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RADIOCARBON CALIBRATION AROUND AD 1900 FROM SCOTSIRE (PINUS
SYLVESTRISTREE RINGS FROM NORTHERN NORWAY

Helene Svarva, Pieter Grootes, Martin Seiler, Terj@hun, Einar Veernes, and Marie-
Josée Nadeau

Norwegian University of Science and Technology, NOTNniversity Museum — The
National Laboratory for Age Determination, Sem Sad$avei 5, 7491 Trondheim, Norway

ABSTRACT. To resolve an inconsistency around AD 1895 betwadiocarbon
measurements on oak from the British Isles and Rsug and Sitka spruce from the Pacific
Northwest, USA, we measured tHE content in single-year tree rings from a Scote piee
(Pinus sylvestrig..), which grew in a remote location in Saltdalythern Norway. The

dataset covers the period AD 1864 to 1937 ancegslts are in agreement with measurements
from the US Pacific coast around 1895. The mostyilexplanation for older ages in British
oak in this period seems to H€ depletion associated with the combustion of fdasis.

INTRODUCTION

Variations in the atmosphertéCO, concentration over time are well known and havenbe
the focus of radiocarbon research aimed at impgpttie conversion of measuré€
concentrations into calendar ages. The IntCal k&ldn synthesises the available data, which
is based on dendro-dated tree-rtfl@ measurements for the Holocene period (Reimdr et a
2009; 2013). With increasing demands on both acgumad precision of th&C calibration,

the question whether discrepancies between diffel&asets used in IntCal result from
measurement uncertainties or reflect real atmogpH#ferences becomes highly important.

A generally close agreement exists between therdift datasets in the IntCal calibration
curve, which are mostly from trees at mid-latitudeshe late-19th and early-20th centuries,
terrestrial tree-ring measurements from the Nortliégmisphere are derived from Douglas fir
(Pseudotsugaenzies)i from Washington state and Oregon state, USA y8twand

Braziunas 1993), Sitka sprudei¢ea sitchens)sfrom Alaska, USA (Stuiver and Braziunas
1998), and from oakJuercuspetraeg from the British Isles, approximately 25 km novist
of Belfast (McCormac et al. 1998). However, aroéi2i 1895, there are differences in the
single-yeat“C content of the NW-American Douglas fir and Sigigauce compared to
decadal British oak ages. As a result,fi@age of British oak differs in AD 1895 by 60
years from IntCall3, which is dominated by the Aicean data, when decadal dates are
smoothed according to Knox and McFadgen (2001).

Regional differences iC concentration have been documented between thbdvo and
the Southern Hemispheres due to for instance agearlling (e.g. Damon et al. 1989; Hogg
et al. 2002; McCormac et al. 2002; Hogg et al. 20bBthe eastern Mediterranean related to
differences in growing season (Kromer et al. 2QDde et al. 2010; Manning et al. 2010;
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Manning et al. 2018), and due to monsoon circutatidua et al. 2004a,b; Nakamura et al.
2013). Confirmation of such regional differencesimospheri¢“C concentration between
Northern Ireland and the US Pacific coast wouldehamnajor implications for the use of IntCal
as a calibration tool. We propose that the causkeoflissimilarity between NW-American
Douglas fir and Sitka spruce compared to Britisk cauld be resolved by the analysis of a
tree from a clean area at a different locationrdyuthe same period. This might reduce the
uncertainty in the calibration curve, and henceiceduncertainty in calibrated ages.

Here, we preserfC measurements on selected tree-rings from Nortkerway for the
period AD 1864-1937. The tree grew in a remotetiooanear the Norwegian Sea, with very
little influence from local fossil fuel effects.

MATERIAL AND METHODS
Sample description

One Scots pine tre@inus sylvestriswas felled at Vensmoen in Saltdal, Northern Ngrwa
(66°59'34"N 15°19'03"E) at 52 m a.s.l. during thater of 2005/2006. Saltdal municipality
has a population of 4700 with a density of 2.1 bitemts per square kilometre as of 2018
(Statistics Norway 2018) and the closest larggrisiBodg (51500 inhabitants),
approximately 50 km northwest of Vensmoen. Prengilvinds between Iceland and Norway
are westerly or south-westerly (Farland et al. J98@m the Norwegian Sea. The tree
therefore grew in a remote location with regargassible sources of pollution and is
presumably not influenced by local fossil fuel etee A wood section containing 135 rings
was sawn from the log at approximately knee heigth the innermost ring, which is close
to the pith, dated to AD 1803. Mean ring width e sample is 1.27 mm. The surrounding
Scots pine forest in the area is relatively densth tall, fast-growing trees and has been
standing without major logging activity since ardukD 1900. The vegetation below the
canopy mainly consists of heather, &gccinium myrtillusandV. vitis-idaeaand the area is
characterised as slightly oceanic by Moen (199@}) wgrowing season, defined as the
period of the year when the temperature does nbetaw 5°C, lasting from 160 to 170 days
in the boreal warm season.

