
The 4.2 ka Event and the End of the
Maltese “Temple Period”
Huw S. Groucutt 1,2,3*, W. Christopher Carleton1, Katrin Fenech4, Ritienne Gauci5,
Reuben Grima6, Eleanor M. L. Scerri 3,4,7, Mathew Stewart1 and Nicholas C. Vella4

1Extreme Events Research Group, Max Planck Institutes for Chemical Ecology, The Science of Human History, and
Biogeochemistry, Jena, Germany, 2Department of Archaeology, Max Planck Institute for the Science of Human History, Jena,
Germany, 3Institute of Prehistoric Archaeology, University of Cologne, Cologne, Germany, 4Department of Classics and
Archaeology, University of Malta, Msida, Malta, 5Department of Geography, University of Malta, Msida, Malta, 6Department of
Conservation and Built Heritage, University of Malta, Msida, Malta, 7Pan-African Evolution Research Group, Max Planck Institute
for the Science of Human History, Jena, Germany

The small size and relatively challenging environmental conditions of the semi-isolated
Maltese archipelago mean that the area offers an important case study of societal
change and human-environment interactions. Following an initial phase of Neolithic
settlement, the “Temple Period” in Malta began ∼5.8 thousand years ago (ka), and
came to a seemingly abrupt end ∼4.3 ka, and was followed by Bronze Age societies
with radically different material culture. Various ideas concerning the reasons for the
end of the Temple Period have been expressed. These range from climate change, to
invasion, to social conflict resulting from the development of a powerful “priesthood.”
Here, we explore the idea that the end of the Temple Period relates to the 4.2 ka event.
The 4.2 ka event has been linked with several examples of significant societal change
around the Mediterranean, such as the end of the Old Kingdom in Egypt, yet its
character and relevance have been debated. The Maltese example offers a fascinating
case study for understanding issues such as chronological uncertainty, disentangling
cause and effect when several different processes are involved, and the role of abrupt
environmental change in impacting human societies. Ultimately, it is suggested that the
4.2 ka event may have played a role in the end of the Temple Period, but that other
factors seemingly played a large, and possibly predominant, role. As well as our
chronological modelling indicating the decline of Temple Period society in the centuries
before the 4.2 ka event, we highlight the possible significance of other factors such as a
plague epidemic.
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INTRODUCTION

The Maltese archipelago, covering 316 km2 in the central Mediterranean (Figure 1), has a rich
archaeological record. The Temple Period [∼5.8–4.3 thousand years ago (ka)] is, as its name suggests,
most famous for its thirty or so megalithic “temples” (Figures 1, 2), as well as other sites such as the
Ħal Saflieni hypogeum (Figure 3), and has been widely discussed in the literature (e.g., Trump, 1966,
2002; Evans, 1971; Bonanno, 1986, 2017; Bonanno et al., 1990; Cilia, 2004; Malone et al., 2009a,
2020b; Sagona, 2015; Fenech et al., 2020). Renfrew (1973, p. 161) for instance suggested that temples
“lay claim to be the world’s most impressive prehistoric monuments.”

Edited by:
Daniel Nývlt,

Masaryk University, Czechia

Reviewed by:
Jan Hošek,

Czech Geological Survey, Czechia
Zoltan Kern,

Hungarian Academy of Sciences
(MTA), Hungary

*Correspondence:
Huw S. Groucutt

hgroucutt@ice.mpg.de

Specialty section:
This article was submitted to

Quaternary Science, Geomorphology
and Paleoenvironment,
a section of the journal

Frontiers in Earth Science

Received: 06 September 2021
Accepted: 22 November 2021
Published: 11 January 2022

Citation:
Groucutt HS, Carleton WC, Fenech K,

Gauci R, Grima R, Scerri EML,
Stewart M and Vella NC (2022) The 4.2
ka Event and the End of the Maltese

“Temple Period”.
Front. Earth Sci. 9:771683.

doi: 10.3389/feart.2021.771683

Frontiers in Earth Science | www.frontiersin.org January 2022 | Volume 9 | Article 7716831

HYPOTHESIS AND THEORY
published: 11 January 2022

doi: 10.3389/feart.2021.771683

http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2021.771683&domain=pdf&date_stamp=2022-01-11
https://www.frontiersin.org/articles/10.3389/feart.2021.771683/full
https://www.frontiersin.org/articles/10.3389/feart.2021.771683/full
http://creativecommons.org/licenses/by/4.0/
mailto:hgroucutt@ice.mpg.de
https://doi.org/10.3389/feart.2021.771683
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2021.771683


Various possible reasons for the end of the Temple Period
have been suggested, including famine, drought, disease, the
arrival of new groups of humans, and societal unrest (e.g.,

FIGURE 1 | Map of key archaeological sites and palaeoenvironmental coring sites (reproduced from Malone et al., 2020b; CC-BY-ND licence).

FIGURE 2 | Examples of Maltese megalithic “temples.” Top: Ħaġar Qim,
Bottom: Mnajdra. Human scale: 107 cm high.

FIGURE 3 | Part of the remarkable Ħal Saflieni hypogeum, where
passages and chambers were dug out to create a long-term Temple Period
burial site. (Photo courtesy of Heritage Malta. Photo credit: Clive Vella.
Copyright image not to be reused without permission of Heritage Malta).
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Trump, 1966, 1976, 2002; Evans, 1971; Bonanno, 1986, 1993,
2017; Stoddart et al., 1993; Malone and Stoddart, 2013;
Broodbank, 2015; Cazzella and Recchia, 2015; Sagona, 2015).
While traditionally seen as a “collapse” of “catastrophic
suddenness” (Trump, 1976, p. 605), in recent years some have
suggested that the end of the Temple Period is better seen as a
more gradual process (e.g., Cazzella and Recchia, 2015; Sagona,
2015; Pirone, 2017; McLaughlin et al., 2018). Sagona (2015,
p.115) for instance suggests that people “turned their back on
the old way of life because they had an economic alternative.”
Conversely, the similar timing of the end of the Temple Period
and the 4.2 ka climatic event has been suggested to indicate a
possible correlation (e.g., Broodbank, 2015; McLaughlin et al.,
2018; Grima et al., 2020).

The 4.2 ka event is widely discussed as a short-term, decadal to
centennial, climate change event (see also Stewart et al., this volume).
Others, however, have also seen it as a longer-term episode from
∼4.3 to 3.8 ka. To some, the 4.2 ka event can be seen as a “global
megadrought” (e.g., Weiss, 2015, 2016, 2017; Ran and Chan, 2019).
In the case of the Mediterranean region and surroundings, it has
been argued that from theAtlantic toMesopotamia it was a coherent
and synchronous climate event which saw an abrupt decline in
precipitation (e.g., Weiss, 2015, 2016, 2017; Adams, 2017). However,
others have pointed to considerable climatic variability at this time
(e.g., Kaniewski et al., 2018; Bradley and Bakke, 2019). In several
parts of the world there were actually wetter rather than drier
conditions at 4.2 ka (e.g., Railsback et al., 2018). Even in and
around the Mediterranean which is often regarded as a key area
where the 4.2 ka event caused drought, there were areas where
precipitation seemingly increased, such as parts of the Maghreb,
Iberia, and the Balkans (e.g., Bini et al., 2019; Zielhofer et al., 2019).
There are various possible reasons for this apparent discord.
Precipitation in the Mediterranean primarily reflects winter
rainfall as a result of the North Atlantic Oscillation. The
weakening of this is seen as the reason for drought induced by
the 4.2 ka event, yet how this interacts with other climate systems
may be complex (e.g., Di Rita et al., 2018; Bini et al., 2019; Perşoiu
et al., 2019).While driven by North Atlantic circulation, much of the
precipitation in the Mediterranean reflects local cyclogenesis that is
influenced by the climatic conditions of the surrounding areas, such
as the position of the Intertropical Convergence Zone (ITCZ) and
the North African high-pressure cell to the south of the
Mediterranean (e.g., Rohling et al., 2015).

While some of the apparent complexity of Mediterranean
palaeoclimate may reflect poor chronological resolution of
palaeoenvironmental archives, it does seem that climate varied
considerably around theMediterranean around 4.2 ka (e.g., Di Rita
et al., 2018; Kaniewski et al., 2018; Bini et al., 2019; Finné et al.,
2019; Perşoiu et al., 2019; Peyron et al., 2019). As discussed in
Supplementary Material 1, records from Sicily and Italy
frequently indicate arid conditions in the later third millennium
BC, but the details of this vary considerably. In some records, peak
aridity is ∼4.4 ka, while in others it is ∼4 ka. Unpacking the extent
to which such variation reflects chronological uncertainty,
microtopographic and geographic variability, and genuine
regional scale climate differences is a challenging exercise.

