged with aceton before the 
sample dries out and, after impregnation, the sample should be prepared after BECKMANN  
(1997). 
 
Three different layers can be distinguished (cf. Fig. 4). Voids, with the exception of 
biochannels, are omitted from the following description of the micromorphological 
investigations, since they mainly  are artificial due to drying. 
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Fig. 4:  
Thin section of LST (from a              
test core in the marginal parts of 
the large basin). Layers marked by 
numbers. For further explanation 
see text 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5:  
Vitric shard ( Faserbims) in layer 2 
(arrows) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: 
Initial micro-layering in layer 3 
(upper left corner of Fig. 4) 
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Layer 1 (below the LST) contains a higher amount of clastic material > 5 �Ím than the LST; 
grain sizes reach up to 300 �Ím. This layer contains glauconite. High amounts of finely 
distributed amorphic organic ma terial are recognizable as a brown colouring. Abundant 
larger plant remains, phytoliths and diatoms o ccur. Incidental horizontal orientation of the 
coarser components and initial micro-layering are recognizable. Roundish biochannels (up to 
250 �Ím diameter) occur, individually showing as  vertically smoothed ellipsoids. Hardly 
volcanic material is recognizable. A sharp transition separates layers 1 and 2. 
 
Layer 2 (LST, 0.5-1 cm thick) is clearly recognizable in the thin section by its light colouring. 
The portion of finely distributed org anic substance and clastic material > 5 �Ím is smaller 
than in layers 1 and 3. Since in general grain sizes are smaller, identification of minerals is 
complicated; glauconite, however, is absent. Typical is a flaky fabric (50-125 �Ím diameter of 
the roundish 'flakes'), with in their centres a darkbrown colouring (organic substance?). No 
orientation of the individual components is recognizable. High amounts of fine substances 
show isotropic with crossed polarizers. Abun dant plant remains, phytoliths and diatoms 
occur. Biochannels only were observed in the upper transitional reach to layer 3 (with 
diameters 125-250 �Ím). Vitric shards ('faserbims'; Fig. 5) with longitudinal axis normally 
around 100 �Ím, regularly containing mineral enclosur es, alternating with elongated bubbles, 
are similar to type b2 of VAN DEN  BOGAARD &  SCHMINCKE  (1985). Layer 2 diffusely grades 
into layer 3. 
 
Layer 3 (above the LST) contains a higher amount of clastic material > 5 �Ím (up to 150-300 
�Ím) than the LST. This layer contains glauconite. High amounts of finely distributed organic 
substance are recognizable as brown colouring in the thin section. Abundant plant remains, 
phytoliths and diatoms were observed. Partly there is a horizontal orientation of the larger 
components, showing initial micro-layering (Fig. 6). Vitric shards ('faserbims') with 
longitudinal axis normally around 100 �Ím, regularly containing mineral enclosures, 
alternating with elongated bubbles, resemble type b2 of VAN DEN BOGAARD  & SCHMINCKE  
(1985). 
 
The sharp transition from the basal layer 1 to the LST (layer 2) and the hardly recognizable 
portion of volcanic material in the former, sh ow that the layers hardly were mixed after 
deposition of the tephra. This partly is due to the absence of biologic activity (indicated by 
the absence of biochannels in layer 2). 
 
The tephra is characterized by the flaky appearance of the fabric and the high amount of fine 
particles < 5 �Ím. The fine fabric < 5 �Ím, showing isotropic with crossed polarizers, probably 
mainly consists of ash particles; this also explains the lower amount of clastic material > 5 
�Ím. The ash particles < 5 �Ím partly will have been transforme d into clay minerals. These, 
however, mainly are hidden by finely distri buted organic substance, due to which the 
ground mass appears isotropic instead of the stipple speckled b-fabric typical for new 
formed clay minerals (cf. BULLOCK  et al. 1985). The absence of glauconite in the pure tephra 
layer indicates that the basal part of layer 2 (i.e. the bottom 0.5 cm of the LST) was deposited 
in situ. Glauconite is ubiquita ry in the glacial and glacifluvial sediments of NE Germany and 
would have been mixed with the volcanic as hes if the LST was washed in from the 
surrounding slopes (cf. layer 3). 
 
No minerals were found in layer 2 which uneq uivocally are attributable to the LST (cf. V AN 

DEN BOGAARD &  SCHMINCKE  1985). The low content of mafic minerals is typical for the NE 
fans of the tephra layers LLST and the MLST-B as described for NW Poland by JUVIGNÉ  et al. 
(1995). The lower sizes of the vitric shards of 100 �Ím in the Reinberg sample compared to the 
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180 �Ím diameter described from NW Poland (measu red on grain samples) mainly is due to 
the fact that in thin sections minerals hardl y are cut along their longest axes; grain sizes, 
therefore, normally are underestimated in thin sections. 
 
The transition from layers 2 to 3 is continuous and mainly characterized by an increase in 
finely distributed organic substa nce. Since glauconite and vitric shards occur together in 
layer 3, a mixing of tephra and the covering sediment must have occurred. This mixing is 
either of sedimentary origin (tephra and till material from the surrounding slopes washed 
together), or caused by bioturbation. 
 
Palaeoenvironmental integration : apart from a possible short-lived reaction on the eruption 
of the Laacher See Volcano, indicated by the short opening of the upland vegetation, climate 
probably was rather stable. The diatom flora po ssibly also reacted on deposition of the LST, 
of which at least the bottom part was deposited in situ. 
 
The beginning of peat formation in the middle subbasin does not correspond with relevant 
changes in the upland vegetation. Hence, the terrestrialization can not be considered to have 
been climate-dependent. Probably a floating mat had developed over the water surface. 
Since in REB the Lateglacial Betula/Pinus forest phase can not be further subdivided and the 
chronological marker of the LST was not found, it is unclear if a time-lag exists between the 
start of peat formation in both subbasins. The presence of diatom species tolerant to air 
exposure in the previous subphases indicate that a peatforming wetland vegetation already 
might have been present earlier. 
 
 
6.2.5 Open vegetation phase III (SPZ's REC-F1/F2/F3, REA-C, REB-C) 
This phase can be subdivided into three subphases which are well discernable in REC, but 
less clear in REA and REB due to the larger sample distance. These different subphases could 
not be dated. It must be taken into account that the calculated accumulation rate (Table 5) is a 
mean rate for Open vegetation phase III in total (including possible in securities concerning 
the calibration into calendar ages). Since, however, the substrates prominently change within 
this phase, it is unlikely that the accumulation rate remained constant. Also the variations in 
the AP+NAP concentration, though probably also related to changes in pollen influxes 
and/or pollen preservation, might also in dicate a variable accumulation rate. 
 
 
6.2.5.1 First subphase (SPZ's REC-F1, REA-C, REB-C) 
Upland vegetation : the pollen record indicates that the vegetation suddenly opened and an 
upland vegetation including Artemisia, Betula nana/humilis, Salix and Juniperus expanded. 
Other elements of open upland vegetation are less prominently registered in the pollen 
diagrams. Betula and possibly Pinus trees may also have been present, but did not form 
closed stands. The higher AP+NAP concentrations compared to the previous open phases 
and the Hippophaë phase indicate that the upland vegetation in Open vegetation phase III 
was denser, i.e. producing larger pollen influx es. Since substrate accumulation rates (cf. 
Table 5) are larger than in these previous phases (and are even higher if the calibration into 
calendar years resulted in a too large duration), a smaller accumulation rate can be ruled out 
as cause for these higher concentrations. 
 
Wetland vegetation : at the beginning of this subphase, the floating Cyperaceae-brownmoss 
mat still inhabited the middle and southern subbasin, but soon drowned. A new lake 
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developed which, as the pollen record suggests, was inhabited by Nuphar, Pediastrum and 
Botryococcus; at the lake margins Equisetum populations were present. 
 
Diatom flora : above 180 cm (Table 4), i.e. at the transition from peat to lake sediments, the 
number of diatoms observed conspiciuously de creased. The qualitative composition of the 
diatom flora, however, indicates that next to  oligotrophic/mesotrophic water, still a wetland 
vegetation along the lake shores enabled species tolerant to air exposure to flourish. Due to 
enlarged Si-solution in the water, most of the frustiles could not be identified. 
 
Substrate: The basal substrate corresponding with this subphase still consists of Cyperaceae-
brownmoss peat, which is covered by peaty detritus gyttja and detritus gyttja. C org and loss-
on-ignition (Fig. 3) only slowly decrease. Also  the relative values of assumed exotic types 
remain low. In the southern subbasin, however,  in stead of detritus gyttja, silt-sand gyttja 
was deposited. 
 
Palaeoenvironmental integration : the abrupt opening of the upland vegetation reflects a 
sudden drop in temperatures corresponding wi th the beginning of the classical 'Younger 
Dryas' or 'Late Dryas' stadial (cf. ISARIN 1997). 
 
The wetland vegetation, diatoms and substrates in the middle subbasin did not react 
similarly rapid to the changed climatic conditio ns: some time elapsed before the floating mat 
drowned. The gradual change from peat via peaty detritus gyttja to detritus gyttja in the 
middle subbasin indicates that wa ter levels only gradually rised. Due to the disappearance of 
forests, evapotranspiration decreased and, despite a possible drier climate, an enlarged 
surface runoff caused lake levels to rise. Also soil conditions contributed to the rising water 
levels: soils were seasonally frozen and thus prevented infiltration of the precipitation; a 
thawing during the probable short summer seas on subsequentally caused a sudden larger 
water supply into the basin. The rising wa ter levels will have connected the different 
subbasins into one large lake. 
 
The gradual decrease of organic content shows that the decrease of organic production and 
the increase of sedimentation of eroded upland material happened only gradually. The new 
lake, as the diatom record indicates, was environmentally similar to the lake which existed 
during the largest part of the Late glacial Betula/Pinus forest phase. 
 
 
6.2.5.2 Second subphase (SPZ's REC-F2, REA-C, REB-C) 
Upland vegetation : the pollen record (Appendix 4) indicates expansion of heather species 
(Empetrum and producers of VACCINIUM GROUP  pollen) within the upland vegetation. The 
rise in NAP-values indicates that  the vegetation further opened. 
 
