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by man, whose appearance should rather bear better pres-
ervation of varves, but it was natura effect of lake shal-
lowing.

Chronology of laminated sediments above 7.34 m

The chronology of the sediment above 7.34 m, though
based on varve counting, is significantly affected by the
knowledge of calendar age of its older end, determined to
3211 cal BP (Goslar, Chapter 6.4). This age agrees, with-
in limit of error, with the estimate based on varve count-
ing. Fixing of both ends of the laminated sequence 3200
varves long, however, distinctly changes the estimate of
age error within this sequence.

If the chronology is not fixed at its lower end, the
error of age determined by counting varves from the top
of sequence has a cumulative character and is distinctly
asymmetric. This error, however, implements a genera
uncertainty of interpretation of disturbed sections. For
example, the maximum positive error in the whole part of
profile (+500 varves) corresponds to the maximum
underestimation of varve number in al disturbed sec-
tions. If the chronology is fixed at both ends, the error of
age depends on counting the varves both from the top
and from the bottom. The change of age at any level re-
quires thus the opposite corrections of varve counting
below and above that level. Separately, both corrections
may be dlowed by the uncertainty of varve counting.
However, the opposite simultaneous corrections in two
fragments are less probable, since al disturbed sections
were similar, and the varves were counted everywhere in
the same manner. Therefore the error of chronology fixed
at both ends is more symmetric and distinctly lower than
the error of varve counting alone. Obviously, the age near
one end of chronology is little dependent on varve count-
ing from the second end. Both the error of varve counting
and the error of age are dependent on quality of lamina
tion, varying along the profile. The analytical calculation
of age error in these circumstances is a very difficult
problem, and it was estimated relying rather on the
author’s intuition than on strict calculations (Fig. 8.15).
One may note that the error rises towards the middle of
considered part of profile. The rate of rise at particular
level is dependent on quality of lamination.

8.2. MINERALOGY AND GEOCHEMISTRY OF
THE LAKE GOéCIAZ HOLOCENE SEDIMENTS

Bozena £acka, Ewa Starnawska, Michat Kuzniar ski
& Leszek Chrost

The mineral and chemical analysis of the Holocene
deposits from the central part of Lake Gosciaz was car-
ried out on 52 samples representing six selected parts of
the G1/87 sediment core. These parts of the Holocene
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profile correspond to the sedimentation during following
intervals of calendar age: (1) 11,458 — 11,408; (2) 10,708
—10,446; (3) 8596 — 8296; (4) 6534 — 6084; (5) 4061 —
3461; (6) 820 — -35 years BP, i.e. AD 1130 — 1985 (for
chronological background see Goslar Chapter 8.1).

Mineral components of bulk and homogenized sam-
ples encompassing 10 varves were identified by XRD
and DTA methods (Chapter 4.5). XRD identification of
minor mineral components in the Holocene deposits was
difficult due to the occurrence of amorphous and poorly
crystallized hydroxides of Mn and Fe or/and the transfor-
mation products of the metastable authigenic mineras,
and the high content of CaCOgs, up to 75%. Nevertheless,
the variations in the content of the major authigenic
minerals as well as terrigenous detritus allow us to state
that these selected parts of the Holocene sediments repre-
sent six complexes with different mineral composition:

(1) 11,458 — 11,408 cal BP. The main mineral consti-
tuents of the lowest part of Holocene sediments are Mn,
Ca, and Fe carbonates and Mn hydroxides. Within the
carbonate group, Ca-rhodochrosite predominates over
calcite, siderite, and kutnahorite. These sediments, like
the Younger Dryas deposits, may be regarded as Mn ores.

(2) 10,708 to 10,446 cad BP. Within the sediments
formed during this time interval, the increase of calcite
content was observed. This mineral becomes more abun-
dant than Mn and Fe carbonates. Mn minera phases
other than carbonate displayed on the diffraction patterns
are pyrolusite and todorokite.

(3) 8596 to 8296 cal BP. Mn and Fe carbonates de-
crease to the trace level. The main mineral components
recorded in the diffraction patterns are calcite and gyp-
sum. In this sequence of sediments vivianite appears to
be another mineral phase of iron. Because of the high
content of calcite the sediments from the third complex
can be classified as carbonate gyttja.

