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Abstract: The petrographic, isotopic and chemical changes occurring around 8.2 ka in two stalagmites, one from the Père Noël
cave (Han-sur-lesse, Belgium) and one from the Hotton cave (nearby Marche-en-Famenne, Belgium) are presented.
The Père Noël stalagmite presents a particularly dense grey compact calcite around 8.2 ka, while the Hotton stalagmite presents
a deposition hiatus of ca 1100 years.
Besides the macroscopic aspect of the stalagmites, changes in their isotopic (δ18O and δ13С) composition and in their chemical (Sr/
Ca, Mg/Ca) composition are observed. Regarding the early start and the duration of the climate deterioration, it is impossible to
link the onset of the observed wet phase in the studied speleothems as directly related to the so-called 8.2 ka event. The question
arises if the climate deterioration around 8.2 ka observed in both stalagmites is one among other deteriorations occurring during
the early Holocene.
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1. Introduction
The coldest Holocene event recorded in Greenland ice
cores happened 8200 years ago and lasted approximately 300
years as suggested by changes in δ18O (Alley et al., 1997).
This episode is characterized by a spectacular decrease of
temperatures of up to 7.4°C from ambient temperatures at
the time in the N-Atlantic region. Other deposits, marine as
well as lacustrine, from different regions, going from the
N-Atlantic region to the Asian regions, strongly suggest at least
a Northern-Hemisphere extension of this cold episode (Alley
and Agustsdottir, 2005).
The cold period seems to be the consequence of the
sudden rupture of an ice dam of the northern American icecap releasing important amounts of cold fresh waters of Lake
Agassiz in the North-Atlantic ocean (Barber et al., 1999,
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Wiersma and Renssen, 2006). In Europe, this event decreased
the air temperatures of between ~0.5 and ~2°C (Alley and
Agustsdottir, 2005), possibly influencing meso-neolithical
populations (Berger and Guilaine, 2009).
Despite several indications of a possible relatively sudden
cold event around 8.2 ka in NW-European terrestrial proxies,
it remains difficult to relate the changes with certainty to the
8.2 ka cold event due to a lack of high resolution chronology.
Moreover, some confusion may exist between the 8.2 ka event
and another longer lasting cold period between 8000 and
7000 years (Stager and Mayewski, 1997) which could be a
consequence of the 8.2 ka event.
Secondary chemical cave deposits (e.g. calcite
speleothems) may provide high-resolution proxy tools for
paleoclimate reconstruction (Genty et al., 2001; Verheyden,
2001; Verheyden et al., 2006). Several contributions highlight
the significance of speleothem studies, in particular for
achieving precise chronologies of continental climate changes
(Wang et al., 2001; Dykoski et al., 2005; Fairchild et al., 2006;
Genty et al., 2003).
Abrupt changes in δ18O were observed in speleothems from
Israël (Bar-Matthews et al., 1999), from Corchia cave in Italy
(Zanchetta et al., 2007), from Hölloch cave in Germany (Wurth
et al., 2004; Niggemann, 2006) and from Pipikin Pot cave and
White Scar cave in the UK (Daley et al., 2011). However, other
speleothems show no specific change in δ18O, significantly
different of other δ18O changes during the Holocene, e.g.
Spannagel cave in the Central Alps (Vollweiler et al., 2006),
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Carburangeli cave , Sicily (Frisia et al., 2006), or show isotopic
and/or chemical changes over longer time periods, e.g. Père
Noël cave (Verheyden et al., 2000) and Renella cave , Italy
(Zornyak et al., 2011) or not exactly at 8.2 ka BP, leaving
some doubt on the direct link with the 8.2 ka event as in
stalagmites from Ernesto cave, Italy (Frisia et al., 2006). Finally
a spectacular minimum in δ18O around 8.2 ka in a speleothem
from Crag Cave (Baldini et al., 2002) was subsequently shown
to be an analytical artefact (Baldini et al 2007). Despite possible
explanations of the observed differences in stalagmite records
in Europe (Spötl et al., 2010), it remains unclear if the cold
periods observed in the stalagmites around 8.2 ka are linked
with the cold event.
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The stalagmite from the Père Noël cave (PN) is 64 cm long.
The internal longitudinal section of the stalagmite presents a
succession of dark brown parts and milky white parts along its
longitudinal axis. No clear hiatus is observed in the stalagmite
(Figure 2).

