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INTRODUCTION

The archaeological and anthropological relevance of Easter Island (Rapa Nui) for human history
in a regional Pacific context has been highlighted since the early twentieth century (Routledge,
1919). At first, the interest was focused on the giant stone statues called moai, which had been
carved on the island’s volcanic rocks by an enigmatic ancient civilization. The interest on the island
received a boost several decades ago, after the expedition leaded by Thor Heyedahl (Heyerdahl and
Ferdon, 1961) and the first palynological studies suggesting a recent ecological catastrophe, led by
an abrupt island-wide deforestation likely due to the over-exploitation of natural resources, and
an ensuing cultural collapse (Flenley and King, 1984; Flenley et al., 1991). This “ecocidal” theory
became paradigmatic and the case of Easter Island was considered a microcosmic model for the
whole planet and a warning against the uncontrolled use and of natural resources (Flenley and
Bahn, 2003; Diamond, 2005). Further, archaeological and palaeoecological studies have challenged
this ecocidal theory (Hunt and Lipo, 2006, 2011; Hunt, 2007; Lipo and Hunt, 2016), which has
revitalized the debate on the recent cultural history of Easter Island (reviews in Rull et al., 2010,
2013).

In comparison to the concern for human developments and their influence on the island’s
environment, the palaeoclimatic history of Easter Island and its potential paleoecological
consequences has received little attention until the last decade. Earlier palaeoecological studies
emphasized the influence of human activities on vegetation and landscape shifts and undervalued
the potential action of climatic changes as ecological drivers. This view was based on the
continuity of forests, as reconstructed from pollen analysis, during the last ∼37,000 years
and their sudden disappearance and replacement by treeless meadows coinciding with the
arrival of the first Polynesian settlers (Flenley and King, 1984; Flenley et al., 1991). The main
argument was that the ecological effect of a global climatic shift as intense as for example the
Last Glacial Maximum (LGM) was negligible as compared to the ecological changes induced
by anthropogenic activities during the last millennium. Propositions suggesting a potential
influence of climatic shifts such as the Little Ice Age (LIA) or the ENSO variability on Easter
Island’s ecological and cultural history (Hunter-Anderson, 1998; McCall, 1993; Nunn, 2000,
2007; Nunn and Britton, 2001; Nunn et al., 2007; Stenseth and Voje, 2009) were dismissed
as they were mostly based on theoretical assumptions without empirical support. Recent
palaeoecological studies are changing this view by documenting significant climatic shifts and
their influence on ecological patterns and processes during the last ∼70,000 years (e.g., Mann
et al., 2008; Sáez et al., 2009; Cañellas-Boltà et al., 2012, 2013; Margalef et al., 2013, 2014).
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Since the beginning, the paleoclimatic and palaeoecological
study of Easter Island has faced a persistent drawback caused
by the occurrence of dating inconsistencies, mainly extensive
chronostratigraphic gaps and frequent age inversions (Butler
et al., 2004; Rull et al., 2013). These inconsistencies have
prevented the development of reliable age-depth models in
many cases, especially in Holocene intervals including the last
millennia, thus preventing researchers to disentangle climatic
and anthropogenic causes of ecological change, which is essential
for incorporating palaeoecological and palaeoclimatic trends
into predictive models. In the past, age-depth models were
relatively simple and consisted mainly of interpolations and
extrapolations assuming linear sedimentation rates between
adjacent dating points. Dates that significantly deviated from
this trend were usually rejected and not included in the model.
Further improvements consisted of curve fitting using linear,
exponential, logarithmic, or polynomial models, among others,
which enable the calculation of statistical errors for the estimated
ages. Recently, new approaches using a variety of methods,
including Bayesian analysis, have been developed (e.g., Blaauw,
2010; Blaauw and Christen, 2011). In Easter Island, these new
methods have been applied to the new cores obtained in the last
years but historical dates and age-depth models have not been
reconsidered in light of these new statistical developments.

