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Abstract To understand human practices and landscape evolution it is crucial to be able
to trace evidence of past fires, notably in tropical environments. In such anthromes,
phytoliths are generally well preserved and provide local signals on the environment.
However, the different approaches to identifying burnt or heated phytoliths have proved
inadequate. The recent investigation of auto-fluorescent phytoliths as proxy indicators of
fire opens up new possibilities, however, such studies have so far been limited to
European temperate regions. The present contribution further explores the potential of
this technique, attempting to reconstruct fire histories in tropical and subtropical latitudes.
Therefore, we investigated various modern and ancient contexts in Guatemala, Senegal
and the Canary Islands using descriptive and quantitative approaches to fluorescence.
This comparative process revealed a diversity of fluorescence responses depending on the
ecosystems studied, with anthropized areas often producing more fluorescent phytoliths.
These results were obtained despite the use of different extraction and mounting methods.

In contrast, coloured phytoliths, often considered an indicator of environmental burning,



proved not very informative in some of the samples. This study reinforces our conviction
that the auto-fluorescence of phytoliths is a universal phenomenon and is useful as a new
proxy for detecting ancient fire in tropical and subtropical archaeological and

palaeoenvironmental deposits.
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Introduction

Identifying past fires in archaeological and palacoenvironmental records can
improve our understanding of long-term cultural adaptations and human impacts
on the environment (Snitker et al. 2022). Fire, whether of natural or human origin,
has drastically affected past ecosystems and their composition. It is also a key
factor linked to human presence in previously uninhabited territories (McWethy et
al. 2009) and it is one of the main signs of the creation and maintenance of
cultural landscapes in tropical areas such as the Amazon basin (Bush et al. 2007),
Australia (Miller et al. 2005), New Guinea (Fairbairn et al. 2006), Southeast Asia
(for example, Hunt et al. 2012; Hamilton et al. 2019) and the Pacific region
(Thevenon et al. 2004). Several lines of evidence can be followed to study past
natural and human-caused fires. At the macroscopic scale, the occurrence of fires
and the material burnt can be studied through charcoal studies (anthracology)
(Théry-Parisot et al. 2010) and charcoal quantification (Whitlock and Larsen
2001). At the microscale, the study of microscopic charcoal particles (Finsinger
and Tinner 2005), microscopic fire by-products such as calcareous ash
pseudomorphs (Canti and Brochier 2017) and fire-affected microfossils can
provide valuable data on the type and intensity of fires in the sediment record.
Finally, at the molecular scale, polycyclic aromatic hydrocarbons (PAH) (Lima et
al. 2005) and charcoal particle elemental composition (through Fourier transform
infrared spectroscopy or FTIR) can help assess fire frequency and intensity
(Gosling et al. 2019). Each proxy brings opportunities and context-specific
limitations related to abundance and degradation in sediments. The study of fire-
affected microfossils such as phytoliths is promising due to their potential for
preservation and the representation of taxa that rarely leave macroscopic traces in
the sedimentary record such as grasses and shrubs.

Phytoliths can remain in soils or sediments for hundreds or thousands of years, but
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phytolith taphonomy is poorly understood. Hodson (2018) reviewed this topic and
suggested that both the morphology and chemistry of phytoliths could affect their
persistence in sediments. There is some evidence that the presence of aluminium
compounds may decrease phytolith solubility. It is also possible that cell wall
phytoliths with a high carbon content may break down faster in the soil. However,
the principal factor determining phytolith dissolution seems to be the ratio of their
geometric surface area to volume. Soil factors are also important, and it has been
known for many years that phytoliths survive much less well in alkaline soils.
Since the early 2000s, several ways have been proposed to use phytoliths to detect
fires, such as melting (Brochier 2002; Canti 2003), Raman spectroscopy (Pironon
et al. 2001), refractive index (Elbaum et al. 2003) and change in colour (Parr
2006). Specifically, colour changes have been a frequently used indicator by the
phytolith community in the last two decades (Gu et al. 2008; Garnier et al. 2013;
Aleman et al. 2014; Hensel et al. 2022). However, Evett and Cuthrell (2017)
consider three of these indicators (colour, refractive index and Raman
spectroscopy) to be inadequate for their study area on the central coast of
California and doubt whether they can be used everywhere. Wu et al. (2012)
reported significantly different temperatures at which alteration and melting
occurred. These appear to be influenced not only by the specific plant taxa and
organs but also by environmental factors such as sodium or chlorine content of the
soil, which can markedly reduce the melting temperatures. A more detailed review
of these aspects is given by Devos et al. (2021) and the references therein.
Phytolith auto-fluorescence is the emission of fluorescent light upon illumination
with a particular wavelength (Devos et al. 2021). The recent identification of the
link between fluorescence and fire opens new research avenues for the
identification of fire in the phytolith record. Our first paper in this series (Devos et
al. 2021) concerned fluorescent phytoliths in archaeological samples from
northern European contexts. We surveyed the small amount of literature available,
and only Matthews (1995) appears to have found fluorescent phytoliths in a
context outside Europe, from hearth deposits at Abu Salabikh, Iraq. More recently,
Vrydaghs et al. (2024) conducted experimental work on the inflorescence bracts
of Avena sativa (oats) and showed that heating caused all phytolith morphotypes,
both lumen and cell wall types, to fluoresce. So far, most work has been on

grasses and cereals, but our unpublished observations suggest that the phytoliths



of other taxa also fluoresce when heated.

The present study will explore the potential of phytolith auto-fluorescence as an
indicator of heat or fire in various tropical and subtropical areas. We selected
some ecological and taphonomical contexts in one subtropical and two tropical
regions for a comparative study. This study intends to address three questions: 1,
do phytoliths from (sub)tropical plant taxa become fluorescent when heated by
fire? 2, do extraction procedures and mounting media affect phytolith
fluorescence? and 3, how do observation and counting methods affect the
identification of phytolith fire signatures? This analytical effort will allow us to
propose a methodology for studying phytolith auto-fluorescence in these
geographical regions. It will also enable us to identify potential pitfalls in the
study of auto-fluorescence, particularly variations in its intensity. This study is a
first step to test the potential of phytolith auto-fluorescence as an accessible and
reliable complementary method to other fire proxies in the archaeological and

sedimentary record.

