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RADIOCARBON DATING OF THE HISTORIC EMPEROR’S
BEECH FROM MUNCEL, BAIA DE ARIES, ROMANIA
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ABSTRACT. The article reports the AMS (accelerator mass spectrometry)
radiocarbon dating results of the historic Emperor’s Beech (Fagul Impara-
tului) from Muncel, Baia de Aries, Romania. Two wood samples were collected
from the large tree, out of which four segments were extracted and analysed
by AMS radiocarbon. The oldest dated sample segment had a radiocarbon
date of 233 £ 18 BP, which corresponds to a calibrated age of 365 + 5 years.
This value suggests an age of 420 + 20 years for the Emperor's Beech.
Thus, the historic beech started growing around the year 1600.

Keywords: AMS radiocarbon dating, Fagus sylvatica, dendrochronology,
age determination, Romania.

INTRODUCTION

The European beech (Fagus sylvatica L.), which belongs to the genus
Fagus of the Fagaceae family, subfamily Fagoideae, is one of the most important
and widespread broadleaved trees in Europe. It is typically 25-40 m tall, reaches
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up to 1.5 m trunk diameter and has a lifespan of 150-250 years. Its natural range
extends from southern Scandinavia in the north to Sicily in the south and from
Spain in the west to northwest Turkey in the east. High summer temperatures,
drought and moisture availability are limiting factors for the distribution of beech
in Europe. The European beech requires a humid atmosphere with precipitation
well distributed throughout the year and a well-drained soil. It tolerates winter
cold, but it is sensitive to spring frost [1-3].

Covering about 21x108 ha, Fagus sylvatica is the most widespread
species of deciduous tree from Europe, representing 10% of the forests of
the continent. Currently, around a third of the European beech forests are located
in the Carpathian Mountains (6.9x10° ha), out of which over 2.1x108 are found
in Romania [2,3].

Romania also hosts several monumental beech specimens, such as
the Emperor’s Beech from Muncel, Baia de Aries (Alba county), the Princess’
Beech from a forest near Breaza (Prahova county) and the giant beech of the
lezer Mountains, Aninoasa forest management unit (Arges county). The latter is
a giant specimen and by far the largest known European beech, with a height of
46 m, a circumference of 9.36 m and a wood volume over 100 m3 [2]. On the
other hand, the oldest dated European beech is Michele, a small tree growing
at an altitude of 1,940 m in Pollino National Park, Italy. It has a height of 12 m,
a diameter of only 0.62 m, a measured age of 622 yr (ring counting) and an
incredible estimated age of 725 yr [4].

In 2005, we started an extended research project for elucidating several
controversial problems of the architecture, growth and age of the African baobab
and other baobab species. The research is based on an original approach which
is not limited to deceased or fallen trees, but also allows to investigate and date
live trees. The method consists of AMS radiocarbon dating of tiny wood samples
extracted from different areas of such trees [5-12]. We extended our research
by dating trees that belong to other angiosperm tree species, including
specimens from Romania [13-19].

Here we present the investigation and AMS radiocarbon dating results
of the historic Emperor’s Beech of Muncel, Baia de Aries.

RESULTS AND DISCUSSION

The Emperor’s Beech and its area. The large historic beech is
positioned in the area of Muncel village, which belongs to the Baia de Aries
mining town of the Western Carpathians in Alba county, Romania. The Muncel
village is located on the National Road DN 75 Turda-Stei, at 65 km west-south-
west from Turda. The Emperor's Beech can be found next to a forest road, on a
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hill at the height of around 40 m above the right shore of the Aries river, near the
Muncel village. The GPS coordinates are 46°22.327' N, 023°15.499' E and the
altitude is 526 m. The mean annual rainfall is 1245 mm (Baia de Aries station).

Figure 1. The Emperor’s Beech,
with its light brown foliage, can
be observed on a hill, above the
Aries river and the Muncel village.
The photograph was taken from
the National Road DN 75, in
February 2022.
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The name of the historic tree comes from Franz Joseph |, the Emperor
of Austria (1850 — 1918), who visited Transylvania in 1852 and would have even
seen the beech.