Dendrochronology

Due to missing outer rings, the wood sample wasdllay dendrochronology. Ring widths
were measured to a precision of 0.01 mm using aABITSAP system (Rinn 2005) and
compared to Scots pine reference chronologies samuthern Norway (Thun 2002), central
Norway (Eidem 1953), Steigen in northern Norwayr{édstad 1939), and Dividalen and
Forfjorddalen in northern Norway (Kirchhefer 1998he dendrochronological match was
determined by visual linkage with an overlap of 384rs, producing t-values (Baillie and
Pilcher 1973) between 4.4 and 6.2, and Gleichl&eftgralues (Eckstein and Bauch 1969)
between 60 and 64 with significance levels betw&®0 % and 99.9 % in the dated position.

Sample preparation and AMSC analysis
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Annual rings, which are clearly distinguishableSieots pine due to the dense and dark
latewood, were cut from 66 of the 1864-1937 barsilsgua hand-held scalpel. Cellulose was
extracted separately from each annual ring tonmetes original isotopic composition of the
plant material. Three methods for cellulose exioactvere used. Cellulose was extracted
according to the procedure of Stuiver et al. (1984)L1 of the samples. This involves soxhlet
extraction with petroleum ether and ethanol to reen@sins and other easily extractible
compounds, and treatment with acid hypochloritdjwsn hypochlorite, sodium sulfite, and
17.5% sodium hydroxide to extract alpha-cellul&gteen of the samples were cellulose
extracted by using a base-acid-base-acid-bleachetbod (BABAB; Seiler et al. This issue;
Némec et al. 2010), which involves treatment with 48dium hydroxide, followed by short
steps of 4 % hydrogen chloride, 4 % sodium hydrexahd then 4 % hydrogen chloride again
at 75 °C. A bleaching step with a mixture of 5 9dise chlorite and 4 % hydrogen chloride
at 75° C (pH< 4), with an ultrasonic bath at room temperatusoivs at the end. Thirty-six
samples were soxhlet extracted for oils, resin,aaxies using petroleum ether for four hours,
then using ethanol for another four hours. Cellelass subsequently extracted using the
BABAB procedure. The remaining three samples wpli¢ and pretreated both with the
Stuiver et al. (1984) method and with the soxhtet-BABAB method.

After pretreatment, the cellulose was combusteghielemental analyser (Elementar
Microcube), and the CQwas reduced to graphite by Has over a Fe catalyst in an
automated reduction system described by Ohneif@6]2Seiler et al. (This issue) detail the
procedures for sample treatment and graphitisalibal*C/A%C ratio in the graphite was
measured in the 1MV AMS system at the National lratoyy for Age Determination in
Trondheim (Nadeau et al. 2015). THE/?C ratio of each sample was measured on the AMS
at the time of*C/*?C measurement and used to correct for isotopitiération to a5'°C

value of -25 %0 with respect to VPDB (Stuiver anddeb 1977). Results are also corrected
for process blank and are reported as conventradacarbon ages before present (BP). The
measurement uncertainties were calculated accotdiNgdeau and Grootes (2013) although
the contributions from the fractionation correctanmd the normalisation to the standards were
omitted as they are very small compared to theratheertainties. The measurements were
normalised to the Oxalic Acid Il primary standa(ti8ST SRM-4990C; Mann 1983). The
samples were measured in 10 different wheels tegetlth other unknown samples as space
permitted. Each wheel usually contains 10 (mininaigit) primary standards, five secondary
standards, five process and machine blanks anai@@own samples. The blank correction
was made assuming a modern contamination scaegsaly with the mass of the sample
combusted (Seiler et al. This issue). The procksklrurve was derived from measurements
of coal samples of different weights and measukent a few years as described by Seiler et
al. (This issue).

Fifty targets (50) made from five different secondstandard materials were measured
together with the samples: FIRI samples D, E, H, &(Scott 2003), Oxalic Acid | (NIST
SRM 4990B), and IAEA-C5, C7, and C8 (Rozanski 19Rdzanski et al. 1992; Le Clercq et
al. 1997). These have'C concentration ranging from 15 to 110 pMC. To cengate for
the different radiocarbon concentrations and megsent uncertainties, the difference
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between measured and canonical values was norchédiske compounded uncertainty of the
measurement and the canonical values (normalisadtiaa). The average of these should be
centred around zero and the width of the distrdsushould be about 1 as it is in unitoof

The average of the normalised deviations (n =$0)04 + 0.14 indicating that there is no
systematic offset. The standard deviation of tisérithution is 0.8% indicating that the

guoted uncertainties are representative of theungertainties of the measurements.