The Mediterranean and surroundings saw significant societal
changes around 4.2 ka. In areas such as southern France (Carozza
et al., 2015) and Italy (Leonardi et al., 2015; Pacciarelli et al., 2015;
Stoddart et al., 2019) the transition from the Chalcolithic to the
Bronze Age occurred around this time. The more generally
discussed changes putatively relating to the 4.2 ka event
occurred within the Bronze Age societies of the eastern
Mediterranean (e.g., Jung and Wenninger, 2015; Adams, 2017;
Lawrence et al., 2021; Palmisano et al., 2021), as the transition to
the Bronze Age occurred earlier here. The end of the Old
Kingdom in Egypt has long been suggested to relate to aridity
at 4.2 ka (e.g., Bell, 1971; Williams, 2019), as has the collapse of
the Akkadian Empire (e.g., deMenocal, 2001; Weiss, 2015, 2016,
2017). In the case of the Akkadians for instance, it has been
claimed that an estimated reduction in rainfall of 30–50% in
Mesopotamia in less than 5 years caused the “sudden, abrupt,
unforeseen” collapse of the Akkadian Empire (Weiss, 2015, p. 39).

Other researchers have, however, raised concerns regarding
correlation between these societal changes and aridification at
4.2 ka. Moreno García (2015), for instance, suggests that the end
of the Old Kingdom was actually driven by political conflict
between central and regional powers in Egypt (see also Kanawti,
2003). Likewise, the Akkadian Empire was under both external
pressure, such as the regular incursions of the Gutians from the
Zagros Mountains, and internal pressure, as shown by the “Great
Rebellion” a few years before 4.2 ka, which was only put down by
killing thousands of people (Tinney, 1985).

While critics of “environmental determinism” may highlight
such political and historically contingent aspects, it remains true
that significant and seemingly synchronous changes did occur in
several societies around 4.2 ka (e.g., Broodbank, 2015). It is also the
case that for both Egypt (e.g., Stanley, 2019) andMesopotamia (e.g.,
Carolin et al., 2019) there is environmental evidence of significant
climate change around 4.2 ka. Clearly though, the way that
environmental change impacts human societies depends on a
variety of aspects of resilience and vulnerability. Palmisano and
others (2021, p. 23), for instance, highlight evidence for population
decline around 4.2 ka in many parts of Southwest Asia, yet suggest
that this should be “viewed in the context of the preceding
demographic boom.” In other words, in regions where such
booms had not occurred, and consequently had not given rise
to urban areas reliant on other areas for food supply, we should
expect different societal reactions to the 4.2 ka event. From rural
and non-elite perspectives, the 4.2 ka may have been felt very
differently (e.g., Schwarz, 2007; Chase et al., 2020). Likewise, other
areas saw very different kinds of change to those seen in Egypt and
Mesopotamia. For instance, while mainland Greece shows
indications of collapse (e.g., Wiener, 2014), on Crete there was
an increase in social complexity and a seemingly prosperous society
at 4.2 ka (Wiener, 2014; Broodbank, 2015; Manning, 2017). Given
the distinctive societal characteristics which were common to
Mediterranean islands, such as Cyprus and Malta, we might
expect distinct responses to the 4.2 ka event in such settings.
We see here a particular perspective on the theme of islands as
pertinent natural “laboratories” (e.g., Sahlins, 1955; Mead, 1957;
Evans, 1973, 1977; Malone et al., 2020b).
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Finally, an important lesson in the dangers of assumed
correlation comes from the east Mediterranean Levant. There
the “collapse” of urbanised Early Bronze Age society had
traditionally been suggested to correlate with the end of the
Old Kingdom of Egypt, that is with the 4.2 ka event. However,
radiocarbon dating in recent years has pushed back the end of the
Early Bronze Age III to several centuries before 4.2 ka, at around
4.5 ka (e.g., Genz, 2015; Adams, 2017; Greenberg, 2017;
Höflmayer, 2017). Rather than collapse, it seems more a case
of adaptation. Specific examples such as that of the southern
Levant, and the general risks in “wiggle matching” processes
which occurred within several centuries of each other should be
kept in mind.

Against this background, we now turn to Malta. Our aim is to
explore the end of the Temple Period, including the idea that this
relates to the 4.2 ka event. We review various relevant aspects of
geology, material culture, chronological modelling, agriculture
and water management, trade and connectivity, and the
possibility of a plague epidemic.

Maltese Geology, Climate, and Ecology
The Maltese Archipelago consists of two main islands, Malta
(246 km2) and Għawdex (Gozo) (67 km2), along with several
smaller islets. Malta is located just under 100 km south of Sicily,

300 km east of Tunisia, and 350 km north of Libya (Figures 1, 4).
Geologically, the islands consist of an Oligo-Miocene (∼30-5
million years ago) sequence of sedimentary rock formations
(Figure 4) (e.g., Pedley et al., 2012; Scerri, 2019;
Chatzimpaloglou et al., 2020a). Most of the sequence consists
of limestone, with relatively hard, and karstic, Upper and Lower
Coralline Limestones bracketing the sequence. Above the Lower
Coralline Limestone is the Globigerina Limestone, which includes
phosphatized hardgrounds, and limited chert. Overlying this is
the Blue Clay Formation. Subsequent tectonic and
geomorphological processes bring a complexity to the
landscapes of the archipelago (Hunt, 1997; Schembri, 1997;
Gauci and Schembri 2019).

As well as being resource poor in terms of raw material such as
metal ores and knappable stone, Malta is a semi-arid region.
Precipitation often takes the form of short but intense winter
storms, with high evaporation during long and hot summers.
Unfortunately, high-resolution palaeoclimatic and
palaeoecological data is scarce for the Maltese Islands.
Precipitation data for the recent past highlights the
considerable variability in annual rainfall, which presumably
also applied in the past. In the 1854–1995 period, for instance,
the lowest annual rainfall recorded was 191 mm, while the highest
was 1,031 mm (Schembri et al., 2009). Plotting annual

FIGURE 4 | The location (A), geology, faulting, and bathymetry (B), and aquifer structure (C,D) of the Maltese Islands (Geological map redrawn fromOil Exploration
Directorate, 1993; Bathymetric map from ERDF LIDAR data, 2012; aquifer data from Malta Resource Authority, 1994).
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precipitation data from 1929 to 2019 (data provided by the
National Meteorological Office, Malta International Airport)
further highlights this variability. The annual average for this
period is 555.8 mm, yet variability is fairly high, as 25% of years
had less than 447 mm, and 25% had more than 663 mm
(Figure 5). Variability does not seem strongly patterned, in
that while years vary considerably, this does not form decadal
patterns. There is also important variation in the seasonality of
rainfall; for instance, high or low levels of rainfall in the autumn
are a significant component of annual differences.

Water availability, of course, does not only reflect
precipitation, but also other factors such as infiltration and
evaporation. Evaporation in Malta is high, particularly during
the long summers. However, the geology and topography of the
islands mean that relatively large aquifers are present (Figure 4).
The impression of surface aridity can therefore be misleading,
given the presence of year-round springs (e.g., Newbury, 1968).
Likewise, in recent years the high flood runoff in the urban areas
gives the impression that a large amount of rainfall may have been
lost to the sea in the past. However, it actually appears that
traditionally little water was lost to the sea in direct runoff (Singh,
1997).

The largest aquifer is located where infiltrating water meets sea
level, the Mean Sea Level aquifer. This, however, is believed to
only have begun to be accessed in the 17th century AD (Grima,
2016, p. 30), and only widely exploited from the 19th century
(Buhagiar, 2008). Before this, the Perched Aquifers overlying the
impermeable Blue Clay formation were important sources of
water (Newbury 1968; Micallef et al., 2000). At least a proportion
of the water in the Perched Aquifers seems to be decades old
(Newbury, 1968; Stuart et al., 2010), suggesting that decades of
aridity would be needed for springs to dry up. However, all is not

equal given the varied topographic and hydro-geological
structure of the islands. In Malta, for instance, springs are
concentrated in the west, where the Blue Clay Formation is
present (Figure 4), yet the best agricultural land is located in
the centre and east (Alberti et al., 2018). Factors such as water
management by humans are therefore key, as we will return
to later.

In terms of Maltese palaeoclimate and palaeoecology, pollen
records from cores taken in near-shore settings have been
prominent (Figure 1). While valuable, there are a number of
limitations to these records. These include the difficulties in
separating natural and anthropogenic signals in pollen
changes, preservational and taphonomic biases, and often poor
chronological control. It is also important to note that insect
pollinated plants rarely feature in the pollen records, yet the
majority of Maltese plants are insect pollinated. In terms of
chronological uncertainty, we describe below approximate
dates as discussed in the various publications, but the
uncertainties inherent in age-depth models based on a few
chronometric estimates should be kept in mind.

Carroll et al. (2012) and Gambin et al. (2016) presented pollen
records from sediment cores. The basic contradiction between
these records highlights the complexity of the proxy, and of local
climatic/ecological conditions. Gambin et al. (2016) record
suggests relatively open conditions in the pre- and post-
Temple periods, with wetter conditions at the peak of the
Temple phase. In contrast, Carroll et al.'s (2012) record
suggested that once humans were established in the pre-
Temple Neolithic there has basically been a similar pattern in
pollen over most of the last 7,000 years, with rapid deforestation
and then a predominantly anthropogenic signal, dominated by
rain-fed cereal agriculture. With the caveats about factors such as

FIGURE 5 | Annual rainfall (mm) in Malta, 1929–2019 (Data provided by the National Meteorological Office, Malta International Airport).
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chronological resolution kept in mind, such studies may also
indicate considerable spatial variability within the Maltese
Islands, with the pollen records saying more about very
localised vegetation patterns than about overall climate. An
important point made by Carroll et al. (2012, p. 24), however,
is that there was a substantial decline in cereal pollen around
4.3 ka, which they suggest may be linked to regional aridification.
So dramatic was this change that they suggested that the record
may indicate abandonment of the islands for a few centuries.
Gambin and others (2016) suggested that the landscape became
more open, and the climate more unstable, over a longer time
period of ∼4.5 to 3.7 ka.

