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VARIATIONS OF RADIOCARBON IN TREE RINGS: SOUTHERN HEMISPHERE
OFFSET PRELIMINARY RESULTS

F. G. McCORMAC,! A. G. HOGG?2 T. F. G. HIGHAM,2 M. G. L. BAILLIE,! J. G. PALMER,’
LIMIN XIONG,? J. R. PILCHER,! DAVID BROWN' and S. T. HOPER!

ABSTRACT. The Queen’s University of Belfast, Northern Ireland and University of Waikato, Hamilton, New Zealand radio-
carbon laboratories have undertaken a series of high-precision measurements on decadal samples of dendrochronologically
dated oak (Quercus patrea) and cedar (Libocedrus bidwillii) from Great Britain and New Zealand, respectively. The results
show a real atmospheric offset of 3.4 = 0.6%o (27.2 £ 4.7 4C yr) between the two locations for the interval AD 1725 to AD
1885, with the Southern Hemisphere being depleted in '4C. This result is less than the value currently used to correct Southern
Hemisphere calibrations, possibly indicating a gradient in A'C within the Southern Hemisphere.

INTRODUCTION

A number of studies have demonstrated a measurable difference between the !“C activities of den-
drochronologically dated trees between the hemispheres (Lerman, Mook and Vogel 1970; Vogel et
al. 1986; Vogel et al. 1993). Vogel et al. (1993) measured AMC in fourteen pairs of dendrochrono-
logically dated wood from South Africa and the Netherlands and calculated an offset of 5.15 +
0.59%o (41 + 5 MC yr), with the Southern Hemisphere wood giving the older dates. This value is
used to correct Southern Hemisphere radiocarbon determinations for age calibration. However,
Sparks ez al. (1995) found no hemispheric offset in New Zealand matai (Prumnopitys taxifolia) from
a single, non-crossdated tree spanning AD 1335-1745. Barbetti et al. (1995) reported a negligible
offset in Tasmanian wood compared with European oak at 10,000-9,500 cal BP and minimal offsets
between AD 1600 and 1800, although the '4C measurements for these series lack high levels of pre-
cision (Barbetti et al. 1992, 1995).

Recently, Damon, Cheng and Linick (1989), Damon e? al. (1992) and Damon (1995a,b) have iden-
tified significant differences (ca. 4-7%q) between contemporaneous tree rings in the same hemi-
sphere from Tucson, the Olympic Peninsula of Washington State and the Mackenzie Valley in the
Arctic Circle. McCormac ef al. (1995) have suggested location-dependent differences in '*C from
contemporaneous trees in Ireland and the United States; Stuiver and Braziunas (1998) and McCor-
mac et al. (1998) have shown variations in the value of the interhemispheric '*C offset. These
authors have suggested that regional effects may not be temporally constant.

In this paper, we describe a research program designed primarily to verify the existence and magni-
tude of the hemispheric offset in 14C between New Zealand and Great Britain. The program is a col-
laborative effort among the radiocarbon laboratories at The Queen’s University of Belfast, Northern
Ireland (QUB) and the University of Waikato in New Zealand (Wk) and the tree-ring laboratories at
the Department of Plant Sciences at Lincoln University in New Zealand and the Palaeoecology Cen-
tre at QUB. We are in the process of measuring A'*C in successive decadal samples of dendrochro-
nologically dated Irish/English oak and New Zealand cedar spanning the period AD 1000-1945 to
investigate location dependence and the hemispheric offset. In this paper, we describe our method-
ology, provide the results of a preliminary intercomparison exercise designed to identify any inter-
laboratory differences and give preliminary results for the offset between Great Britain and New
Zealand in the interval AD 1725 to 1885. Our preliminary measurements between AD 1885 and AD
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1935 (not discussed in detail here) indicate a hemispheric response to fossil fuel input in the North-
ern Hemisphere (McCormac et al. 1998).

