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Abstract. Isotope ratio determinations in concert with geochemnical and palynological analyses
performed on material from German continental archives (lake sediments, peat cores) provided
information about paleoclimatic and p)aleoenvironental changes in Central Europe throughout the
last 15,000 years. Oxygen isotope ratio variations of (i) bulk carbonates from lake sediments (Lake
Steisslingen) and of (ii) cellulose extracted from peat cores suggest the following climatic trends: an
early postglacial climate optimum in the Bolling; a distinct cooling phase during the Younger Dryas;
an early Holocene warming period in the Preboreal; another warming phase in the Boreal leading into
the mid-Holocene warm period; a gradual decrease of mean annual air temperatures since the mid-
Holocene warm period. Evaluation of other isotopic proxy data in concert with geochemical and
palynological information revealed that the above-described climatic variations in Central Europe
triggered marked paleoenvironental changes in the study region between the Bolling and the onset of
the mid-Holocene warm period. Elevated organic carbon contents in lake sediments and increasing
V1 C values of organic carbon were typically associated with climatic warm phases and seem to
indicate enhanced in-lake productivity. Pollen counts and biomnarker data suggest a predominance of
Betula during climatic warm phases and a predominance of Pinus during colder periods. The Mid
Younger Dryas event was observable in pollen and biomnarker data, but oxygen isotope ratios of bulk
carbonates from Lake Steisslingen did not record temperature variations at that time. The data
presented for the chronozones Bling through Boreal provide evidence that the elucidation of
paleoclimatic and paleoenvironmental variations on our continents can benefit greatly from a joint
interpretation of isotope analyses, palynological evidence, and inorganic and organic geochemnistry
data derived from continental archives.

1. NTRODUCTION

Within the framework of a multidisciplinary research initiative funded by the German Science
Foundation (DFG), continental archives including laminated lake sediments and peat deposits
were sampled at numerous locations throughout the Federal Republic of Germany.
Geochemical, palynological, and isotopic tools were combined to derive information about
paleoclimatic and paleoenvironmental changes in Central Europe throughout the last 15,000
years. Here we report on results from the study of two laminated lake sediment records (Lake
Steisslingen, Hiimelsee) and two peat cores from the Weser-Ems region in northern Germany.
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For all continental archives, the goal was to use the oxygen isotope ratios of (i) lake
carbonates or (ii) peat cellulose to assess paleoclimatic changes by reconstructing the isotopic
composition of paleo-precipitation and by assessing changes in the water balances of the
study areas. Interpretation of other isotopic proxy data ('Cc'b V'Corg) in concert with
geochemical (e.g. total inorganic or organic carbon, biomnarker) and palynological information
were subsequently used to assess the extent to which paleoclimatic variations triggered
paleoenvironmental changes in the study area.

2. MATERIALS

Sediment cores obtained from Lake Steisslingen (SW Germany) provided an almost
continuous postglacial sedimentary record spanning from the Oldest Dryas to the Subatlantic
period. A well-defined chronostratigraphy was established based on sediment type
successions with characteristic organic matter and carbonate contents [1], pollen associations
[2], volcanic ash layers such as the Laacher See Tephra (LST) and the Vasset Kilian Tephra
(VKT) [3] and 1 4CA,, dating, as summarized in [4]. Laminated lake sediments from
H~imelsee (Central Germany) were deposited between the end of the Younger Dryas and the
Boreal and provided a high-resolution record for the early Holocene. Additionally, two peat
cores obtained from raised bogs in the Weser-Ems region (NW Germany) were analyzed
chemically and isotopically. ' 4 C As dating revealed that the peat cores represented
paleoclimatic and paleoenvironmental records for the second half of the Holocene (6,245
years BP to present).

3. METHODS

Sediments from Lake Steisslingen (SW Germany) were dried at a maximum temperature of
400 C prior to chemical and isotopic analyses. Pollen counts, contents and isotopic
compositions of total organic carbon and bulk carbonate were determined by standard
techniques. Lipids were extracted by ultrasonication with dichloromethane/methanol 9:1 v/v
and purified over SPE cartridge with aminopropyl-phase. N-alkane identification was
achieved by GC separation via known retention times and mass spectrometric identification.

