Proc. Estonian Acad. Sci. Geol., 2002, 51, 3, 180-192

Stable isotope and pollen stratigraphy in marl
sediments from Lake IImjarv (central Estonia)

Jaan-Mati Punning?, Tiiu Koff® Ténu Martma®, and Goran Possnert®

2 Ingtitute of Ecology, Tallinn Pedagogical University, Kevade 2, 10137 Tallinn, Estonig;
mati @eco.edu.ee

b Institute of Geology, Tallinn Technical University, Estonia 7, 10143 Tallinn, Estonia;
martma@gi.ee

© Angstrém Laboratory, Uppsala University, Box 534, S-751 21 Uppsala, Sweden;
Goran.Possnert@Angstrém.uu.se

Received 3 September 2001, in revised form 23 January 2002

Abstract. The aim of the present research was to reconstruct trends in the environmental changes
and estimate the importance of the rapid change of 3°C in the Boreal as a stratigraphic marker by
comprehensive study of stable carbon and oxygen isotopes and pollen from the lake marl section of
Lake [lmjarv (c. 2.5 ha closed lake situated in the Vooremaa drumlin area). The 3*°C and the 50
values reached their maxima near the end of the Boreal, then dropped and were practically constant
up to the top of the marl sequence c. 3000 BP. These changes were accompanied by aremarkable
improvement of climatic conditions and shifts in the vegetation.
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INTRODUCTION

Sediments deposited in carbonate-precipitating lakes may contain carbon- and
oxygen-isotope records of a climatic change (Whittington et al. 1996). As the
authigenic calcite precipitates during the spring/summer photosynthetic bloom,
the isotopic records reflect the equilibrium conditions (temperature and isotopic
ratio in lake water, when local evaporation and direct precipitation have their
strongest isotopic effects; e.g. Punning et al. 1984; Kelts & Talbot 1990; Eicher
1995). The direct relationship between temperature in the water and oxygen
isotopic composition of precipitated carbonatesis still unclear. Among the factors
that determine the carbon isotope content in the precipitated carbonates are the
origin and composition of the carbon carried from the catchment by runoff and
by groundwater, the biological production within the basin and the isotopic
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equilibrium between atmospheric carbon dioxide and bicarbonate in the lake
(McKenzie 1985; Talbot 1990; Wachniew & Rozanski 1997; Hu et al. 2000).
Nevertheless, the isotopic curves of authigenic and biogenic carbonates have found
wide use in palaeoenvironmental research, principally for the reconstruction of
general trends but also for the study of the dynamics of climatic conditions
(Lotter et al. 1992; Gat & Lister 1995).

The pollen spectra reflect mainly integrated long-term changes in the forest
composition and thus the trends of mean climatic variables in a certain area. So,
by combining both approaches it is possible to study the dynamics of different
environmental processes in the area surrounding a lake. In our earlier studies, we
pointed out that the state and the dynamics of the ecosystems in a mosaic of
glacia landscapes may differ considerably because of the variety of the physica
environment at different scales (Punning & Koff 1997).

The aim of the present research was to study isotopes and pollen from lake
marl to reconstruct the trends in the environmental changes and the rapid change
of 5C during the Boreal as a stratigraphical marker. Our earlier investigations
(Punning et al. 2000) demonstrated that differences in 30 and &“C values
for layers accumulated during the Pre-Boreal (10 000-9000 BP) and Bored
(9000-8000 BP) chronozones (Raukas et a. 1995) are significant and caused
partly by the changing climatic conditions around the Ancylus Lake stage in the
development of the Baltic.

STUDY SITE

Palynological and isotopic investigations were conducted on a sediment core
with Holocene sediments from the littoral part of Lake lImjarv. [Imjérv (26°30'N
and 58°35'E) is situated in the Vooremaa drumlin field in Estonia (Fig. 1). At
the beginning of the Older Dryas varved clays accumulated in the deep-water
interstitial troughs (Pirrus et a. 1987b). The water level dropped abruptly in the
first half of the Older Dryas and independent lakes formed in the deepest parts
of the inter-drumlin hollows. At that time also terrigenous lacustrine sediments
started to accumul ate.