More recently, as part of the FRAGSUS Project several new
cores were recently published (Hunt et al., 2020) and pollen
studied (Farrell et al., 2020). Here again, taphonomic biases are
evident, and it is challenging to reconcile signals from the
different cores. We will return later in the paper to some of
the implications of the presence of particular taxa in these
records, but for now our interest is in the general tendencies
displayed. From the Salina Deep Core, Farrell and others (2020, p.
86) discuss a phase with an estimated age of ∼4.5 ka as being
marked by steppe vegetation, which was degraded compared to
the previous phase, and changes indicating a more arid landscape
and/or great grazing pressure. Other cores such as Salina 4 and
Wied Żembaq 1 present a similar narrative, of a seemingly
degrading landscape in the later half of the 3rd millennium
BC. The Salina 4 and Wied Żembaq cores agree with the
record of Carroll et al. (2012) for an absence or extreme rarity
of cereal pollen, yet in Gambin et al. (2016)’s record, this was not
the case. Farrell and others (2020) suggest that the decline in
cereal pollen, and rise in tree and shrub pollen, may actually
reflect changing agricultural/cultural practices rather than
primarily climate, and perhaps the changing distribution of
different activities in the landscape.

Mollusc data from the cores provides important
palaeoecological information (Fenech et al., 2020; see also;
Fenech, 2007; Schembri et al., 2009). Given the strongly local
ecological tolerances of mollusc taxa and perhaps lesser
taphonomic biases compared to pollen, variation in mollusc
composition represents a key data source for Maltese
palaeoenvironment. An important point is that there is little
evidence from molluscs for leaf litter species in the earlier
Holocene that would then indicate abrupt deforestation with
the arrival of people and the start of the Neolithic (Fenech et al.,
2020, p. 156). The changes visible in the Wied Żembaq 1 and 2
cores from ∼4.3 ka are described by Fenech and others (2020, p.
128) as showing “aridification of the landscape, disappearance of
freshwater streams; breakdown of denser vegetation, increase in
erosion.” Likewise, molluscs in the Xemxija core indicate
aridification in the ∼4.8 to 4.5 ka timeframe followed by a
“prolonged drought” that Fenech et al. (2020, p. 153) suggest
may correlate with the 4.2 ka event. This was shown by the abrupt
disappearance of freshwater species such as Oxyloma elegans and
Bulinus truncatus.

Finally, environmental change in the Maltese Islands would
not merely have reflected the impacts of climatic change, but also
other factors such as changing sea level and more abrupt events

such as tsunamis and storms. The presence of large boulders,
weighing up to 60 tonnes, which have been moved by the sea to
several metres above sea level by either tsunamis or intense
storms (Mottershead et al., 2014, 2019; Biolchi et al., 2016;
Causon Deguara and Gauci, 2017; Mueller et al., 2019),
indicate conditions which could have caused considerable
damage in low-lying areas (See Marriner et al., 2017 for a
wider Mediterranean perspective).

Given the limitations of the Maltese palaeoenvironmental
archives, archives from the wider central Mediterranean region
can also be used to cast light on the likely character of climatic
change in the Maltese Islands at the end of the third millennium
BC. We discuss this in Supplementary Material 1.

Recent Developments in Archaeological
Research on the End of the Temple Period
Many key archaeological sites in Malta were excavated before the
development of modern archaeological fieldwork methods,
resulting in the loss of much information. Work in recent
decades has generally been on a more modest scale, but some
significant findings bring a new perspective to the end of the
Temple Period. The current state of knowledge in terms of the
chronology of major cultural changed (McLaughlin et al., 2020a)
describes the Tarxien phase, the final clear phase of the Temple
Period as dating to ∼4.9 to 4.4 ka, with the early Bronze Age of the
Tarxien Cemetery phase beginning ∼4 ka. A crucial development
is the idea of a phase in between, characterised as the Thermi
phase, from ∼4.4 to 4.2 ka.

The traditional view emphasised a clear and prolonged hiatus
between the Tarxien phase of the Temple Period and the Tarxien
Cemetery phase of the Early Bronze Age (e.g., Zammit, 1930).
However, the identification of a distinctive pottery form, in a
Maltese setting called “ThermiWare,” in both late Temple Period
and Early Bronze Age contexts led to suggestions of continuity
across these periods (e.g., Cazzella and Recchia, 2015; Sagona,
2015). Thermi Ware is characterised by a thickened rim, often
with internal decoration, particularly triangles. It has long been
recognised in Malta (e.g., Evans, 1953, 1971; Trump, 1966;
Malone et al., 2009a) and the similarities to material from the
Aegean, at sites such as Thermi and Troy, emphasised. The
presence of Thermi Ware in Malta has been taken as
indicating the arrival of small groups of people, perhaps ∼4.4/
4.3 ka (e.g., Copat et al., 2013; Recchia and Fiorentino, 2015).
Aside from the example of two shards of purported Thermi Ware
in Ġgantija layers at Skorba (Trump, 1966)—presumably these
are intrusive, or the stratigraphy was more complex than
recognised (e.g., Cazzella and Recchia, 2015)—Thermi Ware in
Malta is exclusively known from the late Tarxien phase and
subsequent Tarxien Cemetery phase. It has therefore recently
been proposed to define a specific “Thermi Phase,” which shows
continuity of the Tarxien phase, but with the addition of Thermi
Ware. Key to the increased role of Thermi Ware has been work at
Tas-Silġ (Recchia and Cazzella 2011; Cazzella and Recchia 2012;
Copat et al., 2013) and Taċ-Ċawla (Malone et al., 2020c).

Thermi Ware has often been discussed in relation to the Early
Helladic II/III periods in the Aegean, but also shares close
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similarities with material from the Cetina Culture of the Balkan
side of the Adriatic (e.g., Maran, 1998; Cazzella and Rechia, 2015;
Pacciarelli et al., 2015; Rahmstorf, 2015; Recchia and Fiorentino,
2015). These similarities in pottery style, have been suggested to
indicate a source in the Adriatic and spread to the Aegean, Italy,
and Malta in the final centuries of the third millennium BC. The
initial presence of small amounts of characteristic pottery,
i.e., what is called Thermi Ware in Malta, has been taken to
indicate not mass population movements, but rather the
movement of small groups of “traders” and other kinds of
specialists (Rahmstorf, 2015). Broodbank (2015) describes this
spread across the Adriatic and into the wider central
Mediterranean as an “eruption”, correlating with the 4.2 ka
event (p. 352). A crucial aspect here, bearing in mind the
variable character and impacts of the 4.2 ka event, is that the
Adriatic has the highest rainfall in the Mediterranean
(Broodbank, 2015, p. 350). The spread of the “Cetina Culture”
material culture may therefore reflect that some societies in this
region were more environmentally buffered than others.

Recent excavations at Taċ-Ċawla in Gozo have yielded
important new data (Malone et al., 2020c). Fieldwork in 2014
recovered 50,679 pottery shards, weighing almost 400 kg. The site
was repeatedly occupied from the early Neolithic onwards. Of
particular interest was the recovery of ThermiWare from the site,
not in large amounts (n � 58), but in association with Temple
Period material at a site lacking subsequent Bronze Age activity,
making reworking unlikely. Taċ-Ċawla demonstrates a late
surviving (perhaps to ∼4.2 ka) continuation of the Temple
Period, but with the addition of Thermi Ware.

Another key aspect is that although sharing clear similarities
with material from the Adriatic and Aegean, the geochemical
characteristics of Thermi Ware pottery in Malta indicate that it
was locally made (e.g., Malone et al., 2020d). There is also
evidence for “hybrid” pottery, combining both typical Tarxien
characteristics and typical Thermi/Cetina characteristics (Copat
et al., 2013). The emerging view then suggests the arrival of small
groups in the late Tarxien period, who may have played a role in
triggering economic and social changes in the islands (e.g.,
Recchia and Fiorentino, 2015).

Tarxien is famous as the most intensely decorated of the
Maltese temples, with various elaborate spiral designs and
other decorations (e.g., Grima, 2001, 2003). It is possible
that the boat engravings on a megalith from Tarxien South
Temple (e.g., Pace, 2004; Sagona, 2015) represents the arrival
of new people in Malta, although the age of the engraving is
unclear (Fenwick, 2017; Tiboni, 2017). One point that we
emphasise is that if the engravings were formed after the
deposition of the sterile layer (i.e., in the Bronze Age or
more recently), they could only have been done in a
squatting position, and this low position would be unusual.
Could these relate to the arrival of people associated with
Thermi Ware? Perhaps analogously, at Kordin III temple, a
large boat-shaped stone was placed across the opening of the
central room, seemingly indicating a symbolic meaning
(Grima, 2003; Pace, 2004). With currently available data it
is challenging to situate such examples in the general corpus of
Temple Period symbolism.