Wetland vegetation : the Equisetum populations in the middle subbasin seem to have lost 
importance and were possibly replaced by ferns (as the values of MONOLETE SPORES 

WITHOUT PERINE  indicate). The lake was inhabited by water plants of the Ranunculaceae 
family (e.g. Batrachium species), as can be concluded from the high relative values of 
RANUNCULUS ACRIS TYPE  pollen: in the centre of a lake basin only water plants can be 
expected to be responsible for such high local pollen deposition values. The water was also 
inhabited by Botryococcus and Pediastrum taxa; for unknown reasons, the latter taxon almost 
completely disappeared twice. In the southern subbasin, Pediastrum and Botryococcus were 
much less prominent than in the middle subbasin, indicating that within one connected lake 
considerable micro-ecological differences existed. 
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Diatom flora : changes in the diatom content (Table 4) occur around sample 145, i.e. 17.5 cm 
above the lower SPZ boundary and 15 cm above the transition from detritus to mineral 
gyttja, but corresponding with a shift from sand-silt gyttja to silt-sand gyttja. The scarceness 
of diatoms is possibly related to enlarged Si-solution within the basin, attacking the diatoms, 
or to an enlarged sedimentation rate connected with the substrate change: the lower 
AP+NAP concentrations in SPZ REC-F2 indicate that substrate accumulation rate actualy 
might have increased. The palaeoecological value of diatom zone 4 is, due to the scarceness 
of diatoms, restricted. 
 
Substrate: shortly after the beginning of this subp hase, the substrate changed from detritus 
gyttja to sand-silt gyttja with low C org and loss-on-ignition values (Fig. 3). The number of 
assumed exotic types has increased, indicating enlarged upland erosion. In the southern 
subbasin coarser material was deposited than in the middle subbasin. 
 
Palaeoenvironmental integration : the further opening of the upland vegetation caused an 
increase of upland erosion, resulting in the deposition of clastic substrates. The sediment 
change was shortly delayed, possibly because the threshold for vegetation the further open 
was reached earlier than the threshold for enlarged soil erosion. The higher organic content 
in the sediments, compared to Open vegetation phases I, II and the Hippophaë phase, show 
that soil erosion during Open vegetation p hase III was less severe because of the denser 
upland vegetation, and/or that organic produc tion in the middle subbasin was higher. The 
lower relative values of assumed exotic types either are the result of the less soil erosion or 
due to the fact that the influx of contempo rary upland pollen was higher (i.e. the ratio 
between assumed exotic types and pollen sum types had changed in favour of the latter). 
 
 
6.2.5.3 Third subphase (SPZ's REC-F3, REA-C. REB-C) 
Upland vegetation : the vegetation was similar to the previous subphase, though rises in 
values of EMPETRUM NIGRUM , JUNIPERUS TYPE, JUNIPERUS-WITHOUT -GEMMAE  and BETULA 

NANA TYPE  pollen show that the upland vegetation opened further. 
 
Wetland vegetation : the pollen record (appendix 4) shows that in the middle subbasin water 
Ranunculaceae, Botryococcus and Pediastrum flourished. Taxa included in the P EDIASTRUM 

BORYANUM  entity reached a maximum expansion towards the end of the subphase. In the 
southern subbasin, Botryococcus and Pediastrum algae were less prominent. 
 
Diatom flora : No substantial changes occurred in the observed diatoms (Table 4). Between 
100 and 130 cm (corresponding with SPZ REC-F3) nordic-alpine taxa were observed. 
Presently, these taxa also occur in lakes in northern Germany in the deeper colder parts and, 
therefore, their palaeoclimatic significance is restricted. No subarctic taxa were observed. 
 
Substrate: no substantial changes are observable in the sediment record. The largest grain-
sizes are recorded around 120 cm depth, corresponding with a maximum in dry-weight and 
bulk-density. Also loss-on-ignition reaches its lo west values of Open vegetation phase III in 
this sample. Assumed exotic pollen types remain low at the same level. In the southern 
subbasin, sand was deposited at the end of Open vegetation phase III. 
 
Palaeoenvironmental integration : the greater openness of the upland vegetation indicates 
that the lowest temperatures and/or maxi mum drought occurred at the end of Open 
vegetation phase III. Indicatiors of maximum coldness, as were found in a section on the 
peninsula Fischland (W. JANKE , unpubl. data), were not found in the diatom record, though 
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taxa occuring in relative cold  environments were observed. This may be due to the failing 
preservation of the taxa that occur in (sub)arctic temperature regimes. The substrate data 
indicate maximum upland erosion in sample 120 that is possibly related to climate. In the 
samples above 120 cm, a gradual transition to geomorphologically more stable conditions is 
indicated. 
 
Since the highest elevation of gyttja in the Reinberg basin is recorded around 17 m asl., this 
level represents the minimum height of the wate r table at the end of Open vegetation phase 
III. The deposition of coarser material in th e southern subbasin than in the middle subbasin 
is due to its nearer location to the former basin shore (cf. DIGERFELDT 1986). 
 
 
6.2.6 Early Holocene Betula/Pinus forest-p hase (SPZ's REC-G, REA-D, REB-D) 
The sharp transition from gyttja to peat in al l investigated cores indicates a hiatus, which 
encompasses the end of Open vegetation phase III and beginning of the Holocene. This 
hiatus is clearly visible in the pollen curves of  REC and REA, but less clear in those of REB. 
 
Upland vegetation : the pollen and macrofossil record (appendices 3, 4) indicate that forests 
mainly consisting of Betula and Pinus expanded. A short phase in which Lateglacial relics 
still were present, as recorded in the Endinger Bruch area (DE KLERK in press), is probably 
obscured by the hiatus in the Reinberg basin. The rises in assumed exotic types in the upper 
parts of SPZ's REC-G, REA-D and REB-D are due to rises of CORYLUS AVELLANA TY pe pollen 
caused by the immigration of Corylus in the Reinberg area, i.e. actually this type is not exotic 
anymore in these samples. 
 
Wetland vegetation : in the middle subbasin, the pollen record demonstrates a vegetation 
consisting of Equisetum, Filipendula and Typha latifolia; the macrofossil record (cf. Appendix 3) 
also shows the presence of Drepanocladus and Carex. Since relative values of CYPERACEAE 
pollen remain low in SPZ REC-G, these Carex species must have had low pollen production 
and/or dispersal capacities. The water was inhabited by Nymphaea and Potamogeton, the 
latter is only indicated by macrofossils. Pediastrum and Botryococcus were only very scarce. 
 
Diatom flora : no clear diffenrences were found in the diatom flora (Table 4) between the lake 
sediments and the peat, which might be due to failing preservation of differentiating taxa. 
Abundant sponge needles between 105 and 90 cm depth indicate areas of residual water in 
the peatland area. 
 
Substrate: the sharp transition from gyttja to Cyperaceae-brownmoss peat is accompanied by 
conspicuous increases in loss-on-ignition and Corg in the middle subbasin. The southern 
subbasin contains a sand layer with abundant organic material corresponding with this 
phase. 
 
Palaeoenvironmental integration : The expansion of forests on the upland reflects the rise of 
temperatures at the beginning of the Holocene. 
 
A sudden lowering of the water table at the tran sition from Open vegetation phase III to the 
Early Holocene caused erosion of the upper sediments of the former. Afterwards, water 
levels rised only slightly and a peatland developed in the middle subbasin. A new lake 
probably did not develop because the increased evapotranspiration in the upland forests 
reduced the amount of available water. Also th e better infiltration capacity of the soils will 
have been responsible for decreasing water availability. 
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7 Some remarks on the Late Holocene palaeoenvironmental development 
Interpretation of the pollen diagram from the upper peat layer in REC is complicated. SPZ 
REC-G (already discussed previously) and SPZ REC-I clearly represent the Early Holocene. 
The interjacent SPZ REC-H, with high values of FAGUS SYLVATICA TYPE and CARPINUS 

BETULUS TYPE pollen, as well as various types attributable to cultivated plants and 
agricultural weeds, dates from the Late Holocene. Especially the occurrence of FAGOPYRUM 

ESCULENTUM  and FAGOPYRUM TATARICUM  (the observed grains are not univocally identified 
at the species level of PUNT  et al. 1988, but with certainty belong to the FAGOPYRUM 

ESCULENTUM TYPE) date this SPZ in the Late Medieval (cf. LATALOWA  1992). Much lower 
values of FAGUS SYLVATICA TYPE pollen in SPZ's REC-J/K/L/M indicate that these are of 
post-Medieval age. Both the independently derived loss-on-ignition samples and the fact 
that the peat of SPZ's REC-G and REC-I is much more compacted than the peat of SPZ's 
REC-H, indicate that no sample switching occurred in the laboratory. The only explanation is 
anthropogenic disturbance due to peat extraction, of which no historical data are known to 
the authors and also can not be deduced from morphological characteristics in the currently 
exisitng Alnus peatland. After the original peat was cu t away (in the Late or Post-Medieval), 
some residual peat was - either intentionally or  unintentionally - thrown in the digged peat 
pit and younger peat was covered with older material (cf. P OSCHLOD 1990). The diatom flora 
between 30 and 90 cm depth is rather homogeneous and does not show this disturbance. 
Gradually the water became more oligotrophic /mesotrophic with relative low elektrolyte 
content; the peatland was dystrophic/oligotrophic. 
 
The pollen record of SPZ REC-J, derived from regeneration peat, indicates that trees 
including Pinus were dominant around the basin. In the middle subbasin, brownmosses 
grew. The diatom flora shows that spots of open water were present in the peatland. 
 