Statistical re-analyses of the existing radiocarbon dates may
provide new insights on Easter Island’s chronostratigraphy useful
to strengthen paleoclimatic and paleoecological inferences. In
order to facilitate this type of investigation, a dataset called EIRA
(Easter Island Radiocarbon Ages) has been assembled with all
the radiocarbon dates published to date (1984–2015). The EIRA
database provides paleoecologists and paleoclimatologists with
a thorough chronological dataset to be analyzed statistically as
a whole or by parts (by sites, by age intervals, etc.), aimed
at contributing to the development of new age-depth models,
reconsider the existing ones, or plan new studies and coring
campaigns. It would be especially interesting to test whether
it is possible to derive site-specific or island-wide coherent
chronostratigraphic patterns by multi-core age-depth modeling.
Also, further analyses of the EIRA database in comparison with
recent compilations of radiocarbon ages from archaeological
materials (e.g., Vargas et al., 2006; Wilmshurst et al., 2011;
Mulrooney, 2013; Stevenson et al., 2015; Lipo and Hunt,
2016), could contribute to improve correlations among climatic,
ecological, and cultural trends toward a holistic framework for
Easter Island’s history (Rull et al., 2016).

METHODS

Study Area and Coring Sites
Easter Island is a volcanic island located in the southeastern
Pacific Ocean, at 27◦ 07′ 16′′ Lat N and 109◦ 21′ 59′′ Long W
(Figure 1), at >3500 km of the American continent and ∼2100
km of the nearest inhabited Polynesian island (Pitcairn). The
island (164 km2) defines a small triangle originated by the fusion
of three volcanic cones (Terevaka, Poike, and Kao). The highest
point of the island is the summit of the Maunga Terevaka,
situated at 511m elevation. Easter Island’s volcanic rocks are

highly porous and precipitation infiltrates easily through them
thus preventing the formation of surface stream flow. The only
permanent sources of freshwater are two lakes (Rano Kao and
Rano Raraku) and a mire (Rano Aroi), which contain the
sediments where all palaeoecological studies conducted so far
have been developed.

Rano Aroi is a mire of ∼150m diameter situated at 430m
elevation within a crater near the highest summit of the island
(Figure 1). Water level is controlled by groundwater inputs
subjected to the influence of seasonal variations in precipitation
and human extraction (Herrera and Custodio, 2008). The aquatic
vegetation is dominated by Scirpus californicus, Polygonum
acuminatum, and ferns of the genera Asplenium, Vittaria,
and Cyclosorus, whereas the surrounding area is covered by
grasslands and a small Eucalyptus forest planted during the 1960s
(Zizka, 1991). The mire infilling is predominantly peat and is
at least 16m deep in the center, which represents an age of
approximately 70,000 cal y BP (Margalef et al., 2013, 2014).
Flenley et al. (1991) described this organic accumulation as a
mixture of coarse detritus and finer material intermingled with
layers of spongy monocotyledonous peat and brown clay. Peteet
et al. (2003) reported the occurrence of several types of peats
and organic clays with fibrous material. A similar composition
was described by Horrocks et al. (2015). Margalef et al. (2013,
2014) did a detailed lithological study and distinguished four
main organic facies: (A) reddish peat of sedges and Polygonum;
(B) granulated muddy peat of coarse organic fragments, mainly
roots, with low terrigenous content; (C) organic mud or dark-
brown to black peat; and (D) dark-brown fine-grained peat.
Facies B is the more common throughout the sequence. This
mire has been cored several times between 1977 and 2009,
and five of the cores obtained have been radiocarbon dated
(Figure 1). An additional core was retrieved and dated in a
nearby small depression, Rano Aroi Iti, in 2009. The original
data andmethodological details are in Flenley (1979), Flenley and
King (1984), Flenley et al. (1991), Peteet et al. (2003), Margalef
(2014), Margalef et al. (2013, 2014), Rull et al. (2015), Horrocks
et al. (2015).