In closing this section, we note that the evidence suggests a
two-stage process in which Thermi Ware marks the final chapter
of the Temple Period, but there then seems to be a hiatus before
the beginning of the Bronze Age proper from around 4 ka (e.g.,
McLaughlin et al., 2020a). It does not so much seem to be a
process of continuity, then, but rather a more convoluted end of
the Temple Period.

Destruction and Desecration? Damage to
Temples and Their Contents
Another significant aspect in understanding the end of the
Temple Period concerns evidence for fire and other damage in
late Temple Period settings.

At this point it is useful to evaluate recent perspectives on what
“temples” actually were.We use the word temple as an established
shorthand, yet caution is needed in assuming their function. We
can consider the function of temples from several scales. At a
landscape scale, analyses of how they relate to various geographic
elements have been considered by Grima (2004, 2008). A key
point of this work is that temples appear as “liminal areas between
the plains and the sea” (Grima, [2004], p. 245). Continued studies
support this view, with Caruana and Stroud's (2020, p. 456)
geographic information system (GIS) analysis suggesting to them
that temples acted as “gateways between sea and land”. We take
this as a suggestion that temples played an important role in
interactions between resident communities and groups arriving
by boat.

At the site level, a “ritual” function is easy to suggest, often
expressed in religious or cultic terms (e.g., Robb, 2001;
Barrowclough, 2007), yet clarifying what exactly that means is
challenging. The temples have often been described as indicating
the growing power of a “priesthood” (e.g., Trump, 2002), and that
part of the “collapse” of Temple Period society may relate to
conflict between this priesthood and other social elements. This
notion of internal social unrest has been discussed by authors
including Bonanno and others (1990, p. 202–3) and Malone and
Stoddart (2013). However, when we look at individual temples, it
is also possible that significant functional changes occurred
within the lifespans of the structure. It is possible that
pragmatic aspects, such as food storage, were also involved in
temples (e.g., Sagona, 2015). Many other possible functions can
be imagined, from display zones for dead bodies before the
remains were transferred to hypogea, to places where initiation
rituals involving psychedelic drugs were carried out. There seems
to be a rather contradictory relationship between the suggested
social/ritual function of temples and their architecture. While
they have been described using terms such as “administrative
centres” (Renfrew, 1979) and “club houses” (McLaughlin et al.,
2018), they have also been described as “low, confined spaces,
dark, convoluted and probably amplifying sounds and smells”
(Robb, 2001, p. 182). This seemingly contradictory character
suggests, to us, a need for interpretive caution.

In contrast to ideas of chiefdoms and powerful priesthoods,
some researchers have suggested a more egalitarian
characterisation of Temple Period society (e.g., McLaughlin
et al., 2018). Cazzella and Recchia (2015) emphasised the large
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numbers of people buried in hypogea, who surely could not all
belong to an elite. Likewise, Thompson et al. (2020) discuss how
the diversity of burial practices and high numbers of non-adult
remains and approximately equal ratio of the sexes at the Xagħra
Circle are consistent with an egalitarian society. Cazzella and
Recchia (2015) also discussed how the final stages of construction
at Tas-Silġ meant a “less confined scheme of entry” (p. 96), in
contrast to the frequent idea that temples show increasing
restriction of access to certain areas (e.g., Trump, 2002). There
is likewise little evidence for inter-personal violence in the
Temple Period (e.g., Magro-Conti, 1999; Thompson, 2019).

Against this seemingly peaceful and stable backdrop, several
sites have produced findings indicating possible abrupt changes at
the end of the Temple Period. At Tarxien extensive evidence of
burning (Figure 6) has been suggested to reflect the possible
destruction of the temple at the end of the Temple Period (e.g.,
Magro Conti, 1999; Trump, 2002). There are, however some
significant caveats. In the Tarxien Cemetery phase of the early
Bronze Age, Tarxien was reused by people who cremated the dead
(Zammit, 1930). There has been discussion on the chronology of
fire damage at Tarxien, some of which may have been earlier (e.g.,
Evans, 1971) and some later (Pace, 2004) than the end of the

Temple Period. The possibility that there was a major fire at the
end of the Temple Period is perhaps supported by the widespread
signs of burning at the site, not merely where the Bronze Age
deposits occurred, and stratigraphic observations. Evans (1971, p.
151), for instance, in discussing Zammit’s notebooks, point out
how in part of the site there was a “5 cm layer of black ash” just
beneath the sterile layer which separates the Temple Period and
Bronze Age deposits. In the paved outer apses of the Central
Temple, fire damage may even be noted below floor level at a
point where the paving is missing, raising the question of whether
an earlier fire predates the paving of this area.

To Zammit (1928), the sterile layer discussed above was a
natural deposit which slowly accumulated, suggesting that by the
start of the Bronze Age the islands had long been abandoned. This
view has been challenged from several perspectives. Firstly, it is
clear that this deposit actually varies considerably across the site.
As cited by Evans (1971, p. 150) from Zammit’s notebook; for
instance, in one spot the sterile layer was a “dark brown soil”
76 cm thick, elsewhere it was a 38 cm thick “grey or reddish-grey
soil.” The meaning of this lateral variability is unclear, and there
have been different interpretations of Zammit’s publications and
notebooks, with Bonanno (1993) suggesting that the sterile layer
was only found in the part of the site covered by the Bronze Age
deposit, and Sagona (2015) arguing that Zammit suggested it
covered the entire site. Trump (2002, p. 286) was happy to accept
that the sterile “silt” later formed naturally, as Zammit suggested,
but with the caveat that it could have happened much more
rapidly than Zammit thought. Given the sterile nature of the
deposit, it could represent a rapidly windformed deposit. Others
have argued that the sterile layer was not natural at all, but had
been deliberately deposited at the site. Evans (1971) and Bonanno
(1993) suggested that it was taken there in the Bronze Age to
create a flat base for the cemetery. Such a preparation may also
have had ritual significance, arguably sealing in the powerful and
potentially dangerous ritual potency of an earlier cultic system.
Sagona (2015) suggests that the sediment was taken there at the
end of the Temple Period as an act of “decommissioning.”
Available data make it impossible to finally resolve the age
and formation process of the sterile layer.

Another category of findings relates to the possibly deliberate
smashing of temples and objects such as figurines (Vella, 1999).
Examples include Trump’s (2002, p. 238) suggestion that at
Skorba large pieces of rock had apparently been smashed out
of the temple walls before the Bronze Age. At Tarxien, Zammit
(1930, p. 79) interpreted the distribution of things like broken
pottery in different parts of the site as suggesting that they were
“broken intentionally before the collapse of the buildings.”
However, without good chronological resolution it is
challenging to link signs of damage to the very end of the
Temple Period. At Tas-Silġ, Cazzella and Recchia (2015)
suggest the temple structure saw collapses during the Tarxien
phase, which were not repaired, although activity continued at the
site. Another interesting aspect here concerns the lack of
surviving evidence for stone roofing material, given the general
view that temples were originally roofed (e.g., Torpiano, 2004;
Robinson et al., 2019). Sagona (2015, p. 130) sees this as another
reflection of “decommissioning.” Other possibilities include

FIGURE 6 | Tarxien temple. Note fire damage (reddened areas).
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deliberate destruction of roofs to prevent use of the site or the
possibility that roofs were made of wood and not stone (e.g.,
Robinson et al., 2019).

Figurines and statues are a major feature of Temple Period
material culture (Figure 7) (e.g., Bonanno, 2004; Monsarrat,
2004; Vella-Gregory, 2005; Vella-Gregory, 2016; Malone and
Stoddart, 2016). Several examples of possibly deliberate
damage to them have been discussed. The giant statue at
Tarxien (Figure 7) is commonly regarded as having been
broken by recent quarrying activity (e.g., Zammit 1930; Evans,
1971), although this interpretation is not without ambiguities
(e.g., Vella, 1999; Pace, 2004; Sagona 2015) and the possibility of
earlier deliberate damage cannot be excluded. Another damaged
statue, from the multi-period site of Tas-Silġ, offers stronger
evidence for deliberate damage. Vella (1999) pointed out that the
damage being accidentally caused by ploughing seems unlikely, as
careful evaluation of the damaged surface shows marks from
different tools. This suggests “purposeful mutilation,” but it
remains hard to say when this was done (see also Sagona,
2015, p. 132).

A final, key, example comes from the Xagħra Circle. In this
case, a finely shaped statue over 60 cm high had been “smashed
almost beyond recognition” (Malone et al., 2009b, p. 283) which
seemingly “could not have occurred naturally” (Malone and
Stoddart 2013, p. 77). These authors suggest this may
represent an “act of closure,” and emphasise the abandonment
of the site around the same time as the damage. Other authors
have agreed that the smashing of the statue was deliberate (e.g.,
Monsarrat, 2004; Bonanno, 2017). Crucially, the smashed statue
pieces occur in excavated and dated contexts.