SPZ's REC-K and REC-L show increasing agricultural activity in the region. Taking the low 
pollen production of Acer into account (cf. MOORE et al. 1991), the relative values of ACER 

CAMPESTRE TYPE are sufficiently high to show that Acer grew immediately around the middle 
subbasin during the formation of SPZ REC-L. Regional deposition values of CALLUNA 

VULGARIS  pollen and VACCINIUM GROUP  pollen point to the presence of heathlands in the 
region. These pollen spectra are in good accordance with the Swedish register map from ca. 
1700 AD (SCHMIDT  et al. 2000), which indicates a small deciduous forest immediately around 
the Reinberg basin, agricultural fields to the north, east and south, and a heathland 
immediately to the west. Within the middle su bbasin, the pollen record indicates that the 
brownmoss peatland was invaded by Menyanthes and, during formation of SPZ REC-L, by 
Cyperaceae and probably Potentilla. Other pollen types occur with too low values to 
definitely conclude local presence of their producers. The change from a brownmoss 
peatland to a Cyperaceae-brownmoss peatland recorded in SPZ REC-L corresponds with a 
drastic decrease of AP+NAP concentrations, which probably reflects increasing peat 
accumulation rates. At 30 cm depth, simultaneous with the rise in C YPERACEAE pollen, the 
diatom flora changes to a Cymbella aspera-Pinnularia viridis-Eunotia community. This indicates 
an increase of acid-oligotrophic conditions. Th e diatom record further shows that spots of 
open water also were present. 
 
During formation of SPZ REC-M, the pollen re cord shows that the trees around the basin 
had completely disappeared and agricultural fields covered the slopes. The peak of PINUS 

HAPLOXYLON TYPE  pollen probably is due to  plantation of exotic Pinus species e.g. in parks 
(cf. SCHUSTER 1989; VETVICKA  1985). As a consequence of intensive agricultural activity, 
slope erosion buried the southern subbasin with a colluvium (cf. H ELBIG et al. submitted). In 
the middle subbasin, the pollen record indicates subsequent expansion of Filipendula, 
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Sparganium erectum, Typha latifolia and finally ferns. In the top 15 cm, i.e. after the relative 
values of CYPERACEAE pollen had started to decline, the diatom flora changed to a Pinnularia 
viridis community, which points to a shift to mo re acid conditions. Indications that the 
sampled spot became drier are probably related to later peat mineralization. 
 
The present vegetation within the subbasins, consisting of Alnus carrs, is not registered in the 
pollen record. Alnus peat only incidentally occurs in the top of the peat profile. Combined 
with the observation that the upper peat layers  are strongly mineralized, a lowering of the 
groundwater levels (due to digging of the di tches which partly surro und the basin) can be 
assumed. This caused compaction of the original peat cushion, peat mineralisation and a loss 
of the most recent records. 
 
 
8 Summary 
This study presents the results from interdisciplinary researches (palynological, macrofossil, 
diatom, substrate, and micromorphological anal yses) of the kettle hole 'Reinberg', located 
within the till plains of Vorpommern (NE Ge rmany). The kettle hole consists of several 
subbasins, originating from the thawing of buried  dead ice. The researches concentrated on 
the 'middle subbasin' and include additional ob servations from the 'northern' and 'southern 
subbasin' in the northeastern part of the study area. 
 
In the middle subbasin and the NE part of the northern subbasin, the top of the Pleniglacial 
basin sands, which were deposited during  a limnic phase after the melting of the 
Weichselian inland ice, is formed by a small humus horizon, denounced as the 'Reinberg 
horizon'. Palynologically, it dates from the transition from Weichselian Pleniglacial to 
Lateglacial and was formed during a period  with low water tables. 
 
Pollen analyses and supplemental macrofossil analyses of seven spots of this horizon 
characterize the local palaeoenvironment in the middle subbasin. Several small ponds and 
low dry mineral domes existed next to each other. The wet spots, which possibly temporarily 
dried out, were inhabited by algae ( Pediastrum and Botryococcus), water Ranunculaceae 
(Batrachium and Ranunculus sceleratus) and possibly Potamogeton; a wetland vegetation at the 
shallower transitional places between domes and ponds consisted of Sphagnum and other 
mosses and possibly Menyanthes. The dry spots were inhabited by Armeria and producers of 
the PLANTAGO MARITIMA TYPE . Various pollen types were found which might originate from 
both upland and wetland taxa. They indicate the local presence probably both within the 
upland vegetation on the mineral domes and the wetland vegetation at the moist transitional 
spots, or in the ponds, of Juncus, Poaceae, Cyperaceae, Equisetum, Parnassia palustris, 
Lactuceae, producers of ANTHEMIS TYPE and CERASTIUM FONTANUM GROUP  pollen, and Salix, 
Juniperus and Betula trees and shrubs. 
 
Though the pollen record is synsedimentary wi th the deposition of the upper part of the 
sand, humus formation was postsedimentary along root canals.  
 
The study of the pollen and macrofossil record of  a local vegetation of the transition from 
Pleniglacial to Lateglacial in such a detail is without equivalent. It forms the first 
palaeoecological study of this transition within  the area glaciated during the Weichselian. 
 
As a consequence of rising water levels at the beginning of the Weichselian Lateglacial, the 
local vegetation drowned and a lake developed. Three cores from the middle and southern 
subbasin cover the complete lake sequence and give detailed information on the vegetation 
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history and palaeoenvironmental development during the Weichselian Lateglacial. The 
palynological data are interpreted in term s of 'vegetation phases of Vorpommern', 
introduced by D E KLERK (in press). 
 

The Lateglacial upland vegetation developmen t started with the Open vegetation phase I, 
during which a vegetation consisting main ly of upland herbs dominated. Grain size 
parameters indicate irregular sedimentation processes, probably as a result of extreme 
precipitation events which directly affected the soils due to the bad protection capacities of 
the open vegetation. A maximum of CaCO 3-precipitation during this phase might be related 
to slightly higher summer temperatures. 
 

During the following relatively warm Hippophaë phase , Hippophaë shrubs greatly expanded 
and formed large, dense stands. Soil erosion decreased, probably as the consequence of the 
stabilizing effect of the extensive root systems of Hippophaë. Sedimentation gradually became 
more stable. CaCO3-precipitation ceased, indicating the possibility that decalcification on the 
slopes had reached such depths that the near-surface water flow had become deprived of 
CaCO3. The diatom record points at the presence of a neutral/alkalic lake with low 
elektrolyte content. 
 

Open vegetation phase II represents a short cooler phase during which coarser grain sized 
substrates and high accumulation rates indicate increased upland erosion. This is possibly 
related to a gradual shift to more oceanic climates and increased precipitation. In the upland 
vegetation, Hippophaë largely disappeared, while upland herbs and dwarfshrubs flourished. 
 

The Lateglacial Betula/Pinus forest phase ('Allerød') (though in the Reinberg area Pinus only 
played a minor role), characterized by an oceanic climate, is divided into four subphases. The 
first represents the expansion of Betula trees in a still open upland vegetation. Though grain 
sizes conspicuously decrease, clastic sediments still were deposited. During the second 
subphase, the upland vegetation suddenly closed. A decrease of upland erosion and 
increased organic production in the middle subbasin led to the deposition of organic 
sediments (alga gyttja). Along the basin margins a wetland vegetation of Equisetum and 
Cyperaceae was present; the diatom record indicates the simultaneous existence of 
oligotrophic/mesotrophic alkalic open water and acid dystrophic/oligotrophic peatland. A 
third subphase represents an only minor opening of the landscape, which is not 
accompanied by increased upland erosion. During the fourth subphase, the vegetation was 
disturbed by the eruption of the Laacher See Volcano: a short opening of the vegetation is 
recorded, while Pinus died or lost its reproductive capaci ties. Investigation of a thin section 
proves that the lower part of the Laacher See Tephra is deposited in situ and not washed-in 
from the surrounding slopes. At the end of the Lateglacial Betula/Pinus forest phase a 
floating mat probably expanded over the lake. 
 

During the Open vegetation phase III , the last open phase of the Lateglacial ('Younger' or 
'Late Dryas'), rising water levels drowned th is floating mat. These rising water levels 
probably were the result of a combination of a reduction of evapotranspiration due to the 
disappearance of upland forest and to decreasing water storage capacities of the freezing 
soils. The upland vegetation of Open vegetation phase III was denser than the upland 
vegetation of the open phases prior to the Lateglacial Betula/Pinus forest phase. Heather 
species must have played an important role, especially during the later parts of this phase. 
Towards its end, the vegetation became even more open, combined with increased upland 
erosion and a shift to deposition of clastic substrates. This indicates that the most extreme 
climatic conditions occurred at the end of Op en vegetation phase III. A maximum of upland 
erosion is recorded in sample 120 of core REC. Within the lake, a vegetation consisting of 
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water Ranunculaceae was present. Botryococcus and Pediastrum were prominent in the 
middle subbasin, of which the latter almost  completely disappeared twice, but less 
prominent in the southern subbasin. 
 

A sudden lowering of water levels at the transi tion from the Weichselian Lateglacial to the 
Early Holocene is the cause for a small hiatus. 
 

During the Early Holocene Betula/Pinus forest phase , birch and pine forests dominated the 
upland. Water levels rised again, but instead of a lake, a peatland developed, consisting of 
brownmosses, sedges and some water plants. The diatom flora did not substantially change. 
 

The upper peat layer in the middle subbasin shows a fragmented picture of the Late 
Holocene. Due to peat extraction the original peat sequence was disturbed. In the upper 
regeneration peat the pollen record of a recent open cultural landscape is recorded, as well as 
a terrestrialization sequence. As a consequence of intensive agricultur al activity, intensive 
slope erosion caused the deposition of a colluvium which completely buried the southern 
subbasin. Due to artificial lowering of the gr oundwater and subsequent mineralisation of the 
upper peat, the most recent vegetation history, i.e. the development of the present alder carr, 
is not registered. 
 
 
9 Zusammenfassung 
In dieser Arbeit werden die Ergebnisse in terdisziplinärer Untersuchungen (Pollen-, 
Großrest-, Diatomeen-, Substratanalyse sowie mikromorphologische Analyse) der Hohlform 
„Reinberg“ innerhalb der Grundmoränenp latten Vorpommerns (Nordostdeutschland) 
präsentiert. Diese Hohlform setzt sich aus verschiedenen Subbecken zusammen, die durch 
das Austauen von begrabenem Toteis entstanden sind. Die Untersuchungen konzentrieren 
sich auf das mittlere Subbecken, werden aber von Beobachtungen aus dem nördlichen und 
südlichen Subbecken im nordöstlichen Teil des Untersuchungsgebietes ergänzt. 
 