Gypsum was recorded in the diffraction patterns of al
samples investigated from Younger Dryas to recent, but
within the carbonate gyttja that formed during the inter-
val from 8596 to 6084 ca BP (complexes nos. 3 and 4)
gypsum may be considered as one of the mgor minera
components of gyttja. The combined EDS and SEM ana
lyses indicate that gypsum occurs more frequently within
the light varve laminae. The morphology of gypsum crys-
tals points to its late diagenetic origin.

(4) 6534 to 6084 ca BP. Sediments show the minera
compoasition similar to that of the underlying carbonate
gyttja. The only exception is the occurrence of pyrite. In
this part of the core two Fe-containing minerals, vivianite
and pyrite, were X-ray detected.

(5) 4061 to 3461 cal BP. The mineral composition of
the sediments is similar to that of the sediment complex
no. 4. There occur two Fe-containing mineral phases, sul-
fides and phosphates. Pyrite and vivianite were un-
doubtedly identified by means of X-ray diffraction. The
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difference in mineral composition between complexes
no. 4 and 5 is alower content of gypsum within the com-
plex no. 5.

(6) 820 — -35 cal BP (AD 1130 — 1985). Gyttja from
the uppermost part of the investigated Holocene sediment
core is distinguishable by the high content of terrigenous
detritus consisting of quartz, feldspar, layered aumino-
silicates (mica, chlorite, and mixed-layer species), and
rarely amphiboles. An abrupt increase in the quartz con-
tent can be observed within the gyttja sequence deposited
after AD 1760, with two clear maxima corresponding to
AD 1839, and AD 1940 — 1950. However, the lower part
of this sequence, which contains only negligible amounts
of quartz, is enriched in other detrital components, such
as layered aluminosilicates and feldspar. The main auth-
igenic component of this section of sediment is calcite.
Iron minerals occur throughout the sequence. Siderite
and ankerite were identified by XRD only within the
parts of the sequence formed during the following time
intervals: AD 1525 — 1590, AD 1875 — 1885, and AD
1940 — 1980. Pyrite occurs commonly within the whole
sequence except for the interval AD 1920 — 1985. In sam-
ples from this interval lepidocrocite was identified. Fe-
phosphates were difficult to reveal by means of X-ray
diffraction owing to their poor crystallinity. Vivianite was
detected in dl tested samples. From al other iron phos-
phates recorded by means of the combined SEM and
EDS anaysis only cacoxenite was undoubtedly identi-
fied.

Varved sediments from Lake Goésciaz that accumu-
lated during the Holocene display the fine lamination va
rying in colour, thickness, composition, grain size, and
cohesiveness as well. The laminae forming varvesin the
first and second analysed complexes show peculiar vari-
ety of colours. They are brown or beige to white. Textu-
rally those laminae consist of resuspended carbonates and
diatom frustules, suggesting sequential deposition of
these components. The sequences and frequency of dia
tom laminae within the lowest part of the Holocene de-
posits suggest that seasonal plankton blooms were getting
rare gradually, and most of diatom frustules were dam-
aged and sunk in the carbonate matrix.

The third complex of sediments consists of varvesin
which the individual laminae show successive change in
their colour, varying from amost black through reddish
brown and beige to white. Usualy thin and clearly
defined black laminae are followed by wider, lighter, and
more porous ones. The EDS analysis, made as maps of
the element distribution in microarea (Fig. 8.16), demon-
strated very close relationship between the laminae col-
our and the Mn, Fe, Ca, and P content. The dark laminae
are composed of very fine carbonate grains and shapeless
aggregates of Mn and Fe hydroxides (Plate 8.1, photos 1—
4). Carbonate grains consist of microcrystalline aggre-
gates and irregular crystals. The subsequent laminae,

197

white and less porous, consist of almost pure cacite
(Plate 8.1, photos 5, 6). The carbonate crystals are coar-
ser there and more regular than those within beige lami-
nae enriched in Mn and Fe hydroxides. The change in
morphology of the carbonate crystals is probably con-
nected to the presence of particulate or dissolved matter
in the water column or/and pore waters. Such “im-
purities’ may block the process of crystal growth. Euhe-
dral and coarse cdcite crystals crystalized probably
under condition of low content of particulate and dis-
solved matter.

The enrichment in Fe phosphates was frequently ob-
served within the darkest laminae. Fe phosphates occur in
various morphological types of crystals (as radia aggre-
gates and twinned plates; Plate 8.2, photos 1, 2) and len-
ticular amorphous clusters as well.