Rano Kao contains the largest lake of the island, with∼1250m
diameter, situated at 110m elevation (Figure 1). This lake is
very peculiar as its surface is a mosaic of water and aquatic
vegetation in the form of floating mats up to 3m deep overlying
the water column, which is up to 10m deep. The oldest ages
recorded so far in the floating mat are around 700–900 cal
yr BP (Gossen, 2007; Horrocks et al., 2013). Therefore, during
roughly the last millennium past ecological and environmental
evidence has been accumulating in both the floating peats and
the upper layer of lake sediments. It has been suggested that these
two archives would have been partially mixed by immersion of
mat fragments thus causing chronological anomalies, typically
age inversions, in the sedimentary sequence (Butler et al.,
2004). The floating mats are dominated by the characteristic
aquatic species of the island, S. californicus and P. acuminatum,
together with another sedge, Pychreus polystachius (Zizka, 1991).
A significant number of archaeological sites have been found
around Rano Kao, notably the ancient village of Orongo, which
is one of the more important and well preserved archaeological
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FIGURE 1 | Google Earth images of the lakes and mire studied, indicating the location of the cores from which radiocarbon ages originate. (A) Location

of the lakes/mires, (B) Lake Raraku, (C) Aroi mire, (D) Lake Kao.

complexes of the island. The maximum depth of lake sediments
recorded thus far is ∼21m and the maximum age measured
is ∼34,000 cal yr BP (Gossen, 2007, 2011; Horrocks et al.,
2013). The Kao lake sediments have been described as coarse
organic detritus derived from aquatic and catchment vegetation,
with a basal layer of coarse detritus and clay (Flenley and
King, 1984; Flenley et al., 1991; Horrocks et al., 2013). This
lake was cored between 1977 and 2005. Eight of the cores
retrieved were radiocarbon dated and are included in this
compilation. The following references contain the original data
and methodological details: Flenley (1996), Butler and Flenley
(2001, 2010), Butler et al. (2004), Gossen (2007, 2011), Horrocks
et al. (2012b, 2013).

Rano Raraku contains a lake of intermediate size (∼300m
diameter), situated at 80m elevation (Figure 1). Hydrologically,
the lake is closed, with no surface outlet, and is used by humans
as a freshwater source for consumption and irrigation. The
main water inputs are rainfall and catchment runoff (Herrera
and Custodio, 2008). The maximum water depth recorded in
modern times is ∼3m (Sáez et al., 2009). The aquatic vegetation
is dominated by S. californicus, which forms a more or less
continuous floating belt in the east margin of the lake. Rano
Raraku is one of the more emblematic sites of the island
as it was the quarry where the moai were sculptured. The

sedimentary infilling is at least 14m deep in the center of
the lake, which corresponds to an age of 34,000 cal yr BP
(Sáez et al., 2009). These sediments have been described as
a mixture of coarse and fine detritus originating from lake
and catchment vegetation, intermingled with layers of gyttja,
clay, and mud and, occasionally, volcanic ashes (Flenley et al.,
1991; Horrocks et al., 2012a). A more detailed sedimentological
study reported that the Raraku sediments were dominated by
organic matter with variable amounts of terrigenous mineral
particles from the catchment rocks. The organic matter was a
mixture of plant remains from the catchment and, in lower
proportion, autochthonous organic matter derived from lake
production (Sáez et al., 2009). The same study distinguished four
sedimentary facies: (1) laminated, dark gray-reddish organic-rich
silts and mud; (2) laminated and massive brownish organic mud;
(3) brown-reddish massive or banded peaty sediment, composed
mainly of plant (sedge) remains; and (4) peat and silty clay. These
sediments have been cored between 1977 and 2009, with 14 cores
having radiocarbon dates (Figure 1). The raw palaeoecological
and palaeoclimatic information from these cores is in Flenley
(1979), Flenley and King (1984), Flenley et al. (1991), Dumont
et al. (1998), Azizi and Flenley (2008), Sáez et al. (2009), Horrocks
et al. (2012a), Cañellas-Boltà (2014), and Cañellas-Boltà et al.
(2012, 2013, 2014).
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FIGURE 2 | Histogram with the distribution of radiocarbon ages by time intervals. Only calibrated ages (median probability) have been considered.

