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ABSTRACT. Palacoecological, palacohydrological, and paleoenvironmental reconstruction of the Late Glacial
and the early Holocene have been performed from sediment accumulated in a small former crater lake, in the Gutai
Mountains, NW Romania. Pollen, lithology, mineral magnetic, and loss-on-ignition analyses in conjunction to
radiocarbon dating have been use for this purpose. The data indicates that during the Late Glacial period,
vegetation dynamics were likely driven by climatic fluctuations. The climate events during the Late Glacial are
well mirrored in local vegetation assemblage development, and past lake level fluctuations. These climatic events
recorded in south-eastern Europe, are well correlated with the climate events from the North Western Europe and
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Tiganului, Romania.

INTRODUCTION

The Late glacial environment (15,000 - 11,000 cal. yr
BP) has been widely studied due to the rapid changes that
have occurred within this time framework. Important clues
for environmental reconstruction are lake sediments that can
be analyzed by a combination of different methods. Among
these techniques, pollen and spore analysis is a major tool
for vegetation reconstructions, biogeography,
palacoecology, Dbiostratigraphic correlation and past
climates. Generally, the vegetation is in equilibrium with the
climatic conditions. When the climate changes the
vegetation tends to respond according to its physiological
limits (Iversen 1954; Ammann et al., 2000; Tinner and
Lotter, 2001; Williams et al., 2002). The terrestrial pollen
data can be used to describe the history of the upland
vegetation, and aquatic and wetland pollen types were used
to reconstruct past lake status and peat surface conditions.
The succession of aquatic taxa from the littoral zone of the
lake towards the center can be used to document local basin
dynamics and give an indication of the climate (Hannon,
1999). Supplementary data obtained from lithological and
physical parameters are required to distinguish between
climatically driven events and local basin infillings that
causes changes in the water level (Hannon, 1999).
Lithostratigraphy and mineral magnetic parameters
(magnetic susceptibility and SIRM) can give information
about sediment characteristics, basin morphology, water-
level fluctuations, and the erosion of sediments from the
surrounding slopes (Digerfeldt, 1988; Harrison and
Digerfeldt, 1993). The loss on ignition (LOI) was used as an
approximate indicator of aquatic productivity, inorganic
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input, decomposition, and changes in the depositional
environment.

Earlier investigations in the Gutaiului Mountains were
mainly concerned with the Holocene woodland development
(Pop, 1932, 1942, 1960; Lupsa, 1980). The chronology was
completely absent and a time framework was established by
comparison with the German scheme of Firbas (1949,
1952). In the last decade, a few of these old sites were re-
investigated (including the present site) using modern
methods in order to reconstruct the various aspects
(vegetation, ecology, lake level fluctuation, chronology, and
climate) of the Late Glacial and Holocene environment.
Furthermore, correlations between Romanian palaeoenvi-
ronment and other well-dated sequences from north-western
Europe can now be performed (Wohlfarth et al., 2001;
Feurdean et al., 2001, 2004; Bjorkman et al., 2002, 2003).

The present paper is concerned with different aspects of
environmental history from the Late Glacial to the early
Holocene, based on pollen analysis, LOI, magnetic
measurements, lithological analysis, and AMS 'C
measurements of the sediment sequence obtained from the
Gutaiului Mountains, NW Romania.

STUDY AREA

The study site, Preluca Tiganului (N 47°48’83”; E
23°31°91”), is situated on the western flank of the volcanic
Gutaiului Mountains, Eastern Carpathians, at an altitude of
ca. 730 m. a.s.1 (Fig. 1). The site is a former crater with a
total surface of 1 ha. The glaciers did not cover the region
(Balteanu et al., 1998), but the area may have been subject
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to periglacial processes. The small basin size allows us to
distinguish between local and regional vegetation (Jacobson
and Bradshaw, 1981; Sugita, 1994). It is a topographically
closed basin where the hydrological balance is controlled by
T (temperature) /P (precipitation) /E (evaporation) changes
and can be tentatively used for the reconstruction of lake
level fluctuations, hence the climatic conditions.
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Fig. 1. Map over the north-western Romania and location of the
investigated site in the Gutdiului Mountains

The climate of the region is continental temperate. The
mean annual precipitation shows a significant altitudinal
gradient and ranges from ca. 700 mm to ca. 1200-1400 mm
in the higher elevations. Mean annual temperature is
approximately 8°C and the mean winter and summer
temperatures are -3°C and 12-13°C, respectively. The site
lies within the beech (Fagus sylvatica) forest belt in which
the rare Betula verrucosa, Acer pseudoplatanus, Corylus
avellana, Carpinus betulus, and Tilia cordata can be found
(Istvan et al., 1990). On the higher peaks a very narrow
mixed Picea-Fagus forest belt exist. The site is a eu-
mesotrophic peat bog with vegetation composed of grasses,
sedges, herbs, and mosses (Lupsa, 1980).