We present the petrographic, isotopic and chemical
changes in two stalagmites from the Père Noël and the Hotton
caves (Belgium) occurring around 8.2ka and discuss an
eventual link with the 8.2ka cold event.

2. Methods
The two Holocene low-Mg calcite stalagmites studied
were sampled between 1995 and 2000 AD in respectively
the Hotton cave and the Père Noël cave. Both caves are
located in Givetian limestone and are located at a distance of
approximately 20 km (Figure 1).

Figure 2. The Père Noël stalagmite is 64 centimetres long
(left-side). Its longitudinal section presents a succession
of dark brown compact and milky-white porous sections.
The dark compact calcite between 38 and 40.5 centimetres
(close-up at the right-side) from top occurs around 8.2 ka.
The yellow vertical scale right-under the stalagmite is 10
centimetres long.

Figure 1. Localization of the Père Noël Cave at Han-surLesse (1) and the Hotton Cave at Hotton (2). Both caves
open in Givetian limestone in the so-called Calestienne, the
Givetian limestone-belt crossing Belgium from West to East.
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Figure 3. The Hotton stalagmite is 68 centimetres long
(left-side in the figure). The longitudinal section is rather
homogeneous with deposition of compact calcite. In the
lower part of the stalagmite several clay layers are observed.
The most important one occurs at 47 centimetres from top
of the stalagmite (close up at the right-side in the figure) and
occurred around 8.2 ka.
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The stalagmite was dated by TIMS
U-series dating published in Verheyden et
al. (2000) with an additional dating done by
MC-ICPMS (Thermo-Finnigan Neptune) in
the Minnesota isotope laboratory, University
of Minnesota. The chemical procedures
used to separate the uranium and thorium
for 230Th dating are similar to those described
in Edwards et al. (1987). All ages are given
in years before 2000 AD. The PN stalagmite
was deposited between ca. 12.9 ka and
1.8 ka.
The candle shaped stalagmite from
the Hotton cave is 68 cm long. The
longitudinal section of the stalagmite is of
rather constant milky‑white compact aspect
without macroscopically visible lamination.
A clear hiatus, consisting of a clay layer
occurs at 47 cm from the top of the stalagmite
(Figure 3).
First U-series dating of this stalagmite
failed due to detrital 232Th contamination.
Subsequently, 10 AMS 14C datings were
performed. Chemical preparation was done
at the 14C laboratory of the Royal Institute
for Cultural Heritage following the method
described in Van Strijdonck and Van den
Borg (1991). The 12C/14C ratio was measured
with AMS at the Swiss Federal Institute of
Technology, Zurich (ETH). 14C dates were
calibrated after correction for dead carbon
proportion (Genty et al., 1998, 1999) with
Calib 4.1 (Stuiver and Reimer, 1993) with a
smoothing of 100 years (Törnqvist, 1993).
A mean dead carbon proportion (dcp)
of 12% was estimated based on former
measurements of dcp on Belgian stalagmites
(Genty et al., 1999; Genty, 2000). The ages
are given in calendar years before 2000 AD
and to avoid confusion will be noted as cal y
B2k . The stalagmite was deposited between
11 200 cal y B2k and 2 800 cal y B2k

Figure 4. Growth models of both studied stalagmites. Observed
sedimentological anomalies around 8.2 ka occurred between 8.9 ka
(extrapolated U-series age, see discussion) and 8.2 ka U-series age in the
Père Noël stalagmite and between extrapolated 14C ages of 8700 cal yr and
7600 cal yr Before 2000AD in the Hotton stalagmite. 14C ages are corrected
for 12% dead carbon proportion.

Figure 5. δ18O, δ13C, Mg/Ca and Sr/Ca time-series of the Père Noël stalagmite.
Black dots under in the graph gives the U-series datings. 2σ uncertainties are
smaller than the dot diameter except there where visible.