A distinct change of varves texture was observed in
gyttja deposited from 6500 cal BP (complex no. 4). The
varves of this complex are light-coloured, white, and pale
grey, and they are composed of carbonate laminae differ-
ing from each other in porosity and grain size. Cdlcite
crystals, regardless of grain size, are more euhedra there
than those occurring within laminae with admixture of
Mn and Fe hydroxides. SEM analysis shows that the
growth of the crystal faces starts from a few nucleation

SEI 40x Si

Fig. 8.16. Maps of secondary electron image (SEI) and element distribu-
tion within varves (complex no. 3).
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Fig. 8.17. The diagrams of Mn, Fe, acid-soluble residuum, and Zn variation versus time in kyr BP.

centres, and the pinholes within the crystal faces are and diatom-poor laminae appeared. Maximum seasonal

filled afterwards. Finaly, the crystals grow by building blooms of diatoms from AD 1861 have been reflected in

up successive bands on faces. Subsequently, growth of  the occurrence of laminae up to 0.5 cm thick, which are

the deposited calcite crystals within the sediments results ~ amost entirely composed of diatoms.

in building up {1010}, {1011}, and exceptionally { 0112} Framboidal pyrite has been found in sediments

crystal faces (Plate 8.2, photos 3-6). formed from 6000 cal BP to AD 1920. It occurs mainly
In the uppermost part of the Holocene deposit, from  as clusters of framboids on and/or within the carbona

3000 cal BPR, a gradua increase of diatom frustules has  ceous organic remains (Plate 8.3, photos 1, 2).

been observed, and distinct differentiation of diatom-rich Every one of analysed samples from G1/87 core rep-
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Table 8.2. Correlation coefficients for bulk and homogenized samples of the Holocene deposits (complexes nos. 1-5).

Ca Mn Fe SO, Mg K Na P S Zn
Ca 1
Mn -0.90 1
Fe 0.03 0.14 1
SO, -0.51 0.26 -0.45 1
Mg 0.85 -0.77 -0.11 -0.37 1
K -0.60 0.57 -0.18 0.40 -0.16 1
Na -0.03 0.13 0.17 -0.02 0.25 0.64 1
P 0.46 -0.59 0.14 -0.15 0.40 -0.38 -0.10 1
S 0.85 -0.93 -0.27 -0.25 0.82 -0.50 -0.18 0.58 1
Zn -0.14 0.23 0.27 0.08 -0.27 0.12 0.07 -0.20 -0.29 1

Table 8.3. Correation coefficients for 1M HCI-dissolved fraction of bulk and homogenized samples of Holocene deposits (complex no. 6);
Res = residuum, Sguph = sulphur from sulphate.

Res Fe Mn Ca Mg P Zn Sqi ph COrg
Res 1
Fe -0.73 1
Mn -0.58 0.86 1
Ca -0.96 0.68 0.51 1
Mg -0.93 0.55 0.43 0.91 1
P 0.07 -0.03 0.02 -0.09 -0.02 1
Zn 0.69 -0.65 -0.47 -0.71 -0.61 0.01 1
Squph -0.51 0.23 0.19 0.53 0.58 0.25 -0.20 1
C 0.73 -0.79 -0.68 -0.77 -0.66 -0.17 0.76 -0.39 1

org

resents ten-year period of Holocene deposition in the
central part of Lake Go&ciaz. Chemical composition of
the deposits are presented in two sets of data: chemical
compoasition of the bulk samples (complexes nos. 1 to 5),
and chemical composition of 1M HCI-dissolved fraction
of bulk samples (complex no. 6). In the first data set
chemical composition of all minera fractionsis included,
and the only exception is organic matter, which was not
oxidized by HNOs. The second set of data represents the
chemical composition of acid-soluble components such
as carbonates, phosphates, gypsum, iron monosulfides,
and sulphates and Fe, Mn hydroxides, and oxides.

The relationship between elements is clearly shown
by the values of correlation coefficients between them
(Tabs 8.2 and 8.3). For bulk samples, Ca is highly and
positively correlated with Mg and Sr. It suggests that
these three elements are incorporated in the same mineral
phase — calcite, the main Ca mineral of carbonates group.
Mn and Fe are two other elements that can be incorpor-
ated into the carbonate structure. Nevertheless, the lack
of positive correlation between Ca and Fe points to the
occurrence of Fein various minera phases, not only car-
bonates. The high negative correlation between Ca and
Mn is the effect of different mineralogy and the opposite
trend of their accumulation throughout the Holocene
profile.