The Vooremaa drumlin field lies in the East and Central Estonian spruce and
mixed spruce forests region (Laasimer 1965). An extensive mixed woodland area
with abundant broad-leaved tree species, e.g. Fraxinus excelsior, Acer platanoides,
Quercusrabur, Tilia cordata, and Ulmus laevis, occurs in the northern part of the
drumlin field.

[Imjérv is a small (2.5 ha) closed lake with a maximum water depth of 6.2 m
and mean depth of 4.2 m. Its shores are mainly swampy, only in the southeastern
part they are more hilly. The water in the lake is yellowish-green and mineral-
rich. At present the lake is eutrophic.

The lithological composition of sediments in and around limjéarv has been
studied in detail earlier (Pirrus 1983). According to that lake marl is homogeneous
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Fig. 1. Location of the study site.

and the content of carbonates in cores varies from 80 to 92% (mainly calcite,
content of dolomite 2—6%). In the core studied by us lake marl lies on silt at
a depth of 872 cm from the sediment surface. The contact with the above-lying
Phragmites peat is sharp at a depth of 289 cm.

MATERIALS AND METHODS

The cores were taken with a Russian-type sampler from the paludified
northeastern shore of limjarv, wrapped in plastic, and stored in a deep freezer.
One-centimetre block samples were taken at 25 cm intervals for initial pollen and
stable isotopic analyses, and contiguous samples at 0.5 cm were taken at a depth
of 835840 cm. The samples were dried at 105°C. The percentages of tota
organic matter and of CaCO; were estimated by loss on ignition at 550 and
950°C, respectively (Fig. 2). Samples for radiocarbon dating were sieved on a
250 um sieve, and terrestrial plant remains, such as needles, fruits, and catkin
scales, were dated at the Angstrém Laboratory, Uppsala University.

The stable-isotope analyses were carried out in the Institute of Geology at
Tallinn Technical University on a DeltaE (Finnigan MAT) mass spectrometer.
Marl was decomposed in 100% phosphoric acid at 50°C. The results are
presented in the usual & notation, as per mil deviation from the VPDB standard.
Reproducibility of replicate analyses was generally better than 0.1%o.

For pollen analysis a dried sample of 50 mg was treated with 10% HCI,
followed by the standard acetolysis of Moore & Webb (1978). The basis for
percentage calculations of the data was the sum of arboreal (AP) and nonarboreal
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pollen (NAP). The minimum count for AP was 500 grains. Lycopodium tablets
were added to estimate the pollen concentration. The pollen diagram was drawn
by the TILIA-GRAPH program (Grimm 1990).

RESULTS AND INTERPRETATION

Six macrofossil samples from lake marl from the limjdrv section were
dated by the AMS radiocarbon method (Table 1). Based on the obtained data, the
mean sedimentation rate at the beginning of the Atlantic (8000-6300 BP) was
c.0.06 cmyr™, and thereafter had a rather constant value of approximately
0.14 cmyr up to c. 4000 BP (Fig. 2). The lake marl is homogeneous and the
content of carbonates in the samples ranges from 78 to 94% (Fig. 2). The
carbonates are composed mainly of calcite. The content of terrigenous material in
the basal layers of the marl is about 15%, decreasing to 5-8% upwards. The
content of the organic matter is rather even (5-10%) throughout the marl (Fig. 2).

Table 1. AMS radiocarbon dates from Lake llmjarv

Sample | Laboratory Macrofossils submitted 14C age, 3-C,
depth, number yr BP %o PDB
cm

410415 Ua16570 Pinus sylvestris (TR) 3975+85 -29.5
435-440 Ua16571 Betula pubescens (F&CS) 417075 —27.4
485490 Ua16572 Betula pubescens (F&CS); Picea abies (N) 4635+125 -28.0
510-515 Ua16573 Betula pubescens (F&CS); Pinussylvestris (TR) 4620+ 75 -28.7
735-740 Ua16574 Betula pubescens (TR) 6280+100 -28.1
835-840 Ua16575 Betula pubescens (F) 8005+235 -27.8

N, needles; F& CS, fruits and catkin scales; TR, tissue remains.

