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Abstract. Two Polish peat cores, from Karkonosze and Izerskie Mts., have been selected to calibrate carbon isotope ratios in
peat versus temperature of vegetation. The vertical peat cores, c. 160 to c. 195 cm long, representing the last 4500 years, were
divided into 4–6 cm thick intervals. The �

13C value ranges from –26.85 to –21.81‰. Peat profiles analysed have been corre-
lated due to 14C dating. Temperature and humidity have been monitored by means of HOBO Oneset automatic system.
The vegetations periods determined for Karkonosze (1240 m altitude) was from 29 April to 7 October with average tempera-
ture c. 9.2�C and for two points at Hala Izerska — from 27 April till 7 October with average temperature 10.4�C (at 857
m a.s.l., forest ) and 11.5�C (at 843 m a.s.l., open area). It has been concluded that change of temperature of vegetation by
about 1�C result in about –0.83 ‰ decrease in carbon isotope ratio of peat forming plants.
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Abstrakt. Dwa rdzenie torfowe pochodz¹ce z Karkonoszy i Gór Izerskich zosta³y przeanalizowane pod k¹tem zale¿noœci
sk³adu izotopowego wêgla i temperatury powietrza okresu wegetacji w miejscu poboru. Ci¹g³e rdzenie torfowe o d³ugoœci
ca³kowitej 160 cm i 195 cm, obejmuj¹ce ostanie 4500 lat, podzielono na próbki o mi¹¿szoœci 4–6 cm. Uzyskane wartoœci �

13C
zawieraj¹ siê w przedziale od –26,85‰ do –21,8‰. Próbki z poszczególnych czêœci rdzeni zosta³y skorelowane wiekowo na
podstawie datowañ radiowêglowych (14C). Temperatura powietrza by³a monitorowana za pomoc¹ automatycznych rejestra-
torów HOBO Oneset podczas sezonu wegetacyjnego 2004. Na podstawie analizy temperatur stwierdzono, ¿e sezon wegeta-
cyjny w Karkonoszach (punkt na wysokoœci 1240 m n.p.m.) trwa od 29 kwietnia do 7 paŸdziernika przy œredniej temperaturze
powietrza 9,2�C, natomiast na Hali Izerskiej od 27 kwietnia do 7 paŸdziernika przy œredniej temperaturze 10,4�C (wysokoœæ
857 m n.p.m., las) i 11,5�C (843 m n.p.m., otwarta przestrzeñ, hala). Wzrost temperatury powietrza sezonu wegetacyjnego
o 1�C powoduje zmianê wartoœci �

13C materii organicznej roœlin torfotwórczych o –0,83‰.

S³owa kluczowe: izotopy trwa³e, wêgiel, temperatura, profil torfowy.

INTRODUCTION

The carbon isotopic composition of the plant tissue is the
effect of complex factors, particularly environmental condi-
tions and metabolism. The role of these factors is referred in
the equation proposed by Farquhar et al. (1989). The isotopic
fractionation proceeds in two stages: 1 – adsorption and diffu-
sion of CO2 into the plant tissue and 2 – the initial carboxylation
(O’Leary, 1981; Park, Epstein, 1960). Consequently, the cu-
mulated of 12C-enrichment of the plant tissue with respect to
the atmospheric carbon dioxide is about 18–27‰ (C3 plants)
and 4–6‰ (C4 plants), (O’Leary, 1981; Lajtha, Marshal,

1994). Therefore, from thermodynamic point of view, the tem-
perature is the most important factor controlling carbon isotope
fractionation in plant tissue — CO2 system.

Generally, the parameter Fq value varies from –1‰/�C to
–2.4‰/°C, but other authors presented other Fq values, e.g.
–0.7‰/�C (Leavitt, Long, 1986) or 0.33‰/1�C by Lipp et al.
(1991). According to calibrations of peat (Skrzypek, Jêdrysek,
2005; Jêdrysek, Skrzypek, 2005) the Fq value is –0.6‰/�C. Like-
wise, M	not and Burns (2001) found that, in the peat-forming
Sphagnum, the Fq vary from –0.2 to –0.4‰/�C.
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On the base of Sphagnum and Polytrichum plants analy-
ses it has been concluded that the conservation of the pri-
mary carbon isotopic composition of organic plant matter in
peat is very good. It has been calculated that the variation of
Fq value for peat is –1.68‰/�C, i.e. 1°C increase in daytime

temperature (during vegetation period) results in –1.68‰
change in �13C value in peat. It seems that, in contrast to tem-
perature, the humidity show no influence to carbon isotope
composition of peat-forming plants (see Skrzypek,
Jedrysek, 2004).

MATERIALS AND METHODS

Two Polish peat cores have been selected for temperature
calibration of carbon isotope effect. The selected cores are col-
lected from the raised peat bogs existed in similar climatic con-
dition and located in close distance (c. 20 km) in Sudety Moun-
tains. The Szrenica Peatbog is at about 1249 m altitude, at ex-
posed mountain pass above timberline at alpine level westward
from Szrenica. The mean annual temperatures at Szrenica are
about 2�C and 3.5�C respectively, and the rainfall is about 1300
cm/year (Atlas klimatyczny..., 1973). The vertical peat cores,
c. 160 cm to c. 195 cm long, representing the last 4500 years,
were divided into 4–6 cm thick intervals. The last 1400 years
only have been presented in this paper.14C dating has been used
to correlate respective profiles. Automatic measurements of
temperature and humidity at the same sampling stations at Hala
Izerska have been carried. The closest point for temperature

monitoring in Karkonosze is located about 5 km eastwards
from Szrenica below Œmielec Pass (1395 m a.s.l.) at altitudes of
1240 m. HOBO temperature and humidity Oneset sensors have
been located 1–1.5 m above the ground, under trees (24 hour
shadow) or covered by solar protection shield. Automatic mea-
surements of temperature and humidity with 1-hour interval,
since 19 April till 15 October 2004 have been carried out.
The altitudes and geographical position of each sampling point
have been measured by mean of respectively GPS with a cali-
brated altimeter (Gramin eTrek Summit), the horizontal and
vertical accuracy were 10 m and 5 m. Samples have been
frozen at temperature –20°C to store for later isotope prepara-
tion and analysis. Details concerning analytical techniques
have been described earlier (Jêdrysek et al., 1995). The �13C
values are quoted relative to the V-PDB international standard.