Study sites and sampling

Three geographical areas located in the tropical and subtropical areas of the
northern hemisphere were selected for this study, the central Maya lowlands in the
Petén region of northern Guatemala, the Bédik region of southern Senegal and the
island of La Palma in the Canary Islands (Fig. 1). These regions cover a wide
range of ecosystems and were inhabited by people who developed long-term
recurrent interactions with their environments. The Petén region in Guatemala is
covered by a dense, semi-humid rainforest, where the great Mayan cities
developed between 1000 BCE and 900 CE (Sharer and Traxler 2005). The impact
of ancient Mayan societies on their forest ecosystems and the associated
transformation of landscapes are a key issue in current research into
environmental change (Dunning et al. 2019; Castanet et al. 2022). The Bédik
region of Senegal is covered by wooded savannas, where the Bédik people lived
as large agrarian societies (Bocoum and Moriset 2012). The Canary Islands (Islas
Canarias) have a diverse island vegetation that is rich in endemics, with five main
ecological vegetation formations, coastal scrublands, thermophilous forests, laurel
forests, Canary pine forests and highland shrub. The earliest permanent human

colonisation by settlers arriving from North Africa probably took place around the
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Ist-3rd century CE (Morales et al. 2023; Santana et al. 2024).

A total of 19 samples were studied from these three areas (Table 1). Of these, ten
were from modern topsoils, four from archaeological contexts and five from fossil
sediments. They cover periods ranging from the present day to the Pleistocene.
Thus, the diversity of ecological and temporal contexts studied should include a
wide range of phytolith auto-fluorescence responses.

The eight samples from the site of Petén, Guatemala, are divided into five samples
from present-day ecosystems (GM 1-5) and three sedimentary samples covering
the 1st millennium BCE (GF1-3). Among the modern samples, three came from
the cultivated areas of the Uaxactun village, where traditional slash-and-burn
farming is still being done. GM1 corresponds to recent fallow land rich in palm
trees, GM2 to a cultivated garden at the edge of a cleared plot of land and GM3 to
a place which had been burnt a few days earlier (Supplementary Material (ESM)
Fig. S1). The other two samples (GM4 and 5) represent modern ecosystems close
to the Naachtun Maya archaeological site, not cultivated for at least 800 years
(Testé et al. 2020). GM4 is from a palm forest at the foot of the slope of a karst
depression, while GMS5 was collected from a swampy area covered with water and
herbaceous plants. The three archaeological samples range from the Middle
Preclassic (GF3, 800-300 BC) to the Late Classic (GF1, AD 350—800). They were
collected north of the Mayan archaeological site of Naachtun from a sediment
section in a seasonal marsh (section CS1-S2c, sedimentary zones E1C, E2A and
E2B in Castanet et al. 2022). Palacoecological interpretations based on the
phytoliths showed that this swamp area was used in the Mayan period (Testé
2020).

Five modern and two fossil samples from Senegal have been analysed. The
modern samples were sampled in various different contexts, Sudan and Guinea
woodland, Sudan woodland, open Sudan tree savanna, Sudan gallery forest (along
rivers or wetlands in dry areas), Oxytenanthera abyssinica forest in the Bédik
region in Sudan and Guinea (Fig. 1, ESM Fig. S1). This area is affected by
seasonal fires caused by people. Two fossil samples from the river Falémé
deposits in eastern Senegal were also analysed. They came from Holocene (SF1,
1.7£0.1 ka) and Pleistocene deposits (SF2, 19,548-19,202 cal BP) (CP9, samples
16 and 22 in Davidoux et al. 2018).

Four archaeological samples were collected from La Palma, the northwesternmost



of the Canary Islands. These are sediment samples collected from Cueva de
Belmaco, a rock shelter site showing pre-Hispanic indigenous occupation, which
partially served as an animal pen for approximately 600 years from the 8th to the
14th century CE (Marrero Salas et al. 2016). Radiocarbon dates have been
recalibrated using OxCal. v4.4 (Bronk Ramsey, 2021) following the IntCal20
curve (Reimer et al. 2020). During this period of use, periodic burning of dung
residues was done to clean it and prepare it for reuse, as shown by
micromorphological and biomarker data (Ferndndez-Palacios et al. 2023, 2024).
This kind of burnt stable or animal pen deposit, also known as a fumier
(Angelucci et al. 2009) consisted of a series of layers of unburnt (or only slightly
heated) dung, alternating with black layers showing abundant charred plant
material and charred dung, and white layers mainly made up of dung ash,
according to the microstratigraphy (Ferndndez-Palacios et al. 2023). For the
present study, samples CA1 and CA3 were collected from dung ash layers, while

CA2 and CA4 were collected from black layers.
Methods and counting

Methods of analysis

The samples from Senegal and Guatemala were prepared according to Neumann
et al. (2009) and Piperno (2006) and were treated with 30% hydrogen peroxide at
90 °C, followed by deflocculation of clay with sodium hexametaphosphate (20 to
40 g/L), then flotation with sodium polytungstate (specific gravity 2.3). The
samples from the Canary Islands were treated using a relatively similar method,
with hydrogen peroxide at 90 °C, nitric acid and hydrochloric acid, before
flotation using sodium polytungstate (specific gravity 2.3). Heat treatment of the
samples in hydrogen peroxide at 90 °C dissolves the organic matter covering the
phytoliths, which is essential for observing their auto-fluorescence. As the work
carried out by Vrydaghs et al. (2024) indicated that the first fluorescent phytoliths
are only found if they have been heated to 200 °C or more, this part of the
preparation process should not affect our results. Microscope slides were made
using three different media, those from Guatemala and Senegal using microscope
immersion oil (O). The samples from the Canary Islands were either mounted

with Canada Balsam (B) or with Permount (P).



We studied the phytoliths using polarising microscope Zeiss Axioskope 5
equipped with a fluorescence kit, in plane polarized light (PPL), blue fluorescence
(blue-fluo) (filter set: 450-490, FT510, LP 520) and ultraviolet (UV-fluo) (filter
set: G365, FT395, LP420) at 500x magnification. The photomicrographs were

taken with a Deltapix Invenio 6EIIl camera incorporated into the microscope.

Counting

As the present research is an exploratory work, the counting was limited to a
minimum of 50 diagnostic phytolith morphotypes for each of the 19 samples.
(Fig. 2; ICPT 2019). Counting was organised according to three parameters that
are possibly related to the heating or firing of the samples: 1, translucent
phytoliths, 2, dark or coloured phytoliths and 3, auto-fluorescent phytoliths. Opal
phytoliths are generally colourless in plane polarised light (PPL), which is what is
meant by translucent. The colour is in the coating of all phytoliths resulting from
the charring of the organic material surrounding them (Parr 2006), and possibly
also by the burning of carbohydrates within cell wall phytoliths (Hodson 2019). It
does not take into account inclusions that can sometimes be seen within lumen
phytoliths (Vrydaghs and Devos 2020).

