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Abstract: Radiocarbon 14C is produced in the upper atmosphere by the galactic cosmic rays which are modulated by 
solar magnetic activity. Its content in tree-rings is retained for record of the past cosmic ray intensity and the solar ac-
tivity. We have measured the 14C content in Japanese cedar tree rings from 602 AD to 1072 AD with 2-year resolu-
tion. The 11-year and 14-year periodicities are detected by the Fourier analysis on the 14C content data. These peri-
odicities may come from the solar cycle (Schwabe cycle).  

Keywords: Solar cycle Cosmogenic nuclide. 

 

1 Introduction 
 
The Sun is the nearest star to the Earth, and its activity 
has been measured by various methods. Among them the 
oldest one is the sunspot measurement since 1610 AD. 
From the sunspots measurement of past 400 years, it has 
been clarified that the sunspot number changes periodi-
cally with 11-years on average. This periodicity is called 
‘Schwabe cycle’. But it is inadequate to consider only the 
past 400-years sunspot record for understanding the solar 
dynamo mechanism. We need to know much longer solar 
activity. To study the solar activity before 1600 AD, 
measurement of carbon-14 content in tree rings is a po-
werful tool. 

 
As previous studies, there are decadal 14C content data 
(IntCal dataset), over past ten thousand years [1] and 
yearly 14C content datasets which is mainly in the solar 
activity minima (called the Maunder minimum and the 
Spoerer minimum) [1][2]. In the decadal data of IntCal, 
the long-term variation of solar activity is seen, and in 
the yearly data, the solar Schwabe cycle (11-year on 
average) is seen. Miyahara et al. claimed that the 
Schwabe cycle length in the Maunder minimum was 14-
year. Increase of the Schwabe cycle length in the solar 
minimum is consistent with the inverse correlation of 
sunspot peak number and sunspot cycle [3], and with the 
inverse correlation of its activity and cycle length in 
solar-like stars [4]. But the high precision measurement 
of past 14C content was done mainly for the solar minima, 
not for the normal activity period. Here we report the 14C 
content in the weak solar minimum period from 602 to 

1072 AD with biennial resolution. We discuss the solar 
periodic activity in this period. 

 

2 Method 
 
A Japanese cedar tree (Cryptomeria japonica, about 
2000-year-old) from Yaku-Island in southern Japan (30.3
N, 130.5 E, an altitude of 1000m) was used for this 
study. Each tree ring was absolutely dated by dendro-
chronology, which is a pattern matching of the time se-
quence of ring widths to that of the standard. 
 
Consecutive annual rings from 602 to 1072 AD were 
prepared for 14C measurements by Accelerator Mass 
Spectrometer (AMS). Each ring was carefully separated, 
and approximately 100 mg of each sample was employed 
to extract alpha-cellulose, which doesn't move between 
rings, using the following method: (1) washing by etha-
nol, followed by distilled water, in an ultrasonic bath; (2) 
soaking in HCl, NaOH and HCl solutions (Acid-Alkali-
Acid treatment); (3) bleaching with hot NaClO2/HCl to 
remove lignin; and (4) washing with boiling distilled 
water. Approximately 20 mg of alpha-cellulose was 
obtained for each sample. Then the pretreated material 
was combusted to CO2, which was purified with cold 
traps, and was graphitized by hydrogen reduction. We 
have measured the 14C content in graphite by using the 
AMS at Nagoya University. 
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Since AMS gives relative value of 
14

C content, standard 

samples (NIST SRM4990C oxalic acid; the new NBS 

standard) are measured in the same run for absolute cali-

bration. Blank samples (commercial oxalic acid from 

Wako Pure Chemical Industries) are also measured for 

determination of the background. In this measurement, 

six NIST standard samples and two blank samples were 

converted to graphite and their 
14

C content were meas-

ured in a run. The standard deviation in 
14

C content of the 

six NIST standard samples was consistent with the statis-

tical error. The concentration of 
14

C expressed as Δ 14
C, 

which is the age- and isotopic fractionation- corrected 

value, was calculated according to the method by Stuiver 

and Polach [5]. Typical precision of 
14

C content mea-

surements was 2.5‰. 

 

3 Results 
 
Nine measurement runs by AMS were conducted in 

2010-2011. We can measure about 30 samples in each 

run. The 
14

C content of 880 to 964 AD and 992 to 1072 

AD was measured previously [6][7]. So we connect the 

new data in 2010-2011 to those of the previous periods. 

These data were taken in 2-year resolution with single 

year rings. The beginning and end periods of each run 

were overlapped for checking consistency. The data of 

overlapping years match within measurement errors and 

then all measurements were reproducible. 

 

To compare the present data with IntCal decadal data, the 

present biennialy data were averaged to obtain the same 

time resolution as that of IntCal98 [1]. Comparison of 

both data for the period 600 to 1100 AD is shown in Fig 

1. Both series are almost consistent, but there are some 

periods with difference in timing or variation of concen-

tration. We consider that this difference might be due to 

the regional effect (IntCal used North American and 

European trees and we used a Japanese tree). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 Discussion 
 
In the measurement period, there are gaps where the 

14
C 

content increased in some years. It is highly possible that 

they are not the change due to the solar cycle. Therefore, 

we eliminated these effects from the present data for a 

periodic analysis. These caps will be discussed elsewhere. 

 

Figure 2 shows the result of the Fourier analysis on the 

data from 602-1072 AD, where predominant periods of 

11-year and 14-year are seen. These periods may be due 

to the Schwabe cycle of solar activity. 

 

However, Fourier transform does not clarify the time 

structure of these two periods. So we have applied a 

wavelet transform in which both time and frequency 

components can be obtained. Figure 3 shows the result of 

the wavelet analysis on the data. In the figure 3, the pe-

riods of 11-year and 14-year are not clearly detected. 

This means the wavelet transform is more susceptible to 

measurement errors than the Fourier transform, and we 

cannot hold the meticulous discussion with the wavelet 

transform. 

 

The trend that the Schwabe cycle length gets longer in 

the solar grand minimum is suggested by previous stu-

dies, whereas the solar activity in the present study is not 

a clear grand minimum. Detection of 14-year period by 

the Fourier analysis indicates that there are possibilities 

of longer periods in moderate solar activity minima. We 

will examine in detail the temporal structure of the peri-

odicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Present results of 

14
C variation from 602-1072 AD. Comparison of decadal average of our data 

(diamonds) and IntCal98 data (squares). 
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Figure 2. Fourier power spectrum for periods of 5-30 years 

in ‰ 2
. A horizontal line represents 99% significance 

level. 

 

 
Figure 3. Wavelet transform of the present data. The 

horizontal and vertical axes show calendar year (AD) and 

frequency (1/yr), respectively. The color represents signi-

ficance level (%) against the measurement error. The 

horizontal white lines correspond to the frequencies of 

0.090 yr
-1

 (1/11years) and 0.071 yr
-1

 (1/14years). 

 

5 Conclusion 
 
We have measured the 

14
C content in the tree rings in 

602-1072 AD. From the Fourier transform on 
14

C content 

data, the predominant periods of 11-year and 14-year 

were detected (significance level >99%). We applied the 

wavelet analysis to the present data in order to examine 

the time structure of the both periods, but these periods 

were not detected clearly. The wavelet transform is more 

susceptible to measurement errors than the Fourier trans-

form. So we will measure with higher accuracy to find 

clear periodicities. 
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