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Investigating Historical
Solar Eruptions
Cosmogenic isotopes
Cosmogenic isotopes are produced by nuclear 
reactions induced by high energy particles 
from space. The abundance of these isotopes is 
regulated by solar magnetic activity: 

• The Sun’s magnetic activity can strengthen 
the Earth’s magnetic shield against cosmic 
particles.

• Extreme solar proton events (SPE) will 
increase the amount of high energy particles 
entering Earth’s atmosphere.

E.g. the following cosmogenic isotopes are 
used as proxies for the Sun’s magnetic activity:

• 14C (T½=5.73 ky)

• 36Cl (T½=300 ky)

• 10Be (T½=1400 ky)

Radiocarbon 

measurements from 

tree rings
Carbon is stored in tree rings as the trees use 
CO2 in the photosynthesis. By analysing the 
carbon in specific tree rings, solar activity can 
be studied even with sub-annual precision. For 
historical solar events, old dead trees 
preserved e.g. in lakes are especially valuable. 

The 14C measurements are done in several 
stages (see e.g. Uusitalo 2022):

• Dendrochronologic dating of extracted tree 
rings using master series.

• Cooking samples to cellulose, extracting 
carbon from cellulose and converting it to 
graphite.

• Accelerator mass spectrometry of the carbon 
specimen.

14C-anomaly 774 AD
The 774 AD radiocarbon anomaly was first 
discovered by Miyake et al. (2012). Usoskin et 
al. (2013) concluded that the anomaly was 
caused by an extreme solar proton event. This  
was furthermore supported by Uusitalo et al. 

(2018) by showing that the strength of the 
event correlated with the geomagnetic latitude 
of the measurements (Figs. 1-3, adopted from 
Uusitalo et al. 2018). In order to quantify the 
measurements the Gumbel distribution 
fuction (GDF) was fitted to the data:

Fig. 1. The colour codes show the latitudinal 

differences of 14C production rate for a 

typical strong SPE. The red full circles show 

the measurement locations. The cross 

illustrates the estimated location of the 

geomagnetic North Pole in AD 774.

Fig. 2. 14C measurements of the from multiple 

locations. The vertical axis represents the 

age-corrected and baseline-adjusted Δ14C. 

The dashed red line shows the Gumbel 

distribution function (GDF) fit to the JAP data. 

For more details, see Uusitalo et al. (2018).

Fig. 3. Left panel: Latitude vs. the 14C 

intensity. The red line is a linear fit to the 

data. Right panel: Sub-annual measurements 

indicate that the SPE occurred in late Spring. 

The dating is based on a CO2 circulation 

model (see Uusitalo et al. 2018).

Carrington event 1859
The strongest recorded solar related 
geomagnetic storm, the Carrington event in 
1859, is often used as a model for a worst 
scenario. Our recent 14C measurements from 
Lapland trees cover the years around this 
event (Uusitalo et al., in prep.). Our 
preliminary results show, for the first time, a 
14C signal possibly related to the event (Fig. 4). 
The fact that other measurements (see e.g. 
Stuiver et al. 1998) have not detected any 14C 
signal  may be explained by that these were 
done at lower latitudes.

Fig 4. Three years moving averages of 14C 

measurements. Black squares: Lapland trees. 

Red circles: Measurements from mid-latitudes 

by e.g. Stuiver et al. (1998). Note that the 

mid-latitude measurements show a dip 

probably related to the solar activity 

maximum occurring near to the Carrington 

event.

Conclusions
• 14C measurements from trees at high 

geomagnetic latitudes are important for 
estimating the strengths of historical SPEs.

• Our measurements show, for the first time, 
a weak 14C signal coincident with the 
Carrington event 1859.

• The signal is much weaker than that from 
the 774 AD event. Thus the latter should be 
used as a model for a worst case scenario.
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