Im mittleren Subbecken und dem nordöstliche n Teil des nördlichen Subbeckens werden die 
obersten pleniglazialen Beckensande, die während einer limnischen Phase nach dem 
Abschmelzen des Weichselinlandeises abgelagert wurden, von einer schmalen humosen 
Schicht, dem sogenannten 'Reinberg-Horizont', durchzogen. Dieser Horizont, dessen 
Entstehung in einer Periode mit niedrigem Grundwasserspiegel erfolgte, kann aufgrund 
palynologischer Befunde dem Übergang vom Weichselpleni- zum Weichselspätglazial 
zugeordnet werden. 
 
Pollen- und ergänzende Großrestanalysen an sieben Punkten des mittleren Subbeckens 
ermöglichen die Rekonstruktion der lokalen Paläoumwelt. Das gleichzeitige Vorkommen 
kleiner wassergefüllter Senken sowie niedri ger trockener Mineralkuppen kennzeichnet das 
Becken. Die nassen Senken, die möglicherweise temporär austrockneten, wurden von Algen 
(Pediastrum, Bottryococcus), Wasser-Ranunculaceae (Batrachium, Ranunculus sceleratus) sowie 
vermutlich Potamogeton besiedelt. Die wetland-Vegetation der feuchten Übergangsbereiche 
zwischen den den Kuppen und Senken wird durch Sphagnum und andere Moose und 
wahrscheinlich Menyanthes gebildet. Armeria und Produzenten des Pollentypes PLANTAGO 

MARITIMA TYPE  besiedeln die trockenen Bereiche. Überdies wurden zahlreiche Pollentypen 
nachgewiesen, die sowohl von wetland- als auch upland-Taxa produziert werden. Sie 
weisen auf die lokale Präsenz folgender Taxa auf den trockenen Mineralkuppen und/oder 
den feuchten Bereichen hin: Juncus, Poaceae, Cyperaceae, Equisetum, Parnassia palustris, 
Lactucae und Produzenten der Pollentypen A NTHEMIS TYPE und CERASTIM FONTANUM 

GROUP. 
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Obwohl die Pollenablagerung gleichzeitig mi t der Ablagerung der obersten Sandschicht 
erfolgte, bildete sich der Humus nachträ glich entlang von Wurzelkanälen aus. 
 
Diese detaillierte Untersuchung von Pollen und Großresten einer lokalen Vegetation am 
Übergang vom Pleni- zum Spätglazial findet bish er nichts Vergleichbares. Sie stellt die erste 
paläoökologische Arbeit dar, die diesen Übergang innerhalb des Gebietes der 
Weichselvereisung eingehend beschreibt. 
 
Ein steigender Wasserspiegel zu Beginn des Weichselspätglazials führte zum Ertrinken der 
lokalen Vegetation und der Bildung eines Gewässers. Drei Kerne vom mittleren und 
südlichen Subbecken, die die vollständigen Seeablagerungen umfassen, liefern detaillierte 
Informationen über die Vegetationsgeschichte und Landschaftsentwicklung während des 
Weichselspätglazials. Die palynologischen Daten wurden auf Basis der 'Vegetationsphasen 
von Vorpommern' (De Klerk im Druck) interpretiert. 
 
Die Entwicklung der upland-Vegetation im  Spätglazial begann mit der Offenen 
Vegetationsphase I, die durch eine krautreiche Vegetation gekennzeichnet ist. Die 
Korngrößenverteilung zeugt von ungleich mäßigen Sedimentationsprozessen, die 
wahrscheinlich auf extreme Niederschlagsereignisse zurückzuführen sind. Diese erosiven 
Kräfte wirkten direkt auf den gering bedeckte n Boden ein, so daß der Abtrag silikatischen 
Materials gefördert wurde. In di eser Phase trat die höchste CaCO3-Ausfällung auf, die 
möglicherweise auf den leicht angestiegene Sommertemperatur zurückzuführen ist. 
 
Während der folgenden relativ warmen Hippophaë Phase  breiteten sich Sanddornsträucher 
stark aus und formten große, dichte Bestände. Der Bodenabtrag nahm wahrscheinlich 
aufgrund der stabilisierenden Wirkung des au sgedehnten Wurzelsystems des Sanddorns ab. 
Die Sedimentation wurde allmählich stabiler. Di e Kalkausfällung setzte sich nicht fort. 
Aufgrund der zunehmenden Entkalkungstiefe in den umliegenden Hängen gelangt nun 
kalkarmes oberflächennahes Zulaufwasser in die Becken. Die nachgewiesenen Diatomeen 
weisen auf das Vorhandensein eines neutralen/alkalischen Gewässers mit geringem 
Elektrolytgehalt hin. 
 
Die Offene Vegetationsphase II stellt eine kurze kühlere Phase dar. Die Ablagerung 
grobkörnigeren Materials sowie eine hohe Akkumulationsrate weisen auf eine verstärkte 
upland-Erosion hin. Sie ist vermutlich Ergebn is des allmählichen Überganges zu einem mehr 
ozeanisch geprägtem Klima mit erhöhten Nieder schlagswerten. In der upland-Vegetation ist 
der Sanddorn größtenteils verschwunden, wä hrend upland-Kräutern und Zwergsträuchern 
dominieren. 
 
Die spätglaziale Betula/Pinus Waldphase  ('Allerød') (die Kiefer spielt in diesem Gebiet nur 
eine untergeordnete Rolle) wird durch ozeani sche Klimaverhältnisse gekennzeichnet. Diese 
Phase wird in vier Unterphasen gegliedert. Die erste repräsentiert die Ausbreitung von 
Baumbirken in einer noch offenen Vegetation. Obwohl die Korngröße auffallend abnimmt, 
wird dennoch weiterhin klastisches Material abgelagert. Während der zweiten Subphase 
schließt sich die upland-Vegetation plötzlic h. Abnehmende upland-Erosion sowie erhöhte 
Primärproduktion führen im mittleren Subbecken zur Sedimentation organischen Materials 
(Lebermudde). Entlang der Beckenränder kamen in der wetland-Vegetation Equisetum und 
Cyperaceae vor. Der Diatomeen-Nachweis zeugt von einem gleichzeitigen Vorkommen 
eines oligotroph/mesotroph alkalischen Offeng ewässers sowie dystroph/oligotroph saurer 
Sumpf/Moorbereiche. Die dritte Subphase wi rd durch eine nur geringe Öffnung der 
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Landschaft charakterisiert, die nicht von erhöhter upland-Ero sion begleitet wird. Während 
der vierten Subphase wurde die Vegetation durch den Ausbruch des Laacher See Vulkans 
stark beeinflußt. Eine kurzzeitige Öffnung der Vegetation konnte nachgewiesen werden, 
wobei die Kiefern  abstarben bzw. ihre Reproduktionsfähigkeit verloren. Die Untersuchung 
eines Dünnschliffes der Laacher Seetephra zeigt, daß die unteren Aschelagen in situ 
abgelagert und nicht von den umliegenden Hängen eingetragen wurden. Zum Ende der 
spätglazialen Betula/Pinus Phase breitete sich vermutlich ein Schwingrasen über dem 
Gewässer aus. 
 
Während der Offenen Vegetationsphase III, der letzten offenen Phase des Spätglazials 
('Jüngere' oder 'Spätere Dryas') führt ein ansteigender Wasserspiegel zur Überstauung des 
Schwingrasens. Dieser Wasseranstieg ist vermutlich Ergebn is der abnehmenden 
Evapotranspiration, die mit de m Verschwinden der upland-Wälder einhergeht, sowie des 
geringeren Wasserrückhaltevermögens des gefrorenen Bodens. Die upland-Vegetation 
dieser Offenphase war dennoch dichter als die der spätglazialen Betula/Pinus Waldphase 
vorhergehenden Offenphasen. Heidearten müssen eine wichtige Rolle gespielt haben, 
besonders während der späteren Abschnitte dieser Phase. Zum Ende lichtete sich die 
Vegetation noch weiter auf, was von einer Erhöhung der upland-Erosion und somit einem 
Wechsel der Ablagerungen im Richtung stärker klastischen Materials begleitet wurde. Dies 
zeigt das Höhepunkt der kalt-trockene Offene Ve getationsphase III gegen Ende dieser Phase. 
Die höchste upland-Erosion konnte in Probe 120 der Bohrung REC nachgewiesen werden. 
Im Gewässer bildeten Wasser-Ranunculaceae die Vegetation. Die Algengattungen 
Bottryococcus und Pediastrum traten gehäuft im mittleren Subbecken auf, wobei Pediastrum 
zweimal vollständig verschwindet. Weniger star k sind die beiden Gattungen im südlichen 
Subbecken vertreten. 
 
Eine plötzliche Erniedrigung des Wasserspiegels verursacht einen kleinen Hiatus am 
Übergang vom Weichselspätglazial zum frühen Holozän. Während der frühholozänen 
Betula/Pinus Waldphase dominieren Birken  und Kiefern die Landschaft. Obwohl ein 
erneuter Anstieg des Wasserspiegels auftritt, führt dieser zur Entw icklung eines Moores, 
welches durch Braunmoose, Seggen und einige Wasserspflanzen besiedelt wird. Die 
Diatomeenflora erfährt keine auffällige Änderung. 
 
Die oberste Torfschicht im mittleren Subbecken zeigt ein fragmentiertes Bild des späten 
Holozäns. Durch Torfabbau wurde die Ablage rungsfolge gestört. In den oberen 
regenerierten Torfschichten konnten palynologisch sowohl eine rezente offene 
Kulturlandschaft als auch eine Verlandungssequenz nachgewiesen werden. Im Ergebnis der 
intensiven landwirtschaftlichen Nutzung tritt eine verstärkte Hangerosion auf, welche die 
kolluviale Überdeckung des südlichen Subbeckens bedingt. Aufgrund der Mineralisation 
der obersten Torflagen, die mit der anthropogen bedingten Erniedrigung des 
Grundwasserspiels einhergeht, ist die rezente Vegetationsgeschichte, d.h. die Entwicklung 
des Erlenbruchwaldes, nicht erhalten. 
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12 Appendix 1: Description of palynomorphs not mentioned in the used 
identification keys 

BETULA UNDIFF . TYPE: grains which, due to folds or dama ges, could not be attributed to the 
BETULA NANA TYPE  (p) or the BETULA PUBESCENS TYPE (p); in REA BETULA PUBESCENS TYPE 
and BETULA UNDIFF . TYPE were not counted separately. 
 