The precise location data for each fragment provided by
Malone et al. (2009) shows the narrow vertical distribution of
the fragments; 80% of the fragments are found within 30 cm of
the mean elevation (Supplementary Material 3). Given the
presence of statue pieces in features such as the “display zone,” a
depression up to 50 cm deep containing thousands of bones, a
little vertical spread is unsurprising. We collated radiocarbon
dates published by Malone et al. (2019) for contexts in which
pieces of the smashed statue were found. A majority of the
fragments were found in four key contexts (514, 783, 931, 942),
while the rest were found in ones and twos in other contexts. A

crucial point here is that radiocarbon ages calibrating to around
4.4–4.2 ka have a relatively large errors due to the slope of the
radiocarbon calibration curve at this time. This means it is not
possible to have ages with error ranges of less than hundreds of
years. Some of the Xagħra Circle radiocarbon dates may
therefore extend as late as 4.2 ka, but these estimates may be
hundreds of years older given the error ranges. In such a
situation, chronological modelling offers a useful way to
understand such dates. The code and data for the
chronological modelling described in this and the following
section can be found at https://github.com/wccarleton/malta42
for R code, and doi: 10.5281/zenodo.5354992 for additional
large data files.

To evaluate the chronology of the smashing of the Xagħra
Circle statue, we used OxCal to create a set of Bayesian
chronological models involving the statue-associated
radiocarbon samples. This evaluated how discrete the cluster
of statue-associated radiocarbon samples appeared to be in time.
A very discrete cluster would lend support to the idea that the
statue pieces remained in their initial depositional contexts, and
can therefore be well dated. In contrast, more temporal dispersion
and gradual tapering of sample dates toward the present would
indicate the converse: that the statue pieces were redeposited and/
or there was still active deposition into the statue-associated
contexts for some time after the initial breaking. This exercise
aims to both cast light on the date in which the statue was
smashed, but also to use this as proxy for the chronology of the
end of the Temple Period occupation of the site, as this seemingly
occurred shortly after the smashing of the statue.

As discussed further in Supplementary Material 2, we
compared four chronological models. The models differed in
terms of the boundaries we specified for the start and end of the
statue deposition process—these boundaries constitute the priors
in Bayesian chronological models. Using the “Agreement Index”
(Bronk Ramsey, 1995, 2008) we explored how well the data from
the site fitted the different models. The best fitting model, as
shown in Figure 8, has an initial “Tau” boundary followed by a
terminal uniform boundary. This means that the group of
samples contains some early material, followed by a gradual
rise in the accumulation of samples, and then an abrupt
termination. While different scenarios are consistent with the

FIGURE 7 | Statues and figurines from Malta. Left and centre: figurines from Ħaġar Qim (48.6 and 23.5 cm high), Right: Broken giant statue from Tarxien (1.1 m
high, the complete statue might have been nearly 3 m high when complete). (All photos courtesy of Heritage Malta. Copyright images not to be reused without
permission of Heritage Malta).
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most likely model (Supplementary Material 2), the probable
scenario is that the statue was smashed at the end of the identified
chronological period. The model suggests that the smashing
occurred after 4.5 ka and before 4.4 ka. The key point that we
emphasise here is that this suggests the breakage occurred
centuries before the 4.2 ka event.

Chronological Modelling of the End of the
Temple Period
The previous section highlighted the utility of chronological
modelling to elucidate aspects of Maltese prehistory. Here we
explore the wider utility of Maltese radiocarbon dates in the 5.5 to
3.75 ka timeframe (excluding radiocarbon estimates with large
errors), with the aim of exploring the end of the Temple Period
from the perspective of patterns in radiocarbon data. Recent
research has added many archaeologically associated radiocarbon
dates for the Maltese Islands (French et al., 2020a; Malone et al.,
2020a). This means that a relatively large number of ages are
available for a small landmass. However, just under half of the
total number of dates are on human bones from the Xagħra Circle
(Malone et al., 2019).

Our aim here is to explore the relationship between the
frequency of Maltese radiocarbon dates through time—as a
proxy for archaeologically visible human activity (see
Supplementary Table 1)—and climate. We used a
radiocarbon-dated event-count model (REC; Carleton, 2020;
see also Stewart et al., 2021) to explore the relationship
between Maltese radiocarbon-dated event counts and regional
precipitation amounts. REC models have been developed as an
alternative to the commonly used summed radiocarbon
probability approach, which was critiqued by Carleton and
Groucutt (2020). As discussed above in Supplementary
Material 1, this is not a straightforward exercise as suitable
climate data is not available from the Maltese Islands. We
therefore evaluated regional climate records from nearby Sicily
and Italy. The Sicilian records include useful records such as
pollen profiles, but, as discussed above, the meaning of pollen
records is often ambiguous, and published papers lack the kind of
quantitative datasets needed for chronological modelling
exercises. We therefore use oxygen isotope (δ18O) data from a
speleothem from Renella Cave in central Italy as our climate
proxy (Drysdale et al., 2006; Zanchetta et al., 2016). While a
directly local archive remains desirable, using a high-resolution

FIGURE 8 | Chronological modelling of radiocarbon dates associated with fragments of the broken Xagħra Circle statue. Blue distributions show start and end
point of the preferred model in Oxcal. Key symbol shows samples from key contexts, link symbol shows samples which are from articulated remains.
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central Mediterranean archive is the best that can currently be
done, and general regional paleoclimate data suggests similar
patterns in Italy and Sicily, and by analogy, Malta
(Supplementary Material 1).

Using the REC model approach, we created two Negative
Binomial REC models. For one model, we compared event-count
sequences based on all of the dates in the Maltese archaeological
radiocarbon date database to the δ18O record (Figure 9). In the
other model, we compared only the dates from the Xagħra Circle
(Figure 10). The event-count sequences were created by sampling
the relevant calibrated radiocarbon date densities with
replacement many times. Each random draw was then collated
into a single count series by counting the number of events dated
to a given time, where the times are determined by a temporal
grid. This grid was defined by the temporal resolution and span of
interest, i.e., 3500–2730 BC. Along similar lines, the δ18O record
samples were produced by first creating ensembles of the relevant
age-depth model in OxCal and then assigning time-stamps to the
palaeoclimatic observations with those sampled age-depth
models. A fully reproducible explanation of this data
preparation is available in Supplementary Material 3.

Our results overall indicated a negative relationship between
the δ18O proxy and radiocarbon-dated event counts (see

Figure 11). In the first analysis, involving all dates, the
posterior distribution of the key regression parameter had a
mean close to −1 and roughly 93% of the density was
negative. In the second, where we only included dates from
Xagħra, the posterior distribution of the regression coefficient
for the δ18O covariate had a mean of around −2.5 and nearly
100% of the density was negative. So, while in the first case zero
could not be excluded at one of the usual levels of confidence
(i.e., 95 or 99%) it could be excluded even at the 99.99% level in
the second analysis, and overall both posterior densities imply
that negative values are the most likely. The negative relationship
implies that reduced rainfall levels in the central Mediterranean
corresponded to lower levels of human activity in the Maltese
Islands.

Establishing this correlation between regional precipitation
and human activity in Malta casts a new light on the end of the
Temple Period. The results suggest that the Tarxien phase at the
end of the Temple Period saw intense activity, corresponding
with higher regional rainfall. From around 4.5 ka there is a decline
in both regional precipitation and archaeological activity in
Malta. The following centuries saw a decline in both. There is
little evidence for archaeological activity inMalta in the 4.2 to 4 ka
period. It may be that Malta was abandoned, or nearly so, during

FIGURE 9 | The δ18O record from Renella Cave, with blue line showing published age-depth model (Zanchetta et al., 2016 and red line our age-depth model from
OxCal. More negative values indicate more rainfall, and less negative values indicate more arid conditions. Radiocarbon dated event count (REC) ensembles at bottom
summarises multiple sequences of events which are compatible with the data, i.e., years in which archaeological activity is present. Brighter colours and higher y-axis
values indicate a greater chance of archaeological activity at that time. See Carleton (2020) and Stewart et al. (2020) for more information on the REC model
approach.
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this time period. Crucially though, our results suggest that this
occurred against a backdrop of centuries of decline. This is most
clearly expressed with the Xagħra Circle data, while including all
available dates from the islands produces weaker results. This is
not surprising given the patchy nature of available samples for
sites other than the Xagħra Circle. The varying frequencies of
archaeological activity can be taken as indicating population
decline and/or reduced ritual activity (such as burials). We
hypothesise that it indicates both. This can be tested by future
research, particularly as more data from non-ritual contexts is
accumulated.

Agriculture and Water Management
By understanding how Temple Period society operated in
terms of factors such as agriculture and water management,
we will be in a better position to evaluate how it ended. It is also
important to consider the several important aspects which are
currently poorly understood. Even if climate change was key,
there are diverse pathways from this to human societal
changes.

Key Temple Period crops were wheat, barley, lentils, and
peas, while for animals, sheep and goat were the most
abundant, with cattle and pigs also relatively common (e.g.,
Trump, 1966; Bonanno, 1986; McLaughlin et al., 2020b;
Malone et al., 2020c). This is both a classic Neolithic
package, and one in many ways well suited to the conditions
of the Maltese islands. The consistency of the taxa used for food
production in the Temple Period, and preceding Neolithic, is

noteworthy, and suggests an early and repeated recognition of
the best ways to use the landscape of the islands (McLaughlin
et al., 2020b).

