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Radiocarbon abundances in tree rings from the Spoerer minimum
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Abstract. Year-by-year measurements of the radiocarbonpeaks correspond to minima of solar activity if the variat
(**C) content of tree rings formed during the Spoerer min-was caused by the sun. The period of the peak around
imum (1414-1534 AD) have been carried out with an accu-AD called the 'Maunder minimum’ is closely related to tl
racy of 0.3 %. The measurements were made using the liqguidunspot number, which was almost nil in this period. 1
scintillation method. Liquid benzene samples of 10 ml wereradiocarbon content in this period was investigated in de
prepared from single-year tree ring samples of 70 g takerby Stuiver and Braziunas (1993) and Kocharov (1995). T
from a 700 year-old Yaku cedar tree. The absolute year wakave shown that the solar activity was weak but not nil
determined using the bomb effect, which has its peak of rait exhibited periodicitities longer than 11 year. This contre
diocarbon content in 1964. with the 11 year period of normal solar activity. The Mat

Our first results of year-by-year measurements'@fcon-  der minimum is well known as a period in which the glot
tent in the tree ring samples between 1410 and 1480 ACclimate became cold. The question whether the Schwab:
agree well with the pioneering work of Stuiver et al., which cle in the Maunder minimum was 11 years or, say, 22 yt
was obtained by combining tree rings of 10 years. has not yet been answered clearly. On the other hand
peak of'*C content around 1500 AD (the Spoerer minimu
has not yet been studied precisely. It is important to know
precise radiocarbon content in this minimum and the oth

Therefore we have started a project to measure the ri
carbon content in single-year tree ring samples of Japa
Yaku cedar (Cryptomeria japonica) for investigation of |

(radiocarbon) and®Be are a good indication of the level iability of sol 1< 1000 ) )
of solar activity because galactic cosmic rays are modulated@@St varability of solar activity over a year time sct
In order to carry out the study described above for the pe

by solar magnetic activity. The level of solar activity has . ) .

changed in many ways in the past and the time scales of th cluding _the Spoerer and the Wolf minima, and to ans'
change vary widely. From the viewpoint of the effect of the t € question as o _whe_ther or not solar activity really pl
sun on the earth, 11 year- to several hundreds of years pér_nportant role in cllmgtlc phenomena, we have develop
riodicities are most important. Cosmic rays, modulated byneW sample preparation system (Mur_akl etal, 1993) an
the sun, enter the atmosphere of the earth and proth@e t_rod_uceq a IOV‘.' backgroung-ray co_untlng system using tr
The 1C forms CQ and circulates within the global carbon liquid scmtlllatlo_n method for precise measurements. In
cycle. Due to the large capacity of the carbon reservoirs an aper we describe odf C system and report_results O.f t
the long residence times in these reservoirs, the amplitude o rst measurements of 1410f1.480 AD tree rings, which
the change of*C content is much suppressed. Cludes part of the Spoerer minimum.

As to the 11 year periodicity the change'6€ concentra-
tion may be very small, typically less than 1 %. Stuiver and
Quay (1980) precisely measured tH€ content in tree rings
every 10 years for the past millenium . Their results show ,
there are several peaks of radiocarbon content in the last mil- 1here are two methods 6fC measurement, the radioa

lennium with about a two hundred year periodicity. These Vity measurement of-decay oft“C and the direct countin
of 14C nuclides using accelerator mass spectroscopy (Al

Correspondence toK. Masuda (kmasuda@stelab.nagoya- Nagoya University has developed an AMS facility with
u.ac.jp) high accuracy for precise measurements of radiocarbon (

1 Introduction

The production rate of cosmogenic isotopes such'@s

Methods
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mura, 2001). By this year, it has achieved a good accuracy
of less than 0.5 % fot*C measurements. Previously the Sample No.

AMS facility could not achieve this accuracy, and instead we 42 37 32 2 2 17
adopted the method of radioactivity measurement with a lig- 1000 1 1 1 1
uid scintillator. Furthermore, it is also not possible to occupy 800
the machine for only this one purpose with a large number of
samples.

A well-designed system must produce a large amount of 1,5 400
benzene (about 10 ml or more) at once. Furthermore the <= 5
system must have several detectors to enable many sample
measurements to be made in parallel. The benzene synthe-
sizing system used is based on a method developed in the 00

600

%o)

0

Geographical Research Institute of St. Petersburg University, 1950 1955 1960 1965 1970 1975
Russia (Arslanov, 1987; Arslanov et al., 1993). Three low Year AD

backgroungi-ray counting systems (Quantulus 1226 wal-

lac Co., Finland), have been used for radioactivity measure- Fig. 1. Bomb effect of “C in Yaku cedar

ments with the benzene-based liquid scintillator.