Raw data in the Supplementary Material.

The Dataset
The EIRA database contains all the radiocarbon ages from Aroi,
Kao, and Raraku sediments published to date (1984–2015). In
order to preserve objectivity, all radiocarbon dates from all
the cores dated by this method have been included in this
compilation, regardless of whether the original authors have
considered them in their age-depth models or not. The raw
14C data are exactly as they appear in the original references,
except for post-bomb ages, which are given as negative 14C
ages for homogeneity. Whenever, possible—i.e., when all the
necessary data were available and the dates are within the age
range for radiocarbon dating- the original radiocarbon ages
have been calibrated or re-calibrated with CALIB 7.1 (http://
calib.qub.ac.uk/calib/) using the SHCal13 curve (Hogg et al.,
2013). Post-bomb (negative) 14C ages were calibrated with clam
2.2 (Blaauw, 2010; http://chrono.qub.ac.uk/blaauw/clam.html),
using the curve SH zone 1-2 (Hua et al., 2013). The database is
provided in the Supplementary Material as an Excel file (EIRAdb
2.5), which is also freely available at the NOAA International
Climatic Data Center, section Paleoclimate, under the accession
number 19805 (https://www.ncdc.noaa.gov/paleo/study/19805).

The Excel file consists of four sheets named cores, data, lab
codes, and references, respectively. The core sheet contains the
cores from which dated samples proceed, with the following
information arranged in columns: site name (lake/bog), site
coordinates (at the center of each site), elevation, core
name, core coordinates, water depth at the coring site, core
length, date retrieved, coring system, and references from

where these data were obtained. The data sheet displays the
radiocarbon dates organized in the following columns: site,
core, references, sample code assigned by the corresponding
radiocarbon laboratory, sample depth (top, base, and average),
material dated, 14C date, dating error, calibrated dates at
95% probability ranges (maximum and minimum), median
probability and observations. In some cases, only calibrated age
ranges are provided because they appear in this form in the
original references. ND means “No Data.” The third sheet, lab
codes, provides the identification of each radiocarbon laboratory
according to their acronyms and the fourth sheet contains the
references cited in sheets one (cores) and two (data). The current
version (2.5) of this file was validated March 31, 2016 and will be
updated and uploaded to the NOAA repository each year.

The total number of radiocarbon ages is 279, corresponding to
28 cores, ranging from ca. 48,000 to the present. The number of
calibrated dates is 261, distributed as follows: Aroi, 65 dates; Kao,
111 dates, and Raraku, 85 dates. Overall, most dates correspond
to the Holocene, especially to the last two millennia, which is
the period most intensively studied due to its cultural relevance
(Figure 2). In contrast, the period between 4000 and 8000 cal
yr BP is the least represented. This is true for Aroi and Kao
but not for Raraku, where this early-middle Holocene interval
is well represented. In general, Late Glacial ages are intermediate
in frequency but they are also irregularly distributed among sites,
as they are fairly well represented in Aroi and Raraku but not
in Kao. Last Glacial dates are the least represented, especially
in the interval corresponding to the LGM (18,000–22,000 cal
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yr BP), which is represented only in Raraku. Noteworthy,
Pleistocene ages are almost absent in Kao. Whether the paucity
of specific age intervals is due to the scarcity of sediments of
these ages, which may help identifying eventual sedimentary
gaps, or to differential sampling effort, is worth to be analyzed
for its potential significance in terms of local and island-wide
sedimentation patterns.
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