MATERIAL AND METHODS
Fieldwork

Fieldwork took place in May 1999, and coring was
performed with a Russian sampler (1 m length and 5 cm
diameter). Overlapping cores were collected from the
central part of the peat bog. The sediments were preliminary
described in the field. Laboratory work was performed at the
Department of Quaternary Geology in Lund, Sweden.

Laboratory analyses
Pollen analysis

The resolution of the sample for pollen analysis varied
between 2,5-cm and 4-cm interval. The chemical pre-
paration for pollen analysis follows the standard methods of
Berglund and Ralska-Jasiewiczowa (1986) and Moore et al.
(1991). Lycopodium tablets of known concentration were
added in order to calculate total pollen concentration. Pollen
and spores identification was based on the keys and
illustrations of Moore et al. (1991), Reille (1992) and by
comparison with reference collections at the Department of
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Geology, Lund University. An average of 500 pollen grains,
excluding aquatic pollen and spores, were counted at each
level and comprised around 20-25 pollen taxon. Percentages
of terrestrial pollen were calculated on the basis of their total
sum, excluding aquatic pollen and spores. Percentages of
spores and aquatic pollen types were calculated on the basis
of the total sum including terrestrial spores and aquatic
pollen types. The pollen diagram was constructed with the
TILIA computer program (Grimm, 1992).

Loss-on-ignition

The organic matter content of the cores was estimated by
loss on ignition (Bengtesson and Enell, 1986). The cores
were sub-sampled and analyses at 2 cm interval for LOL
The samples were placed in crucibles with a known weight,
dried for ca. 6 hours at 100°C (to loose the water content),
cooled and weighed. The samples were then ashed at 550°C
for 3 hours, cooled, and re-weighed. LOI is expressed as a
percentage of the weight of the dried sample.

Magnetic measurements

The samples were dried at 40°C, in order to calculate
magnetic susceptibility and Saturation Isothermal Remanent
Magnetization (SIRM). Magnetic susceptibility was
measured in a low magnetic field of 0.1 mT and the mass
specific units were calculated and expressed as pm’kg’.
SIRM was induced in a strong magnetic field of 1 Tesla and
the resulting remnant magnetization was measured with a
Molspin Spinner Magnetometer. Mass specific units were
calculated as mAm’kg ' (Walden et al., 1999).

Radiocarbon dating

AMS '*C measurements were performed on terrestrial
plant macrofossils and peat. Twelve samples were
radiocarbon dated by means of AMS at the University of
Uppsala, Sweden.

RESULTS AND INTERPRETATION

Lithostratigraphy, content of organic matter, mineral
magnetic measurements

Based on sediment description, 10 lithological units were
identified (Table 1). The measurements of magnetic
susceptibility, SIRM and organic matter content are
presented in Fig. 2. Transitions between individual units are
gradual with one exception at 8.95 m, where a distinct beige
horizon with sharp layer boundary appears within the dark
brown peat. The gradual layer boundary indicates a
continuous deposition in the basin, whereas a sharp layer
boundary may indicate rapid change in depositional
environment or hiatus.

The detritus gyttja (unit la, b, and c; 9.90-9.59 m)
deposited between 14,400 and 14,300 cal. yr BP show low
values of mineral magnetic parameters. The OM values
reach 40 - 70% (Table 1, Fig. 2). The mineral magnetic
susceptibility and SIRM increase distinctly while the OM
values decrease to 20% at the transition to the clay gyttja
(unit 2, 9.59-9.49 m) deposited about 14,300 cal. yr BP.

Approximately 14,250 to 14,150 cal. yr BP the peaty
gyttja (unit 3, 9.49 — 9.33 m) accumulated with lower
mineral magnetic values and higher OM percentages. In the
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Table 1. Lithostratigraphic description of the Preluca Tiganului
sediment cores (LB = lower boundary, s = sharp; g = gradual).

