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Introduction
Tree-ring parameters (e.g. ring-width, stable isotopes) are one of the most important outputs from
climate archives because of their precisely dated and annually resolved information. Tree-ring
stable isotope records usually show higher signal strengths than tree-ring widths (e.g. Gagen et al.
2011, Schollaen et al. 2013). A careful wood surface preparation is an essential precondition for
dendrochronological studies, since dating errors can not be corrected afterwards. Normally, when
tree-ring samples are used for stable isotope analysis carbonaceous or oxygenic tools which could
contaminate the stable isotope values, e.g. chalk or pencil, are avoided. However, the use of
pencils and chalk aids the dating and dissection of samples, particularly when working with difficult
tropical species. It is often necessary to highlight the contrast between different wood cell
structures for a better detection of narrow or indistinct annual growth boundaries. Here, we tested a
possible contamination with graphite and gypsum on stable isotope values (13C, 18O) from
wholewood Indonesian teak samples.
Material and Methods
The wood material used for the contamination test is part of a dendro-climatic isotope study of
Teak trees, collected in the eastern part of Central Java, Indonesia (Schollaen et al. 2013). All pretreatment of the collected samples was carried out in the laboratory following standard procedures
outlined in Stokes and Smiley (1968) and Schweingruber (1983). To improve the visibility of the
tree-ring structure the surface of the core samples was cut with a core microtome (Gärtner and
Nievergelt 2010) or special knifes (NT Cutter BA-170). Fine chalk, which consists today only of
gypsum (calcium sulfate: CaSO4 x 2H2O), was rubbed into the pores to increase the visual
contrast. Pencil strokes, which consist essentially of graphite, have been used for dating procedure
(Figure 1).

Figure 1: Wood surface from a teak core contaminated with pencil strokes (graphite, black circle) to mark
dating and chalk (calcium sulfate CaSO4) to highlight wood anatomical features.

For stable isotope measurements seven different tree cores were chosen and the wholewood was
analyzed for ~100 years (1900-2007). The tree rings from all cores were cut seperately using a
scalpel and grounded to assure homogeneity. Extractives, such as wood resins and oils, but also
glue, pencil and chalk remains were removed from the wood with boiling de-ionized water and
ethanol in a multiple sample isolation system for solids (Wieloch et al. 2011). Carbon isotope ratios
were measured by combustion (at 1080°C) using an elemental analyser (Model NA 1500; Carlo
Erba, Milan, Italy) coupled online to an Isotope Ratio Mass Spectrometer (IRMS, Isoprime Ltd.
Cheadle Hulme, United Kingdom). Oxygen isotope ratios were measured using a high temperature
TC/EA pyrolysis furnace (at 1340°C) coupled online to an IRMS (Delta V Advantage, Thermo
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Scientific, Bremen, Germany). Sample replication resulted in a reproducibility of better than ±0.1‰
for 13CTR values and ±0.25‰ for 18OTR values. The isotope ratios are given in the notation,
relative to the standards V-PDB for 13C and V-SMOW for 18O (Craig, 1957).
Possible shifts of the original isotope values from pencil or chalk contaminants can be determined
by:

‰
where:

(1)

ETRC
MrTR, MrC
ETR
EC

is the 13C or 18O value of the contaminated wood sample,
are the respective relative mass fractions of wood or contaminant,
is the original 13C or 18O value of the wood sample,
is the 13C (graphite) or 18O (gypsum) of the contaminants.

To calculate the mass fraction of chalk in the wood samples the used chalk was weighted several
times after highlighting 15cm of the wood core surfaces. The repeated laboratory experiments
gave a maximum contribution of chalk of 0.6% per tree ring. To simplify calculations, the mass
fraction of graphite and chalk in the wood samples is estimated to be 1% (MrC), although the
contribution is probably much lower. Thus, the relative mass fraction of wood is assumed to be
99% (MrTR).

Results and Discussion
Table 1 shows the results of the contamination tests. Calculations reveal that the graphite from
pencil strokes (13CGraphite=-26.25‰) has no significant influence (0.01‰) on the original carbon
isotope ratio of the Teak wood (13CTR=-25.22‰). The impact value is well below the measurement
accuracy of the IRMS, which is ±0.1‰. The mean 18O value of chalk (18OGypsum=7.0‰) is far
lower than typical 18O values of wood and thereby suggests a greater impact. However, the
influence of chalk on the original oxygen isotope ratio of Teak (18OTR = 21.41‰) is -0.14‰ which
is also within the analytical error of the oxygen isotope measurements (±0.25‰). In the worst case
a possible analytical error of +0.25‰ to -0.39‰ could occur.
Table 1: Results from the contamination test of graphite and gypsum on tree-ring stable isotope values
(13CTR/18OTR).

mean (ETR/EC) [‰]

13CTR
-25.22

18OTR
21.17

ETRC[‰]

-25.23

21.27

Impact value (ETRC-ETR) [‰]

-0.01

-0.14

13CGraphite
-26.25

18OGypsum
7.0

It should be noted that this error value represents the maximum effect of a contamination without
any pre-treatment, i.e. extraction of impurities, which has been done here. It can be assumed that
graphite and chalk residues have no significant influence on the original isotope ratios of the wood
samples used in this study. Therefore, the use of carbonaceous or oxygenic tools (e.g. pencil and
chalk) can be recommended for dendro-isotopic studies. In particular, when working with new or
difficult tree species, the tools help to improve the dating and dissection of samples.
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