Cain the easily mobile fraction of sediment is highly
and positively correlated with Mg. Similar high and posi-
tive correlation exists between Mn and Fe. This means
that in the fraction of sediment that contains mainly the
products of carbonate dissolution Mg is incorporated
within the calcite structure and Mn mainly in siderite.
Among other analysed elements, only Zn correlates nega-
tively with al elements bound in carbonates.

Changes of chemica composition of sediments through-
out Holocene as well as the variation of chemical compo-
sition between ten-year periods of sedimentation within
selected complexes are presented in diagrams of element
content versus time (Figs 8.17 and 8.18).

The Mn content (Fig. 8.17) shows the most significant
change in the Holocene profile. From 6500 cal BP it de-
creases by two orders of magnitude (from 7-12% to
0.10-0.12%). The Mn content in sediments from the
lower part of the Holocene profile (complexes nos. 1, 2)
is very similar to that in the Younger Dryas deposits.
Sediments from complex no. 3 are characterized by the
gradua decrease of Mn concentration and by its high
variation between samples representing ten-year periods
of deposition.

The Fe distribution (Fig. 8.17) does not show such a
sudden variation with time as that of Mn, but from 6500
cal BP the Fe content decreases from 8-12% to 2—7%.
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Fig. 8.19. Generalized distribution patterns of Mn, Fe, P, S, and Ba during early diagenesis of lacustrine deposits.

The maximum Fe concentration was found within sedi-
ments of complex no. 3, where it increased simultaneous-
ly with the distinct decrease in Mn content.

The variation of both elements is reflected in the
change of the Mn/Fe ratio. The Mn/Fe ratio, about 1 in
complexes nos. 1, 2, and 3, decreases to the value 0.02—
0.03 for complex no. 4, becoming approximately equal to
the Earth crust Mn/Fe ratio (Perelmann 1977). From
4000 cal BP, the sediments are characterized by the
dightly higher and more differentiated Mn/Fe ratio,
0.05-0.10, but the Fe content is probably reduced due to
the Fe determination in acid-soluble fraction only.

Because two different chemical procedures have been
applied, the intervals with higher influx of clastic detritus
are pointed out in two ways: (i) the distribution pattern of
K and Na for the sediments formed during the interval
11,458-3461 cal BP, and (ii) distribution pattern of acid-
insoluble residuum for the gyttjaformed from 820 cal BP
(Fig. 8.17). The variation of Na and K is negligible ex-
cept for one sample (10,446 cal BP), where considerable
increase in Na and K associated with the exceptional in-
crease in Mg concentration was observed. Neither XRD
nor SEM and EDS analyses show any differentiation of
the mineral composition as compared to the underlying
samples. However, these data can not exclude the
presence of pyroclastic materia within these sediments
(Pawlikowski 1990).

Manganese and iron are easily mobile during the pro-
cesses of sediment formation in lakes. The main source
of these elements could be the matter delivered from land
by surface and ground waters. The negligible content of
terrigenous detritus excludes to some extent surface
transportation. The variation of Mn/Fe ratio within sedi-

ments is probably the effect of weathering, depending on
the climatic conditions and on the intensity of organic
matter oxidation within the sediments and near the sedi-
ment/water column interface (Canfield et a. 1993, Dean
et a. 1981, Egeberg et a. 1988, Schaanning 1988). In al
these processes Mn is leached first and remains in solu-
tion longer than Fe. This is because Mn solubility ex-
ceeds that of Fe for any given Eh and pH range. The dis-
tribution of Mn and Fe within the Younger Dryas and
lower part of the Holocene deposits (complexes nos. 1, 2,
3, 4) as well as the Mn/Fe ratio show a considerable en-
richment in Mn and gradual increase in the Fe amount. It
is suggested that these variations of Mn and Fe content
are caused by the gradual change of climatic conditions,
from subarctic to warmer and more humid (Borchert
1970, Crerar et d. 1971/72). A new Mn enrichment of the
sediments was noticed in the upper part of the Holocene
profile (complexes nos. 5 and 6), but this Mn enrichment
is associated with the increase in the supply of clastic
material. It could be a result of the lowering of the
groundwater level and/or of the Eh decrease in near-shore
environment. On the minor scale, the separation of Mn
and Fe within sediments is shown on maps of element
distribution within varve laminae (Fig. 8.16). This can be
due to the redox condition within sediments. The surficia
excess of manganese results from the continuous dia
genetic recycling of the element within the sedimentary
column. Upon buria in reducing condition, the dissolu-
tion of Mn can occur, and dissolved Mn can migrate up-
ward and reprecipitate in relatively oxidizing environ-
ment near the sediment/water interface (Fig. 8.19).