Units Depth (m) Description

10 6.13-4.00  Fen peat, gLB

9 6.13-8.70  Dark brown carr peat, gLB

8 8.70-8.78  Brown peaty gyttja, gLB

7 8.78-8.89  Dark brown gyttja peat, gLB

6 8.89-9.10  Dark brown peat, gLB, at 8.95 beige distinct layer
with sharp boundary

5 9.10-9.14  Dark brown gyttja peat, rgLB

4 9.14-9.33  Greyish clay gyttja with coarse wood fragments,
gLB

3 9.33-9.49  Dark brown peaty gyttja

2 9.49-9.59  Greyish brown clay gyttja with some organic
horizon, gLB

lc 9.59-9.68  Greyish brown fine detritus gyttja with wood
peaces, gLB

1b 9.68-9.84  Dark brow coarse detritus gyttja, with 1cm large
wood fragments, gL B

la 9.84-9.90  Dark brown fine detritus gyttja, gLB

clay gyttja (unit 4, 9.33 — 9.14 m) around 14,150 and 14,100
cal. yr BP, mineral magnetic parameters attain their
maximum values and OM decreased to about 20%. Between
14,100 and 14,000 cal. yr BP, gyttja peat (unit 5, 9.14 —9.10
m) and peat (unit 6, 9.10 — 8.89 m,) were formed.

Mineral magnetic parameters decline sharply and OM
values increase abruptly to about 70%. Increasing mineral
magnetic and declining OM values characterize the gyttja
peat (unit 7, 8.89 — 8.78 m) and peaty gyttja (unit 8, 8.78 —
8.70 m) between 14,000 and 13,900 cal. yr BP. The
transitions to the overlying carr peat (unit 9, 8.70 — 6.13 m)
and fen peat (unit 10, 6.13 — 4.00 m) have an age of
approximately 13,900 and 10,750 cal. yr BP, respectively.
OM values rise to around 90% in unit 9, but decrease to
around 65% in unit 10.

Chronology

The obtained AMS radiocarbon dates are presented in
Table 2. These dates were converted into calendar years BP
using the calibration curve of Stuiver et al. (1998) and the
OxCal v3.5 program (Bronk Ramsey, 1995).

The ages presented in the text refer to the calendar years
BP and the age depth model is shown in detail in Bjorkman
et al. (2002).

Table 2. AMS "“C dates from Preluca Tiganului. Calibrated years
BP were obtained through calibration with the Oxcal v3,5 program
(Bronk Ramsey, 1995).

Lab.no Depth (m) Dated material "*C age BP Calibrated
years BP

Ua-16341 5.25-5.205 charcoal, wood, 8,565 + 90 9,900-9,400

bark
Ua-16340 6.07-6.03  wood 9,185+ 100 10,640-10,610
Ua-16339  6.34-6.29  wood 9,680+90  11,250-10,700
Ua-16338  6.43-6.385 wood 9,685+95  11,250-10,700
Ua-16337 6.725-6.68 peat (washed) 10,240 +£90 11,750-11,350
Ua-16336  7.09-7.045 wood 10,265+ 115 12,850-11,350
Ua-16335  7.36-7.325 peat (washed) 10,190+ 110 12,750-11,250
Ua-16334 8.285-8.24 Picea needles,

bark, wood 11,515+ 115 13,850-13,150
Ua-16333  8.73-8.70  twigs 11,950 £ 125 14,350-13,550
Ua-16332 9.19-9.14  Picea needles,

cone 12,065 £ 115 14,350-13,800
Ua-16331  9.45-9.40 Pinus needles 12,230 £ 105 14,450-14,050
Ua-16330  9.905-9.85 wood 12,250 = 105 14,450-14,050

Pollen stratigraphy

The percentage pollen diagram contains all identified
pollen and spores taxa plotted on a linear depth scale

(Fig. 3). Radiocarbon dates and the stratigraphy are shown
on the left-hand side of the diagram. To facilitate the
description and interpretation of the pollen diagram, eight
local pollen assemblages zones (LPAZ 1-8) have been
established visually (Fig. 3). A description of the pollen
zones is presented below:

PI Pinus — Poaceae — Ranunculaceae 14,450-14,150
cal. yr BP (9.32—-9.89 m)

The pollen assemblage is dominated by Pinus (55-80%).
Betula is present by lower values, while Picea and Alnus
with only scattered pollen grains. The shrubs such as
Juniperus and Salix are recognized with scarce pollen
grains. The herbaceous pollen values reach 40%, and are
mostly represented by Poaceae, Cyperaceae, Ranunculaceae
undiff., Artemisia, Filipendula, Thalictrum, Valeriana
officinalis, Galium-type, and Chenopodiaceae.