For the counts, each phytolith was assigned to its morphotype as described in
ICPN 2.0 (ICPT 2019) and also to one of six categories coded as T-NF; T-MF; T-
HF; C-NF; C-MF; C-HF. The first letter of a code, T or C, refers to the colouration
of a morphotype observed in PPL (Fig. 2), T for translucent phytoliths and C for
coloured or dark. The last two letters of a code refer to phytolith auto-
fluorescence, which has been divided into three categories according to its
intensity, NF for non-fluorescent, MF for moderately fluorescent and HF for
highly fluorescent (Fig. 3). The intensity of auto-fluorescence can be defined as
the ability of a phytolith to emit photons and therefore to glow. So far, we have
not been able to establish a standard method for measuring fluorescence. Our
division of fluorescence intensity into categories is therefore based on observable
characteristics. The HF category corresponds to very bright morphotypes that
create a luminous halo around them (Fig. 3). MF includes phytoliths whose auto-
fluorescence is duller, or where only part of the phytolith fluoresces, and NF
corresponds to phytoliths that do not fluoresce at all.

The quantitative approach integrates several kinds of data which are shown in



distribution diagrams (Figs. 4, 5, 6). For each sample, the percentages of non-
fluorescent (NF) and fluorescent phytoliths (MF+HF) for each morphotype are
given. The relative distributions of the six categories presented above are also
given for all morphotypes. Finally, there are two overall indices which integrate
all morphotypes for each sample. A fluorescence index (hereafter IF) was
calculated using the following ratio: IF = (all MF + all HF) / (all phytoliths). A
colour index (hereafter IC) shows the ratio between coloured and colourless
phytoliths following the formula IC = (all C) / (all phytoliths). The purpose of
these ratios is to allow a quantitative comparison between the two fire proxies.
Finally, sponge spicules and/or diatom frustules were also noted but not included
in the counts. These siliceous opal remains can also become auto-fluorescent
(Wyche 2012) and thus provide additional information on soils, sediments or

taphonomic contexts.

Results

Auto-fluorescent phytoliths were seen in all the studied samples (Table 1, ESM
Table S1). They include BILOBATE, SADDLE, RONDEL, SPHEROID (ornate and
echinate), CONICAL, ELONGATE, BLOCKY, BULLIFORM, ACICULAR (psilate and
nodulate), HAIR BASE, and ARTICULATED POLYGONAL (Fig. 2). Besides
demonstrating that a large range of phytoliths can become auto-fluorescent, it also
establishes that the various extraction methods and mounting media allow us to

study auto-fluorescence in them.

Samples from Guatemala

The modern and fossil soil samples showed significant variations in phytolith
auto-fluorescence and colour. Overall, the IF ratio varied between 0.24 and 0.87.
The three samples from the agricultural areas (GM1, 2 and 3) all had values above
0.5. The recently burnt soil surface (GM3) had the highest IF value (0.75) for
modern samples. Old-growth forest samples GM4 and GM5 had lower values
(respectively 0.24 and 0.36). In these samples, the IC was lower than 0.07, except
for GMS, which had an IC value of 0.12 (Fig. 4). In the fossil samples, both IF
and IC values were relatively high, with IF ranging from 0.73 (GF3) up to 0.87
(GF2) and IC values varying between 0.10 (GF3) to 0.19 (GF2).

Variations in auto-fluorescence have also been found at morphotype level, within



and between samples. Within the same sample, the percentage of auto-fluorescent
phytoliths can vary greatly from one morphotype to another. The percentages of
auto-fluorescent phytoliths for each morphotype can also differ between samples.
For example, in GM2, the percentage of auto-fluorescent SPHEROID ORNATE
phytoliths was only 19.2%, compared with 90.9% for SPHEROID ECHINATE. In
GM3, the percentage of auto-fluorescent SPHEROID ORNATE phytoliths reached
78.5%, while the percentage of auto-fluorescent phytoliths in SPHEROID ECHINATE
remained high at 76.4%. Each morphotype reached the level of 50% auto-
fluorescent phytoliths in at least one sample. Sponge spicules and diatoms were
mostly non-fluorescent, except for two opal remains identified in GM3 and GMS5.
We found that there were more highly fluorescent (HF) phytoliths present in fossil
than in present day samples. HF phytoliths were most abundant in the SPHEROID
ORNATE and GSSCP morphotypes.

Samples from Senegal

The samples from Senegal also showed variations in phytolith auto-fluorescence,
albeit less distinctly than those from Guatemala (Fig. 5). In all modern samples, IF
values ranged from 0.58 (SM5) to 0.83 (SM1). The two fossil samples showed
greater variability, with the Holocene sample SF1 showing an IF ratio of 0.79,
while the Pleistocene sample SF2 had a value of 0.49. The IC values were
significantly higher compared to the samples from Guatemala. The modern
samples with the minimum (IC = 0.30 for SM5) and maximum (IC = 0.56 for
SM1) values correspond to the samples with the minimum and maximum IF
values. For samples SM2, SM3, and SM4, the distribution of IC and IF values
showed the opposite. Finally, the two fossil samples also showed a pronounced
deviation in the distribution of IC values. Sample SF1 had an IC value of 0.65,
while for the Pleistocene sample SF2 it was 0.24.

All the samples studied from Senegal had morphotypes of which at least 50% of
the phytoliths were auto-fluorescent. Only morphotypes classified as 'other' in
sample SF2 had only 33.8% auto-fluorescent phytoliths. Within all morphotypes,
HF phytoliths were observed, albeit in varying proportions. In modern samples,
grass silica short-cell phytoliths (GSSCP: BILOBATE, SADDLE and RONDEL)
showed higher fluorescence compared to the other morphotypes. However, for the

fossil samples, highly fluorescent ELONGATE and BULLIFORM types were recorded



in greater quantities (Fig. 5).
Samples from the Canary Islands

The samples from the Canaries showed much less variation in phytolith auto-
fluorescence, whether they were mounted with Canada balsam or Permount (Fig.
6). The IF values were all above 0.80, reaching a maximum of 0.91 in sample
CA2.B. Similarly, the distribution of coloured phytoliths indicated by the IC ratio
showed very little variation and were particularly low, never exceeding 0.05
(CA1.P) and even reaching zero (CA3.P).