The above-mentioned process is associated with the
relative Fe enrichment of the sediments just below the
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Mn-rich laminae, due to the immobilization of Fein such
mineral phases as hydroxides (oxidizing and slightly re-
ducing condition), phosphates, monosulfides, and sul-
fides (reducing condition). The redox condition control-
ling the processes of the mobilization and mineral neo-
formation depend on the total amount of organic matter
falling down. The increase of activity of anions released
during the organic matter decay affects (i) the supply of
nutrients to the water column and (ii) the pore-water satu-
ration in respect to Fe and Mn minera phases (phos-
phates, carbonates, and sulfides).

Distribution patterns of Ca, Mg, and Sr throughout the
Holocene sediment profile show the same consistence of
variation (Fig. 8.18) either in the bulk samples or in acid-
soluble fraction. The fluctuation of their contents is in-
fluenced mainly by the oscillation of Mn content in the
lower part of the Holocene deposits and the amount of
the terrigenous detritus in the upper part.

The variation of biogenic silica, organic carbon, and
phosphorus contents can be used to demonstrate the
changes of bioproductivity in the lake. The distribution
patterns of these components did not show clear differen-
tiation between the separated complexes. However,
biogenic silica as well as phosphorus contents are dif-

Mn, weight %
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ferentiated between samples representing ten-year peri-
ods of sedimentation within the same complex (Fig.
8.19). Within complexes nos. 2, 3, and 5 the amount of
biogenic silica increases towards the top of each com-
plex, from 1 to 4 weight per cent (complex no. 2) and
from 2 to 5 weight per cent (complex no. 5). The similar
increase in the organic carbon was observed within the
deposits of the complex no. 5, where Cqqg content rises
from 8 to 12 weight per cent towards its top.

Slightly different distribution pattern is demonstrated
by the variation of the P content with time (Fig. 8.18).
Samples from complex no. 1 and 2 are depleted in P in
comparison with the upper part of the Holocene profile
(below 0.5 weight per cent). Upwards, P content rises to
1 weight per cent, on average. Nevertheless, one can aso
notice the occurrence of two maxima corresponding to 2—
3 weight per cent of P (3218 cal BP and AD 1925-1950).

The greatest part of phosphorus in natural aguatic sys-
tems is derived from the oxidation of organic matter and
recently from human activity (Emerson 1976, 1978, Jen-
sen & Andersen 1992). Other natura sources of P, such
as clay mineras, phosphatic bioclasts, and iron hydrox-
ides, are of minor importance. Nevertheless, iron can
control the geochemica migration of phosphorus in the
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freshwater environment wherever total ironisin large ex-
cess over sulphur. Particulate iron hydroxides strongly in-
teract with dissolved species, depending on pH and local
redox condition (Lucotte & d' Anglejan 1988). In oxic en-
vironment ferric iron oxides are the main scavenger of
phosphate and trace elements (Fig. 8.19). The reductive
dissolution of iron-containing compounds under reducing
condition led to the release of the adsorbed P to the pore
water (Martens et a. 1978, Sarazin et a. 1993, Tessier et
al. 1985, Wersin et a. 1991) or to the direct precipitation
of ferric-ferrous and ferrous phosphates (Buffle et al.
1989). Such annua recycling of P within the sediment
column can influence the origin of Fe-phosphate-bearing
laminae within a single varve. However, stagnant periods
in the development of the lake followed by sediment dis-
turbance can cause the anomalous large influx of phos-
phorus to the water column (Nriagu & Dl 1974), and
thus it can control alga blooms.