The curves of 30 and 5*C have similar morphology, with peaks at a depth
of about 845 cm, followed by small variations (Fig. 2). The maximum of §°C
values at 843-845 cm is especialy noteworthy (Fig. 3). After a short period the
isotope values drop sharply and remain practically constant up to the top of the
marl sequence (c. 3000 BP). The 5"*C maximum (—3%o) is comparable to values
for other Estonian sites (Punning et a. 2000).

The maximum &0 values (-8.7%0) occurred at a depth of 843-845cm,
followed by a decreasing trend (Figs. 2 and 3). Similar to other Estonian lake
marls, the 50 values between —10.5 and —11%o. were recorded in the sediments
formed c. 80004000 BP in the Atlantic and Sub-Boreal. Data for the years
1982-85 from the Tiirikoja Meteorological Station (in northeastern Estonia) on
the i sotopic composition of precipitation provided a monthly 3'0 weighted mean
value of —10.4%o.. The corresponding values for groundwater in northern Estonia
are from —10.8 to —12.8%o (Punning et al. 1987). This suggests that correlation
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Fig. 3. Fine-scale pollen percentage diagram and 3*C and 5'%0 distribution in the lake marl layers
from depths of 835-875 cm.

exists between the isotopic composition of precipitation and groundwater, related
to their mainly atmospheric origin (Punning et al. 2000). According to the
isotopic data it seems that there were no essential differences during the Holocene
in the atmospheric circulation regime compared to the present and that 5'°0
variations have been caused by regional trends in the environmental conditions.

The pollen diagram (Fig. 4) is similar to other diagrams for the Vooremaa
drumlin field (Pirrus et al. 1987a, 1987b). The content of broad-leaved pollen
types, Quercetum mixtum (QM) up to 40% is higher than typical of Estonia
(Laasimer 1965) even during their maximum in the Atlantic. The values of Pinus
pollen (20-30%) are low throughout the Holocene, including the Boreal. That
period in Estonia is characterized as the Pinus maximum (Raukas et al. 1995). In
IImjérv sediments the values of Pinus pollen are higher (60%) only at the very
beginning of the marl sedimentation and decrease rapidly to 20% by the end of
the Boreal (8000 BP). Picea pollen is continuously present from the beginning of
the Atlantic but reaches its maximum during the Sub-Boreal around 3500 BP, when
the content of pollen of broad-leaved trees and alder starts to decrease rapidly.

As this research focused on the time span around &°C and &'°0O maxima, the
samples from a depth of 835-840 cm were selected for detailed studies, and
pollen samples at 5 mm intervals, comprising approximately 5-7 years, were
analysed. The fine-scale pollen percentage diagram from this interval shows a
slight increase in the content of QM, increase in the Betula pollen content, and a
decrease in Pinus (Fig. 3). Among QM the dominating pollen type is Ulmus,
followed by Corylus and Tilia. The pollen influx diagram from the same section
(Fig. 5) demonstrates these changes in more detail.
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DISCUSSION

Establishing the changes in the environmental conditions on the basis of
comprehensive analysis of isotope and pollen data is complicated due to great
differences in the response of isotopes and vegetation to the changing climatic
conditions. The changes in the pollen content are as a rule slower, and the time-
lag after changes in hydrometeorological conditions are always longer than twice
the mean age of aforest stand (Punning et al. 1997). The changes in the isotope
composition are much faster because of high kinetics of isotope fractionation
(Punning et al. 2000). Smoothed one-way trends may result from the stable period
in carbonate sedimentation (Hu et al. 2000). On the Iimjdrv isotope records both
types are represented. Of special interest are the rapid changes in the light isotope
content, especially in 3*°C in the sediments formed around 8000 BP at a depth of
835840 cm (Fig. 2).