3. Results
Both studied stalagmites exhibit a sedimentological
particularity around 8.2 ka.
The Père Noël stalagmite presents a particularly dense
grey compact calcite around 8.2 ka over approximately 1.5 cm
length along the longitudinal axis (Figure 2). The U-series
dating constraints the petrographic change between 8.6 or
8.9 ka and 8.2 ka (see discussion and Figure 4) after which the
speleothem returns to the deposition of “usual” alternation of
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white porous and dark compact calcite. From 8.0 ka, stalagmite
diameter decreases abruptly and a small candle‑shaped
stalagmite is deposited until ~7.0 ka.
Besides the macroscopic aspect of the stalagmite,
important changes in its Sr/Ca, Mg/Ca ratios as well as in its
stable oxygen and carbon isotopic composition are observed
around 8.2 ka (Figure 5) with positive anomalies before and
negative anomalies during the deposition of dense calcite.
The Hotton stalagmite presents a deposition hiatus
(Figure 3) of ca 1100 years between extrapolated ages of
8700 cal yr B2k and 7600 cal yr B2k (Figure 4). The hiatus is
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petrography until the onset of the dense
calcite, extrapolation at a similar growth
rate towards the onset of the dense grey
calcite seems more adequate. In this case,
the onset of the dense calcite starts at
ca 8.9 ka (Figure 4) with a lower growth
rate (3.2 mm/century) than before 8.9 ka
(4.6 mm/century), indicating degraded
conditions for stalagmite deposition, i.e.
cold and/or too wet/too dry conditions
decreasing soil activity. The relatively large
stalagmite diameter (relative to the mean
diameter) during the deposition of dense
calcite indicates that enough water was
available to cover the whole stalagmite top
with a water film, broadening the stalagmite,
through calcite deposition, also on the
sides of the stalagmite (Figure 2). This is in
agreement with lower Mg/Ca, Sr/Ca , δ13C
and δ18O values (Figure 5). Low values of
these four parameters were interpreted as
Figure 6. δ18O, δ13C, Mg/Ca and Sr/Ca time-series of the Hotton stalagmite.
an indication of higher humidity conditions
Intervals given under in the graph are the results of the 14C dating. Dots in the
14
in the cave related to the water availability
interval give the position of the sample. C ages are corrected for 12% dead
carbon.
and indirectly to rainfall amount (Verheyden
et al., 2008a). The lowest values occur at
18
8.2 ka. These low values characterising the
clearly visible through the presence of a thin clay layer. δ O,
upper part of the dense grey calcite occur after a peak in Mg/
δ13C, Mg/Ca and Sr/Ca measured along the central stalagmite
Ca, Sr/Ca, δ18O and δ13C values observed just before 8.9 ka B2k.
axis display no consistent important changes (Figure 6) before
The peak values suggest dry conditions, contrasting, however,
or after the hiatus. Only δ18O exhibit a sudden drop of -0.8‰
with the only limited decrease in stalagmite diameter. The low
between 8840 and 8750 cal yr B2k.
values at 8.2 ka BP indicate a cold and humid period, which
may be linked to the 8.2 ka event. Unfortunately, the signal
4. Discussion
as registered in the stalagmite is not enough individualised
and not generalised among the different studied parameters to
Since sedimentological anomalies in both the stalagmites,
confirm the direct link with a sudden event.
the Père Noël as well as the Hotton stalagmite start before
8.2 ka, even taking into account the uncertainties on the ages,
the onset of the “sedimentological anomalies” cannot be
directly and causally linked to the so-called 8.2 ka cold event
as observed in Greenland ice (Alley et al., 1997) and related to
the fresh water outburst of Lake Agassiz in the northern Atlantic
region (Barber et al., 1999, Wiersma and Renssen, 2006).
However, since sedimentological anomalies are observed in
the studied stalagmites, beginning before 8.2 ka and lasting
longer than ~300 years of the cold event (Alley et al., 1997),
environmental and/or climatic changes probably occurred and
may be partly linked to the 8.2 ka event or may overprint the
8.2 ka event.