The chemical data of the sediment samples from Lake
Goéciaz presented above should be consider as a prelimi-
nary investigation, giving only genera trends of the geo-
chemical changes during the evolution of the lake. Ana
lyses were performed on few and small samples. Never-
theless, well-marked variations of the chemical composi-
tion that can be due to the climatic changes were noticed:

1. The two orders of magnitude decrease of Mn con-
tent from 6634 cal BP was preceded by two thousand
years (from 8596 cal BP) of its gradual reduction. Thein-
terval of the abrupt Mn reduction within Lake Gosciaz
deposits may be further limited to 7500-7000 ca BP
(Fig. 8.20), if we use the relative value of Mn abundance
performed by L. Chroést.

The simultaneous decrease of the Mn/Fe ratio caused
by the dight increase of Fe points to the change of the
chemistry of particulate matter carried by the ground-
water. This variation could arise from the gradua
changes of the climate from subarctic to warmer and
humid that resulted in the formation of a thick soil hori-
zon.

2. The sediments formed from 8596 to 6634 cal BP
are unusually enriched in iron. This may aso be related
to the climatic changes resulting in a eutrophic or/and a
stagnant period of lake evolution. The setting up of re-
ducing conditions at or near the bottom can prevent the
Fe recycling within the sediment column, followed by the
neoformation of Fe minerals (Marnette et al. 1993). The
occurrence of pyrite as a main Fe mineral phase may be
the consequence of the large influx of SO,%— bearing wa-
ters to the bottom deposits.

3. Gypsum is one of the late diagenetic components of
the sediments, and its maximum occurrence corresponds
to the sediments originated from 8596 to 6634 cal BP,

4. The short events of P enrichment at 3218 cal BP
and at AD 1925 could indicate periods of sediment dis-
turbance preceded by stagnation of the lake system.

LAKE GOSCIAZ

8.3. HOLOCENE REGIONAL VEGETATION
HISTORY RECORDED IN THE LAKE GOSCIAZ
SEDIMENTS

Magdalena Ralska-Jasiewiczowa, Bas van Geel
& Dieter Demske

The Gostynifiskie Lake District, where Lake Gosciaz
is located, belongs genetically to the areas glaciated dur-
ing the last cold stage. In the subdivision of Poland into
the palaeoecologica type regions (Ralska-Jasiewiczowa
1987, Raska-Jasiewiczowa & Latatowa 1996), it has
therefore been included to the Poznah-Gniezno-K ujawy
Lake District as its easternmost part. However, as shown
by recent pollen-analytical investigations, the vegeta
tional development of the area reveals closer affinities
with the central Masovian Lowlands. The best example
of it is the pollen diagram from Lake Btedowo, situated
in central lowlands ca. 100 km east of Lake Gosciaz
(Binka et a. 1991), which, though very poorly dated by
14C, is well correlated with the reference diagram from
Lake Goécigz. This may be explained by the similar
sandy subsails, in contrary to the nearby Kujawy subre-
gion, where black-earth (chernozem) soils dominate.

The Holocene vegetation history of the central Polish
lowlands and adjacent lake districts, as now, has mostly
been based on studies between the late 1950s and early
1980s (e.g. Oszast 1957, Kepczyhski 1960, Boréwko-
Diuzakowa 1961a, Pyrgata 1972, Wasylikowa 1978,
Jankowska 1980, Noryskiewicz 1982). It aso includes
sites located very close to Lake Gosciaz along the left
bank of Vistula River, between Gabin, Gostynin, and
Wioctawek (Boréwko-Dtuzakowa 1961b). The main
deficiencies of those studies, however, is the poor time
resolution in pollen diagrams and/or the lack of radio-
carbon dates. The closest recently investigated sites
meeting requirements of modern palaeoecology are

Lake Goscigz

Fig. 8.21. Map of Lake Gosciaz showing the location of profiles dis-
cussed in this chapter (black dots) and other Holocene profiles inves-
tigated by means of pollen and macrofossil analysis (white dot, Dem-
ske 1995).
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W. Szafer Institute of Botany, Polish Academy of Sciences, Krakow.
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Fig. 8.22. Lake Gosciaz, profile G1/87, completed with the core sections from profile G2/87, both cores from the central lake deep — complete percentage pollen diagram. Parts of core segments indicated in black were sampled for pollen analysis. 1 — calcareous gyttja regularly laminated, 2 — calcareous gyttja, wavy laminae, 3 — calcareous gyttja, irregularly laminated, 4 — sand.

Because of some differences in pollen identification between both pollen analysts there are a few inconsistences in taxa nomenclature, e.g. 7ilia = Tilia undiff., Ranunculus = Ranunculus flammula -t. + R. acris -t.



