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Abstract. High-resolution records documenting the 4.2 ka event (from 4200 to
3900 cal yr BP) are scarce. Archaeological and paleoenvironmental data from
continental archives suggest that this event is coincident with a megadrought in
the eastern Mediterranean basin. Here, we present an unprecedented high-
resolution alkenone-based sea surface temperature (SST) record from the
northwestern Mediterranean Sea showing a stepwise cooling of ca. 2°C be-
tween 4400 and 3800 yr BP, which shares similarities with speleothem records
from central Europe and the Mediterranean region. Our data suggest a reorgani-
zation of the North Atlantic atmospheric circulation during this event.

Keywords: Alkenone, SSTs, 4.2 ka event, Mediterranean, atmospheric circula-
tion.

1 Introduction

Holocene rapid climate changes (RCCs) are century-long time inter-
vals of enhanced high-latitudes cooling and tropical dryness (Mayewski
et al., 2004; Wanner et al., 2011). One of the most widely documented
RCC is the dry and cold period spanning from ca. 4200 to 3900 cal yr
BP, known as the 4.2 ka event (Weiss et al., 2017). This time interval
coincides with a megadrought in the eastern Mediterranean basin,
which caused the collapse of the Akkadian Empire and the Old King-
dom in Egypt, and further to the far East of the Old Chinese cultures
(Weiss and Bradley, 2001; Liu and Feng, 2012; Stanley et al., 2003).
The 4.2 ka event is also considered as the boundary between the Middle
and Late Holocene (Walker et al., 2012).

In this study we used a recently published high-resolution alkenone-
based sea surface temperature (SST) reconstruction from the north-
western Mediterranean Sea (Jalali et al., 2016) and compared it to sev-
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eral speleothem isotope records where the 4.2 ka event is well devel-
oped to provide a climatic and environmental regional context to help
understanding the response of human societies as documented by ar-
cheological excavations.

2 Materials and Methods

The gravity core KSGC-31 (43°N; 3.29°E, 60 m water depth) was sam-
pled and analyzed for alkenones. The unsaturation index U*3; and the
global calibration published by Conte et al. (2006) were used to calcu-
late SSTs. The age model of the core KSGC-31 between 5500 and 2500
cal yr BP is based on five AMS **C dates calibrated using the Calib7.1
software and the MARINE 13 calibration data set.

3 Results and discussion

Figure 1 shows the SST reconstruction for the Gulf of Lion (GoL;
Jalali et al., 2016) together with the air temperature/precipitation rec-
ords derived from the oxygen isotope of stalagmites from Spannagel
(Central Alps), Renella (Italy), Mavri Trypas (southern Greece) and
Jeita (Lebanon) caves (see references on Fig. 1). These records are in-
dicative of precipitation changes in central and eastern Mediterranean
and are thus used to explore the regional environmental patterns across
the basin during the 4400-3800 cal yr BP interval and derive the role of
atmospheric modes of variability in the observed changes.

SSTs in the GoL show a several-step cooling of ~2°C starting at
4400 yr BP and culminating at 3800 yr BP that has never been de-
scribed at this level of detail. Similar fingerprint is also seen in the air
temperature from Central Alps (Fohlmeister et al., 2013; Fig. la-b).
High-resolution speleothem records from western, central and eastern
basins of the Mediterranean (Fig. 1c-d-e) highlight a drastic reduction
of rainfall during the 4.2 ka event (Zanchetta et al., 2016; Cheng et al.,
2015; Ruan et al., 2016). Cross-analyses of stable oxygen isotopes and
archaeological layers from Gueldaman Cave in northern Algeria evi-
denced that dry conditions between 4400 and 3800 yr BP coincide with
the abandonment of the cave (Ruan et al., 2016; Fig. 1c). According to
Zanchetta et al. (2016) drier conditions in the Renella cave record in
central Italy between 4300 and 3800 yr BP would result of a long dura-



tion of summer drought (Fig. 1d). Proxy records from eastern Mediter-
ranean (Mavri Trypas and Jeita caves; Cheng et al., 2015; Finné et al.,
2017; Fig. le, f) further support the occurrence of arid conditions dur-
ing the 4.2 ka event. The presence of a hiatus in the speleothem record
of southern Peloponnese Mavri Trypas Cave even witnesses the ab-
sence of stalagmite growth caused by insufficient rainfall. These evi-
dences highlight that precipitations over several parts of the Mediterra-
nean region were extremely low during the 4.2 ka event.
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Figure 1: Records of the 4.2 ka event used in this study



Today, Mediterranean precipitations are controlled by frequency and
intensity of Mediterranean cyclones (Genoa Gulf, Gulf of Lion...) orig-
inating from the North Atlantic storm tracks (Reale and Lionello,
2013). The Mediterranean cyclogenesis is generally more active when
westerlies are weak (weaker zonal flow) allowing cyclones from the
North Atlantic to enter the Mediterranean basin and surroundings.
However, several paleoreconstructions indicate a strong weakening of
the westerly flow (negative North Atlantic Oscillation, NAO) during
the 4.2 ka event (O’Brien et al., 1995; Jackson et al., 2005; Olsen et al.,
2012). Although Mediterranean winters are expected to be wet under
negative NAO, a reverse pattern is expected during North Atlantic at-
mospheric blocking. In fact, the anticyclonic cell associated with the
North Atlantic blocking deflects the westerly wind flow to the North,
returning to southern Europe and Mediterranean regions as colder and
drier air masses (Hakkinen et al., 2011). Concomitantly coastal regions
such as northern England, Ireland and northern Scandinavia benefit
from humid conditions (Hughes et al., 2000; Plunkett et al., 2004,
Korhola et al., 2002). This weather regime would thus account for the
observed dry conditions over the Mediterranean basins during the 4.2
ka event. Similar to the Little Ice Age (LIA), advection of cold north-
easterly and northwesterly winds into the Western Europe and NW
Mediterranean Sea would be responsible for the cold and dry condi-
tions of the 4.2 ka event (Sicre et al., 2016).

4 Conclusions

SSTs in the GoL together with air temperature record from central
Alps both show colder conditions during the 4.2 ka event that can be
explained by anticyclonic blocking over the North Atlantic as evi-
denced by the most recent severe climate period know as the LIA. Ox-
ygen isotopes in speleothems indicate that precipitations during this
time interval were below normal, reflecting drier continental air flow
during this time period as opposed to the maritime westerlies flow that
otherwise characterizes the northwestern Europe climate.
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