The weakness of the Temple Period agricultural system was its
reliance on presumably rainfall-fed annual crops which would
have been vulnerable to drought. By storage and using livestock, a
dry year need not have been catastrophic. It seems less likely,
however, that extended periods of drought could be tolerated, as
suggested by examples from the recent past. In the 1460s AD, for
instance, there were three successive dry years when it is reported
that all the livestock animals in Gozo died, the wheat crop failed,
and there was widespread suffering (Wettinger 1982, 1985).
Likewise, more recent examples from the Mediterranean
highlight the frequency of crop failures (e.g., Garnsey, 1988).
The Xagħra Circle human bones suggest a picture of generally
good health in the Temple Period, yet there are indications of
increasing stress from around 4.5 ka, with declining numbers of
dental caries perhaps indicating reduction in cariogenic cereal
consumption and increased enamel hypoplasia indicating
childhood dietary stress (McLaughlin et al., 2020b). This may
well indicate an agricultural system which generally still worked
well, but was under stress.

Several sites have produced evidence for Temple Period
water storage. The Ħal Saflieni hypogeum features a “vast
cistern” (Trump, 2002, p. 131; see also Evans, 1971). This site
also features basins positioned to catch water appearing from
fissures, suggesting it may have acquired ritual significance
(Grima, 2016). At temples such as Tas-Silġ and Tarxien,

FIGURE 10 | As for Figure 9, but only including radiocarbon age estimates from the Xagħra Circle.
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multiple water storage facilities have been identified. However,
given the multi-phase use of these sites, it is often hard to know
how old these are. At Tarxien, however, a cistern was found by
Ashby (1924) securely stratified beneath a torba (pounded rock
powder) floor. This was located to catch water emerging from a
fissure, again suggesting a ritual interest in this water (Grima,
2016). A much-discussed example is the Misqa Tanks
(Figure 12). These are located very close to the Mnajdra
and Ħaġar Qim temples, and a series of channels and
cisterns have been cut in an outcrop of relatively
impermeable rock. These are much larger than typical
Bronze Age cisterns, and differently shaped to those built
by Romans (Trump, 2002) and therefore quite possibly date
from the Temple Period. Such water storage is important in
thinking about Temple Period survival, yet it is also unlikely
that water stored in such ways was sufficient for large-scale

irrigation, and so crops and vegetation would have relied on
precipitation and its vagaries.

A GIS-based study of variables that may have influenced temple
location showed that proximity to springs was a very strong
determining factor (Grima, 2004). More recently, further evidence
of this relationship was found by a remote-sensing study of the
immediate environs of Ġgantija, which identified the presence of a
fault and springline running just east of the site (Ruffell et al., 2018).

After that brief summary of evidence for subsistence and water
storage in the Temple Period, we now turn to consider the
multiple areas of uncertainty which currently exist. Firstly,
while multiple sites have produced evidence for wheat, barley,
and legumes, were other kinds of crops absent? There are still
relatively few Maltese sites at which extensive archaeobotanical
studies have been conducted, and even fewer non-ritual sites
where such evidence may be more abundant. Arboriculture, for

FIGURE 11 | Regression results for the REC models for all Maltese radiocarbon dates and climate (A), and for only the Xagħra circle (B). The left columns indicate
the model intercept (i.e., the mean event counts, holding the δ18O covariates constant at their study-period means) the columns on the right indicate the effects of climate
(variation in δ18O) on the frequency of radiocarbon dated samples. The negative values indicate that drier conditions correlate with reduced numbers of
radiocarbon dates.
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instance, can offer a valuable way to manage annual variation in
rainfall, as impacts will be less immediately devastating than with
annual crops. A significant question then concerns whether
Temple Period people in Malta made use of plants like olive
trees and vines.

The earliest dates for olive domestication and cultivation come
from the Levant, in the 7th millennium BC, while cultivation was
occurring in the Aegean in the 6th millennium BC (Langutt et al.,
2019). Yet it seems that by the third millennium BC, independent
olive domestication occurred in areas including Iberia (Terral
et al., 2004) and Italy (D’Auria et al., 2016) (for a summary see
Besnard et al., 2018). In Sicily, olive oil residue dating to around
4 ka was recently identified (Tanasi et al., 2018). In the first
millennium BC there was a Phoenician related spread of
Levantine olives across the Mediterranean. Some analyses of
olive genetic variation have found that Maltese olives occupy
one side of the deepest split in the genetic tree (Di Rienzo et al.,
2018), yet dating that split is currently challenging. Given these
factors, the presence of domestic olive cultivation in Malta in the
Temple Period seems possible. The limited number of systematic
archaeobotanical studies in the islands should caution against the
meaning of a current lack of on-site evidence for this. Pollen cores
provide possible evidence for early cultivation in Malta. Olive
pollen does not travel far (e.g., Florenzano et al., 2017), so high
levels of olive pollen indicate extensive local cultivation. The
complicating factor though is that wild non-domesticated olive is
native to Malta, and it is not possible to separate this from the
domesticated form by pollen (Farrell et al., 2020). The common
approach to differentiate olive cultivation from wild olive
changing in frequency due to natural climate change is to
explore how olive changes in relation to other taxa in pollen
records.

Different pollen records fromMalta give different signals—for
reasons discussed above, such as taphonomic biases,
chronological uncertainty, and spatial variation within the

islands. The record presented by Gambin et al., (2016) is
particularly interesting, as it contains very high levels of olive
pollen in the mid-third millennium BC, and this does not seem to
be in sync with otherMediterranean arboreal taxa. Olive levels are
higher than they were in the last two thousand years, when we
know olive production was considerable in Malta. The interesting
point though is that the high olive levels occur in the early to mid-
third millennium BC, peaking ∼4.6 ka at 19%. The proportion of
olive pollen then declines so that it is low at ∼4.2 ka (6%). A
second peak occurs in the Roman era, but it reaches less than
10%. Different views have been expressed on whether available
data suggests Temple Period olive cultivation (e.g., Fenech et al.,
2020b) or not (Farrell et al., 2020). On face value, it could be
argued that there was extensive olive cultivation in the peak of the
Tarxien phase, but that this declined considerably, before 4.2 ka
(Gambin et al., 2016).

With vine cultivation, the oldest known grape pips are from
the Early Bronze Age at Tas Silġ (Fiontentio et al., 2012). Yet vine
pollen has been identified in Malta as far back as ∼6.7 ka (Djamali
et al., 2012), and it may therefore have been a long-term part of
the Neolithic and Temple Period diet. It was also identified in
later setting, such as in the Wied Żembaq 1 core at ∼4.7 to 4.3 ka
(Farrell et al., 2020). Vines are also low producers of pollen, so its
general paucity may be misleading. It has recently been argued
that Sicily was a major centre for vine domestication, in the third
or late fourth millennium BC (De Michele et al., 2019). There
would therefore have been a long span of time for cultivation to
spread to Malta.

A variety of other useful tree taxa such as fig (Trump, 2002)
and carob (Trump, 1966; Farrell et al., 2020) are evident in the
Temple Period. Some cores have high levels of Pistacia pollen,
which may represent proximity to areas where these trees were
being grown in a managed way, perhaps for food (for both people
and animals) and firewood (McLaughlin et al., 2020b; Farrell
et al., 2020). Likewise, French et al., (2020) suggested the coming
and going of woodland indicators in different cores may indicate
rotational land use. There are therefore fascinating hints at
extensive arboriculture.

Another major area of uncertainty concerns the extent of
landscape modification, which limits understanding on how
climate changes would have manifested and impacted people.
For instance, it remains unclear when the extensive artificial
terracing which today characterises the Maltese landscape began.
Some circumstantial evidence may come from the fact that
Skorba and Ġgantija temples each have monumental artificial
terracing, suggesting that the skills needed to create terracing for
agricultural purposes were certainly available in theory. Likewise,
the organisational and technological foundations were certainly
in place for things like the artificial damming of steep sided
valleys to create small reservoirs, yet there is currently no
evidence that this was actually done.

Zammit (1928) argued that the numerous Maltese “cart ruts”
were formed in the Temple Period, by people moving millions of
cartloads of soil up slope to create terraces (see also McLaughlin
et al., 2018). However, there remains a striking lack of consensus
on the age and function of cart ruts, and most recent studies of
cart ruts have suggested that they are much younger than the

FIGURE 12 | Some of the channels and deep cisterns of the “Misqa
Tanks.” Located close to Mnajdra and Ħaġar Qim temples, they have been
suggested to possibly represent Temple Period water storage.
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Temple Period (e.g., Magro Conti and Saliba 2007; Trump and
Cilia, 2008; Bonanno, 2017). Sagona (2004, 2015) argues that the
cart ruts are actually “field furrows,” and represent marginal areas
being brought into cultivation at the end of Temple Period. While
an interesting idea, there is currently little evidence to support
this model.