All morphotypes show cohorts dominated by auto-fluorescent phytoliths. Only
few samples contained highly fluorescent (HF) phytoliths which were mainly
SPHEROID and GSSCP morphotypes. There were a few HF phytoliths among the
ACICULAR NODULATE and BULLIFORM morphotypes. HF phytoliths were mainly
found in slides mounted with Canada balsam. Only two HF phytoliths were
recorded in the CA2 sample which used Permount (CA2.P).

Discussion

Fluorescence in tropical and subtropical samples

Phytolith auto-fluorescence is a phenomenon common in both tropical and
subtropical regions, as well as in northern Europe (Devos et al. 2021). Auto-
fluorescent phytoliths occur in plants growing in a variety of modern ecosystems,
tropical forests, wooded savannas and wetlands as well as in places affected by
human activities such as cultivated fields, fallow land, ancient woodlands,
wetlands, and alluvial sedimentary deposits. Fluorescent phytoliths have also been
found in all types of sedimentary and archaeological samples covering the
Holocene and the late Pleistocene. These repeated observations reinforce the idea
that phytolith fluorescence is widespread.

We also established that all the following morphotypes can become fluorescent:
SPHEROID (ORNATE and ECHINATE), grass silica short-cell phytoliths (BILOBATE,
SADDLE and RONDEL), CONICAL, ELONGATE, BLOCKY, BULLIFORM, ACICULAR
(PSILATE and NODULATE), HAIR BASE and articulated POLYGONAL. What is more,
the morphotypes found in our samples generally included at least one auto-

fluorescent phytolith (Fig. 2).
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Importantly, we found that not all the phytoliths within a sample showed
fluorescence. As recent experiments showed (Vrydaghs et al. 2024), this does not
necessarily mean that the plant material they originated from had never been
heated, which shows the importance of combining different strands of evidence
with fluorescence, such as the colour index.

The occurrence of fluorescent phytoliths in soils and sediments that had clear
evidence of burning or heating supports their use as a proxy for fire (Devos et al.
2021). The presence of numerous auto-fluorescent phytoliths in ancient material
also supports the use of fluorescence analysis for studying past fire events and fire
uses in the tropics and subtropics.

The presence of fluorescence in some samples and morphotypes raises questions.
For instance, the discovery of auto-fluorescent phytoliths in contexts of old
growth forests with no trace of fire for 800 years (Guatemala, GM4) or perennial
wetlands (GMS5) may have little to do with a response to burning. It is therefore
necessary to consider the possibility that other physical or chemical factors could
also affect the auto-fluorescence of phytoliths. However, the virtual absence of
fluorescence in sponge spicules and diatoms from soils in Guatemala may suggest
that this is not something that happened after deposition. These siliceous remains
can fluoresce in the same temperature range as phytoliths (Wyche 2012). The
post-depositional (taphonomic) factor that caused the auto-fluorescence of the
phytoliths (such as fire, heating, etc.) should therefore have caused the diatoms
and spicules to auto-fluoresce as well. At the very least, we can assume that the
phytolith auto-fluorescence reaction comes from the phytoliths themselves rather
than an outside agency.

The occurrence of fluorescent phytoliths in our contexts also contrasts with the
uneven distribution of coloured ones. The IC ratio shows significant variations in
the proportion of coloured phytoliths in the samples from Senegal and it is
particularly low in samples from Guatemala and the Canary Islands. Despite the
repeated use of the “coloured phytolith” method in recent years (Garnier et al.
2013; Aleman et al. 2014; Meng et al. 2022), it seems that this is not applicable in
all contexts (Evett and Cuthrell 2017). Furthermore, our results even indicate a
potential underestimation of (past) fires in some cases, given that all samples
show higher IF values than IC values. These observations reinforce the idea that

fluorescence can be a universal proxy for heating or fire, but it is necessary to
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calibrate it.

Quantification of auto-fluorescence and its relevance for

indicating burning

The index of fluorescence of individual samples or morphotype groups can show
variations that could be informative about the use of fire in the environment. For
the modern Petén samples, the maximum IF value (0.75) corresponds to a burning
which happened a week before sampling (GM3). The average IF values of
between 0.54 and 0.59 in samples GM1 and GM2 correspond to fallow ground
and gardens on land that had been cleared by slash-and-burn practices some 20
years ago. Finally, the lowest IF values were obtained from environments that had
not been inhabited for at least 800 years (GM4 and GMS5). Modern samples from
Senegal also had IF values between 0.58 and 0.83 from environments regularly
affected by fire. Without clear histories of the places studied in Senegal, it is
impossible to establish a link between the fluorescence ratios and fire regimes.
However, it appears that variations in the IF ratio are comparable to variations in
the coloured phytolith ratios.

Quantifying auto-fluorescence at the morphotype level also provides information
on vegetation burning. The samples from similar environments in Guatemala and
Senegal had percentages of auto-fluorescent phytoliths of the same morphotype
which were higher or lower from one sample to another. Take sample GM3, for
example, which had large values of auto-fluorescent SPHEROID ORNATE, while
samples GM1 and GM2 showed lower values for this morphotype (Fig. 4). All
three samples were collected from forest ecosystems similarly disturbed by
farming; GM1 and GM2 were still fallow land, while GM3 had just been burnt at
the time of sampling. Therefore, by examining the percentages of fluorescent
phytoliths in each morphotype, it may be possible to provide additional ecological
information to the overall IF ratio.

Finally, quantifying phytolith auto-fluorescence in archaeological and fossil
samples could provide information on the degree of human influence at a site,
reflecting local fire use. Archaeological and fossil samples showed relatively high
IF values always above 0.70, except for the SF2 sample which dates from the
Pleistocene. Similarly, for Guatemala, IF values were slightly higher for GF1 and

GF2 which correspond to the period of occupation of the site.
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The archaeological samples from the Canary Islands showed high and similar IF
values for the different dung layers at Cueva de Belmaco. Previous work carried
out on these samples showed the presence of darkened spherulites in CA1 and
CA3 dung ash layers (Fernandez-Palacios et al. 2023), implying that temperatures
may have not exceeded 600—700 °C (Canti and Nicosia 2018). The discovery of
auto-fluorescent phytoliths in this same sample appears to agree with this
observation, as prolonged heating above 700 °C can melt phytoliths (Gur-Arieh et
al. 2014) and cause them to lose their fluorescence (Devos et al. 2021; Vrydaghs
et al. 2024). Samples CA2 and CA4, on the other hand, are rich in charred matter
and thus only partially burned according to the micromorphology, and still
showed high IF values. Some fluorescent phytoliths occur when the heating
reaches only 200 °C (Vrydaghs et al. 2024). This could be the case for CA2 and
CAA4, as black layers in fumier dung deposits can reach temperatures of 400-500
°C (Carrancho et al. 2016, 2024; Herrejon-Lagunilla et al. 2022).