The sharp decrease in the '°C values of precipitated marl at a depth of 840
cm about 8000 BP in the L. IImjarv section as well as in the sections studied
by us earlier (Punning et a. 2000) most probably results from the impact of
biogenic (and hence isotopically light) CO, transported from the catchment.
Higher organic-matter productivity within the lake was not the cause, because
decomposition of organic matter in the hypolimnion will decrease the pH and
hinder the formation of CaCO; (Dean 1999). Thus, the background factors
determining the decrease in the "°C values of lake marl in the Ilmjarv section are
the soil processes and formation of organic matter in the lake catchment. The
5"C values can thus be expected to vary in response to palaeoenvironmental,
particularly biological changes, both in the catchment and in the lake itself.

The oxygen isotope content of the marl supports our assumption about the
abrupt deterioration of climatic conditions during the Boreal (Punning et al.
2000). The 5'°0 values have their maximum (—8.7%o) in the marl accumulated in
limjarv at a depth of 843-845 cm (Fig. 3). The %0 values may have peaks also
in layers formed during the late Boreal and at the beginning of the Atlantic. This
isin good agreement with the oxygen isotope ratio for the Early Holocene marl in
lakes Vortgarv, Tamula, Sinijérv (Punning et a. 2000), and Saarijérvi (southern
Finland) (Brauer 1990). After a short maximum &'°0 values fell to approximately
the same level as today (about —11%. in the surface marl in Sinijarv) and carbonate
sedimentation took place under nearly equilibrium conditions.

This supports our previous conclusion that by isotope data the warmest
conditions existed in the early Holocene, earlier than estimated by pollen data
(Punning et al. 1984). This maximum is most vividly reflected in the Vaharu
section near the ancient Ancylus Lake shoreline as a 3%o increase in the 5'°0
values 90008000 BP. We explained the increase in the Lake Vaharu section
by the sharp continentalization during the isolation of the Baltic Sea from the
Atlantic Ocean. The slight decrease in the 3O values in the [Imjérv sediments
(Fig. 2) from a depth of 790 cm upwards (during the Atlantic) speaks about a
permanent fall of late-summer to autumn temperatures and/or a decrease in
evaporation due to an increase in humidity.
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Pedogenesis, responsible for the shift in the carbon isotope content in the
deposited marl, was at that time determined by hydrological conditions and the
development of vegetation. In most pollen diagrams from Estonia the Boreal was
most crucial. In addition to Pinus and Betula present already in the Pre-Boreal,
the climatic conditions improved during this 1000-radiocarbon year period and
the vegetation became denser and mosaic. Pollen diagrams from the Vooremaa
area (Pirrus et a. 19873, 1987b) show a strong order in the emergence of different
taxa. Alnus and Ulmus appear amost together in the pollen diagram, followed by
Corylus and later by Tilia.

How can we describe the vegetation of this period? The ecological demands of
these taxa are rather variable. Corylus is nowadays growing on calcareous soils
and demands very much light. Ulmus can grow also under the shadow and on
moist soils around lakes or rivers. The same conditions are favourable for Alnus.
Tilia cannot grow in the conditions of overmoisture. A common feature for all
these taxa is that they have high demands on soil fertility. The previous studies
explaining the forest history during the Borea in Estonia (Laasimer 1965)
describe the forest of that period mainly as pine dominated forest with single
Ulmus and Corylus. However, our pollen influx data from lImjérv disagree with
this conclusion. The influx of broad-leaved treesin the range 15004500 pollen
grains cm? yr* (Fig. 5) is more than 10 times higher than contemporary data
obtained by us using Tauber traps exposed in the nearest vicinity of single broad-
leaved trees (Koff 2001). According to the pollen influx data, the vegetation in
the Boreal around lImjarv was dominated by birch that was growing on the
lakeshore and therefore gave a high pollen influx. The influx values for Alnus are
comparable to the present situation. Pinus influx has rather low but stable values,
which means that it has a permanent share in the forest composition. Competitive
taxa were most probably Ulmus and Corylus: their influx values are reverse
(Fig. 5). Their high influx values confirm that they were also constantly present
in the forest composition. The NAP values are extremely low and represented
only by afew Cyperaceae grains. This means that there was a rather dense forest
without any large openings in the nearest vicinity of the lake. The AP values are
between 10 000 and 28 000 pollen grains cm?yr™. That is comparable to the
influx values from the surface samples of different Estonian lake sediments (K off
et al. 2000), sediment traps in lakes (Koff 1998), and modern pollen
traps (Koff 2001) in densely forested areas. Pollen influx values from the lImjarv
sediments confirm that the surroundings of this lake were covered by dense,
mixed deciduous forest. The changes in the vegetation from coniferous forest to
the deciduous one caused also differentiation of soils and an intensification of
physical and chemical weathering. The fine-scale pollen diagram (Fig. 4) shows
that the decline in the "3C value is associated with the changes in the content of
Betula and Pinus pollen at a depth of 845 cm and the slight increase in the pollen
of broad-leaved trees.

