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Abstract. The Kola Peninsula region of northwestern Russia, adjacent to relatively well studied
Scandinavian areas, is climatically affected by not only the Gulf Stream and the North Atlantic but
also the Eurasian continent. Living and subfossil pine trees from the Khibinty mountains on the Kola
Peninsula were analysed for carbon, oxygen and hydrogen isotope composition and for tree-ring
width. Comparisons of local meteorological and tree-ring data revealed significant correlations. V1 C
and 610 values are particularly sensitive to changes in the temperature in July and August and to
precipitation in the winter months of the previous year, respectively. On average, 13C in the cellulose
of pine trees between c. 1000 and 1300 AD is enriched by 5 values of around %o compared to the
modem trees from this region. This indicates a distinctly wanner summer climate at that time (the
Medieval Warm epoch in Europe) than recently observed. The 5180 values of wood cellulose and the
52H values of non-exchangeable hydrogen of tree cellulose from both fossil and modem samples
cover a wide range between around 22 and 29%o and between about -80 and -120 %o vs. SMOW,
respectively. This suggests variations in the seasonal distribution of precipitation at that time,
assuming its source has remained the same as in the past.

1. INTRODUCTION

High latitudinal regions are of great interest for studies of global climate variations because
their ecosystems are very sensitive, especially to temperature changes. The Kola Peninsula
region in north-western Russia is climatically affected by not only the Gulf Stream and the
North Atlantic but also the Eurasian continent. It is located at the dividing line between
northern Scandinavia - which has been the subject of dendro-climatological and isotope-
geochemical investigations - and the eastern Polar regions of Russia, which have so far only
been sporadically studied. Trees from the northern and alpine tree line, are very sensitive to
climatic variations because growth is only subject to a few factors. Tree-ring chronologies
provide an annual, absolute time, frame, which can be rigorously tested by the internal
replication of many overlapping sections and cross-checking with independently established
chronologies of adjacent regions. The ring width and the wood density record climatic
conditions prevailing during the growth season. The results of tree ring measurements have
been used to reconstruct the average summer temperatures in Fennoscandia and in the Kola
Peninsula, southeast of the port city of Murmansk [ 1-3].
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The ratios of stable isotopes of carbon, hydrogen and oxygen stored in the cellulose in tree-
rings provide additional climatic information. In particular late wood cellulose reveals high
correlations with the air-temperatures of the vegetation period, as the cells stem exclusively
from current photosynthesis, whereas reserve carbohydrates from the previous year are also
involved in the development of early wood [4, 5].

The isotope fractionation of carbon in trees is determined by the ratio between the C 2
concentration in the cell fluid and that in the atmosphere [6]. The regulation of the stomata of
the trees or needles greatly influences the photosynthetic discrimination of the heavy isotope
13C. Climatic factors such as air temperature and relative humidity, as well as local factors
such as light conditions and soil moisture, also affect the fractionation of the isotopes via
stornatal resistance. Hot and dry conditions generally lead to a greater 3C/ 12C ratio. Moreover,
specific locational factors such as the soil's nutrient content, along with species-specific and
individual plant characteristics (leaf morphology, the age of the tree, state of health, etc.) and
anthropogenic influences (e.g. the increase in the CO 2 concentration and a declining trend in
its 613C value owing to the combustion of fossil fuels) exert a major impact on the
carboxylation process of photosynthesis - and on the 3C level [7-13]. For instance, if the 613C
values are corrected to take into account the atmospheric trend since the start of the industrial
era, the carbon isotope values in the cellulose of pine tree rings in North Finland closely
correlate with the average temperatures for the months of July and August [14, 15].

The 62H and 8180 values in the wood cellulose are determined by the isotope signature of the
source water available for tree growth (including groundwater, precipitation, soil water),
humidity (via evapotranspiration) and the biochemical fractionation processes during
photosynthesis. If the source water is mainly meteoric water, the 2H1- and 68 80-values in the
tree rings largely depend on regional precipitation. The isotopic effects observed in the
precipitation, which are climatically controlled and depend on the location's temperature and
relative humidity [16, 17], can also be observed in the cellulose nitrate or cellulose [5,18-211.
Higher temperatures and/or reduced humidity frequently result in the relative enrichment of
the heavy isotopes H and 180 in the tree ring cellulose owing to the increasing evaporation
fractionation in the source water.