Lake sediments from Hdinelsee were characterized by a high siderite content. CO2 for carbon
and oxygen isotope ratio measurements was obtained by reacting siderites from 84 laminated
sediment layers with 100% phosphoric acid at 9C for several hours in a Gilson-type
sampler and isotope measurements were subsequently performed by continuous flow isotope
ratio mass spectrornetry (CF-IRMS).

Peat cores from the Weser-Ems region were subdivided at different intervals. A core from site
'Lengener Moor' was sampled at 1 cm intervals, while peat representing 20 cm intervals was
homogenized for the Marcardsmoor' core (code B21 1). After the samples were air-dried,

cellulose was extracted by standard techniques [5]. 3180 values of the peat cellulose were
determined by pyrolysis CF-IRMS using a Finnigan MAT TC/EA reactor coupled to a delta
plus XL via a Conflow 1I interface.

The obtained isotopic compositions are reported as 6 values, representing deviation in per mil
(%o) from the internationally accepted standards (PDB, V-SMOW), such that

6 = [(Rsamlpe/Rstandard)4 1 000,
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where R is the "3 C/"2 C or 180/160 ratio of sample and standard, respectively. Analytical
uncertainties including extraction, gas preparation, and mass spectrometric measurements
were <±0.2 %o for 313Corg~, <±0. 15 %. for 63 3C and 618 of bulk carbonates, and ±-0.4 %o for
61 80 peat cellulose.

4. RESULTS AND) DISCUSSION

Figure 1 summarizes total organic (TOC) and total inorganic carbon (TIC) contents and
isotope ratios of total organic carbon (6' 3Corganic and bulk carbonate (61 3Ccarb, 61 Ocarb). The
6180 values of bulk carbonate varied between -8.1 and -1.9 %o throughout the observation

period. During the Oldest Dryas and the Blling, 6180 carbonate values around -4 %o were
observed. Throughout the Allerod, the 8180carbonate values decreased to approximately -6 %o. In

the Younger Dryas, a further decrease of 2 %o was found, resulting in O0carbonate values as
low as -8.1 %o. At the beginning of the Holocene, a sharp increase of the oxygen isotope
ratios to values of up to -3.5 %o was observed. After a decrease of the 618Ocabonate values in the
early Boreal (-5 %o), a further sharp increase occurred at the beginning of the Atlantic, with
6180carbonate values as high as -1.9 %o. Variations of oxygen isotope ratios of bulk carbonate in
Lake Steisslingen suggest an early climate optimum in the Bolling and clearly recorded the
cooling event of the Younger Dryas. An early Holocene warming event in the Preboreal and a
second warming phase in the Boreal leading into the mid-Holocene warm period are also
documented.

Evaluation of other isotopic proxy data in concert with geochemnical and palynological
information revealed that the above described climatic variations in Central Europe triggered
marked paleoenvironmental changes in the study area throughout the last 15,000 years. Figure
2 displays the pollen distribution and long-chain n-alkane content ratios for sediments from
Lake Steisslingen for the time period between the Oldest Dryas and the Boreal chronozones.

During the early climatic optimum in the Bolling, a transition from tundra to open forest
vegetation is documented by the onset of Betula pollen after previous dominance of
Artemisia. Palynologically observed vegetational shifts are also documented by the
compositions of plant wax-derived long chain n-alkanes (biomarkers). Whereas epicuticular
wax from Betula species is dominated by the nC 27-alkane, most grasses and Artemisia show a
clear preference for nC 31 . The ratio nC27/(nC27+nC 29+nC 31), therefore, reflects wax alkane
input from different plant groups/species. Evidently, the strong appearance of Betula during
the Bolling is mirrored by an increasing nC27/(nC 27+nC2 9+nC 3 ,) ratio (Fig. 2). High TOC and
TIC contents in the lake sediments (Fig. 1) are possibly also a consequence of the moderate
climate resulting in high in-lake productivity. The appearance of .luniperus pollen (Fig. 2) is
another indicator of climatic amelioration. A decrease in the 13C values of organic matter
from -26 %o to less than -32 %o in the sediments of Lake Steisslingen during the Bolling
indicates that the change from tundra to open forest vegetation was possibly accompanied by
an increase in lacustrine (pytoplanktonik) organic matter production.