The similar trends in the isotopic content of lake marl at the sites studied
earlier clearly indicate that environmental conditions changed in Upper Estonia
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and South Finland during the Boreal. This sharp decline in 3"°C to negative
values is represented in many studied cores in Estonia (Punning et al. 2000) and
Lake Saarijarvi from southern Finland (Brauer 1990). The similar morphology of
5"C profiles from the sites of Tamula, Sinijérv, Vaharu, and Vértsjarv (Punning
et al. 2000), lakes with very different size and hydrological regime, shows that
some general factors determined the formation of the carbon isotope composition
in the lake marls. A similar event was described by Hammarlund et al. (1997),
who showed that a significant decrease in 5°C values, up to 5%, was initiated
shortly before 10 000 BP. This decrease is represented in the organic component
of the sediments as well in lake marl. The data by Hammarlund et a. (1997)
support the idea that mainly processes of local and regional importance, first of
al pedogenesis (Reintam 1996), related to the development of the vegetation
(climate) are responsible for the observed 5"°C decrease in the lake sediments
studied by us. The 3**C variations upwards in the lake marl core from lImjarv are
relatively small, around —7.5%.. The similarity of all isotope records is expressed
by the comparable, high values of '*C in the marl accumulated during the Boreal
(from —=3.5 to —4.0%.) and in the sharp depletion of heavy isotopes in the marl
about 8000 BP. Therefore it seems that this decline in 3°C values might be used
as a stratigraphical stratum for this region. While in a previous work (Punning et
a. 2000) we dated this event indirectly using pollen diagrams, then now it was
possible to date the event by **C as 8000 BP.

CONCLUSIONS

The isotope and pollen study of lake marl deposited in L. lImjérv shows
that there was intensive authigenic carbonate deposition since the Boreal up to
the Sub-Atlantic. The isotope content and pollen spectra in the IImjarv core
reflect an integrated impact of a whole complex of environmental conditions. As
the isotopic events are temporally synchronous in lakes with different size and
hydrology, we assume that pedogenesis was the final, common factor of principal
importance in the formation of the carbon and oxygen isotope content of authigenic
carbonates in the lake as well in shaping the main features of the vegetation.
Namély, this processis determined by the complex of hydrometeorological changes
and, in turn, is essential in the leaching of minerals from the catchment and the
formation of habitats for vegetation.

The covariance between &C and 3'°0 values as well as changes in the pollen
spectra are a reflection of climatically controlled dynamics where the residence
time evolution plays a significant role. The sharp shift in 5'*C towards positive
values in the marl that accumulated during a short time interval in the Boreal
shortly before 8000 BP is most probably connected with climatically caused soil
development. These changes are accompanied with notable improvement of
climatic conditions and changes in the vegetation (changes in the content of
Betula and Pinus pollen and an increase in broad-leaved trees).
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We have earlier established essential changes in the isotope content at many
sites in Estonia; they have been fixed also in South Finland. According to pollen
stratigraphy they took place in the Boreal. In lImjarv we established the age of
this event as 8000 BP by using AMS *C dating from macrofossils. A fixed sharp
increase in 8°C and &0 values in many lake marl profiles in Upper Estonia
and South Finland is rather close in time and might be used as a stratigraphical
stratum which delineates a certain stage in soil development.
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lImjarve (Kesk-Eesti) jarvelubja lasundi isotoop-
ja Oietolmustratigraafia
Jaan-Mati Punning, Tiiu Koff, Tonu Martma ja Goran Possnert
llmjarve |abilSike isotoopkdverate iseloomulikumaks jooneks on &C vé&ar-
tuste I Gihigjaline maksimum ca 8000 aastat tagasi, jargnev 3,5promilline langus ja