This work reports on the preliminary results of isotope and ring widths measurements in the
cellulose of living and subfossil pines from the tree line in the Khibin mountains on the Kola
Peninsula. Combining two independent methods provides an excellent method of multi-proxy
access to filter out the effects stemming from biological causes and hence obtain reliable
information about past climatic and environmental conditions. Once the isotopic time series
have been calibrated against instrumental climatological time series, they can be used as proxy
indicators of changes in local temperature and moisture, which in turn can be interpreted as
changes in the large-scale atmospheric circulation.

2. STUDY AREA AND METHODS

The Khibiny low mountains with a maximum height of 1250 m a.s.l. are located on the Kola
Peninsula between ca. 67-680 N and 33-340 E. The climate on Kola is maritime and
characterised by relatively mild (for these latitudes) winters and strong winds. The modem
annual mean temperature is about -1.1 0C (near the city Kirovsk), and heavy rainfall (500-
1.000 mm) is characteristic of the area. Dense clouds and high humidity (87-93%) are even
greater in the Khibiny region than in the lowlands. The growing season is limited to a period
of about 2-2.5 months [22, 23].
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Subfossil wood samples were collected from the surface in the mountain tundra above the
modem tree line from 8 different sampling sites. Sampling is described in detail in [24]. We
investigated subfossil pine wood (PINUS SYLVESTRIS L.) and 3 increment wood cores
obtained from living pines from the modem tree line. For wood identification, three-
dimensional wood cross-sections were examined according to [25, 26]. Cellulose from the
approximately 20 external rings of 14 C dated and tree rings from the 5-year blocks of
dendroclironologically dated tree rings were used for isotope measurements.

To examine the information contained in the ring widths of pines, different collectives of
living pines were dendrochronologically studied at various locations on the tree line. The total
tree-ring width chronologies were established by standard methods in the Hohenheim
laboratory [27].

The annual isotope investigations on increment cores of the living trees were carried out on
the cellulose of the late wood. The late wood from tree ring was cut under a microscope. The
cellulose was extracted and nitrated using the methods described by [28, 29]. The combustion
of the samples was conducted in two ways. In the first, combustion offline in ampoules with
CuG (30 hours, 690'C) was followed by the cryogenic separation Of CO2 and H2 0, and the
reduction of the H20 to H2 in a laboratory vacuum apparatus, before measurement was carried
out with a Delta S mass spectromneter. In the second method, samples were pyrolysed and
measured online using the Xlplus mass spectromneter (also produced by Finnigan MAT). We
obtained almost identical results with both methods, e.g. for the 6 2H values (FIG. a).

The results are shown using the conventional notation' with respect to the PDB and SMOW
standards. The overall precision of the replicate samples analyses is estimated to be better than
0.02%o for 613C, 0.l1%o for 680 and 1.5%o for 62H.

3. RESULTS

The present dendrochronological investigations yielded different modern tree-ring
chronologies and a floating tree-ring chronology of 594 years spanning the period AD 915-
1508. The floating chronology was synchronised with the pine tree-ring chronology from
Finnish Lapland of the MEfTLA tree-ring research laboratory in Rovaniemi [30]. Results from
previously investigated locations indicate that the tree-ring widths of subfossil and modem
pines closely correlate with each other (rmean > 0,7; percentage of coincidence: >80%).

The curve of the average carbon isotope values of the late wood cellulose from three
increment cores of young pine trees is shown in FIG. 2. The 13C and 6180 values of
individual tree rings correlate significantly with each other (rnmai = 0.46; n = 63). These
measuring data were compared with the meteorological data (temperature and precipitation
amounts) recorded at the weather station near the study area (670 43'N; 3301 5E; H 1 34m).
Asignificant correlation was found between the 3 C values and i) the average temperatures for
July and August (riuly/August = 0.49; n = 44), ii) the precipitation amounts in July (rid ,8 = -0. 35),
and iii) the levels of precipitation in the previous year (rDecem~ber = 0.42). The 6180 values
correlated well with the precipitation amounts in autumn and winter of the previous year (e.g.
September: r = 0.46; December: r = 0.36; n = 44).

8=samp - RStandd/ RSandard X 1 000 [%o]; R=21-H, 1
3 c/1 2 c, 180/160.