P2 Pinus — Betula — Poaceae 14,150-14,050 cal. yr BP
(9.08—9.32m)

Pinus reached its highest values in this profile. Betula
pollen percentages have increased strongly and show a peak
of 50% in the upper half of the zone. Parallel pollen
percentages of all shrub and herbs mentioned above,
particularly wetland taxa, have decreased.

P3 Pinus — Poaceae — Ranunculaceae — Artemisia
14,050-13,850 cal. yr BP (8.60 — 9.08 m)

Pollen frequencies for Betula have been strongly
reduced, while pollen values for Pinus remained high. The
presence of Picea and Ulmus are indicated only by scattered
pollen grains. Percentages of herbaceous pollen, particularly
of wetland taxa (Poaceae, Cyperaceae, Ranunculaceae
undiff., Filipendula, Valeriana officinalis, and Thalictrum)
and of Artemisia show increasing trends.

P4 Pinus — Picea — Betula 13,850-12,900 cal. yr BP
(8.60—8.00 m)

Pollen values for Pinus gradually decrease to the end of
this zone (35 — 70%), while pollen percentages of Picea,
Betula, and Alnus have strongly increased. The pollen
frequencies of wetland indicators (Ranunculaceae undiff.,
Ranunculus-type, Cyperaceae, Menyanthes, Mentha-type,
Potentila-type, Utricularia, and Potamogeton) and spores of
Polypodiaceae undiff., Equisetum, and Sphagnum have a
major increase.

P5 Pinus — Artemisia — Cyperaceae — Picea 12,900-
12,600 cal. yr BP (7.79 — 8.00 m)

The AP values (Picea, Betula, and Alnus) have strongly
decreased and display a total value of 50%. In parallel, a
sharp increase of pollen values of herbaceous taxa, in
particular Artemisia (10-25%), Cyperaceae (10-20%),
Chenopodiaceae, and Valeriana officinalis is recorded.
Pollen percentages of aquatic plant (Menyanthes,
Utricularia, and Potamogeton), and spores of Sphagnum
disappeared, along with a distinct reduction values of
Equisetum.

P6 Pinus — Artemisia- Betula 11,600-11,500 cal. yr BP
(6.80—7.79 m)

The herbaceous pollen types reached the highest values,
particularly for Artemisia (10-25%). For trees, Pinus
(25-75%) occurs with high pollen percentages, while Picea
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has been reduced. Noteworthy is the significant presence of
Juniperus, Salix, Helianthemum, Rumex, Centaurea, and
Ephedra. Spores of wetland indicators Polypodiaceae
undiff., Equisetum, and pollen of Potamogeton are also
present with low values.

P7 Ulmus — Picea — Pinus 11,500-10,700 cal. yr BP
(6.13—6.80 m)

The beginning of this zone is characterized by a
gradually decreased of Pinus, while Betula, Alnus, and
Picea have considerably increased. Also present, are the
pollen of Quercus, Fraxinus, Corylus, Tilia, and Ulmus, but
only with scattered pollen grains. Recorded at 6.49 m is a
sharp increase of pollen frequencies of Ulmus (25-45%) and
Picea, simultaneously, there is a rapid reduction of
Artemisia, Chenopodiaceae, and Cyperaceae. Pollen values
of wetland taxa (Menyanthes, Filipendula, Thalictrum, and
Galium-type), and spore frequencies of Polypodiaceae
undiff., and Equisetum have strongly increased.

P8 Ulmus — Filipendula — Picea 10,700-10,600 cal. yr
BP (5.64—6.13 m)

This zone is characterized by high pollen percentage for
Ulmus (40%) and Picea. Pollen values of Quercus, Tilia,
Fraxinus, and Corylus have increased. Except for that of
wetland taxa, the other herbaceous pollen values have been
reduced.

DISCUSSION
14,400 - 14,050 cal. yr BP

The wupland vegetation was an open forest type,
composed primarily of Pinus, Betula, and scattered Picea

Susceptibility SIRM

individuals (P1, 2; Fig. 3). The open sections of the
landscape were dominated by shrubs (Salix, Juniperus), and
herbs, in particular the cold, dry indicators (Artemisia,
Chenopodiaceae, Helianthemum, Asteraceac Tubuliflorae,
Asteraceae Liguliflorae, and Poaceae). During the last 100
years of this period, the forest became denser as suggested
by higher values of total pollen concentration and the tree
pollen sum (P3, Fig. 3).