edasi peaaegu konstantsed vaartused kuni 4000 aastat tagasi moodustunud sete-
tes. Ligikaudu samal gjal leidis aset ka 5'°0 vaartuste lihiajaline suurenemine.
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Oietolmuanaltiis andmetel toimusid isotoopsed muutused jérvesetetes gjal, kui
valgala seni valitsenud okaspuude kooslusse ilmusid |ehtpuud.

Anaoogilisi jarske isotoopkoostise muutusi oleme varem taheldanud mitme
Korg-Eesti erineva suuruse ja hidroloogilise reziimiga jarve boreaalse kliima-
perioodi aegsetes setetes. Komplekssed uuringud lubavad pustitada hiipoteesi, et
jarsud muutused isotoopprofiilides on tingitud kliima Uldise soojenemise taustal
aset leidnud mullatekke intensiivistumisest ja orgaanilise aine sissekande suure-
nemisest uuritud jérvedesse. |sotoopmaksimumid nii Eestis kui ka Lduna-Soomes
on fikseeritud Boreaali 16pus moodustunud settekihtides ja neid vdib seega
kasutada stratigraafiliste markeritena.

Crparurpadgusi 03€pHbiXx u3Becteil 03. MIbMbApPBb
(Cpennsis ICTOHMS) MO0 M30TONHBIM U CIIOPOBO-
NbLIbLEBBIM JaHHBIM

San-Matu [lynaunr, Tuity Kodd, Terry Maptma u I'épan [ToccHepT

XapakTepHbIM JJI1 W30TOIMHBIX KPUBBIX paszpe3a WIbMBApBL sBISETCS
KPaTKOBPEMEHHbIH MaKCUMyM BendnH &-C okoso 8000 jieT Hazaz, 3a KOTOPbIM
cieayeT yMeHbllleHHe B 3,5%o M Jajiee KOHCTaHTHble BeauuuHbl 10 4000 sner.
OnHOBPEMEHHO HAILIO MECTO TAKKE KPATKOBPEMEHHOE YBEJIWYCHHUE BEJIWUYMH
8%80. To JaHHBIM MBUTBLEBOTO aHATM3a U3MEHEHHUS B H30TOMTHOM COCTABE 03epHBIX
OTJIOXKEHU I MPOUCXOAMIA BO BPEMSI CMEHBI XBOHHBIX JIECOB CMEIIIAHHBIMHU.

AHaJoTHYHbIe pe3Khe W3MEHEHHs] B M30TOMMHOM COCTaBe O3epPHBIX H3BecTeH
Ha0JIFOJAJIMCh HAMU PAaHEE B HEKOTOPbIX O3€pax BO3BBILICHHON DCTOHMMU pa3-
JIUYHOM TIUIOUIA M THAPOJOTHYECKOTO pexuma. Pe3ynbTaThl KOMILIEKCHBIX
WCCJICIOBAHUI TO3BOJISIIOT BBIABUHYTH THUIIOTE3Y, YTO PE3KUE WM3MEHEHUS B
M30TOMHBIX TMPOQUILIX MOTYT OBITH CJEICTBUEM WHTEHCHU(PHUKAIMKM TOYBO-
00pazoBarTe/ibHbIX MPOLIECCOB U YBEIMYSHUEM MMPUBHOCA OPraHUYECKOrO BELIIECTRA
B o3epa Ha (hoHe oOIIero MoTerieHWs KiuMmaTa. Pe3kue NHKH sC KPHUBBIX,
3a()MKCUPOBAHHBIC B OTJIOKEHUSIX PaHHEOOPEA]bHOrO BO3pacTa B HEKOTOPHIX
ozepax OctoHnu W FOxHOU DUHISHINK, MOXKHO HCIOJB30BaTh B KauyecTBe
cTparurpadM4yeckoro mapkepa.
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