Another aspect concerns soil modification, and how this could
improve agricultural yields. Brogan et al. (2020) discussed
evidence from Ġgantija that soil manuring was being practiced
in the Temple Period, which appears sensible given long-term soil
quality decline (e.g., French and Taylor, 2020). A variety of other
methods may have been used to improve soils. For instance,
adding seaweed could have been a powerful strategy (as it was in
other parts of the world, e.g., Sagona, 2004). Often large volumes
of seaweed wash up in Malta, and following some kind of simple
processing to remove excess salt, this could have been added to
the fields to improve yield. In this regard the discovery of seaweed
at Għar Dalam may be significant (Despott, 1923). Another
possibility would be the addition of phosphoritic nodules
which occur between the Globigerina Limestone members to
fields in order to boost phosphate levels. Grima (2004) discussed
dark pebbles from Tarxien which may be from this phosphoritic
layer, and which may, conceivably, hint at such movements. The
nearest source to Tarxien is around 5 km east.

Finally, while the small number of sites with relatively good
zooarchaeological samples are dominated by domesticated taxa,
there are nevertheless hints of an interesting role for wild foods.
For instance, multiple Temple Period sites have produced deer
remains (e.g., Tagliaferro, 1911; Evans, 1971). Several sites, such
as Skorba (Trump, 1966) and Santa Verna (Evans, 1971), have
produced relatively large numbers of shells. However, the number
of marine molluscs from such sites is seemingly too small to
suggest that they were used as a regular food source. It can also
not be excluded that many of the shells from Temple Period sites
were collected when already dead. Might it, however, have been
that there were cultural taboos about the consumption of wild
species, which helped to ensure their survival, and allowed them
to be used during periodic agricultural crises? Such possibilities
can be evaluated by future studies of non-ritual sites.

Two small-scale isotopic studies have been conducted on
human remains from the Xagħra Circle (Richards et al., 2001;
Stoddart et al., 2009) and the FRAGSUS project has recently
expanded upon this by sampling 224 teeth from Xagħra and five
teeth from the Xemxija tombs, although this data is not yet fully
available (Thompson, 2019). Still, the isotopic data available
provide some provisional insights into the environments and
diets of people in Malta. According to Figure 11 of Thompson
(2019), the carbon (δ13C) isotope values range from around
-18.5‰ to -20.3‰, while the nitrogen (δ15N) isotope values
range from around 7.3–13.6‰ with all but one sample falling
above 8.3‰. Taken together, these values suggest a mainly
terrestrial diet. The δ13C values indicate that C4 plants and
marine protein did not form a substantial part of these
people’s diets. The δ15N values are consistent with high
amounts of marine dietary protein, but given the δ13C values
this has instead been interpreted to reflect aridity. A decline in
δ15N values throughout the Tarxien phase may reflect a through-

time decrease in meat and dairy consumption, given that the final
centuries of this phase seem to have increasing rather than
decreasing aridity, which could provide an alternative
explanation for this observation. These interpretations are,
however, currently hindered by a lack of faunal baseline data,
although Malone et al. (2020a) suggest that yet-to-be-published
isotope data from faunal remains supports a limited marine
protein component in prehistoric Maltese diets. Interestingly,
though, it has been shown that fish in the central Mediterranean
have comparatively low δ13C values (Craig et al., 2009). Another
confounding factor relates to the possible use of marine
biofertilisers (e.g., seaweed, fish), which have been shown to
significantly enrich crop δ15N and δ13C values (Blanz et al.,
2019; Gröcke et al., 2021). Key, then, for interpreting people’s
diets will be a strong marine and terrestrial faunal baseline data
from prehistoric Malta.

Trade and Connectivity
As well as the “internal” aspects discussed above, understanding
the functioning and end of the Temple Period is of course related
to the external relations of theMaltese Islands.While the isolation
and distinctive cultural developments of Malta have often been
emphasised (e.g., Stoddart et al., 1993), others have suggested
much stronger connection with areas such as Sicily (Robb (2001),
p. 187). While material including obsidian and non-local chert
were imported, the extent and implications of this are not clear.
To [Robb (2001), p. 187], interaction with groups in Sicily was
“necessary and regular” for people in Malta. He suggested that
resources such as timber, groundstone axes, and ochre were all
imported in large amounts. Such a perspective is also pertinent in
terms of thinking about whether there could have been a
conscious abandonment of the Maltese Islands at the end of
Temple Period (e.g., Bonanno, 1993). If Maltese groups were as
integrated and familiar with Sicilian landscapes as Robb (2001)
suggests, the possibility for emigration appears stronger.

While the strengths and weaknesses of Robb (2001) paper can
be discussed, it is important to point out the several significant
changes which have developed in our understanding of the
Maltese archaeological record in recent years. In some regards,
such as the possible import of wood from Sicily, it is simply
impossible with available evidence to say either way. However,
when it comes to ochre, Attard Montalto et al. (2012) carried out
analyses of various geological materials in theMaltese Islands and
showed that actually Temple Period ochre was consistent with
local sources, and so we need not posit import. Likewise, Robb
(2001) saw the long development of temples from simpler
structures in the pre-Temple Period Neolithic, yet it now
appears that there was a long hiatus between this and the
subsequent Temple Period (e.g., McLaughlin et al., 2020a).
Rather than the protracted cultural self-definition imaged by
Robb (2001), the evidence arguably points to a rapid
emergence of key distinguishing traits in the Żebbuġ phase at
the start of the Temple Period (Malone et al., 2020a).

Discussions and research continue on lithic raw material
sources in the Temple Period, and what these suggest about
movement and exchange. In terms of knapped lithics, local
Maltese chert was commonly used. Imported obsidian was
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present, but never in large amounts, and it often occurs as very
small flakes and chips, suggesting intense reworking of a relatively
small amount of imported material. Imported chert, including
that from Sicilian sources, is certainly present in fairly large
numbers, but again, often as very small pieces (e.g., Malone
et al., 2009b; Malone et al., 2020e). Yet debates continue on
assigning chert to particular sources. Knowledge on the variability
of Maltese chert sources remains limited. In recent fieldwork, for
instance Chatzimpaloglou and others (Chatzimpaloglou 2019;
2020; Chatzimpaloglou et al., 2020a,b) identified a currently
unique and previously unknown chert source near Dwejra,
Gozo, with radically different characteristics to “typical”
Maltese chert (i.e., transparent colour and higher quartz
content). Likewise, the most commonly identified in the recent
excavations in Gozo, Malone et al. (2020e) “Group 1” is
ambiguous in terms of origin. It did not match any of their
Sicilian comparative samples. Chatzimpaloglou (2019, p. 250)
suggests the dominance of this chert at sites such as Ġgantija and
the Xagħra Circle provides strong evidence of “constant seafaring
activity” that connected Malta to areas like Sicily. Given the
character of lithics in this material – indicating complete
reduction sequences, and not giving the impression of being a
prized imported commodity, i.e., it was treated in a very similar
way to other chert that Chatzimpaloglou does consider to be
local—the possibility that it is in fact from a local source must be
considered.

Groundstone “axes” provide another somewhat confusing
category of material culture in Malta. Made of hard rock,
particularly igneous rock, these are definitely imported, and
have been linked to sources from Sicily to the Alps (Skeates,
2002). The interesting point here though is that seemingly
functional axes are extremely rare—for instance, Trump
(1966) found just two at Skorba—but miniature axe-shaped
forms with a hole pierced at one end, commonly described as
pendants, are relatively common. They mostly come from theĦal
Saflieni hypogeum, with Tarxien and the Xagħra Circle also
producing reasonably large numbers. What are we to make of
these “axe pendants”? Given the widespread use of groundstone
axes for woodworking in the Neolithic, the paucity of seemingly
functional forms in Malta is puzzling. An obvious possibility is
that the axe pendants were originally functional axes, and that
over long use these were worked down, reflecting limited supply,
and became decorative/symbolic objects (Skeates, 2002). In some
cases, it is clear that two pendants were being prepared from a
single larger parent object, perhaps explaining the diminutive size
of the pendants. To Skeates (2002), groundstone axes were
increasingly ritualised through the Temple Period (see also
Barrowclough, 2007).

The consistent presence of imported materials in Malta
demonstrates connections to the wider world, yet the available
data can be interpreted in different ways. In some cases, the extent
of this import is seemingly fairly limited, and therefore Robb
(2001) point that the distinctive Temple Period culture was
because of a “symbolic boundary” remains a matter of debate;
the long sea crossing to Sicily or other localities in the region may
have presented a considerable challenge. A more isolationist view
might suggest that rather than very regular contact and exchange,

it is also possible that a boat from a neighbouring society may
have been driven off course to the Maltese Islands in a storm
every few years, perhaps bringing with it a few groundstone axes
and a small supply of obsidian or chert. Mitigating against this
view, however, is the point made above about typical location of
temples being near good landing points. While it is possible that
this reflects intra-Maltese movements by boat instead of by land,
we think it more likely that the positioning of temples reflects
positioning to meet boats arriving from other areas, mediating
contact with the outside world. In a highly ritualised setting
though, these landings need not have been frequent to provide the
ideological underpinnings to temple construction.

A Plague Epidemic?
As we have discussed, various aspects of environmental change,
societal change, and the arrival of new people and ideas can all, to
varying extents of specificity, be correlated with the end of the
Temple Period. A further factor which is potentially important
concerns the role of disease. Recent research in mainland western
Eurasia now suggests a possible disease which could be involved:
plague.