Duplicate graphitisation and AMS measurements erettiracted cellulose were made on 30
samples, 10 of which were repeated a third timgaw of inconsistent results. Duplicate
measurements are presented as weighted averagas, v weights are the inverse square
of the measurement uncertainty, and the errorsepresented as whichever is largest of the
combined error and the error of the mean. In aoidjitihe'3C/*°C ratio of the cellulose
samples was measured in a Thermo Flash 2000 elahasatlyser connected to a Thermo
Delta V Advantage isotope-ratio mass spectrom#®M§E). The results are reported relative
to the VPDB standard.

RESULTS AND DISCUSSION

The cellulose extraction yields differ between timee pretreatment methods. For the soxhlet-
and-BABAB and BABAB methods, average yields weréd62nd 75 %, respectively. The
more rigorous alpha-cellulose extraction of Stuefteal. (1984) gave an average yield of 19
%. Despite these differences, the final carbonerttrdid not differ between cellulose
extraction methods, and was on average 43 %, widinge from 36-48 %. Two of the three
samples that were pretreated both with the Stwavat. (1984) method and the soxhlet-and-
BABAB method, gave results that were within the siggna measurement error, while the
third (AD 1914) gave radiocarbon ages that areideitthe two sigma error range, with the
youngest radiocarbon age obtained from the Stwival. (1984) cellulose extraction method.
Although we do not observe systematic differenads/ben the results of the different
pretreatment methods, an exhaustive analysis wegldire additional samples and is beyond
the scope of this paper. For practical reasongretr the soxhlet-and-BABAB procedure.

From the 30 samples with replicate measurements3@), we excluded five measurements,
resulting in 27 samples with replicates, eight bick having three measurements per sample.
Four of the excluded measurements had too low icud@ing measurement compared to the
standards, and one was likely influenced by spiarkise ion source. The difference between
duplicate measurements (n = 19) is within one signeertainty for 10 samples, between one
and two sigma for six samples, and outside two aignone case. For the eight samples
where a third measurement was made to clear upsmstent results, six gave results where
two of the repeats were within two sigma and thesltvas outside the two sigma error range
of the others. For these samples, an explanatioinéanconsistent results could not be found
and all three measurements were averaged. ForDhE9&5 sample, which also has three
measurements, the spread in AMC measurements was large. The inconsistency between
the *C measurements was reduced to within the one sigmea using the IRM$C values

for isotopic fractionation correction. This leavese unexplained results outside normal
statistical scatter in this series (Supplementatyld S1).
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The radiocarbon ages obtained from the Saltdaéenare presented in Table 1 and plotted
along with measurements from the British Isles #du@dPacific Northwest, USA (Figure 1;
Supplementary Figure S1). The average different@dsn the British oak data and the
decadal (Stuiver et al. 1998) Pacific NW data B4+ 8 years for the period 1855 to 1945
(Figure 2). In 1895, however, British oak is 88 ngealder than results from the Pacific NW
when measured in Belfast and 50 years older whexsuned in Waikato. Around 1895, our
Saltdalen results are in agreement with measurenfiemh the Pacific NW, USA. The
Saltdalen results are on average 5 * 4 years tiidarthe single-year Pacific NW dataset of
Stuiver et al. (1998) for the whole period studigh, largest differences being 77 years older
(AD 1872) and 85 years younger (AD 1920). On aver#liey are 18 * 4 years older for the
period before 1913, and 19 + 6 years younger &8&8. Fifteen of the 66 differences are
outside the 2-sigma uncertainty. We cannot exgle@mmechanisms behind these larger
differences although cellulose inhomogeneity armving- and regional weather-conditions
could play a role.

