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(a) Variations in tree ring cellulose oxygen isotope ratios obtained from an oak pillar wood excavated at Yosejima remain, Anjyo city,
Aichi prefecture (black) and dendro-chronological age predetermined cypress woods in Iida city, Nagano prefecture (gray). The former
is displayed on the latter at their most coincident intervals. (b) Variation in correlation coefficients of the two time-series in (a) by sliding
of the former on the latter (X axis is the innermost ring age in the former wood). Correlation coefficient 0.706 with ring number 40 results
in the t-value of 6.15 at the most coincident interval, higher than the threshold t-value of 5.0, ensuring the sufficient accurate

dendrochronological dating.
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Mechanism of variations in leaf water oxygen isotope ratio regulating the tree-ring cellulose oxygen isotope ratio. F1, F2 and F3 are
water (vapor) fluxes “from soil to leaf”, “from atmosphere to leaf” and “from leaf to atmosphere” respectively. ¢°O is the notation of
oxygen isotope ratio, where 6°0 = [(*0/"°0) cumpe / (*0/*°0) wantaa - 11x 1000 (%o). €., &x are the 6°0 change (isotope fractionation) during
evaporation and condensation processes (1, (2)) and diffusion through stomata (3), @). While F1, F2 and F3 are variables depending on
meteorological condition and biological activity, ¢.and e, are constant. Because F2 and F3 are proportional to water vapor pressures in
atmosphere and leaf, respectively, and leaf interior can be assumed to be saturated with water vapor, F2/F3 is corresponding to the
relative humidity in atmosphere.
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Table 1 Advantages and disadvantages of the oxygen isotopic dendrochronology as a dendrochronological dating method.
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Fig.3 Conditional changes in degraded laths made of zelkova (a) and oak (b) stumps excavated from Heijyokyo palace, provided by Nara

National Research Institute for Cultural Properties, before (1) and after (2, 3) cellulose extraction processes. Plates (2) and (3) are

cellulose laths, fixed and free during the chemical extraction respectively, both of which had been processed by freezing dry method

(Nakatsuka, et al., 2016b). Because of the extremely decreased cellulose contents due to degradation, it is not easy to recognize ring

boundaries for the “fixed” samples. Case (b) clearly demonstrates the difference in remaining cellulose contents between heartwood and

sapwood.
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Fig4 Present status to establish master chronologies of tree-ring cellulose oxygen isotope ratios over Japan (Situation in November, 2016).
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Establishment and Development of Oxygen Isotopic
Dendrochronology

Takeshi NAKATSUKA "’

" Research Institute for Humanity and Nature, 457-4 Motoyama, Kamigamo, Kita-ku, Kyoto 603-8047, Japan.

Abstract

Oxygen isotopic dendrochronology is a very new methodology to date wood samples using the tree-ring
cellulose oxygen isotope ratio instead of tree-ring width. The tree-ring cellulose oxygen isotope ratio
reflects relative humidity and precipitation isotope ratios during photosynthesis seasons, irrespective of the
tree species and independent of the ecological conditions of trees. Accordingly, it can be used as a universal
dendrochronological index applicable to tree-ring dating by making comparisons between different
individual trees and species, including broad-leaved trees. Although this technique has only been used since
2011, the method has encountered many initial problems, some of which have been partly overcome. (1)
The advantages of oxygen isotopic dendrochronology, including its universal applicability across tree
species and high sensitivity to local climate variation, have become gradually known by many Japanese
archaeologists through presentations and direct collaborations focused on dating wooden artifacts
excavated from archaeological sites across Japan. (2) Improvements in the analytical procedure have
enabled the measurement of tree-ring cellulose oxygen isotope ratios even for highly degraded wood. (3)
Repeated isotopic measurements of numerous tree-ring samples from the last 2600 years in central Japan
have made the current very long oxygen isotopic tree-ring chronology highly reliable for both dating wood
samples and reconstructing past climate variation. However, there remain considerable unsolved
challenges. (A) The transfer of oxygen isotopic dendrochronology technologies to local governmental
centers and private companies for archaeological excavations is urgently needed. Because oxygen isotopic
measurements for dendroarchaeological purposes are currently conducted in only my laboratory, any
kinds of instrumentation failures can suddenly stop the entire body of relevant research activities in Japan.
(B) Further technological improvements are desirable to extend the applicable targets of oxygen isotopic
dendrochronology, such as the development of methods to collect tree-ring cores without causing
significant damage to precious wooden cultural artifacts and the establishment of a database of intra-ring
(seasonal) variation in cellulose oxygen isotopic ratios to enable the dating of small excavated wood samples

that contain only several years of rings.
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