Plague is caused by Yersinia pestis bacteria, and recent genetic
sequencing of human remains from western Eurasia has
identified Y. pestis genomes at multiple sites. The earliest are
around 5 ka in Sweden and Latvia, with third millennium BC
examples from areas including Estonia, Croatia, Poland, and
Germany (Rasmussen et al., 2015; Valtueña et al., 2017;
Spyrou et al., 2018; Rascovan et al., 2019; Susat et al., 2021). It
has been suggested that the Neolithic strains were less of a health
risk than the Bronze Age strains (Spyrou et al., 2018). However,
this has been contested (Rascovan et al., 2019), and either way, a
more virulent and flea-borne version of plague originated at least
4,000 years ago (Spyrou et al., 2018). Crucially for our narrative,
by the end of the third millennium BC, people had plague around
the Black Sea, the Balkans, and just north of the Alps.

The timing for the spread of plague in Europe and the
Mediterranean seems to correlate with the westward spread of
“steppe ancestry.” Some see this as a “massive migration” around
4.5 ka (e.g., Haak et al., 2015), others see it as a long process of
genetic change (e.g., Furtwängler et al., 2020; Racimo et al., 2020).
Limited information is available for how steppe ancestry and
plague may have spread through the Mediterranean. One
exception is Sardinia, where 70 ancient genomes ranging from
the Neolithic to the Medieval period were published by Marcus
et al. (2020). Interestingly, they found evidence of genetic
continuity from the Neolithic until the 1st millennium BC,
with no evidence for major gene flow into Sardinia during this
period. At least biologically, Sardinia was isolated and cut off
from the dominant processes in Europe and the Mediterranean.

In the Aegean, genomic studies suggest that the Minoan and
Mycenaean civilizations were both the product of people
primarily (at least 3/4) descending from local Neolithic people
(Lazzaridis et al., 2017). However, there was a smaller scale input
of ancestry from other areas, including steppe ancestry, which
may have played a role in cultural change in the area. A recent
study suggests a large input (∼50%) of steppe ancestry in northern
Greece at around 4.5 ka (Clemente et al., 2021).
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Fernandes et al. (2020) report genome wide data from Sicily
and the Balearic Islands. They report that the oldest known
skeleton from the Balearic Islands (∼4.4 ka) has significant
(more than 1/3) steppe ancestry. In Sicily, steppe ancestry was
present by ∼4.2 ka, possibly arriving from a westward direction
due to the particular Y-chromosomes in the Sicilian samples
otherwise only being known in Iberia.

So, did Malta follow the Sardinia path of biological isolation,
or did it, like some other Mediterranean islands see the arrival of
people with steppe ancestry at the end of the third millennium?
As discussed earlier, the Thermi Ware phenomenon suggests
the movement of people from the Adriatic/Aegean to Malta at
this time, coming from an area where both steppe ancestry and
plague existed. Evaluating such possibilities will require the
screening of ancient genomes. There are, however, interesting
grounds for speculation. Malone et al. (2020f) suggest that
currently unpublished DNA evidence and skeletal anatomy
demonstrate the existence of different ethnic groups,
including “Africans.” So along with the Thermi evidence,
there may have been multidirectional migrations to and from
Malta in the later Temple Period. A conference poster recently
compared three genomes from the Xagħra Circle with other
samples from Europe, and found that they showed high levels of
inbreeding (Ariano et al., 2021). As well as supporting the

isolation of Maltese people in the Temple Period, it is
possible to imagine that this isolation and inbreeding
increased vulnerability to plague.

As well as biological aspects, it is interesting to consider
whether there is any cultural evidence which could relate to
plague. A clay figurine from Tarxien (Figure 13) has been widely
discussed in the literature. It shows a large-proportioned woman,
with prominent vulva, stomach, and breasts as well as protruding
spine and ribs on the back. Multiple small pieces of shell have
been pushed into the figurine. To Zammit and Singer (1924) the
figurine suggested a pathological condition; they suggested
filariasis. Another common interpretation has been that the
figurine depicts pregnancy (e.g., Vella Gregory, 2005, Vella
Gregory, 2016; Rich, 2008). Trump (2002, p. 103) suggested
that the figurine gave a “sinister impression of witchcraft.”
Monsarrat (2004) discusses the figurine, and suggests it could
relate to either disease or pregnancy.

While acknowledging the possibility that the Tarxien figurine
does relate to pregnancy and childbirth, we propose revisiting the
alternative possibility that it may relate to disease. The suggestion
of filariasis by Zammit and Singer (1924) is interesting. This is a
group of conditions relating to roundworm infection, which
commonly manifests through the lymphatic system.

The locations of the shell pierced into the Tarxien figurine—in
the groin, armpits, shoulder, neck, back, etc.—are similar to the
locations of prominent parts of the lymph system. Today,
lymphatic filariasis, spread by mosquitos, affects some 120
million people (Fenwick, 2012). However, bubonic plague is
also a lymphatic infection, with buboes appearing in places
such as the groin and armpits a few days after infection
(Prentice and Rahalison, 2007). Other symptoms of plague,
such as headaches and joint pain, may relate to the other
positions in which the Tarxien figurine shell fragments were
placed.

While we emphasise that it remains a hypothesis to be tested,
we consider the possibility of a plague epidemic at the end of the
Temple Period as being plausible. In such a view, temples may
have become nexuses for infection, perhaps explaining changes in
how they were treated. If plague arrived after several centuries of
deteriorating climate and social unrest, it may have provided a
final blow to a vulnerable society.

DISCUSSION

In the later third millennium BC there were a variety of
trajectories of climatic and societal change in and around the
Mediterranean. Some of these involved arid phases and seemingly
correlated societal crises. Yet this was by no means a universal
response; some areas got wetter, and some societies prospered
around 4.2 ka. Even within a small area, such as central Italy,
records located close to each other disagree on the timing of
aridity by several centuries (Supplementary Material 1). The
meaning of this variation is currently unclear, and the ambiguity
is further amplified by the dearth of high-resolution climate
records in the Maltese Archipelago itself.

FIGURE 13 | Unusual clay figurine from Tarxien temple, which has had
small pieces of shell pushed into it before firing. The location of these in places
associated with key points of the lymphatic system may suggest a link to
diseases such as the plague (Image provided by Heritage Malta.
Copyright image not to be reused without permission of Heritage Malta).
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What can we say about the Maltese Islands? There seems to be
a period of increased aridity broadly dating to ∼4.5 to 3.8 ka (e.g.,
Gambin et al., 2016; Farrell et al., 2020). At this point we re-iterate
the challenges of constructing accurate age-depth models, and the
need for caution when extrapolating from a few dates to long
sequences. With that caveat in mind, there appears to be a
significant decline in cereal pollen ∼4.3 ka (Carroll et al.,
2012). Molluscs present a similar story, with signs of
aridification from the mid third millennium BC, perhaps
coming to a head ∼4.3 to 4.2 ka (e.g., Fenech et al., 2020).
Future work on sediment cores can continue to seek to
improve chronology by using tephras (e.g., Zanchetta et al.,
2019), and studies of more diverse types of climate archives
can be conducted.

Significantly, major social changes are evident and occurred at
the same time as these climatic changes. The Thermi phase,
∼4.4–4.2 ka, suggests the arrival of new communities in the
islands. There are hints of damage at several sites in the late
Temple Period and Thermi phases. We have explored an example
of this from the Xagħra Circle, where our chronological
modelling suggests the deliberate smashing of the statue
occurred before 4.4 ka, and our REC model approach found a
negative correlation between archaeological indications of human
activity and regional precipitation. It appears that from around
4.5 ka there was a decline in both rainfall and archaeological
activity. The Thermi phase and 4.2 ka event, when the islands
may have been abandoned between 4.2 and 4 ka (Carroll et al.,
2012; McLaughlin et al., 2020a), therefore seemingly occurred
after centuries of decline. The 4.2 ka event may therefore have
provided the coup de grâce on an already declining and stressed
population, but it did not strike a stable society out of the blue.
The possibility of a plague epidemic may also crosscut these
debates and suggest an alternative narrative, yet, once again, if
there was a plague outbreak, it seemingly occurred in the context
of a society in decline.

After a remarkably long period of apparent societal stability on
a small and climatically unstable archipelago, the unique local
phenomenon of the Temple Period expired by the end of the third
millennium BC. It was followed by a Bronze Age reflecting the re-
integration of the islands into the more dominant trends of the
Mediterranean and increasing connectivity and trade. As
[Broodbank, (2015), p. 343] discusses, in some regards Malta
parallels developments in Cyprus, another remote Mediterranean

island which developed distinctive and localised trajectories
before being “normalised” relative to neighbouring areas in the
late third millennium BC. This “victory for connectivity” in the
emerging Bronze Age world saw the end of the fascinating local
experiment that was the Temple Period. Despite now being one of
the most intensely chronometrically dated areas in the
Mediterranean, the causes of the end of the Temple Period in
Malta remain unclear. As we have discussed, certain correlations
are suggested by the evidence, but establishing causal pathways
remains challenging.
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