245



o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

0.I..
20- 0 cellulose nitrate (offline) a
-0 0 cellulose nitrate (online)

-40 A wood (offline)
A wood (online)

-60 0] cellulose nitrate, central Germany

-80S0

-100 .~~~~~~~~~

~ -120 f 

-140 "

-160-

-22-

0~~~~~~

-24 CO
0~~~~~~~~~

-26 0
0 cellulose
O1 cellulose, central Germany 0

-28 . I.l.I.II
32

c

30

00~~
2 28 0 0

0
0 C 

26 0 OO0 0
p ~~~~~~~~~~W0

To 24 0 cellulose

oI cellulose, central Germany

2 2 i . . . m . . % . . l . . . m . . . i . . . i~
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

cal AD

FIG . Original 2 
2H (a). 6 C ( and 8 '" 0 ( values for the cellulose

nitrate, whole wood and cellulose of living and dead Pin us Sylvestris L. tree
samples from Khibiny mountains on the Kola Peninsula

246



-22.0 25

- hC (%. vs DB3)

-23.0
- mean T July (C) 2

-24,0 -- (
CL)

15

-25,0 ~~~~~~~~~~~~~~~~~~~~~~~C-
0 ~~~~~~~~~~~~~~~~~~~~~~~~10 *

-26,0

5
-2 7.0-

-28,0 ' 'I 0

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

year

FIG 2. Tiofstis nean 6 C-values (not corrected V'ia Lnihlogeii

ire~l n UflI~phrh - C'vl~s firom hia/ 1WUoo£I LCeIlO c of 3 living pinle
trees m!nhvean tein/ ?eraturesew of JulY at Khilbi7Inv ozinta-ins onl the ]Kola

Pen iinsiila

The carbon isotope values of the cellulose of all samples from the Khibiny region vary
between about -23.5 and -27.5%o. The 613C values of the samples from the period from c.
1000 to 1300 AD have an average of about -24.4%o and are clearly more positive (by about
1%o) than the mean 613C value of living pines in this region (FIG. I b).

The oxygen isotope values of all the fossil samples (FIG. c) fluctuate widely between about
22 and 29%o around an average of 26.1l4%o vs. SMOW. The 621rH-values calculated throughout
the period investigated (measured on cellulose nitrate) are also scattered widely between about
-80 and -120% vs. SMOW around an average of -94%o (FIG. a). The living trees from the
Khibiny region indicate a similar average 6180 value of 26.1OM (FIG.Jc) and a mean 2H
value of about -89%o. By comparison, our laboratory-standard, homogenised wood dust from
at least 5 living pine trees from the Leipzig district in central Gel-many had a 180 value of
28.93+~0.07%o and a 32H value of about -70-i3%o.

We are performing carbon, oxygen and hydrogen isotope measurements on cellulose and
cellulose nitrate from this the medieval tree-collection in 5-year blocks of rings. At present we
have the results of isotope measurements for 3 complete subfossil pine slices, which cover a
period from 1 1 10 to 13 10. The isotope curves of various trees correlate well with each other.
In this work, the findings are only used as means in FIGS. lab,c and discussed together with
the isotope data of the 14C-dated samples.

4. DISCUSSION

Initial results from the tree-ring carbon and oxygen isotope measurements on the cellulose of
late wood from increment cores from living pines from the Khibiny region show that, similar
to the results found for pines from northern Finland [14, 15], a positive relationship exists
between the 613C values and the average temperatures for the summer months of July and

247



August. We also found a (much less pronounced) negative correlation between the 813C
values and the precipitation amounts of the summer months. During this time, a late wood is
formed, and the formation of the tree ring is completed. As the temperature (and dryness)
increase, the sensitive stomata close. This reduces the availability Of C0 2 in the cell liquid,
limits the photosynthetic discrimination of the 3C isotope, and causes the 613C values to
become heavier.

The carbon and oxygen isotope values correlated positively with each other. The isotope ratios
in the period of late wood formation probably depend on varying humidity conditions [8]. The
short summer in Khibiny is a season with relatively little humidity, even though this region is
generally characterised by high rainfall and the relative humidity owing to the dense cloud is
usually very high. Unfortunately, we do not yet have monthly regional humidity data for the
calculations; they will only become available at a later date.