METHODS

The intrahemispheric location-dependent differences in A!4C identified by McCormac et al. (1995)
are small (on the order of 2.5%¢) and may be time dependent. As a consequence, intercomparison of
results from different regions tends to be difficult and laboratory offsets can easily mask real atmo-
spheric variation. The only satisfactory way to determine the magnitude of regional offsets, should
they exist, is to measure A'“C in contemporaneous sample pairs within a single laboratory and rep-
licate the measurements in another laboratory. Duplication of the measurements by the two labora-
tories has enabled us to compare inter- and intralaboratory data sets and to obtain duplicate high-pre-
cision (HP; AC o < 2%o) curves for the validation of results. The advantage of duplicate
intralaboratory measurements is that there are no external offsets to consider, hence relative differ-
ences between the 4C dates of wood from both hemispheres should be real.

Three components are critical to the success of the research program: dendrochronology, wood pre-
treatment and analytical reproducibility.

Dendrochronology

It is critical that the wood used in HP !4C calibration comes from securely crossdated and well rep-
licated tree-ring chronologies. Dendrochronological errors can easily create false offsets in the Al*C
values between regions or between significant sections of the calibration chronologies (Kromer et al.
1996). In designing this study we have used oak from the long-established Irish oak master chronol-
ogy (Pilcher ef al. 1984) and the recently developed New Zealand cedar (Libocedrus bidwillii) chro-
nology (Xiong 1995). The dendrochronology of the oak from the British Isles has been both exter-
nally and internally cross-linked and has provided the basis for previous calibration studies (Baillie
1995; Pearson and Stuiver 1986, 1993). The oak trees actually used for the measurements shown in
this paper were obtained from parkland at Shane’s Castle, County Antrim, Northern Ireland
(54°44'N, 06°16'W) (AD 1935-1755) and Sherwood Forest, England (53°12'N, 01°04'W) (AD
1725-1745).

The New Zealand cedar chronology is now established for the period AD 1950 to AD 1140 and is
derived from 11 different sites and over 200 trees (Xiong 1995). The specific tree selected for this
study was one of 43 crossdated trees from the Hihitahi State Forest, near Waiouru in the central
North Island of New Zealand (39°32’S, 175°44’E).

All wood samples were split into decadal blocks each weighing between 120 and 180 g.
Wood Pretreatment

By necessity, the tree species used for this study was different in each of the hemispheres. We there-
fore sought to pretreat the wood to a reliable fraction of cellulose that would reflect the ambient
atmospheric conditions at the time of growth and would not be affected by variable lignin fractions
or species-specific differences. A variety of methods have been applied to pretreat wood for radio-
carbon calibration because of the possibility of translocation of resins and sugars across rings (Tsou-
mis 1969: 60-89; Olsson 1979). The de Vries method (Stuiver and Quay 1981) utilizes treatment
with dilute NaOH and HCI to remove resins, sugars and some lignins. A full description is given in
Stuiver, Burk and Quay (1984), detailing the method for pretreatment to a.-cellulose used at the Uni-
versity of Washington, Seattle laboratory for the 1986 calibration measurements (Stuiver and Pear-
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son 1986). The Belfast laboratory used a different method involving the bleaching of the wood using
sodium chlorite and 0.018N HCI at 70°C followed by charring of the cellulose at 500°C to produce
a carbon-rich residue (Pearson and Stuiver 1986). Linick et al. (1986) pretreated bristlecone pine to
holocellulose using acetic acid and sodium chlorite. For this study we have pretreated both wood
types to a-cellulose. The method used is described in detail in Hoper et al. (1998), where an inves-
tigation into the effectiveness of the sample pretreatment method is described.

Radiocarbon Analysis

Both Waikato and Belfast laboratories measure A'“C by liquid scintillation counting of benzene,
using the same type of spectrometers (Wallac Quantulus 1220™) and similar benzene synthesis sys-
tems. The Wallac Quantulus 1220™ is an optimized spectrometer designed for low-level counting
(Polach et al. 1988). For high-precision measurements, the stability and performance of the Quan-
tulus for A'*C measurement may be further increased by manual control of the high voltage (HV)
supply to the guard and sample photomultiplier tubes (McCormac 1992). The Waikato laboratory
operates two factory-modified manual high-precision versions of the Quantulus using a similar sys-
tem. One is set up using manual HV control, the other using automatic HV.