RESULTS AND DISCUSSION

FIELD CLIMATIC OBSERVATIONS AND SAMPLING

On the base HOBO Oneset measurements the average tem-
perature and humidity of each day have been calculated for
each location (19 April–15 October 2004). The vegetations pe-
riod determined for Karkonosze (1240 m altitude) is from 29
April to 7 October with average temperature 9.16�C and for
two points at Hala Izerska — from 27 April till 7 October with
10.36�C (at 857 m a.s.l., forest) and 11.48�C (at 843 m a.s.l.,
open area partial covered by Pinus mungo). Seasonal variations
in temperature and humidity have been presented at the Figures
1 and 2, respectively.

�13C ISOTOPIC SIGNALS IN PEAT CORES FROM
HALA IZERSKA AND KARKONOSZE

Peat profiles analysed have been correlated due to 14C dat-
ing. All �13C data obtained, are presented in Figure 3. The dif-
ferent distances between points on the x-axis (time scale) on
the same profile are the result of different growth rates of peat.
The �13C profiles show generally similar trends (Fig. 3). De-
spite these differences, the profiles show well-correlated
changes of �13C values during the Little Ice Age. Therefore,
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Fig. 1. Variation in the temperature at Karkonosze
and Izerskie Mountains (27 April–7 October 2004)

Fig. 2. Variation of relative humidity in Karkonosze
and Izerskie Mountains (27 April–7 October 2004)

For explanation see Fig.1



one can expect that in this period sudden variations in the tem-
perature are well reflected in �13C variations in the peat.

The average temperature of the vegetation season at 850 m
a.s.l. at Hala Izerska corresponds to temperature at 1100 m a.s.l.
in Karkonosze Mts. The average difference in the temperature
is about 1.7�C.

CALCULATIONS OF ISOTOPIC TEMPERATURE
EFFECT (‰/�C)

Parameter Fq represents the ratio of isotope differences
between two samples to differences in temperature of vege-
tation period. We assume that, despite variation in temper-
ature, differences in temperature during growing period be-
tween the peat-bogs studied were rather similar throughout
the last millennium. Thus, we have calculated differences
between average 13C values of the analysed profiles and the dif-
ferences in modern temperatures of vegetation period in these re-
gions. In the constructed equations following symbols have been
used:

—THI – the current average temperature of vegetation pe-
riod 2004, Hala Izerska (Izery Mountains),

—TSzren – the current average temperature of vegetation pe-
riod 2004 for the ridge of the Karkonosze Mountains
(area of Szrenica peat bog),

—13CHI – the average 13C value calculated for 1551–1859
AD period for cores from the Hala Izerska peat bog,

—13CSzren – the average13C value calculated for the 1547–1850
AD period for core from Szrenica peat bog.

The equation to calculate the current difference in tempera-
ture between Hala Izerska and Karkonosze areas (THI-Szren) is as
follows (see Eq. 1.):

T T T CHI Szren HI Szren� �
�

� [ ]� (1)

The (THI–Szren) corresponds to 13CHI–Szren which can be calcu-
lated due to following equation (see Eq. 2.):

� �
13 13 13C C CHI Szren HI Szren� �

�
� [%] (2)

Thus, we can define the Fq value. The Fq represents the
difference in 13C values corresponding to the difference in tem-
perature of the growing seasons (‰/�C). The difference in 13C
between Hala Izerska and Szrenica cores may be shown as (see
Eq. 3.):

�

�

13C

T
FqHI Szren

HI Szren

�

�

� (3)

The example of Fq value calculated has been shown in the Ta-
bles1and2. It representsLittle IceAgeperiodc.1550 to1850AD.

SUMMARY

The Fq value is –1.1 or –0.57 for the Szrenica-Hala Izerska
pairs, respectively for two points of temperature measurements
at Hala Izerska measured at forest (857 m a.s.l.) and open area
(843 m a.s.l.). It means that change of 1�C can results in

the change of about –0.83‰ in carbon isotope composition of
peat forming plants.
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T a b l e 2

Calculation of the Fq value [‰/�C]
(Szrenica–Hala Izerska, open area)

Profiles

Parameters

Szrenica
1249 m a.s.l.

Hala Izerska
843 m a.s.l.,
open area,
P. mungo

difference
Ä13C

ä13C/ÄT
[‰/�C]

ä13C – Carbon isotope
composition [‰] –24.07 –25.39 –1.32

–0.57
T – average temperature
of vegetation season[ºC ] 9.16 11.48 2.32

T a b l e 1

Calculation of the Fq value [‰/�C]
(Szrenica–Hala Izerska, forest)

Profiles

Parameters

Szrenica
1249 m a.s.l.

Hala Izerska
857 m a.s.l.,

forest

difference
Ä13C

ä13C/ÄT
[‰/�C]

ä13C – Carbon isotope
composition [‰] –24.07 –25.39 –1.32

–1,1
T – average temperature
of vegetation season [�C ] 9.16 10.36 1.20

Fig. 3. Calculated plots: Szrenica — three points
running average filter, Hala Izerska — raw data
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