During this period, the site was a lake. Different types of
gyttja were deposited, indicating that the lake seems to have
experienced episodic oscillation of water, organic pro-
duction, and minerogenic input. Therefore, transition from
fine detritus gyttja (unit 1) to coarse detritus gyttja (unit 2)
could indicate a phase during which the lake level was
lowered (Fig. 2, Table 1). Later, coarse detritus gyttja
graded upward into fine detritus gyttja (unit 3), which may
indicate a rise of the lake water level and an increase of
runoff. The rise in water level is also reflected by high
values of mineral magnetic parameters and low organic
matter content. The minerogenic material could have been
transported and accumulated in the lake by a stream that
drained the slopes around the basin catchment area
(Ghergari and Onac, 2001). Above the fine detritus gyttja,
the sediments change into a peaty gyttja indicating a
lowering of the lake level. Along the lake shore, sedges
(Cyperaceae) and other wet-loving plant species such as
Ranunculaceae, Filipendula, Galium - type, Valeriana
officinalis, and trees such as Betula, Alnus, and Salix have
constituted the rim vegetation communities (P1, P2, Fig. 3).
The advancing of this marginal flora towards the central part
of the basin indicates that the lake water level was very low.
Between 14,150 and 14,100 cal. yr BP, deposition of clay
gyttja with high values for mineral magnetic parameters
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Fig. 2. Lithology, LOI, mineral magnetic measurement, pollen assemblage zones, inferred past lake
status/peat development and climate change during the Late Glacial and beginning of the Holocene
from Preluca Tiganului sediment sequence.
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indicates that lake level rose and probably caused erosion of
the shoreline (Fig. 2). Furthermore, the data supporting of
deeper lake water is the retraction of marginal vegetation
from the central part of the lake. Low values of organic
content could reflect low organic production and erosion. At
the end of this period, clay gyttja grades into gyttja peat
along with the re-advancement of marginal vegetation
toward the central part of the lake, suggesting a new drop of
the water level in the lake.

Corroborating the data set with the radiocarbon dates, we
assumed this period was evolving under warmer climate
condition at the beginning of the Late Glacial.

14,100 - 13,800 cal. yr BP

During this period, greater values of herbaceous pollen
taxa  (Artemisia, Poaceae,  Chenopodiaceae, and
Cyperaceae), indicate a more open landscape compared to
the previous time interval (P4, Fig. 3). The AP values and
total pollen concentrations have diminished considerably,
suggesting a lower forest density cover around the lake
(Fig. 3).

Palynological data shows a strong relationship with
lithological and sedimentological data. The deposition of
peat sediment indicates a temporary water body in the basin,
rapidly followed by rising lake levels and the accumulation
of gyttja peat and peat gyttja. Flora such as Utricularia,
Potamogeton, Menyanthes, and Equisetum, were abundant
in open water; whereas Ranunculaceae undiff., Ranunculus-
type, Cyperaceae, Mentha-type, Potentila-type, Sphagnum,
and Polypodiaceae undiff., were common on the basin
surface and close to the margin. Low organic matter content
and higher values of mineral parameters between 14,000 and
13,900 cal. yr BP, indicates an increase of erosional
processes (Fig. 2).

The expansion of more open vegetation indicators and an
initial low lake level may be the result of cold climatic
conditions with a low evaporation ratio that led to a rise
in lake water level. This could be synchronous with GI 1d
substadial, in the GRIP ice core stratigraphy (Bjorck et
al., 1998).

13,800 - 12,900 cal. yr BP

The pollen assemblage indicates the expansion of the
boreal forest type with Picea, Betula, Pinus, Salix, Alnus,
and Ulmus (P4, Fig. 3). The plant macro-remains studies
confirm the local spreading of several trees such as Picea,
Pinus cembra, P mugo, Betula sp., Salix sp., and Larix
decidua (Wohlfarth et al., 2001; Feurdean and Bennike,
2004).

The accumulation of carr peat sediments at the beginning
of this period indicates the final infilling of the lake. A
minimal lake water level or small ponds over peat bog
surface must have occurred as reflected by the greatest
representation of aquatic flora (Equisetum, Utricularia,
Potamogeton, and Menynathes). The abundance and high
diversity of wetland and aquatic flora along with higher
values of organic matter content of the sediments indicates
an increase in water temperatures. The effect of the
expansion of coniferous and cold deciduous forest in the
lake catchment areas is the development of forest soils that
account for higher organic content of the sediments (Fig. 2).
The evaporation ratio must have been high, allowing for the
great expansion of marginal flora towards the center of the

lake basin. This could correspond with warmer episodes GI
lc-1a in the GRIP ice core, which is similar with Allerod
interstadial in northwestern Europe.