It has been suggested that temporal variationwell;mg along the NW coast of America
could lead to regional differencesiC levels (e.g. Knox and McFadgen 2004), but this
cannot explain the 1895 discrepancy between Britesdhand NW Pacific Douglas fir and
Sitka spruce as it would generally lead to oldexsagjong the Pacific Northwest. McCormac
et al. (1998) note a disappearance of hemisphégetaround 1895 when the British Isles
(54°N) data are compared to cedar datbqcedrus bidwilli) from New Zealand (39°S).
British oak is 5.3 + 8.5 years older than New Zedlaedar in the period from 1885 to 1945
compared to 27.2 + 4.7 years younger between 1@@3.885. McCormac et al. (1998)
attribute this change to anthropogenic input osildsiel CG in the Northern Hemisphere
since the industrial revolution. A local fossil fidfect in the British oak would explain the
differences we observe with Saltdalen and Pacifi¢ iésults being younger than those of the
oak from the British Isles around 1895. This fitstgpsurge of the Belfast industry from the
mid-19th century (O’'Malley 1981), which peaked I tearly 1900s and lasted until the
worldwide economic recession of the 1930s (PlI6o@&72. The British oak sample was
collected near Shane’s Castle, Co. Antrim, which2S km northwest of Belfast. Prevailing
winds in this area are south-westerly, howeveth aihigh frequency of north, north-east, and
easterly winds in spring (Met Office station Aldeyge; 54.65°N, 6.24°W; 68 m a.s.l.).
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Figure 2: Differences in radiocarbon ages of single-year tirgs from Saltdal, N-Norway
and Pacific NW, USA and decadal tree rings fromBhiash Isles and Pacific NW, USA for
AD 1864-1937. Pacific NW datasets are from Stueteal. (1998); the British Isles data is the
average of measurements from Waikato and Belfasir Bars represent the combined one
sigma uncertainties.
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Table 1 Results of measurements on Scots pine tree-ghigil@se from northern Norway.
Radiocarbon age BP, one sigma error (age ), nuoflrepeat measurements (n), lab ID
(TRa#), and IRMSC values §°C %o). * indicates that the sample measurements were
normalised using th&'*C value from IRMS. Pretreatment method is indicatext to the lab
ID: ¢ = Stuiver et al (1984) alpha cellulose, soxldet and BABAB, b = BABAB.

14C 14C
age 8C | Year age dC
Year (AD) TRa# aBgPe g n (%) | (AD) TRa# aBgPe g n (%)
1864 12088 92 16 2 -— | 1904 12097 103 16 1 -24.5
1865 12373 131 15 1 -24.9| 1905 12402 94 21 2 -249
1866 12373 128 15 1 -26.1| 1906 12438 68 10 2 -
1867 12375 94 21 2 -25.9| 1907 12403 121 19 2 -25.2
1868 12376 138 19 1 -255| 1908 12404 110 22 3 -26.2
1869 12379 155 16 1 -25.6| 1910 12406 115 17 1 -25.4
1870 12378 95 12 2 -25.2| 1911 12407 103 22 3 -
1871 12379 163 15 1 -25.1| 1912 12408 121 16 1 -26.0
1872 12380 191 16 1 - | 1913 12409 107 18 2 -26.2
1873 12381 150 17 1 -26.5| 1914 12098 72 271 2 -
1875 12089 170 18 1 - | 1915 124198 69 11 2 -26.1
1876 12383 153 14 1 -26.6| 1916 1241 101 15 1 -24.8
1877 1238% 155 19 1 -26.3| 1917 12412 81 17 1 -25.1
1880 120996 91 12 2 -258| 1918 12413 83 11 2 -249
1882 12388 130 16 1 -26.0| 1919 12414 72 14 1 -
1883 12389 145 17 1 -25.8| 1920 12415 50 12 2 -255
1884 12399 141 15 1 -249| 1921 1241 115 18 1 -26.2
1885 12391 129 18 1 -25.8| 1922 124717 94 21 2 -259
1886 12392 118 18 2 -26.4| 1923 12418 82 15 1 -258
1887 12437 90 12 1 - | 1924 12419 139 22 1 -25.7
1888 12393 107 21 3 -25.8| 1925 12439 115 10 2 -
1889 1239% 110 13 2 -26.3| 1926 12420 118 15 1 -26.0
1890 12091 71 14 1 -— | 1927 12421 133 24 2 -25.7
1891 12395 121 13 3 — | 1928 12422 142 23 3 -259
1892 12396 76 17 1 -26.1| 1929 12423 147 12 2 -259
1893 12092 82 16 1 — | 1930 124234 162 17 1 -250
1895 12098 66 13 1 -249| 1931 12099 123 14 1 -25.8
1897 12094 74 13 1 -255| 1932 12440 146 30 3 -
1898 12095 119 22 1 — | 1933 12425 155 15 1 -26.2
1899 & 1900 12399 105 16 1 -26.6| 1934 12426 175 19 1 -25.2
1901 12096 70 13 1 -25.0| 1935 12427 126* 10 3 -265
1902 12400 129 15 1 — | 1936 12428 187 17 1 -25.8
1903 12401 108 47 2 — | 1937 12429 120 22 3 -25.7
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CONCLUSIONS

14C concentrations of cellulose from single tree sin§a Scots pine from Northern Norway
agree with single-year results from Douglas fir &ittta spruce from the Pacific coast of the
USA. This indicates that the AD 1895 discrepandyvken the datasets from the NW Pacific
coast and oak from the British Isles used in thh€ahradiocarbon calibration curve is most
likely the result of a local fossil fuel influenaethe oak in this period and therefore should
not be incorporated in the IntCal calibration curve
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