BETULA NANA TYPE (P) CF. B. HUMILIS  is a morphological entity which, within the B ETULA 

NANA TYPE  of PUNT  et al. (in prep.), shows more resemblance to the description of BETULA 

HUMILIS  pollen than to the description of B ETULA NANA  pollen, but of which identification at 
species level is uncertain. It is possible that this pollen category is produced by Betula 
hybrids. 
 
BOTRYOCOCCUS: algal coenobia including several Botryococcus species (cf. JANKOVSKA  & 
KOMAREK  2000). 
 
CEREALIA UNDIFF . TYPE: grains which, due to folds and/or damages could not be attributed 
to the AVENA /T RITICUM GROUP  (m) or to SECALE CEREALE (m); grains of the HORDEUM 

GROUP are not included in this type. 
 
FERN SPORANGIA: sporangia of ferns. 
 
JUNIPERUS-WITHOUT -GEMMAE  (in REC): similar to JUNIPERUS TYPE of MOORE et al. (1991), but 
without clear gemmae. This type may represent certain algal or bryophyte spores (cf. MOORE 
1980). Since the curves of JUNIPERUS TYPE (m) and JUNIPERUS-WITHOUT -GEMMAE  are rather 
similar in diagram REC, it is assumed in this study that mainly J UNIPERUS pollen without 
clear visible gemmae are included in this type. 
 
Juniperus type (in REA/REB): includes both the Juniperus type (m) and the Juniperus-
without-gemmae (*). 
 
MONOLETE SPORES WITHOUT PERINE: all psilate monolete spores. 
 
PEDIASTRUM BORYANUM : algal coenobia, includes Pediastrum boryanum var. boryanum, 
Pediastrum boryanum var. forcipatum, Pedias trum boryanum var. longicorne, Pediastrum 
integrum and Pediastrum patagonicum (cf. JANKOVSKA &  KOMAREK  2000), and possibly 
more. 
 
PEDIASTRUM DUPLEX : algal coenobia, includes Pediastrum boryanum var. cornutum, Pediastrum 
duplex var. duplex and Pediastrum duplex var. rugulosum (cf. JANKOVSKA  & KOMAREK  2000), 
and possibly more. 
 
PINUS UNDIFF . TYPE: grains of the PINUS HAPLOXYLON TYPE  (f) and the PINUS DIPLOXYLON 

TYPE (f).which could not be - or were not (in REA and REB) - counted separately. 
 
POTAMOGETON TYPE : all inaperturate reticulate grains  without thick grain wall; includes 
CALLITRICHE (m), POTAMOGETON SUBGENUS COLEOGETON TYPE (m), POTAMOGETON 

SUBGENUS POTAMOGETON TYPE (m), and possibly other reticulate  grains from which, due to 
damages and/or folds, no aperture could be  seen and/or wall grain thickness could not 
accurately be estimated. 
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SPARGANIUM EMERSUM EXCL . TYPHA ANG (USTIFOLIA ): the SPARGANIUM EMERSUM TYPE  of 
PUNT  (1976) with a clear regular, not labyrinth- like reticulum, thus effectively excluding 
TYPHA ANGUSTIFOLIA  grains. 
 
The Apiaceae undiff. type, Caryophyllaceae undiff. type, Ericales undiff. type, Fabaceae 
undiff. type and Plantaginaceae undiff. ty pe include all grains which show close 
morphological resemblance with most pollen type s produced by Apiaceae (cf. Punt & Clarke 
1984), Caryophyllaceae (cf. Punt et al. 1995), Ericales (cf. Fægri & Iversen 1989), Fabaceae (cf. 
Moore et al. 1991) and Plantaginaceae (cf. Punt & Clarke 1980) respectively, but which were 
not - or could not be - further morphologically identified: the morphological characteristics 
were not systematically noted to allow for univocal morphological descriptions. 
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13 Appendix 2: Description of the pollen diagrams 
From the sections covering the Reinberg horizon, relative and concentration diagrams are 
described in an integrated way. 
 
 
13.1 Reinberg C (REC) - Reinberg horizon 
Assumed exotic types continuously are present with considerable, but hardly varying 
values. All subzones within SPZ REC-A correspond with the humus layer. The boundary 
between REC-A and REC-B corresponds with the transition from sand to gyttja. Macrofossil 
analysis only was carried out in the sandy part of the section. Root fragments occur 
continuously, charcoal particles were regularl y found, while unidentified tissue fragments 
and wood fragments were incidentally observed. 
 
Zone REC-A (293.0-270.5) can be divided into four subzones. 
 
Subzone REC-A0 (293.0-285.5) is characterized by the absence of clear differentiating peaks. 
All observed types occur with low values or as single grains. Concentrations of all types are 
extremely low. 
 
Subzone REC-A1 (285.5-282.5) is characterized by a rise in relative and concentration values 
of CERASTIUM FONTANUM GROUP  pollen, resulting in a conspicuous peak in the samples 284 
and 283; also pollen clumps of this palynomorph were observed. At the base of this zone, the 
curve of BOTRYOCOCCUS starts with very low values. A single observation of R ANUNCULUS 

ACRIS TYPE pollen (sample 284) corresponds with a find of cf. Batrachium fruits (samples 284 
and 283). Concentrations of almost all types slightly rise within this subzone. 
 
Subzone REC-A2 (282.5-275.5) starts with a decrease of values of CERASTIUM FONTANUM 

GROUP pollen. The following types are present with  higher relative and concentration values 
than in the preceding subzone: SPHAGNUM , WILD GRASS GROUP, CYPERACEAE, FILIPENDULA , 
FABACEAE UNDIFF . TYPE, ALNUS, BETULA PUBESCENS TYPE and BETULA UNDIFF . TYPE. In sample 
282 a peak of ANTHEMIS TYPE pollen (relative and concentration values) occurs. Sample 278 
contains a peak of ARMERIA MARITIMA TYPE B and of ARMERIA MARITIMA TYPE A pollen, 
which is also weakly visible in the concentratio n diagram. In sample 276 of both the relative 
and the concentration diagrams JUNIPERUS TYPE and JUNIPERUS-WITHOUT -GEMMAE  peak; also 
JUNIPERUS TYPE clumps occur. POTAMOGETON TYPE  pollen is continuously present with 
exception of sample 276. Small decreases in concentrations of many types occur in sample 
281. Samples 282 and 281 contained a fruit of Poaceae; in samples 280 and 279 an 
unidentified calyx was found. 
 
Subzone REC-A3 (275.5-270.5) starts with a slight rise of ARTEMISIA pollen, which gradually 
rises further. Also H ELIANTHEMUM pollen values rise within this subzone. A NTHEMIS TYPE 
pollen values show a conspicuous peak in samples 274 and 273, were also clumps of this 
type occur. Sample 274 also contains a peak of ARMERIA MARITIMA TYPE A and A RMERIA 

MARITIMA TYPE B pollen. LACTUCEAE  and PARNASSIA PALUSTRIS TYPE pollen peak in sample 
272. Sample 271 contains a prominent peak of WILD GRASS GROUP pollen, of which also 
clumps were found. Simultaneou sly, relative values of CYPERACEAE pollen start to rise. 
Pollen concentrations are similar to those in the previous subzone or even are slightly lower, 
with the exception of incidental peaks correspon ding with peaks in the relative values. Seeds 
of Juncus, as well as some unidentified seeds, were found in the upper samples of this 
subzone. 
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Zone REC-B (only bottom part of this SPZ: 270.5-265.0; complete description is in the section 
of the lake sediments diagram of this core) is distinguished from the previous zone by 
prominent rises in relative values of PEDIASTRUM BORYANUM  and BOTRYOCOCCUS coenobia 
and EQUISETUM, FILIPENDULA , FABACEAE UNDIFF ., ARTEMISIA, SALIX , BETULA PUBESCENS TYPE, 
BETULA UNDIFF . TYPE, BETULA NANA TYPE , JUNIPERUS TYPE/J UNIPERUS-WITHOUT -GEMMAE  and 
H IPPOPHAË RHAMNOIDES  pollen and spores. High relative values of CYPERACEAE pollen 
occur in the samples 270 and 269 correspond with minor peaks of ANTHEMIS TYPE, GALIUM 

TYPE and ARMERIA MARITIMA TYPE A pollen. Concentration values of all types, with the 
exception of WILD GRASS GROUP, prominently rise at the lower zone boundary. 
 
 
13.2 Reinberg 6 (REA) - Reinberg horizon 
Zone REA-A can be divided into four subzones, of which the first two are described here; the 
other are intergrated in the description of  the lake-sediment diagram of this core. 
 
Subzone REA-A1 (265-245) is characterized, especially sample 250, by high relative values of 
ANTHEMIS  type, ARMERIA MARITIMA TYPE A and A RMERIA MARITIMA TYPE B pollen. WILD 

GRASS GROUP pollen values are continuously high. Sample 250 also contains minor peaks of 
CERASTIUM FONTANUM GROUP , FILIPENDULA , GALIUM TYPE , SINAPIS TYPE and 
HELIANTHEMUM  pollen; CYPERACEAE pollen is continuously present with low values. 
Concentration values of all pollen types are low: conspicuous concentration peaks 
correspond with peaks in relative values. 
 
Subzone REA-A2 (245-235) is characterized by decreased values of ANTHEMIS  type, ARMERIA 

MARITIMA TYPE A, A RMERIA MARITIMA TYPE B and WILD GRASS GROUP pollen and by rised 
values of ARTEMISIA, VACCINIUM GROUP  and SALIX  pollen. Concentration values of all pollen 
types rise at the lower subzone boundary, with the exception of e.g. ANTHEMIS TYPE, WILD 

GRASS GROUP, ARMERIA MARITIMA TYPE A,  ARMERIA MARITIMA TYPE B, FILIPENDULA , GALIUM 

TYPE and SINAPIS TYPE pollen. 
 