According to our results, the 6180 values of the late-wood cellulose do not depend on the
changes to either the average monthly temperatures or the annual temperatures. We found a
positive correlation between the carbon and oxygen isotope values and the precipitation
amounts in autumn and winter (September, November and December) of the previous year. At
present we are unable to explain this.

In the subfossil tree sections from the medieval period chronology (AD 915-1508), the ring
widths of the pines correlate extremely well, and the curves are very homogeneous. The ring
widths show clearly long-term (decadal-centennial) fluctuations, indicating climatic
fluctuations. The highly homogeneous signals (rmen, Ž 0.7) of tree-ring width chronologies
from modem and subfossil pines seem to harbour a great potential for climate reconstruction.
Although the ring widths of the young living pines correlate positively (r-0,3) with the
monthly mean temperatures of the summer months, no significant correlations were found
with the monthly or annual precipitation. However, the links with the monthly climate data,
above all with the summer temperatures, are significantly lower than those found for the pines
on the polar tree line in northern Scandinavia, [1, 2], Siberia [1] or the alpine tree line [27].
Therefore further investigations are needed to resolve the links between climate and growth.
All in all, our preliminary findings show that the 313C values react better to temperature
changes in summer than the ring widths. The latter appear to correlate more closely to the 
180 values rather than the 613C values. The extension of the chronologies and the multi-proxy
approach with the stable isotopes in the cellulose of the same tree rings will in future enable
additional insights.

The majority of the 14C-dated subfossil pines date back to the period between c. 1000-1300
AD (FIG. 1). This period corresponds to the medieval climatic optimum [3 1, a warm phase
of the Holocene in many parts of Europe. We can reconstruct a tree line for this period which
is at least 100-140 m higher than the current tree line [24], which according to the literature is
above all attributed to the higher mean summer temperature in northern Europe [1,34]. The
vegetation distribution in the Khibiny region has probably not changed since this time; we
only found fossil pine trunks above the present-day pine forest.

The results of the stable isotope investigations show the enrichment of the heavy carbon
isotope 3C by about %o in the cellulose of subfossil pines compared to the living trees from
this region. Judging by our initial findings from the living tree cores, we can mainly attribute
the higher 613C values during that time to the temperature increase in July and August. An
additional effect is caused by the reduced water availability in mountainous areas during
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warmer periods and the decrease in humidity. By comparison, living pine cellulose from the
Leipzig region has an average V'C value of around -25%o. Irrespective of the movement of
the tree line, these data indicate a warmer, dryer summer in the Khibiny region at c. 1 000 than
nowadays - both there and in central Germany.

The oxygen and hydrogen isotope values are subject to wide scattering in the period
investigated in both the modem and fossil samples. We found similar findings for the living
pine trees, which are lower than for central German pines (FIGS la,c). The 180 and D
values might reflect the air masses responsible for rainfall as they move across the region. If
we assume that the precipitation source remained unchanged during this region (North
Atlantic), sharp differences must have occurred in the seasonal distribution of the precipitation
during the 2nd millennium and even during the past few decades. Comparing the (not yet
available) results of the 62H measurements in the tree rings of living pines from various sites
in the Khibiny region with regional meteorological data series may help solve this issue.

5. SUMMARY AND OUTLOOK

The preliminary findings clearly show the climatically related control of the isotope signatures
of the pines in the Khibiny mountains on the Kola Peninsula. The 13C values measured on
the cellulose of the late wood and the widths of the tree rings depend mainly on the average
temperature of July and August. The 6180 values in the wood cellulose of the tree rings
probably reflect the movements of air masses (which are not very visible in the tree-ring
widths) and the related precipitation formation above the Kola region. Tree-ring data on 200-
year-old pines from various locations in the Khibiny region currently being conducted should
provide a basis for the interpretation of the isotope data.

Our results show that the medieval climatic optimum was the most pronounced warm phase
on the Kola Peninsula in the last 1,500 years or so. Hence this period was not just a climatic
phenomenon in central Europe, but has for the first time also been clearly demonstrated to
have occurred in northern Europe, too.

The extension of the chronologies and the multi-proxy approach to include the stable isotopes
in the cellulose of the same tree rings will enable further insights to be achieved into the
climatic variations of the past millennium in north-west Russia.
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