4.1. Before and during the sedimentological
anomalies
In the Père Noël stalagmite, the dense calcite starts
at 8.6 ka according to a linear interpolation between two
surrounding datings. However, taking into account the similar
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4.2. After the sedimentological anomalies
After the sedimentological “anomaly” characterised by
dense grey calcite in the Père Noël stalagmite and ending at
8.2 ka, a decrease in stalagmite diameter indicates a reduced
availability of water in agreement with a slight increase in the
measured chemical and isotopic parameters. Increased growth
rates of 7.9 mm/century between 8.2 ka and 7.9 ka and up
to 17.6 mm/century after 7.9 ka indicate better conditions for
stalagmite deposition, i.e. temperate/warm humid conditions
with high soil activity.
In the Hotton stalagmite, no particular change is observed
consistently in the four chemical and isotopic parameters
before or after the hiatus dated between 8700 cal yr B2k
and 7600 cal yr B2k (Figure 6). However, the muddy layer
characterizing the hiatus suggests successive flooding of the
stalagmite by the nearby river and therefore wet conditions.
The position of the stalagmite near the underground river and
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just before a narrowing of the gallery, makes it an efficient
indicator of flood‑levels linked to wet periods. During wet
periods, the downstream narrowing acts as a natural dam,
rapidly amplifying the high-water stand due to the constriction
of the passage. Former unpublished investigation on the detrital
deposits in front of the narrow passage (Bessems et al., 1999),
indicates the existence of a lake during the last glacial period.
Nowadays, high-water stands only rarely occur, creating a
small muddy lake in front of the narrow passage. During these
periods water levels never reach the studied stalagmite, but
arrive close to its base. The local settings, the evidence of the
former presence of a lake as well as nowadays observed highwater levels, although not covering the stalagmite, indicate
flooding as the most evident cause for the observed clay layer
in the stalagmite. Other similar clay layers are present in the
stalagmite at ca 10.2, 10.0, 9.2 and 5.8 cal ka B2k.

4.3. Combined climatic interpretation
The combined information from both studied stalagmites
gives indications for the climatic conditions around 8.2 ka
(Figure 4). A short intensive dry period, as suggested by peak
values of four chemical and isotopic parameters in the Père
Noël stalagmite ends at ca 8.9 ka. After 8.9 ka the climate
is degrading as indicated by a decrease in growth rate. Wet
conditions seem to occur as indicated by a relatively large Père
Noël stalagmite diameter, which is in agreement with the stop
in deposition of the Hotton stalagmite at ca 8.7 cal ka B2k due
to a period of flooding. Progressive drying starting at 8.2 ka
and a clearly lower water availability combined with climatic
conditions favourable for stalagmite deposition is observed at
7.9 ka in the Père Noël stalagmite. The Hotton stalagmite starts
its growth again at 7.6 cal ka B2k. Indicating the return to fully
temperate interglacial conditions. The climatic deterioration as
registered in both stalagmites started therefore at ~8.9 ka with
first wet conditions changing into dryer conditions from 8.2 ka
on. Temperate conditions seem to return between 7.9 ka and
7.6 ka. The existence of a wet phase between 8.2 ka and
7.1 ka in the Apuan Alps as suggested by a Renella cave
speleothem (Zornyak et al., 2011) is in good agreement with
the second part of the sedimentological anomalies in the Père
Noël and Hotton stalagmites. The authors link the wet phase
to the 8.2 ka event. However, the Renella cave speleothem
show, as in the Père Noël cave a decrease of the δ18O starting
around 9 ka and lowest values at 8.2 ka, suggesting as in the
speleothems studied here the onset of a wetter period before
the 8.2 ka event, possibly enhanced at 8.2 ka by the famous
8.2 ka event as argumented in Zornyak et al. (2011).
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(Lebanon, Verheyden et al., 2008b) displays no clear evidence
for the 8.2 ka event. However, a significant decrease in δ18O
between 8.0 and 7.8 ka is observed suggesting wetter conditions
following the interpretation of the δ18O in this speleothem
(Verheyden et al., 2008) but without important influence on the
soil activity since no important peak is observed in the δ13C
record.

5. Conclusions
Sedimentological, chemical and isotopic investigation of
the Père Noël and the Hotton stalagmites give indications for
the occurrence of a wet phase between ca 8.9 ka and 8.2 ka.
Progressive drying is observed until 7.9 ka with a return to fully
temperate interglacial conditions at 7.6 ka.
Regarding the early start of the climate deterioration and
the duration of 1100 years, it is impossible to link the onset of
the observed wet phase in the studied Belgian speleothems
as directly related to the so-called 8.2 ka event. Only the lower
δ18O values in the Père Noël stalagmite at 8.2 ka may be related
to the well-known 8.2 ka cold event. Successive flooding
periods recorded in the Hotton stalagmite similar to the one
recorded before and around 8.2 ka, suggests that the climate
deterioration registered in this stalagmite may be one among
other deteriorations occurring during the early Holocene.
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