 
13.3 Reinberg 22 (R22) 
Assumed exotic types are continuously present with the highest values found in the upper 
part of the diagram; root fragments indet. occur continuously. 
 
Zone R22-A (279.0-268.0) consists of four subzones. 
 
Subzone R22-A1 (279.0-276.5) is characterized by high, gradually increasing relative values 
of W ILD GRASS GROUP pollen. Sample 279 contains high relative values of of SPHAGNUM  
spores, sample 278 of MONOLETE SPORES WITHOUT PERINE, CARYOPHYLLACEAE UNDIFF . TYPE 
and ARMERIA MARITIMA TYPE B pollen. Sample 277 contains (minor) peaks of PEDIASTRUM 

BORYANUM  and BOTRYOCOCCUS, of EQUISETUM spores and of THALICTRUM FLAVUM TYPE , 
HORDEUM GROUP, ARMERIA MARITIMA TYPE A,  CALLUNA VULGARIS , SALIX , BETULA UNDIFF . 
TYPE, BETULA PUBESCENS TYPE, BETULA NANA TYPE and JUNIPERUS TYPE pollen. Concentration 
values of all pollen types are low; minor peaks correspond with previously mentioned peaks 
in relative values. Sample 279 originates from pure sand, the upper samples are derived from 
the Reinberg horizon. 
 
Subzone R22-A2 (276.5-274.5) is characterized by a prominent peak OF WILD GRASS GROUP 
pollen, of which also clumps were found. Sample 275 contains minor peaks of SPHAGNUM  
spores and ANTHEMIS TYPE and EMPETRUM NIGRUM  pollen. Concentration values of almost 
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all pollen types have risen; conspicuous peaks correspond with previously discussed relative 
peaks. The macrofossil record contains epidermis possibly originiating from Menyanthes. 
 
Subzone R22-A3 (274.5-272.5) starts with a prominent decrease in values of WILD GRASS 

GROUP, ANTHEMIS TYPE and SPHAGNUM  spores. Sample 274 contains peaks of CYPERACEAE, 
ARMERIA MARITIMA TYPE A,  CHENOPODIACEAE AND AMARANTHACEAE  and JUNIPERUS TYPE 
pollen, which correspond with peaks in the concentration diagram. A RTEMISIA, BETULA 

UNDIFF . TYPE, BETULA PUBESCENS TYPE and BETULA NANA TYPE CF . B. HUMILIS  pollen occurs 
with higher relative and concentration values as in the previous subzone; PINUS DIPLOXYLON 

TYPE, PINUS HAPLOXYLON TYPE  and PINUS UNDIFF . TYPE pollen occur with lower concentration 
values than in the previous subzone. Relative and concentration values of SALIX  pollen rise 
in sample 273. 
 
Zone R22-A4 (272.5-268.0) starts with increases in values of Pediastrum boryanum and 
Botryococcus coenobia, Sphagnum, Equisetum spores and Monolete spores without perine, 
and of Cyperaceae, Helianthemum, Artemisia, Alnus, Betula undiff. type, Betula pubescens 
type and Betula nana type pollen. Assumed exotic types occur with higher values than in the 
previous SPZ. Samples 271 and 270 contain simultaneous peaks of Pediastrum boryanum 
and Botryococcus and of Anthemis type, Wild grass group, Cyperaceae and Parnassia 
palustris type pollen. In sample 270 macrofossils of Potamogeton natans and of cf. Mniaceae 
were found. At this level, the substrate changes from sand to gyttja and also contains higher 
concentration values of all types. 
 
 
13.4 Reinberg 23 (R23) 
Throughout (almost) the whole analyzed section, indeterminable root fragments and 
Equisetum roots were found. 
 
Zone R23-A (184.0-175.5) consists of three subzones. 
 
Subzone R23-A0 (184.0-180.5) is characterized by the absence of clear differentiating peaks: 
all observed pollen types occur with low relative  values or as single grains. Concentration 
values are low. The lower substrates are classified as sand with humus, the upper part as 
sand with humus spots. 
 
Subzone R23-A1 (180.5-177.5) is defined on only minor peaks of Cyperaceae, Lotus type, 
Wild grass group, Helianthemum, Chenopodiace ae and Amaranthaceae, Betula undiff. type, 
Betula pubescens type, Salix and Juniperus-without-gemmae pollen in sample 180 and of 
Betula nana type cf. B. humilis pollen in sample 178. The corresponding substrates are 
classified as sand with humus. 
 
Subzone R23-A2 (177.5-175.5) is distinguished from the previous subzone by prominent 
gradual rises of relative values of CYPERACEAE, PARNASSIA PALUSTRIS TYPE, and SALIX  pollen; 
of the latter type, also clumps were found. BOTRYOCOCCUS occurs continuously with low 
values. Ranunculus sceleratus nuts occur at a level without RANUNCULUS ACRIS TYPE  pollen. 
Concentrations of (almost) all pollen types rise in sample 176. 
 
Zone R23-B (175.5-172.0) starts with sharp rises in the curves of Anthemis type, 
Helianthemum, Artemisia, Chenopodiaceae  and Amaranthaceae, Juniperus-without-
gemmae, Hippophaë rhamnoides and Sambucus nigra type pollen. Cyperaceae and 
Parnassia palustris type pollen are present with high relative values. Values of Salix pollen 
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rise in sample 174. Concentration values remain at similar levels as in the preceding subzone. 
Some peaks correspond with peaks in relative values of the same types. Macrofossils of 
Equisetum occur in sample 175. Sample 173 contained wood fragments of possibly Betula and 
remains of Catoscopium nigritum. Remains of Calliergon, Drepanocladus and Meesia triquetra 
occur in sample 172. At the base of this zone the substrate changes from sand to gyttja. 
 
 
13.5 Reinberg 29 (R29) 
The whole section, with exception of the top sample, is derived from the Reinberg horizon. 
Two zones, without any subzones, are distinguished. 
 
Zone R29-A (238.0-236.5) is characterized by low relative values of almost all types, with the 
exception of CERASTIUM FONTANUM GROUP , BETULA PUBESCENS TYPE pollen and EQUISETUM 
spores. Except for leafs of Dryas octopetala, no determinable macrofossils occur. 
 
Zone R29-B (236.5-230.0) is distinguished from the preceding zone by higher relative and 
concentration values (which even tend to rise slightly in almost the total remaining part of 
the zone) of PEDIASTRUM BORYANUM  and BOTRYOCOCCUS coenobia, EQUISETUM spores and 
MENYANTHES TRIFOLIATA TYPE , CYPERACEAE, WILD GRASS GROUP, ARTEMISIA, 
HELIANTHEMUM , SALIX , BETULA PUBESCENS TYPE, BETULA NANA TYPE , JUNIPERUS TYPE and 
H IPPOPHAË RHAMNOIDES  pollen. Relative decreases occur in the curves of SPHAGNUM  spores 
and of assumed exotic types. Relative values of CERASTIUM FONTANUM GROUP  and 
CARYOPHYLLACEAE UNDIFF . TYPE pollen decrease in the lower part of the zone. DRYAS 

OCTOPETALA  pollen occurs in the upper part; leafs of Dryas octopetala are almost continuously 
present. Fruits of cf. Poaceae were found in sample 233. 
 
 
13.6 Reinberg 34 (R34) 
The whole section, which only is derived from sand, contains indeterminable root fragments. 
 
Zone R34-A (397.0-391.0) contains three subzones. 
 
Subzone R34-A0 (397.0-394.5) is characterized by low relative values or single observations 
of almost all types, which also show very low concentrations. P EDIASTRUM BORYANUM  
coenobia peak in sample 396. The same sample contains remains of Sphagnum sect. Cuspidata. 
 
Subzone R34-A1 (394.5-392.5) is characterized by slight rises in the relative values of 
CYPERACEAE and ARTEMISIA pollen, assumed exotic types occur with lower values as in the 
preceding zone. Sample 394 contains minor peaks OF ARMERIA MARITIMA TYPE A  and 
ARMERIA MARITIMA TYPE B pollen. Most pollen types show slight rises in concentration 
values. Fruits of cf. Poaceae were found in sample 394; wood fragments occur in the whole 
subzone. Sample 394 is derived from pure sand, sample 393 from the Reinberg horizon. 
 
Zone R34-A2 (392.5-391.0) starts with prominent rises of ANTHEMIS TYPE, ARTEMISIA and 
JUNIPERUS TYPE pollen. Rises occur in the curves of CYPERACEAE, WILD GRASS GROUP, 
PLANTAGO MARITIMA TYPE  and SALIX  pollen. Concentrations of almost all types have 
increased, with the exception of the types included in the pollen sum and of assumed exotic 
types. This zone contained macrofossils of cf. Poaceae, Catoscopium nigritum and Sphagnum 
palustre. 
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13.7 Reinberg 35 (R35) 
Indeterminable root fragments occur in the total analyzed section. 
 
Zone R35-A (325.0-227.5) is subdivided into two subzones. 
 
Subzone R35-A0 (235.0-229.5) is characterized by low relative values or only single 
occurrence of all observed pollen types. Assumed exotic types continuously are present with 
low relative values. Sample 234 contains a slight peak of CYPERACEAE pollen. Pollen 
concentrations are extremely low. Sample 234 contained seeds of the Juncus effusus group. 
The whole subzone corresponds with pure sand. 
 
Subzone R35-A1 (229.5-227.5) differentiates from the previous subzone by a slight rise in 
values of CYPERACEAE pollen and of assumed exotic types. ARTEMISIA pollen occurs with 
low relative values. Sample 228 contains minor peaks of PARNASSIA PALUSTRIS TYPE and 
ARMERIA MARITIMA TYPE B pollen. Concentrations remain low: incidental minor peaks 
correspond with similar peaks in the relative diagram. Sample 228 containes Poaceae fruits. 
 
Zone R35-B (227.5-221.0) consists of two subzones. 
 