_ 2.3 4C counting
2.1 Tree ring sample

The activity of*C in the liquid scintillator was measure

A block from the trunk of a cedar tree grown in Yaku with the scintillation counting system Quantulus 1220 In
Island (3018’ N, 130°30’ E), southern Japan, is used in this order to measure radiocarbon content with good accu
study. This tree was cut in 1994. This block is a sector of theone needs a large volume of benzene samples and a
trunk section with a radius of 1.5 m, an opening angle of 30measuring time. We use three Quantulus systems to ac
© and a thickness of 20 cm. Annual tree rings were countedyood efficiency in our measurement routine; these are &
from the outside to the center. The total number of rings isSolar-Terrestrial Environment Laboratory of Nagoya Univ
714. Each ring corresponding to the period of the Spoeresity (STEL), the Institute for Hydrospheric-Atmospheric S

minimum, was cut from the block into small pieces. ences of Nagoya University (IHAS) and the International
search Center for Japanese Studies (RCJS). As a tradec
2.2 Sample preparation tercomparison of calibration between the three apparatu:

necessary. We usually measure several benzene sampli

Wood samples were pretreated using essentially the methoieasuring run; a benzene sample synthesized from NIS
of Stenhouse (1976). Each annual sample of tree ring waglic acid as NBS standard, a secondary standard benzen
milled into pieces with a size less than 0.5 mm and extractedluced in Russia, which has about 5 times larger activity |
at 230°C for 6 h with a benzene-ethyl alcohol mixture (in the modern standard, reagent benzene as dead carbor
proportion 1 : 1) in a Soxhlet apparatus to remove resin, andle for background, and some benzene samples synthe
Subsequent|y dried in a vacuum oven under°®®%or 90 from tree rings of Yaku cedar. Our basic COUnting schen
minutes. Then the sample was bleached using a NaBICI as follows. All samples are counted for 20 minutes each
solution at 80°C to remove lignin and extract cellulose. The repeated 150 to 200 cycles, requiring a total counting tim
resultant cellulose was then immersed in boiling distilled- 2 to 3 days for each sample. In each 10 cycles, an ext
water for 30 min. and washed with distilled water at room 7-ray source is introduced near the sample to measurg-t
temperature and dried overnight at 205, ray Compton spectrum and calibrate the gain of the sys

The samples of the cellulose were combusted to GO also the quenching effect in benzene and vial efficiency

high pressure oxygen within a stainless steel vessel. Th&" index called "SQP channel’, which is the ADC chan

CO, reacts with lithium metal in an evacuated vessel at 80ocCrresponding to 99 % of total counting in the spectrum.

°C to produce LiC,. Distilled water is dripped onto the

Li»C, producing acetylene, which was purified with a so- 3 Results and discussion

lution of CuCl, + FeCl + Ho SOy, dried with KOH pellets,

and then trimerized to benzene in a vessel using the catalyst The absolute date of the tree rings was determined by |

V205-Al203-SIiO; (Arslanov et al., 1993). This method al- suring the'“C content in the outer annual rings using the 1

lows production of high-purity benzene at room temperaturethat the 'bomb effect’ made a peak BfC content in 196¢

with a yield of more than 90 %. (Muraki et al., 1998). The ’bomb effect’ results from nucle
The butyl-PBD was added in the benzene in concentratiorweapon tests in the 1950s and early 1960s which prod

of 15 g liter ! to produce the liquid scintillator. The liqguid anomalous artificial*C and increased the concentration

scintillator was then poured into a cylindrical Teflon/copper atmospheric*C. This measurement was performed by

vial. ing AMS at Nagoya University with graphite targets obtair
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Fig. 2. Radiocarbon content in tree rings from the Spoerer minimum.

by converting cellulose extracted from the tree ring samplesern standard, which is 0.7459 times the massic radioacti
(Kitagawa, 1993). Figure 1 shows the bomb effect; the peakof the new oxalic acid (SRM 4990C) supplied by Natior
of 14C content is seen at sample number 28 (upper scale ofinstitute of Standards and Technology as the NBS stant
fig.1), which should correspond to the year 1964. Thus it is(Stuiver and Polach, 1977; Stuiver, 1983).

shown that the outermost ring, No.1, was grown in 1991. A Figure of Merit (FOM) was calculated to select the be

When atmospheri¢'C is taken up by trees through pho- counting region of the scintillation intensity spectrum. T
tosynthesis and the wood samples are treated chemically ot s is defined aFOM — E?/B, whereE in % is the
physically, there can be a difference in the yields of reactionscouming efficiency as a ratio of the massic count rate of
between nucleids with different masses (that is, isotopic frac\gS standard in the selected region to its massic radioax
tionation). In order to correct for isotopic fractionation, we ity, and B is the background count rate in cpm of the de
measuref'3C (the deviation in permil of>C concentration  penzene sample in the same spectrum region. A typical v
from the PDB standard) and then apply the resulting correcof £ 37 is 9700 with values of of 81% andB of 0.68 cpm
tion to '*C (Stuiver and Polach, 1977): for 10 ml benzene samples in a Teflon vial.

Acor = A(1 — 2(25 + §13C) /1000), @) The typical count of the NBS standard in the selected

gion is 450,000 counts in the present conditions of meas
where A, and A are the radioactivity of4C, corrected ment. The value oA'*C was calculated from the ratio ¢
and uncorrected respectively, fFC. In this studys'>C of the net massic count rate of the sample in the selectec
the sample benzene was measured using a mass spectronﬂéon to that of the NBS standard, corrected for the isoto
ter (Finnigan MAT-25TM). The average valug'*C and its fractionation and the age of the growth year of the tree ri
standard deviation are -22.870.32 permil. The measured 1he count rate of NBS was corrected for the year 1950. -
513C values were used for the correction of tHE content.  three Quantulus systems were calibrated to each other L

The content of'4C is expressed by the deviatiah!C ~ the NBS standards.

of massic radioactivity of a sample from that of the mod- We have checked our benzene synthesis systenta®d
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counting system using a cellulose sample whose radioactivReferences
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