The high proportions of fluorescent phytoliths in the archaeological samples from
our three study sites could also reflect the role of taphonomy. Although post-
depositional processes do not appear to have directly affected the fluorescence of
phytoliths and biogenic silica, they may have influenced them in the soil (Madella
and Lancelotti 2012). The micromorphological study of phytoliths and the
quantitative counting of the prepared microscope slides should help to provide

detailed interpretations (Devos and Vrydaghs 2023).

Concerning preparation and counting methods

Effects of physical and chemical preparation methods and

mounting media

The various preparation methods did not affect the recovery of fluorescent
phytoliths in our study. The same applies to the different mounting media used,
immersion oil, Canada balsam or Permount, and fluorescent phytoliths were
identified in large numbers in all these media.

However, the mounting medium could affect the observation of fluorescence.
Permount, in particular, seems to react under UV light, making the whole slide
fluoresce for the first few minutes of observation, which happened with all the

samples from the Canary Islands that used it (Fig. 7). Fluorescent phytoliths were
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finally observed and counted on these slides after only a few minutes of UV
exposure, when this overall fluorescence had ceased. In blue light, the use of

Permount posed no problems for studying fluorescence in phytoliths.

Limits of fluorescence intensity

In our counts we chose to divide the fluorescent phytoliths into two categories,
highly fluorescent (HF) and moderately fluorescent (MF) (Fig. 3). However there
are several reasons why this division may not be relevant. For example, the
highest percentages of HF phytoliths were not found in the samples with the
highest IF values. On the other hand, some morphotypes such as SPHEROID and
GSSCP had more HF phytoliths than others. The intensity of auto-fluorescence
may be connected with the process of mineralisation of these morphotypes
(Vrydaghs et al. 2024) rather than with the taphonomic processes.

Therefore, fluorescence behaviour as a function of time of exposure to light and
also the particular mounting medium convinces us not to consider fluorescence
intensity as a useful character. We selected three samples mounted in different
media (Canada balsam, Permount and immersion oil) and photographed, at
regular intervals, the observation fields under blue and ultraviolet light (Fig. 7).
The results confirm that the intensity of fluorescence differs according to the
mounting medium, so it is necessary to adapt the way of recording fluorescence in
phytoliths, because the fluorescence intensity depends upon the preparation and
observation methods. Our analysis also shows that the time of exposure to light
can affect the intensity of fluorescence intensity and thus the possibility of

dividing phytoliths into groups according to their intensity.

Conclusions

Our new data presented here confirm that auto-fluorescent phytoliths occur widely
in material from the tropics and subtropics. Auto-fluorescent phytoliths of various
morphotypes have been found in both ancient and modern samples which had
been exposed to heat or not, collected from diverse tropical and subtropical
ecosystems. The various different methods used for extracting and studying
phytoliths do not affect the recognition of auto-fluorescence under the
microscope. The quantitative approach tested in this study, in the form of a
fluorescence index (IF)—calculating the ratio of auto-fluorescent to non-auto-

14



fluorescent phytoliths—showed significant variations depending on the contexts
studied. In particular, present day and archaeological samples with clear evidence
of human firing from the three areas studied had the highest IF values. These data
support the idea that heating is a significant factor in phytolith auto-fluorescence,
although we do not discount other physical and chemical alterations that might
have led to a similar result. However, our attempts to record the degree of
fluorescence intensity do not appear to be conclusive. The distribution of strongly
fluorescing phytoliths does not follow any particular pattern, and classification
into broad categories of intensity is determined by the particular methods of
preparation and observation. Finally, this exploratory work contributes to the
development of a practical framework for the study of auto-fluorescence as a
proxy for vegetation burning. Our encouraging results on a quantitative approach
to phytolith auto-fluorescence convince us to pursue this methodological
development, drawing in particular on recent studies on the onset of auto-
fluorescence (Puppe et al. 2022; Vrydaghs et al. 2024). Future research could be
based on experimental field data, for example from fire maps and comparisons

with other proxies indicative of fire such as microcharcoal.

Acknowledgements The authors are grateful to all the institutions that supported this
study and facilitated its implementation. We would like to thank the research department
management of the Ecole des Hautes Etudes en Sciences Sociales (School of Advanced
Studies in the Social Sciences) who financially supported this work as part of a post-
doctoral fellowship. We also thank the Ministerio de Ciencia, Innovacion y Universidades
(Spanish Ministry of Science, Innovation and Universities) for the FPU predoctoral
contract granted to EFP, under which this research was carried out, and Cabildo Insular de
La Palma for granting fieldwork permits. EFP would also like to thank Carolina Mallol
for providing helpful insight.

References

Aleman JC, Canal-Subitani S, Favier C, Bremond L (2014) Influence of the local environment on lacustrine
sedimentary phytolith records. Palacogeogr Palacoclimatol Palacoecol 414:273-283.
https://doi.org/10.1016/j.palaco.2014.08.030

Angelucci DE, Boschian G, Fontanals M, Pedrotti A, Vergeés JM (2009) Shepherds and karst: the use of caves
and rock-shelters in the Mediterranean region during the Neolithic. World Archaeol 41:191-214.
https://doi.org/10.1080/00438240902843659

Bocoum H, Moriset S (2012) Paysages Culturels du Pays Bassari. Ministére de la Culture et du Tourisme,
UNESCO, Dakar, Senegal. https://craterre.hypotheses.org/4136

15


https://doi.org/10.1016/j.palaeo.2014.08.030
https://doi.org/10.1016/j.palaeo.2014.08.030
about:blank

Brochier JE (2002) Les sédiments anthropiques. Méthodes d’étude et perspectives. In: Miskovsky J-C (ed)
Géologie de la Préhistoire: méthodes, techniques, applications. Géopré éditions, Paris, pp 453477

Bush MB, Silman MR, De Toledo MB et al (2007) Holocene fire and occupation in Amazonia: records from
two lake districts. Phil Trans R Soc B 362:209-218. https://doi.org/10.1098/rstb.2006.1980