Subzone R35-B1 (227.5-224.5) is dominated by two peaks of relative and concentration values 
of PEDIASTRUM BORYANUM  and BOTRYOCOCCUS coenobia, of EQUISETUM and SELAGINELLA 

SELAGINOIDES (sg.) spores and of FABACEAE UNDIFF . TYPE, LOTUS TYPE, GALIUM TYPE , 
CARYOPHYLLACEAE UNDIFF . TYPE, THALICTRUM FLAVUM TYPE , BETULA PUBESCENS TYPE, 
BETULA UNDIFF . TYPE, SALIX  and H IPPOPHAË RHAMNOIDES  pollen. Sample 227 also contains 
peaks of HORDEUM GROUP, FILIPENDULA , HELIANTHEMUM , CALLUNA VULGARIS  and 
PLANTAGINACEAE UNDIFF . TYPE; in sample 225 also NYMPHAEA ALBA TYPE  and JUNIPERUS 

TYPE pollen peak. Sample 226 contains low relative and concentration values of almost all 
types. Sample 227 contained Poaceae fruits and remains of cf. Catoscopium nigritum. This 
subzone is derived from sand with some humus. 
 
Subzone R35-B2 (224.5-221.0) is characterized by low relative values of all types which are 
characteristic for the previous subzone. High relative values occur of CYPERACEAE and WILD 

GRASS GROUP pollen; of the latter type also clumps were observed. Concentrations of most 
types rise in the upper part of this subzone. Samples 222 and 221 contained remains of cf. 
Bryum. This subzone is derived from the Reinberg horizon. 
 
 
13.8 Reinberg C (REC) - lake sediments 
Zone REC-A and its subzones already were described previously. 
 
Zone REC-B (270.5-257.5) starts with decreasing relative values of PINUS DIPLOXYLON TYPE  
and PINUS HAPLOXYLON TYPE  pollen, which gradually furthe r decrease within this zone. 
Values of BETULA PUBESCENS TYPE pollen gradually rise. Values of EQUISETUM spores and 
PEDIASTRUM BORYANUM  coenobia gradually rise. At  the lower zone boundary, CYPERACEAE 
pollen peak, together with B OTRYOCOCCUS coenobia. Assumed exotic types are continuously 
present, but with lower values than in SPZ REC-A. AP+NAP concentrations rise at the lower 
zone boundary; the substrates consist of a sand-silt gyttja. 
 
Zone REC-C (257.5-235.0) is distinguished from the preceding zone by higher relative values 
of H IPPOPHAË RHAMNOIDES  pollen. Values of BETULA PUBESCENS TYPE pollen rise gradually 
within this zone, while those of P INUS DIPLOXYLON TYPE  and PINUS UNDIFF . TYPE pollen 
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decrease. Immediately below the upper zone boundary H ELIANTHEMUM  and SALIX  pollen 
slightly peak. Values of CYPERACEAE pollen sharply decrease in the lower part. Assumed 
exotic types gradually decrease towards the top of the zone. AP+NAP concentrations, after 
an initial peak and subsequent decrease, are higher than in the preceding zone. The samples 
forming this zone are derived from sand-silt gyttja. 
 
Zone REC-D (235.0-217.0) starts with a decrease of relative values of HIPPOPHAË 

RHAMNOIDES  pollen, with two minor peaks occur within this zone. NAP-values (especially 
those of ARTEMISIA pollen) and of BETULA NANA TYPE  pollen have increased. Also the 
relative values of PINUS DIPLOXYLON TYPE  pollen have slightly increased. Values of SALIX  and 
JUNIPERUS TYPE pollen decrease after an initial peak. Minor peaks occur in the values of 
EQUISETUM spores and BOTRYOCOCCUS and PEDIASTRUM BORYANUM  coenobia. Values of 
assumed exotic typesshow a gradual decline after an initial peak. AP+NAP concentrations 
have decreased. In the lower part of this zone, the substrate changes from sand-silt gyttja to 
silt-sand gyttja. 
 
Zone REC-E (217.0-211.0) contains high, but fluctuating, relative values of BETULA PUBESCENS 

TYPE pollen. Four subzones are distinguishable. 
 
Subzone REC-E1 (217.0-211.0) is characterized by an increase in relative values of BETULA 

PUBESCENS TYPE pollen, while those of PINUS DIPLOXYLON TYPE , PINUS HAPLOXYLON TYPE  and 
PINUS UNDIFF . TYPE decrease. NAP-values remain high. Minor peaks occur in the curves of 
SALIX  and JUNIPERUS TYPE pollen; H IPPOPHAË RHAMNOIDES  pollen is continuously present. A 
peak in values of BOTRYOCOCCUS is followed by a peak of PEDIASTRUM BORYANUM . Values of 
assumed exotic types decrease. AP+NAP concentrations gradually rise. This subzone 
corresponds with a sand-silt gyttja. 
 
Subzone REC-E2 (211.0-203.0) starts with sharply decreasing values of NAP-types and of 
JUNIPERUS TYPE and H IPPOPHAË RHAMNOIDES  pollen; relative values of BETULA PUBESCENS 

TYPE pollen are slightly higher. A rise and subs equent peak is visible in the curve of 
EQUISETUM spores. AP+NAP concentrations are high. This zone corresponds with the lower 
part of the alga gyttja. 
 
Subzone REC-E3 (203.0-193.5) is distinguished from the previous subzone by lower relative 
values of BETULA PUBESCENS TYPE and SALIX  pollen and higher values of PINUS DIPLOXYLON 

TYPE and PINUS UNDIFF . TYPE pollen. Relative values of EQUISETUM spores, though still 
prominent, decrease within this subzone. Minor rises occur in the values of BOTRYOCOCCUS 
and PEDIASTRUM BORYANUM . MENYANTHES TRIFOLIATA TYPE  pollen is continuously present. 
At the top of the subzone, a minor peak of FILIPENDULA  pollen occurs. CICUTA VIROSA TYPE, 
OENANTHE FISTULOSA TYPE  and TYPHA LATIFOLIA TYPE  pollen occur incidentally. 
 
Subzone REC-E4 (193.5-185.5) is characterized by a rise in BETULA PUBESCENS TYPE pollen 
and a decrease in the relative values of PINUS DIPLOXYLON TYPE , PINUS UNDIFF . TYPE and 
SALIX  pollen. In the upper part of this subz one, decreases occur in the curves of 
BOTRYOCOCCUS and PEDIASTRUM BORYANUM  coenobia, while NUPHAR LUTEA TYPE  pollen 
peaks. In the substrate, a transition from gyttja to peat occurs. Within the alga gyttja, the LST 
is embedded; the sample immediately above the LST contains peaks of JUNIPERUS TYPE, 
ARTEMISIA, BETULA NANA TYPE  and BETULA UNDIFF . TYPE pollen; PINUS DIPLOXYLON TYPE  
pollen is almost completely absent. 
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Zone REC-F (185.5-102.5) is characterized by relatively high NAP-values. Three subzones are 
distinguished. 
 
Subzone REC-F1 (185.5-162.5) starts with sharply increasing NAP-values and of P INUS 

DIPLOXYLON TYPE , PINUS UNDIFF . TYPE and SALIX  pollen; relative values of BETULA PUBESCENS 

TYPE pollen decrease. At the top of this subzone, EMPETRUM NIGRUM  and VACCINIUM GROUP  
pollen appear. Relative values of CYPERACEAE pollen rise. In the upper part of the subzone 
relative values of RANUNCULUS ACRIS TYPE  pollen rise. Relative values of PEDIASTRUM 

BORYANUM  coenobia rise within this zone, but show a conspicuous dip in the upper sample. 
AP+NAP concentrations have decreased compared with the previous SPZ. The substrates 
corresponding with this subzone consist of  Cyperaceae-brownmoss peat at the base, 
followed by a transition to detritus gyttja. 
 
Subzone REC-F2 (162.5-127.5) differs from the previous subzone by higher relative values of 
EMPETRUM NIGRUM  pollen; VACCINIUM GROUP  pollen peaks in the bottom part of the 
subzone. Relative values of EQUISETUM spores decrease; values of RANUNCULUS ACRIS TYPE  
pollen increase in the upper part  of the subzone. Values of PEDIASTRUM BORYANUM  coenobia 
fluctuate. M ONOLETE SPORES WITHOUT PERINE are present with higher  values than previously. 
AP+NAP concentrations have decreased. Assumed exotic types increase. The substrates 
change from detritus to sand-silt gyttja and on a higher level to silt-sand gyttja. 
 
Subzone REC-F3 (127.5-102.5) is characterized by an increase of EMPETRUM NIGRUM  pollen. 
Values of PEDIASTRUM BORYANUM  rise and peak at the top of this subzone. RANUNCULUS 

ACRIS TYPE pollen is prominently present. 
 
Zone REC-G (102.5-87.5) starts with a sharp decrease of NAP-values, while relative values of 
BETULA PUBESCENS TYPE pollen rise. Relative values of BOTRYOCOCCUS and PEDIASTRUM 

BORYANUM  coenobia and of RANUNCULUS ACRIS TYPE  pollen are lower than previously. 
TYPHA LATIFOLIA TYPE  pollen is continuously present and peaks in the lowest sample 
together with E QUISETUM spores and FILIPENDULA  pollen. Sample 95 contains a peak of 
NYMPHAEA ALBA TYPE  pollen. AP+NAP concentrations have sharply risen. The substrate 
shows a sharp transition from silt-sand gyttja to peat. 
 
 
13.9 Reinberg 6 (REA) - lake sediments 
SPZ's REA-A1 and REA-A2 already were described previously. 
 
Subzone REA-A3 (235.0-215.0) is characterized by a peak of HIPPOPHAË RHAMNOIDES  pollen. 
Relative values of SALIX  and JUNIPERUS TYPE pollen have slightly decreased. Values of 
BETULA PUBESCENS/ UNDIFF . TYPE pollen slightly rise, while those of P INUS UNDIFF . TYPE 
pollen decrease within this subzone. Values of assumed exotic types have decreased. The 
subzone corresponds with a sand/silt gyttja. 
 
Subzone REA-A4 (215.0-205.0) shows lower values of HIPPOPHAË RHAMNOIDES  pollen, while 
values of pollen of BETULA PUBESCENS/ UNDIFF . are higher, values of assumed exotic types 
slightly higher than previously. 
 