The Emperor’'s Beech is also famous for its marcescent leaves which,
although they dry up in the fall and turn brown, remain preserved during the
winter. The leaves do not fall until the spring, when the new green leaves emerge
(Figure 2). The cause of the marcescence is not yet sufficiently understood.

Figure 2. The impressive canopy of the Emperor’s Beech,
with marcescent leaves, in December 2009.
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The Emperor’s Beech was first mentioned in the scientific literature,
as a monumental tree, in 1924, by the renowned botanist Alexandru Borza
[20,21]. In 1995, the Emperor’'s Beech was declared a Natural Monument.

In fact, the beech grows at a distance of 3.5 m from the edge of the
forest road, on a steep slope of over 50° toward the right bank of the Aries
river. The highest point of its base can be found at 3.2 m below the road,
while the lowest point of the base is still 2.3 m below (Figure 3).

Figure 3. The Emperor’'s Beech grows very close to the forest road between
Baia de Aries and Muncel, on a steep slope toward the Aries river.
The photograph was taken in February 2022.
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The Emperor's Beech has a maximum height h = 23.2 m. Its
circumference at breast height (cbh; at 1.30 m above mean ground level),
which was 5.33 m in 2009, decreased to 5.00 m in 2022. The cause of this
decrease is the breaking of a large low branch around the year 2015, which
also ruptured small pieces of the trunk. The tree forks at heights between
6.5 — 8 minto nine branches, out of which seven are still standing, while two
are broken. The horizontal dimensions of the impressive canopy are 30.5 m
(NS) x 24,6 m (SE). The current overall wood volume of the beech is 20 m?,
out of which 16 m? correspond to the trunk and 4 m? to the canopy.

Wood samples. One wood sample, labelled EB-1, with the length of
0.51 m, was collected from the trunk with an increment borer, at the height
of 1.70 m above the highest point from the ground (and 2.85 m above the
mean point). Three pieces/segments, each 10 m long (marked a, b and c),
were extracted from determined positions of sample EB-1.

Another tiny sample, labelled EB-2, was extracted with a sharp
instrument from the centre of a branch with a base diametre of 0.54 m, which
fell to the ground around the year 2015.

AMS results and calibrated ages. Radiocarbon dates of the four
sample segments are presented in Table 1. The radiocarbon dates are
expressed in “C yr BP (radiocarbon years before present, i.e., before the
reference year 1950). Radiocarbon dates and errors were rounded to the
nearest year.

Table 1. AMS Radiocarbon dating results and calibrated ages of samples
collected from the Emperor’s Beech.

Sample | Depth' | Radiocarbon | Cal CE range 10 | Assigned year | Sample age

code |[height?]| date [error] [confidence [error] [error]
(m) (**C yr BP) interval] (cal CE) (cal CE)
EB-1a | 0.05
[2.85] - - > 1950 > Modern
1666-1683 [14.2%)]
0.35 1736-1784 [38.7%] 1760 260
EB-1b | o5 | 1851231 | 4794.1802 [5.5%] [+ 24] [+ 25]
1936-... [9.9%]
0.51 1647-1664 [47.8%] 1655 365
EB-1c | 1og5) | 2381181 | 1785-1794 [20.4%] [£7] [+ 5]
1667-1683 [14.2%]
- 1736-1782 [39.5%] 1759 255
EB-2 [ 1831 18] | 17961802 [4.0%] [+ 23] [+ 25]

1936-... [10.6%]

" Depth in the wood from the sampling point.
2 Height above ground level.
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Calibrated (cal) ages, expressed in calendar years CE (CE, i.e.,
common era), are also listed in Table 1. The 10 probability distribution (68.3%)
was selected to derive calibrated age ranges. For one segment (EB-1c), the
10 distribution is consistent with two ranges of calendar years, while for two
sample segments (EB-1b, EB-2) it corresponds to four ranges of calendar
years. In all these cases, the confidence interval of one range is considerably
greater than that of the other(s); therefore, it was selected as the cal CE
range of the segment for the purpose of this discussion.