12,900 - 11,500 cal. yr BP

The progressive development of open vegetation
communities is indicated by high values of pollen herbs
including Artemisia, Poaceae, Chenopodiaceae, Asteraceae
Tubuliflorae, Asteraceae Liguliflorae, and Helianthemum.
Shrubs (Juniperus, Salix) and patches of trees (Pinus,
Betula, and Picea) also existed.

During this period, the site was a carr peat. The value of
organic matter decreased to 60% along with a slight increase
of SIRM and magnetic susceptibility, suggesting that the
slope erosion still took place under a diminished tree cover
(Fig. 2). The abundant presence of pollen percentages of
Cyperaceae, Ranunculaceae undiff.,, Filipendula and
Valeriana indicate the development of a sedge community
over the peat bog surface. Parallel, distinct reduction of
aquatic abundance and diversity could point to a dryer peat
surface condition and lower temperature. Dominance of
pollen of Poaceae from around 12,500 cal. yr BP indicates
expansion of a nutrient rich, moist meadow over the basin
surface. This episode may correspond to Younger Dryas
stadial or to the GS-1 event in the GRIP stratigraphy.

11,500 - 10,700 cal yr BP / beginning of the Holocene

The climate warming approximately 11,500 years ago
was evident in the lithology, biostratigraphy and
sedimentology of Preluca Tiganului. The terrestrial pollen
assemblages show that open vegetation was quickly
replaced by forest vegetation, first with Betula and Pinus,
following by the rapid expansion of Ulmus and Picea
(Bjorkman et al., 2002, Feurdean, 2004). The arrival of
Quercus, Tilia, and Fraxinus probably occurred around
11,250 cal. yr BP; however, they did not expand until
around 10,700 cal. yr BP. Relatively dense forest at the
beginning of the Holocene led to a stabilization of the soils
and reduction of erosion in the basin catchment. This is
indicated by increasing proportions of organic matter and
decreasing values of mineral magnetic parameters (Fig. 2).
Soil development continued along with the extension of the
deciduous forest.

A close relationship existed between terrestrial
vegetation, wetland and aquatic flora. The expansion of
Cyperaceae, Menyanthes, Valeriana officinalis, Thalictrum,
Apiaceae, Polypodiaceae undiff., Galium — type, and
Equisetum could be the response to the higher temperature
and wetter peat surface conditions during the -early
Holocene. The subsequent reduction of pollen of these taxa
at ca. 10,700 cal. yr BP indicates a gradual change towards
drier peat surface conditions. Higher temperature with high
evaporation ratio could have led to this drier climate.

CONCLUSIONS

Preluca Tiganului crater lake is a particular suitable
study site for both limnological and terrestrial changes. The
high ratio of sedimentation associated with a secure
chronological control allows high temporal resolution of the
environmental changes during the Late Glacial and
beginning of Holocene.
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Relatively stable environmental conditions characterized
the beginning of the Late Glacial as revealed by the
formation of open forests with Pinus and Betula, and high
values of organic matter.

Between 14,100 and 13,800 cal. yr BP, this succession
was interrupted by a short episode of climatic cooling with
low evaporation ratio conditions inferred from terrestrial,
wetland pollen assemblage, and lithology. The forest
became reduce to stands of Pinus and Betula.

Warm and moist climatic conditions were inferred
between 13,800 and 13,400 cal. yr BP, followed by a
decrease in humidity from ca. 13,400 cal. yr BP. This
condition led to a rapid expansion of coniferous forests
mixed with cold deciduous trees, soil stabilization, and
reduction of minerogenic in wash into the lake.

Cooler and drier conditions between 12,900 and 11,500
cal. yr BP are inferred from the recurrence of an open
landscape with only Betula, Larix, Salix, and Pinus scattered
trees. The lithological composition did not change, but
mineogenic input is evidenced by increase in mineral
magnetic parameters.

An increase in diversity and abundance of wetland
pollen indicators around 11,800 cal. yr BP (most
pronounced at 11,500 cal. yr BP) reflects higher water
temperatures and increased aquatic productivity. At 11,500
cal. yr BP, along with aquatic pollen, terrestrial pollen
shows a rapid reforestation with Pinus, Betula, Larix,
Populus, and Picea. The reconstruction of climatic
conditions for the early Holocene indicates it was warm
and wet.
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