Continuously decreasing 6180carbjonate values throughout the Allerod (Fig. 1) are believed to
indicate decreasing mean annual temperatures. This climatic shift was accompanied by
decreasing sedimentary TOC contents (Fig. 1), a steady decline in Betula pollen, and a
simultaneous increase in Pinus pollen (Fig. 2). This trend was mirrored by a decreasing
nC27/(nC2+nC 2 9+nC 3 1) ratio.
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FIG. 1. Total organic carbon (TOC) and total inorganic carbon (TIC) contents, tY8 and 3d3C values
of bulk carbonate, and d53C values of bulk organic matter for sediments from Lake Steissilingen for the
time period between the Oldest Dryas and Atlantikum chronozones.
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613Ccarb values (Fig. 1), suggesting enhanced in-lake productivity. This interpretation is
supported by high total organic carbon contents in the sediments (Fig. 1). Similar observations
made for early Holocene sediments from the H~imelsee indicate that the proposed Preboreal
warming event had at least regional significance in Central Europe.

After a slight decrease in the isotope ratios of organic and carbonate carbon of Lake
Steisslingen sediments in the early Boreal, both 313Crg and 61 '3 Cab values increased again
sharply in the later stages of the Boreal and at the beginning of the Atlanticum (Fig. 1). This
event marks the beginning of the mid-Holocene warm period, which presumably resulted in
increased productivity and eutrophication in Lake Steisslingen.

Since the oxygen isotope ratios of bulk carbonate from Lake Steisslingen did not constitute
reliable paleoclimatic proxy data for the second half of the Holocene [4], 180 values of
cellulose extracted from the two peat cores (Fig. 3) were interpreted as an alternate record. A
gradual decrease in the 318 celluoe values of 3 %o was apparent between the mid-Holocene
climate optimum (+24 %o) and present (+21 %o). The high resolution oxygen isotope data for
the Lengener Moor' core coincide with 6' 8Ocelluose values of the low resolution
'Marcardsmoor' core (code 132l 1) at several segments. In other intervals, a marked deviation
of the 6 180ce1 ulose values was observed, with the Lengener Moor' core displaying generally
the higher values.

The organic components of peat, derived from a variety of plants occupying Weser-Ems
wetland areas, provide an archive of the isotopic response of various plants to changes in
atmospheric temperature and moisture. Oxygen isotope ratios of cellulose from plants
supplying organic matter to these wetlands should dominantly respond to changes in the
isotopic composition of atmospheric moisture, which is in turn related to atmospheric
temperature and/or airmass circulation variations. However, differences in hydrologic settings
for the wetland plants would likely manifest as variable isotopic responses to changes in
atmospheric moisture content. Homogenization of peat cellulose over longer intervals (as for
the Marcardsmoor' core) would reduce or even erase individual plant responses to
atmospheric moisture content in favour of the more dominating precipitation isotopic
composition signal. Subtracting 28 %o from the 'Marcardsmoor' core 6 0 cellulose values to
account for the biochemical fractionation between leaf chloroplast water and plant cellulose
[6] results in an inferred reconstruction of 18Oprecipitation ince he mid-Holocene climate
optimum (see Figure 3).

The observed trends in the 18 0celluliose values of both peat cores are interpreted as a gradual
decrease in the oxygen isotope ratios of precipitation in the study region since the mid-
Holocene. This is attributed to the combined effects of a decrease in the regional mean annual
air temperature and a potential change in airmass dynamics. Intervals of coincidental 
18Oceiiulose values in both cores probably represent periods of higher atmospheric moisture that
are separated by drier intervals. The latter are indicated by the markedly higher 180ce10105e

values of the 'Lengener Moor' core compared to those of the 'Marcardsmoor core' (code
B21 1).
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FIG. 3 4V values for cellulose lower x-axis) extracted from two peat cores from the 'Lengener
Moor' and the Marcardsmoor' (code B2JD1 in the Weser-Ems region in NW Germany and inferred
od1 S0 values ofpaleowater on the upper x-axis. The mean annual 8180 value of modern precipitation in
the studyv area is -7 %o (see arrow on upper x-axis).

5. CONCLUSION

In the study of sedimentary material from continental records, isotope data alone do not
always provide the basis for unequivocal interpretations of paleoclimatic or
paleoenvironmental change. The here presented data for the chronozones Bolling through
Boreal provide evidence that the elucidation of paleoclimatic and paleoenvironmental
variations on our continents can benefit greatly from a joint interpretation of isotope analyses,
palynological evidence, and inorganic and organic geochemistry data. A similar data base for
material from continental archives representing the second half of the Holocene is currently
not available.
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