The Waikato and Belfast laboratories use different methods to obtain an analytical precision of ca.
+2%o. The Belfast laboratory uses single 15 mL aliquots of benzene to achieve high levels of preci-
sion (£2-3%o). Standard deviations at Belfast include the Poisson counting error and an error multi-
plier to account for replicate sample variability. The Waikato laboratory utilizes duplicate 7.5 g (ca.
8 mL) aliquots of benzene for each equivalent single HP measurement and then combines the two
measurements, provided the results are statistically representative of the same mean value. This pro-
vides a continuous measure of internal reproducibility. The precision of each decadal measurement
is ca. +2.5%o, with a final mean precision for each decadal sample of ca. +2%o.

Intercomparison

We have undertaken an intercomparison exercise to quantify Wk/QUB offsets, beginning by remea-
suring multiple samples of the International Reference Materials HOxI and HOxII (Long 1995). The
Belfast and Waikato HOxI/HOXII activity ratios are presented in Table 1.

TaBLE 1. HOXI/HOKXII Activity Concentration Ratios Mea-
sured at Waikato and Belfast (error-weighted mean)

Laboratory Ratio HOxI/HOxII
Waikato mean 1.2887 = 0.0013
Belfast mean 1.2895 + 0.0008

The error-weighted mean calculated was statistically indistinguishable from the international
weighted average reported by Mann (1983) of 1.2893 + 0.0004.

Despite the consistency of these standards, the cedar and oak measurements made independently in
Waikato and Belfast do show measurable differences. When we compare the measurements on iden-
tical oak and cedar samples, the laboratory differences are 9.1 + 6.4 and 10.9 £ 5.6 yr, respectively.
It seems likely that this difference may be explained in part by the use of different standards in the
two laboratories (HOXII in Belfast and ANU Sucrose in Waikato).
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RESULTS

The results of both the QUB and Wk paired measurements on cedar and oak for the interval AD 1725
to 1935 are shown in Figures 1 and 2, respectively. The offsets between the cedar and oak deter-
mined independently in both laboratories are shown in Figure 3. By combining the results from both
laboratories and calculating the error-weighted mean of the difference over the interval, we obtain
an offset of 27.2 + 4.7 14C yr. This is less than the value reported by Vogel et al. (1986, 1993) and
may indicate a regional difference in the hemispheric offset because in both this study and that of
Vogel et al. (1986, 1993) the offsets were determined by intralaboratory measurements. A recent
publication by Stuiver and Braziunas (1998) shows data from Chile, Tasmania and the United States
that give a hemispheric offset value of 23 + 4 yr for the 19th century.

CONCLUSIONS

Intralaboratory *C measurements of Southern and Northern Hemisphere wood avoid laboratory
biases and enable determination of the offset in A4C between the hemispheres without reconciling
interlaboratory differences. Using this protocol and producing replicate measurements in QUB and
Wk of the A*C content of a-cellulose derived from decadal samples of dendrochronologically
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Fig. 1. 14C measurements (yr BP) made at QUB and Wk on decadal blocks of cedar from New Zealand
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dated oak from Northern Ireland and cedar from the North Island of New Zealand, we have found
that an offset of 3.4 + 0.6%0 (27.2 + 4.7 '“C yr) exists between the two locations for the interval AD

1725 to AD 1885.
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Fig 2. '4C measurements (yr BP) made at QUB and Wk on decadal blocks of oak from England and N. Ireland
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Fig 3. Hemispheric differences (yr) between individual decadal measurements of oak from the British Isles (~54°N) and cedar

from New Zealand (~39°S) made at QUB and Wk
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