For obtaining single calendar age values of sample segments, we
derived a mean calendar age of each sample segment, called assigned year,
from the selected range (marked in bold). Sample/segment ages represent
the difference between the current year 2022 CE (for sample segments EB-
1b and EB1-c) or the year 2015 CE, when the investigated low branch fell to
the ground (for sample EB-2) and the assigned year, with the corresponding
error. Sample ages and errors were rounded to the nearest 5 yr. We used this
approach for selecting calibrated age ranges and single values for sample
ages in our previous articles on AMS radiocarbon dating of large and old
angiosperm trees [5-19,22-25].

Dating results of samples (segments). The oldest dated segment
EB-1c, which represents the deepest sample end with a depth in wood of
0.51 m, had a radiocarbon date of 233 + 18 BP, which corresponds to a
calibrated age of 365 + 5 calendar yr. The segment EB-1b, with a depth of
0.35 m, had a radiocarbon date of 185 + 23 BP, corresponding to a calibrated
age of 260 * 25 calendar yr. The negative radiocarbon date and the age of
segment EB-1a shows that the Emperor's Beech grew the last 0.05 m in
radius in less than 72 years. The sample EB-2, extracted from the fallen
branch, had a radiocarbon date 183 + 18 BP, which corresponded in the year
2015 to a calibrated age of 255 + 25 calendar yr. This value shows that the
fallen branch did not belong to the first generation of branches.

Age of the Emperor’s Beech. The oldest sample segment EB-1c
corresponds to a depth in the wood of 0.51 m from the sampling point, at a
height of 2.85 m above the mean ground level. At this sampling height, the
diameter of the tree is 1.42 m, which corresponds to a radius of 0.71 m.
Taking into account that young beeches grow fast, while old beeches grow
much slower, we estimate that the Emperor's Beech grew its first 0.20 m in
radius in around 50-60 years. Therefore, we consider that the Emperor’'s
Beech is 420 + 20 yr old and started growing around the year 1600.
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CONCLUSIONS

Ourresearch presents the AMS radiocarbon investigation results of the
historic Emperor’s Beech of Muncel, Baia de Aries. Two wood samples were
collected from the trunk and from a fallen branch, out of which four segments
were extracted. The radiocarbon date of the oldest sample segment was
233 + 18 BP, which corresponds to a calibrated age of 365 * 5 years. This
result, combined with the original position of the dated sample segment in the
tree, indicates an age of 420 + 20 years for the Emperor’s Beech.

EXPERIMENTAL SECTION

Sample collection. The sample EB-1 was collected with a Hagléf CH
800 increment borer (0.80 m long, 0.0108 m inner diameter). A number of
three tiny pieces/segments were extracted from predetermined positions along
the sample. The small sample EB-2 was extracted with a sharp instrument
from the centre of a fallen branch. The sample segments were processed
and investigated by AMS radiocarbon dating.

Sample preparation. The a-cellulose pretreatment method was used
for removing soluble and mobile organic components [26]. The resulting
samples were combusted to CO,, which was next reduced to graphite on iron
catalyst [27,28]. The resulting graphite samples were analysed by AMS.

AMS measurements. AMS radiocarbon measurements were
performed at the NOSAMS Facility of the Woods Hole Oceanographic
Institution (Woods Hole, MA, U.S.A.) by using the Pelletron ® Tandem 500
kV AMS system [29]. The obtained fraction modern values, corrected for
isotope fractionation with the normalized 3'3C value of -25 %, were
ultimately converted to a radiocarbon date.

Calibration. Radiocarbon dates were calibrated and converted into
calendar ages with the OxCal v4.4 for Windows [30], by using the IntCal20
atmospheric data set [31].
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