Canti MG (2003) Aspects of the chemical and microscopic characteristics of plant ashes found in

archaeological soils. Catena 54:339-361. https://doi.org/10.1016/S0341-8162(03)00127-9

Canti MG, Brochier JE (2017) Plant Ash. In: Nicosia C, Stoops G (eds) Archaeological Soil and Sediment
Micromorphology, 1st edn. Wiley, London, pp 147-154

Canti MG, Nicosia C (2018) Formation, morphology and interpretation of darkened faecal spherulites. J
Archaeol Sci 89:32-45. https://doi.org/10.1016/j.jas.2017.11.004

Carrancho A, Bradak B, Herrejon-Lagunilla A, Vergés JM (2024) Archacomagnetic analyses on fumiers
burned under controlled experimental conditions. Quat Int 683—684: 92—103.
https://doi.org/10.1016/j.quaint.2023.09.005

Carrancho A, Herrejon Lagunilla A, Vergés JM (2016) Three archacomagnetic applications of archacological
interest to the study of burnt anthropogenic cave sediments. Quat Int 414: 244-257.

https://doi.org/10.1016/j.quaint.2015.10.010

Castanet C, Purdue L, Testé M et al (2022) Multi-millennial human impacts and climate change during the
Maya early Anthropocene: implications on hydro-sedimentary dynamics and socio-environmental trajectories

(Naachtun, Guatemala). Quat Sci Rev 283:107458. https://doi.org/10.1016/j.quascirev.2022.107458

Davidoux S, Lespez L, Garnier A et al (2018) Les fluctuations environnementales des deux derniers
millénaires en Afrique de I’Ouest: premiers résultats de I’étude des terrasses alluviales du ravin de Sansandé
(vallée de la Falémé, Sénégal oriental). Géomorphologie 24:237-255.
https://doi.org/10.4000/geomorphologie. 12484

Devos Y, Hodson MJ, Vrydaghs L (2021) Auto-Fluorescent Phytoliths: A New Method for Detecting Heating
and Fire. Environ Archaeol 26:388—405. https://doi.org/10.1080/14614103.2020.1777056

Devos Y, Vrydaghs L (2023) Looking at Phytoliths in Archaeological Soil and Sediment Thin Sections.
Environ Archaeol. https://doi.org/10.1080/14614103.2023.2234155

Dunning NP, Anaya Hernandez A, Beach T et al (2019) Margin for error: Anthropogenic geomorphology of
Bajo edges in the Maya Lowlands. Geomorphology 331:127-145.
https://doi.org/10.1016/j.geomorph.2018.09.002

Elbaum R, Weiner S, Albert RM, Elbaum M (2003) Detection of Burning of Plant Materials in the
Archaeological Record by Changes in the Refractive Indices of Siliceous Phytoliths. J Archaeol Sci 30:217—
226. https://doi.org/10.1006/jasc.2002.0828

Evett RR, Cuthrell RQ (2017) Testing phytolith analysis approaches to estimate the prehistoric anthropogenic
burning regime on the central California coast. Quat Int 434, Part B:78—90.
https://doi.org/10.1016/j.quaint.2015.10.070

Fairbairn AS, Hope GS, Summerhayes GR (2006) Pleistocene occupation of New Guinea's highland and
subalpine environments. World Archaeol 38:371-386

Fernandez-Palacios E, Herrera-Herrera AV, Gilson S-P, Egiiez N, Jambrina-Enriquez M, Santana J, Mallol C

(2024). Distinguishing between sheep and goat in archaeological fumiers through faecal lipid biomarkers: The

16


https://doi.org/10.1098/rstb.2006.1980
https://doi.org/10.1016/j.jas.2017.11.004
https://doi.org/10.4000/geomorphologie.12484
https://doi.org/10.4000/geomorphologie.12484
https://doi.org/10.1080/14614103.2020.1777056
https://doi.org/10.1080/14614103.2023.2234155
https://doi.org/10.1006/jasc.2002.0828
https://doi.org/10.1016/j.quaint.2015.10.070
https://doi.org/10.1016/j.quaint.2015.10.070

case of Belmaco Cave (Canary Islands, Spain). Quat Int 683—-684:135-144.
https://doi.org/10.1016/j.quaint.2023.08.012

Fernandez-Palacios E, Jambrina-Enriquez M, Mentzer SM et al (2023) Reconstructing formation processes at
the Canary Islands indigenous site of Belmaco Cave (La Palma, Spain) through a multiproxy

geoarchaeological approach. Geoarchaeology 38:713—739. https://doi.org/10.1002/gea.21972

Finsinger W, Tinner W (2005) Minimum count sums for charcoal concentration estimates in pollen slides:

accuracy and potential errors. Holocene 15:293-297. https://doi.org/10.1191/0959683605h18081r

Garnier A, Neumann K, Eichhorn B, Lespez L (2013) Phytolith taphonomy in the middle- to late-Holocene
fluvial sediments of Ounjougou (Mali, West Africa). Holocene 23:416—431.
https://doi.org/10.1177/0959683612463102

Gosling WD, Comelissen HL, McMichael CNH (2019) Reconstructing past fire temperatures from ancient
charcoal material. Palacogeogr Palacoclimatol Palacoecol 520:128—137.

https://doi.org/10.1016/j.palaco.2019.01.029

Gu Y, Pearsall DM, Xie S, Yu J (2008) Vegetation and fire history of a Chinese site in southern tropical
Xishuangbanna derived from phytolith and charcoal records from Holocene sediments. J Biogeogr 35:325—

341. https://doi.org/10.1111/.1365-2699.2007.01763.x

Gur-Arieh S, Shahack-Gross R, Maeir AM et al (2014) The taphonomy and preservation of wood and dung

ashes found in archaeological cooking installations: case studies from Iron Age Israel. J Archaeol Sci 46:50—
67. https://doi.org/10.1016/j.jas.2014.03.011

Hamilton R, Stevenson J, Li B, Bijaksana S (2019) A 16,000-year record of climate, vegetation and fire from
Wallacean lowland tropical forests. Quat Sci Rev 224:105929.
https://doi.org/10.1016/j.quascirev.2019.105929

Hensel EA, Kehl M, Wéstehoff L, Neumann K, Vogelsang R, Bubenzer O (2022) A multi-method approach
for deciphering rockshelter microstratigraphies—The role of the Sodicho Rockshelter (SW Ethiopia) as a
geoarchaeological archive. Geosciences 12:92. https://doi.org/10.3390/geosciences12020092
Herrejon-Lagunilla A, Carrancho A, Villalain JJ (2022). On the suitability of prehistoric anthropogenic burnt sediments
(fumiers) for archacomagnetic studies at E1 Mirador cave (Burgos, Spain). In: Allu¢ E, Martin P, Verges JM (€ds)
Prehistoric Herders and Farmers A Transdisciplinary Overview of the Archaeological Record from El Mirador Cave

(Interdisciplinary Contributions to Archaeology). Springer, pp 111-128. https://doi.org/10.1007/978-3-031-12278-1 6.

