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Only a few kinds of trees in Australia and Southeast Asia are known to have growth rings that
are both distinct and annual. Those that do are therefore extremely important to climatic and
isotope studies.

In western Tasmania, extensive work with Huon pine (Lagarostrobos franklinii) has shown that
many living trees are more than 1,000 years old, and that their ring widths are sensitive to
temperature, rainfall and cloud cover (Buckley et al. 1997). At the Stanley River there is a forest
of living (and recently felled) trees which we have sampled and measured. There are also
thousands of subfossil Huon pine logs, buried at depths less than 5 metres in an area of
floodplain extending over a distance of more than a kilometre with a width of tens of metres.
Some of these logs have been buried for 50,000 years or more, but most of them belong to the
period between 15,000 years and the present. In previous expeditions in the 1980s and 1990s,
we excavated and sampled about 350 logs (Barbetti et al. 1995; Nanson et al. 1995).

By measuring the ring-width patterns, and matching them between logs and living trees, we have
constructed a tree-ring dated chronology from 571 BC to AD 1992. We have also built a 4254-
ring floating chronology (placed by radiocarbon at ca. 3580 to 7830 years ago), and an earlier
1268-ring chronology {ca. 7,580 to 8,850 years ago). There are many individuals, or pairs of
logs which match and together span several centuries, at 9,000 years ago and beyond.

New calibration data
Because it can be dated to the exact year, tree-ring dated wood is the prime material used to
determine the radiocarbon content of the Earth's atmosphere in the past. Radiocarbon levels are
influenced by production from cosmic rays entering the atmosphere (modulated by the Sun and
the Earth's magnetic field) and the exchange of carbon dioxide between the oceans, atmosphere
and biosphere. Comparative tree-ring and radiocarbon data are used to construct calibration
curves, and a correction can then be applied universally to radiocarbon dates (Stuiver et al. 1993;
1998). The shape and fine structure of the calibration curve also contains much information on
the cause of the variations.

We have measured radiocarbon variations on Huon pine for selected periods of time. It should
be noted that this can be done as a time-series on individual logs with a few hundred rings, or on
segments of the tree-ring chronologies which are currently floating (not yet connected into a
continuous chronology anchored to the present). Of prime interest is the period at ca. 10,000
years ago, where radiocarbon measurements on Huon pine have been matched with those on
German oak from 10,120 to 9,670 years ago (Kromer et al. 1998). This work is currently being
extended to 10,345 years by radiocarbon measurements on another, cross-dated Huon pine log
(with C. Tuniz, ANSTO; see Fig. 1).
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Figure 1. Comparison of radiocarbon data for Tasmania with German oak and pine. Huon pine
logs SRT-416 and SRT-447 were cross-dated by ring-width measurements on multiple sections.
The SRT-416 radiocarbon data was measured by high-precision gas counting, and wiggle-
matched to the oak and pine data (Kromer et al. 1998), while the SRT-447 data were recently
obtained by Accelerator Mass Spectrometry at the Australian Nuclear Science and Technology
Organisation (Barbetti and ANSTO AMS team, work in progress).

The calibration data from German oak and pine shown in Fig. 1 differ significantly from the
1993 versions (Stuiver et al., eds.) which have been widely used. For the German oak tree-ring
chronology, rings were missing in the chronology at 7190 cal BP and at 9740 cal BP (Kromer
and Spurk 1998). The corrections lead to (cumulative) shifts of 41 and 54 years, respectively, to
older ages, and the chronology has been extended to 10,430 cal BP. The 1941-yr-long German
pine chronology is floating, but 14C-wiggle-matched to the absolute oak chronology; it is shifted
200 years to older ages, compared with the 1993 version, and it now reaches back to 11,871 cal
BP (Kromer and Spurk 1998). Further small adjustments within this part of the time-scale can
be expected. The results from Tasmanian Huon pine (Fig. 1), despite being 14C-wiggle-matched,
are a replication of this portion of the calibration curve.

Just beyond the current reach of the continuous tree-ring chronologies are other periods of great
interest, associated with major climatic boundaries or events: at ca. 13,000 cal BP (onset of the
Younger Dryas cold period), and at ca. 14,600 years ago (the beginning of the Bolling/Allerod
warm period; Hughen et al. 1998). Within the Bolling/Allerod period, varve and coral data
(Hughen et al. 1998; G.S.Burr, pers. comm.) suggest a plateau in the calibration curve
(equivalent to a drop in atmospheric radiocarbon level, possibly due to increased ocean
ventilation of carbon dioxide) between 13,800 and 13,500 years ago; radiocarbon measurements
are being made on consecutive 5-ring samples from the floating Hupn pine tree-ring chronology
of this period (with D.J. Donahue, University of Arizona).
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Inter- and intra-hemisphere offsets
There is a growing body of data on small but measurable differences in atmospheric 14C
concentrations in different regions of the Earth. Four studies have used tree-ring dated wood
samples and high-precision radiocarbon measurements, with pairs of samples from two or more
regions measured in the same laboratory; the results are summarised in Table 1.

Table 1. Differences in l4C-ages between various pairs of localities in recent centuries.

Reference region

The Netherlands

Washington, USA

Washington, USA

Washington, USA

Washington, USA
Washington, USA
South Chile

British Isles

Region

South Africa

Siberia

Alaska

South Chile

Tasmania
Tasmania
Tasmania

New Zealand

Period

AD 1835-1900

AD 1545-1615
AD 1615-1715

AD 1884-1932

AD 1670-1722
19th Century

AD 1600-1800
19th Century
AD 1895-1950

AD 1725-1795
AD 1805-1865
AD 1725-1885
AD 1895-1935

Difference in 14C yr

+41 ±5

-26 + 6
+2 ±6

+14±3

+38 ±5
+21 ± 5

negligible
+25 + 5 (inferred)
+5 + 5

+23 + 7
+35 ±7
+27 + 5

-5 + 9

Reference

1

2
2

2

2
2

3
2
2

4
4
4
4

Reference 1 = Vogel et al. 1993; Reference 2 = Stuiver and Braziunas 1998;
Reference 3 = Barbetti et al. 1992; Reference 4 = McCormac etal. 1998.
The three reference regions (Washington, British Isles, Netherlands) may differ by 8 I4C yr or more (Ref. 2).

The data from Germany and Tasmania (Fig. 1) also suggest a variable 14C-age offset between the
hemispheres (near zero at 10,100 cal BP; southern hemisphere older by several decades from
10,000 to 9,800 cal BP). Regional variations in I4C levels may be larger and more variable
during the Late Pleistocene deglaciation and the early Holocene, because of large changes in sea-
level, ocean circulation and atmospheric carbon dioxide levels.
14C from atmospheric explosions of nuclear weapons
I4C data from atmospheric sampling and measurements on wood from annual tree rings, for the
period AD 1945-1997, has recently been compiled and evaluated by Hua et al. (1999). A new
project to measure variations on tree ring samples from Tasmania, mainland Australia, Indonesia
and Thailand is in progress (with Quan Hua, ANSTO).
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