Zone REA-B (205.0-187.5) starts with a decrease in NAP-values and a prominent increase in 
BETULA PUBESCENS/ UNDIFF . TYPE pollen. Assumed exotic types do not occur. Relative values 
of PEDIASTRUM BORYANUM  and BOTRYOCOCCUS coenobia and of EQUISETUM spores have 
increased, those of CYPERACEAE pollen have decreased. AP+NAP concentrations are high. 
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This zone corresponds with the layer of alga gyttja (encompassing the LST) and the lower 
part of the lower peat layer. 
 
Zone REA-C (187.5-94.0) starts with a rise of NAP values (which further increase in the 
middle part of the zone) and of P INUS UNDIFF . TYPE pollen; values of BETULA 

PUBESCENS/ UNDIFF . TYPE pollen have decreased. Relative values OF PEDIASTRUM BORYANUM  
coenobia are prominently high in the complete zone, those of CYPERACEAE and RANUNCULUS 

ACRIS TYPE pollen only in its upper part. M ONOLETE SPORES WITHOUT PERINE peak in sample 
150. Assumed exotic types are present in the upper part of the zone with more or less 
constant low values. AP+NAP concentrations are high in the bottom samples of this zone 
and subsequently decrease strongly. This zone corresponds with the upper part of the lowest 
peat layer, the detritus gyttja and the upper layer of sand/silt gyttja. 
 
Zone REA-D (94.0-70.0) contains lower NAP values than previously and higher relative 
values of BETULA PUBESCENS/ UNDIFF . TYPE pollen. Values of BOTRYOCOCCUS and 
PEDIASTRUM  BORYANUM  coenobia and of RANUNCULUS ACRIS TYPE  pollen have decreased. 
EQUISETUM spores and FILIPENDULA  pollen peak simultaneously in the lowest sample. 
TYPHA LATIFOLIA TYPE  and NYMPHAEA ALBA TYPE  pollen continuously is present. AP+NAP 
concentrations is higher than previously. The substrate sharply changes from sand/silt gyttja 
to peat at the lower zone boundary. 
 
 
13.10 Reinberg 11 (REB) 
Zone REB-A (244.0-230.5) is characterized by high NAP-values. Relative values of BETULA 

PUBESCENS TYPE pollen increase within th is zone, while those of PINUS UNDIFF . TYPE pollen 
decrease. Also values of assumed exotic types decrease. AP+NAP concentrations are low. 
This SPZ corresponds with silt-sand gyttja. 
 
Zone REB-B (230.5-163.0) is characterized by its higher values of BETULA PUBESCENS TYPE 
pollen than in zone REB-A. 
 
Subzone REB-B1 (230.5-219.5) contains high NAP-values. NAP-values are high. This SPZ is 
derived from sand-silt gyttja. 
 
Subzone REB-B2 (219.5-163.0) starts with a strong decrease in NAP-values. The lower part of 
this subzone contains a conspicuous peak of CYPERACEAE pollen, the upper part of 
EQUISETUM spores. AP+NAP concentrations are high and prominently peak in the upper 
part of the subzone. The samples from this subzone are derived from sand-silt gyttja, sandy 
detritus gyttja and peat. 
 
Zone REB-C (163.0-135.0) starts with a rise in NAP-values, especially of A RTEMISIA and 
VACCINIUM GROUP  pollen. Relative values of EQUISETUM spores sharply decrease; values of 
PEDIASTRUM BORYANUM  coenobia are slightly higher than previously. R ANUNCULUS ACRIS 

TYPE pollen peak in the upper part of the zo ne. AP+NAP concentrations are low. The 
lowermost sample corresponds with peat, the upper samples with silt-sand gyttja and fine 
sand. 
 
Zone REB-D (135.0-113.0) starts with a decrease of NAP values. BOTRYOCOCCUS, PEDIASTRUM 

BORYANUM  coenobia and RANUNCULUS ACRIS TYPE  pollen are absent. The samples from this 
SPZ originate from a layer of silty sand with humus. 
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13.11 Reinberg C (REC) - upper peat layer 
The whole section is derived from brownmoss peat and Cyperaceae-brownmoss peat, which 
only shows differentiation in compaction. 
 
Zone REC-G (100.0-87.5) already is described previously. 
 
Zone REC-H (87.5-77.5) is characterized by high relative values of Alnus, Corylus avellana 
type, Quercus robur type, Carpinus betulus type, Fagus sylvatica type and Calluna vulgaris 
pollen. Present with low relative values  is Ulmus glabra type, Tilia, Fagopyrum 
cf.esculentum, Fagopyrum cf tataricum, Rumex acetosella, Avena/Triticum group, Secale 
cereale, Chenopodiaceae and Amaranthaceae and Plantago lanceolata type pollen. AP+NAP 
concentrations are high; loss-on-ignition values are slightly lower than in the previous SPZ. 
This section corresponds with hardly compacted peat. 
 
Zone REC-I (77.5-62.5) is characterized by high values of BETULA PUBESCENS TYPE and 
substantial values of PINUS DIPLOXYLON TYPE  pollen. Prominent are the values of SPHAGNUM  
spores and of HELICOON PLURISEPTATUM , AMPHITREMA FLAVUM  and ASSULINA ; CYPERACEAE, 
WILD GRASS GROUP and FILIPENDULA  pollen, as well as MONOLETE SPORES WITHOUT PERINE, 
continuously is present. AP+NAP concentrations  are low; loss-on-ignition values are slightly 
higher than in the previous zone. The samples from this SPZ are derived from highly 
compacted peat. 
 
Zone REC-J (62.5-52.5) is characterized by high values of Pinus diploxylon type and 
substantial values of Betula pubescens type pollen. Present with low values are Alnus, 
Corylus avellana type, Quercus robur type, Carpinus betulus type, Fagus sylvatica type, 
Tilia, Artemisia, Calluna vulgaris and Rumex acetosella pollen. AP+NAP concentrations 
prominently rise within this SPZ, while loss-on -ignition is slightly higher than previously. 
This (and the following) SPZ's are derived from hardly compacted peat. 
 
Zone REC-K (52.5-37.5) is distinguished from the previous zone by a prominent decrease in 
the relative values of PINUS DIPLOXYLON TYPE  pollen and rises in the relative values of ULMUS 

GLABRA TYPE, ALNUS, CORYLUS AVELLANA , QUERCUS ROBUR TYPE, FAGUS SYLVATICA TYPE and 
TILIA  pollen. NAP values are higher, mainly due to a rise of CALLUNA VULGARIS  pollen. 
Present with low values is A VENA /T RITICUM GROUP , SECALE CEREALE, CENTAUREA CYANUS 

TYPE and PLANTAGO LANCEOLATA TYPE  pollen. AP+NAP concentrations prominently 
decrease within this zone, while loss-on-ignition values slightly decrease. 
 
Zone REC-L (37.5-22.5) is distinguished from the previous zone by a conspicuous peak of 
ACER CAMPESTRE TYPE pollen. NAP values slightly rise towards the top of this zone. A 
prominent rise occurs in the curve of CYPERACEAE pollen; values of WILD GRASS GROUP, 
SINAPIS TYPE and POTENTILLA TYPE  pollen slightly are higher. AP+NAP concentrations are 
prominently lower than previuosly. 
 
Zone REC-M (22.5-5.0) is characterized by high NAP values, especially of Avena/Triticum 
group, Secale cereale, Centaurea cyanus type, Cerealia undiff. type, Chenopodiaceae and 
Amaranthaceae and Plantago lanceolata type pollen. Relative values of Alnus, Corylus 
avellana type, Tilia, Acer campestre type and Calluna vulgaris pollen slightly have 
decreased. Pinus haploxylon type pollen minory  peaks in sample 15. Relative values of 
Cyperaceae pollen decrease, those of Wild grass group pollen have increased. Sample 20 
contains minor peaks of Sparganium emersum excl. Typha ang., Apiaceae undiff. type, 
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Mentha type pollen and of Diporotheca spores , followed by high values of Sparganium 
erectum type pollen in sample 15 and of Monolete spores without perine in sample 5. Present 
with substantial values in the whole SPZ are Filipendula, Anthemis type and Typha latifolia 
type pollen. 
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14 Appendix 3: Some macrofossils observed in core REC 
Searching for AMS-datable macrofossils at selected levels, the following macrofossils were 
observed: 
 
256-259: Potamogeton leafs, remains of Chara and/or Nitella, moss fragments (a.o. 
Drepanocladus), insect fragments and few charcoal particles; 
 
234-236: wood fragments and charcoal particles; 
 
216-218: Chara-oospores, stem fragments, charcoal particles and waterflea eggs; 
 
180-186: moss remains (mainly Calliergon giganteum); 
 
101-104: Betula pubescens nuts, leafs and bud/fruit scales, fragments of Pinus seeds, Carex 
nuts, Nymphaea seeds, Potamogeton leaf fragments and leafs of the "wet variety" of 
Drepanocladus. 
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15 Appendix 4: Pollen diagrams from the Reinberg basin 
Reinberg C - Reinberg horizon: relative values (selected curves) 
Reinberg C - Reinberg horizon: concentrations (selected curves) 
Reinberg 6 - Reinberg horizon: relative values (selected curves) 
Reinberg 6 - Reinberg horizon: concentrations (selected curves) 
Reinberg 22: relative values (selected curves) 
Reinberg 22: concentrations (selected curves) 
Reinberg 23: relative values (selected curves) 
Reinberg 23: concentrations (selected curves) 
Reinberg 29: relative values (selected curves) 
Reinberg 29: concentrations (selected curves) 
Reinberg 34: relative values (selected curves) 
Reinberg 34: concentrations (selected curves) 
Reinberg 35: relative values (selected curves) 
Reinberg 35: concentrations (selected curves) 
Reinberg C - lake sediments: pollen sum types (selected curves) 
Reinberg C - lake sediments: types excluded from the pollen sum (selected curves) 
Reinberg 6 - lake sediments (selected curves) 
Reinberg 11 (selected curves) 
Reinberg C - upper peat layer: pollen sum types (selected curves) 
Reinberg C - upper peat layer: types excluded from the pollen sum (selected curves) 
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