Hodson MJ (2018) Phytoliths in Archaeology: Chemical Aspects. In: Smith C (ed) Encyclopedia of Global
Archaeology. Springer, Cham, pp 8,584-8,591. https://doi.org/10.1007/978-3-319-51726-1 3250-1

Hodson MJ (2019) The Relative Importance of Cell Wall and Lumen Phytoliths in Carbon Sequestration in
Soil: A Hypothesis. Front Earth Sci 7:167. https://doi.org/10.3389/feart.2019.00167

Hunt CO, Gilbertson DD, Rushworth G (2012) A 50,000-year record of late Pleistocene tropical vegetation

and human impact in lowland Borneo. Quat Sci Rev 37:61-80

International Committee for Phytolith Taxonomy (ICPT) (2019) International Code for Phytolith
Nomenclature (ICPN) 2.0. Ann Bot 124:189-199. https://doi.org/10.1093/aob/mcz064

Lima ALC, Farrington JW, Reddy CM (2005) Combustion-derived Polycyclic Aromatic Hydrocarbons in the
Environment—A Review. Environ Forensics 6:109—131. https://doi.org/10.1080/15275920590952739

17


https://doi.org/10.1002/gea.21972
https://doi.org/10.1191/0959683605hl808rr
https://doi.org/10.1177/0959683612463102
https://doi.org/10.1177/0959683612463102
https://doi.org/10.1016/j.palaeo.2019.01.029
https://doi.org/10.1016/j.palaeo.2019.01.029
https://doi.org/10.1111/j.1365-2699.2007.01763.x
https://doi.org/10.1016/j.jas.2014.03.011
https://doi.org/10.1016/j.quascirev.2019.105929
https://doi.org/10.1016/j.quascirev.2019.105929
https://doi.org/10.1093/aob/mcz064

Madella M, Lancelotti C (2012) Taphonomy and phytoliths: A user manual. Quat Int 275:76-83.
https://doi.org/10.1016/j.quaint.2011.09.008

Marrero Salas E, Navarro Mederos JF, Garcia Avila JC, Abreu Hernandez I, Pou Hernandez S, Alvarez
Rodriguez N (2016) La alternancia ocupacional en la cueva de Belmaco, La Palma. Una revision
arqueosedimentaria. In: Acosta Guerrero E (ed) XXI Coloquio de Historia Canario-Americana (2014).

Cabildo Insular de Gran Canaria, Las Palmas de Gran Canaria, XXI-071, pp 1-19

Matthews W (1995) Micromorphological characterisation and interpretation of occupation deposits and
microstratigraphic sequences at Abu Salabikh, Southern Iraq. In: Barham J, MacPhail RI (eds) Archaeological
Sediments and Soils: Analysis, Interpretation and Management. Routledge, London. pp 41-74

McWethy DB, Whitlock C, Wilmshurst JM, McGlone MS, Li X (2009) Rapid deforestation of South Island,
New Zealand, by early Polynesian fires. Holocene 19:883—897. https://doi.org/10.1177/0959683609336563

Meng M, Jie D, Gao G et al (2022) Characteristics of burned phytolith from representative plants in Northeast
China and implications for paleo-fire reconstruction. Rev Palacobot Palynol 300:104628.
https://doi.org/10.1016/j.revpalbo.2022.104628

Miller GH, Fogel ML, Magee JW, Gagan MK, Clarke SJ, Johnson BJ (2005) Ecosystem collapse in
Pleistocene Australia and a human role in megafaunal extinction. Science 309:287-290.

https://doi.org/10.1126/science.1111288

Morales J, Speciale C, Rodriguez-Rodriguez A et al (2023) Agriculture and crop dispersal in the western
periphery of the Old World: the Amazigh/Berber settling of the Canary Islands (ca. 2nd—15th centuries CE).
Veget Hist Archaeobot. https://doi.org/10.1007/s00334-023-00920-6

Neumann K, Fahmy A, Lespez L, Ballouche A, Huysecom E (2009) The Early Holocene palacoenvironment
of Ounjougou (Mali): Phytoliths in a multiproxy context. Palacogeogr Palaeoclimatol Palacoecol 276:87—-106.
https://doi.org/10.1016/j.palaeo.2009.03.001

Parr JF (2006) Effect of fire on phytolith coloration. Geoarchaeology 21:171-185.
https://doi.org/10.1002/gea.20102

Piperno DR (2006) Phytoliths: a comprehensive guide for archaeologists and paleoecologists. AltaMira Press,
Lanham, MD

Pironon J, Meunier JD, Alexandre A, Mathieu R, Mansuy L, Grosjean A, Jarde E (2001) Individual
characterization of phytoliths: experimental approach and consequences on paleoenvironment understanding.
In: Meunier JD, Colin F (eds) Phytoliths: Applications in earth sciences and human history. Balkema, Lisse,
pp 329-341

Puppe D, Leue M, Sommer M, Schaller J, Kaczorek D (2022) Auto-Fluorescence in Phytoliths—A
Mechanistic Understanding Derived From Microscopic and Spectroscopic Analyses. Front Environ Sci

10:915947. https://doi.org/10.3389/fenvs.2022.915947

Reimer PJ, Austin WEN, Bard E et al (2020) The IntCal20 northern hemisphere radiocarbon age calibration
curve (0-55 cal k BP). Radiocarbon 62:725-757. https://doi.org/10.1017/RDC.2020.41

Santana J, Del Pino M, Morales J et al (2024) The chronology of the human colonization of the Canary
Islands. Proc Natl Acad Sci USA 121:€2302924121

Sharer RJ, Traxler LP (2005) The Ancient Maya, 6th edn. Stanford University Press, Stanford
Snitker G, Roos CI, Sullivan III AP et al (2022) A collaborative agenda for archaeology and fire science. Nat

18


https://doi.org/10.1016/j.quaint.2011.09.008
https://doi.org/10.1016/j.quaint.2011.09.008
https://dialnet-unirioja-es.translate.goog/servlet/autor?codigo=1800146&_x_tr_sl=es&_x_tr_tl=de&_x_tr_hl=de&_x_tr_pto=sc
https://dialnet.unirioja.es/servlet/editor?codigo=2081
https://doi.org/10.1177/0959683609336563
https://doi.org/10.1016/j.revpalbo.2022.104628
https://doi.org/10.1016/j.revpalbo.2022.104628
https://doi.org/10.1016/j.palaeo.2009.03.001
https://doi.org/10.1016/j.palaeo.2009.03.001
https://doi.org/10.1002/gea.20102
https://doi.org/10.1002/gea.20102
https://doi.org/10.3389/fenvs.2022.915947
https://doi.org/10.1017/RDC.2020.41

Ecol Evol 6:835-839. https://www.nature.com/articles/s41559-022-01759-2

Testé M (2020) Histoire Naturelle des Phytolithes des Basses Terres Mayas. Implications pour la
reconstitution des Paléoenvironnements et des interactions sociétés-environnements. Unpublished doctoral

dissertation. Université de Paris 1 Panthéon-Sorbonne, Paris

Testé M, Garnier A, Limondin-Lozouet N et al (2020) The phytoliths of Naachtun (Petén, Guatemala):
Development of a modern reference for the characterization of plant communities in the Maya Tropical

Lowlands. Rev Palaeobot Palynol 272:104130. https://doi.org/10.1016/j.revpalbo.2019.104130

Théry-Parisot I, Chabal L, Chrzavzez J (2010) Anthracology and taphonomy, from wood gathering to
charcoal analysis. A review of the taphonomic processes modifying charcoal assemblages, in archacological

contexts. Palacogeogr Palacoclimatol Palacoecol 291:142—153. https://doi.org/10.1016/j.palae0.2009.09.016

Thevenon F, Bard E, Williamson D, Beaufort L (2004) A biomass burning record from the West Equatorial
Pacific over the last 360 ky: methodological, climatic and anthropic implications. Palacogeogr Palacoclimatol

Palacoecol 213:83-99

Verges JM, Burguet-Coca A, Allué E et al (2016) The Mas del Pepet experimental programme for the study of
prehistoric livestock practices: Preliminary data from dung burning. Quat Int 414:304-315.
https://doi.org/10.1016/j.quaint.2016.01.032

Vrydaghs L, Devos Y (2020) Visibility, preservation and colour: A descriptive system for the study of opal
phytoliths in (archaeological) soil and sediment thin sections. Environ Archaeol 25:170-177.
https://doi.org/10.1080/14614103.2018.1501867

Vrydaghs L, Hodson MJ, Van Ham-Meert A, Alonso-Eguiluz M, Devos Y (2024) Under what conditions do
the inflorescence bract phytoliths of oat [4vena sativa (L.)] become autofluorescent? Environ Archaeol.

https://doi.org/10.1080/14614103.2024.2367791

Whitlock C, Larsen C (2001) Charcoal as a Fire Proxy. In: Smol JP, Birks HIB, Last WM (eds) Tracking
Environmental Change Using Lake Sediments, vol 3: Terrestrial, Algal, and Siliceous Indicators. Springer,

Dordrecht, pp 75-97

Wu'Y, Wang C, Hill DV (2012) The transformation of phytolith morphology as the result of their exposure to
high temperature. Microsc Res Tech 75:852—855

Wyche G (2012) High resolution paleothermometry using biogenic silica: A feasibility study. Unpublished

doctoral dissertation, University of South Carolina, Columbia

19


https://doi.org/10.1016/j.revpalbo.2019.104130
https://doi.org/10.1016/j.palaeo.2009.09.016
https://doi.org/10.1016/j.quaint.2016.01.032
https://doi.org/10.1016/j.quaint.2016.01.032
https://doi.org/10.1080/14614103.2018.1501867
https://doi.org/10.1080/14614103.2018.1501867
https://doi.org/10.1080/14614103.2024.2367791
https://doi.org/10.1080/14614103.2024.2367791

Figure and Table legends

Fig. 1 Locations and biomes of the sites from which samples were obtained to study their phytolith

auto-fluorescence
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Fig. 2 Examples of translucent, coloured and auto-fluorescent phytolith morphotypes found in the

samples
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Fig. 3 SPHEROID ECHINATE phytoliths showing different fluorescence intensities in the study

Highly fluorescent phytoliths () Slightly and moderately fluorescent phytoliths (i) Non fluorescent phytoliths (I\F)
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Fig. 4 Distribution diagram of fluorescent phytoliths in samples from Guatemala
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Fig. 5 Distribution diagram of fluorescent phytoliths in samples from Senegal
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Fig. 6 Distribution diagram of fluorescent phytoliths in samples from the Canary Islands
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Fig. 7 Different intensities of fluorescence shown by phytoliths seen in the three different

mounting media, UV and blue light, and for varying times
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Table 1 List of samples studied according to geographical location, GM and GF, Guatemala; SM

and SF, Senegal; CA, Canary Islands

Name Type Age Environment/context Last fire
GM1 Surface soil Modern Palms on fallow land >20 years
GM2 Surface soil Modern Agroforestry — extensive garden >15 years
GM3 Surface soil Modern Recent slash and burn clearing <1 year
GM4 Surface soil Modern Natural low palm forest >800 years
GM5 Surface soil Modern Natural herbaceous swamp >800 years
GF1 Fossil sediment 350-800 ce Previously swamp forest N/A

GF2 Fossil sediment 100 bee—450 ce Previously swamp forest N/A

GF3 Fossil sediment 800-300 bce Previously cultivated savanna N/A

SM1 Surface soil Modern Sudan woodland <15 years
SM2 Surface soil Modern Sudanian tree savanna <10 years
SM3 Surface soil Modern Sudan gallery forest N/A

SM4 Surface soil Modemn Sudan-Guinea forest N/A

SM5 Surface soil Modern Oxytenanthera abyssinica forest <10 years
SF1 Fossil sediment 1.7£0.1 ka N/A N/A

SF2 Fossil sediment 19,548-19,202 cal bp N/A N/A
CA1-CA4 Archaeological 1,179-555 cal bp Rock shelter, pre-Hispanic >600 years *

*This time period represents the latest use by indigenous herders; it is unknown if the deposit was burned after the

European conquest of the island or reused after the indigenous occupation ended.
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