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ABSTRACT

This study focuses on identifying possible
environmental variations and plant availability
during the occupation in two archaeological sites:
Tequendama and Aguazuque, located in Sabana
de Bogota, Colombia. Those sites represent
periods of occupation during the early to middle
Holocene that contributes valuable information
about hunter-gatherers who occupied this area.
Data obtained and recovered archacological
material during excavations shed light on relatively
continuous occupations until the late Holocene.
The presence of lithic artefacts, human and fauna
bone remains offered relevant information to
comprehend social dynamics among these human
groups; likewise, phytolith and stable isotope
analysis on sediments and fauna were carried out
to identify environmental variations, and the pres-
ence of plant remains in these archaeological con-
texts. Carbon isotope analysis in sediments indi-
cated the prevalence of plants C, from the carly
Holocene. In turn, isotopic relationships in carbon
obtained from mammals’ dental enamel found in
both sites suggest that those animals consumed
such types of plants. Also, isotopic values in oxy-
gen from dental enamel show humid and possibly
cold environmental conditions in both locations.
Also, phytolith analyses provide evidence on the
types of plants available in determined contexts
and reconstruct environments, use, and availabil-
ity. Those three types of analysis were applied to
archacological contexts to determine the presence
of plants type C, or C, available in the sites, which
permitted to evidence of environmental changes,
humid conditions, and, in a few cases, drought
across occupation, as well as the differences in
terms of the presence or absence of certain types
of plants during chronological periods, suggesting
a possible association of horticultural processes
and domestication during middle Holocene in
Aguazuque archaeological site.

Keywords: carbon stable isotopes,
phytoliths, early and middle Holocene,
hunter-gatherers, Sabana de Bogota,
Colombia.

RESUMEN

La presente investigacion se concentrd en identificar st
extsten variactones ambientales y la disponibilidad de
plantas durante la ocupacion de los sitios arqueoldgicos
de Tequendama y Aguazuque ubicados en la Sabana de
Bogotd, Colombia. Dichos sitios representan periodos
de ocupacion durante el Holoceno temprano y medio,
aportando una valiosa informacion acerca de los caza-
dores-recolectores que ocuparon este espacio. Los datos
obtenidos y el material arqueoldgico recuperado durante
las excavaciones dan cuenta de ocupaciones casi con-
tinuas hasta el Holoceno tardio wnicial. La presencia
de artefactos liticos, restos dseos humanos y de_fauna
aportaron informacion importante para amphiar las
dindmicas sociales de estos grupos; asi mismo, se con-
templaron andlisis especializados como los fitolitos e
isdtopos estables en sedimento y fauna que permitieran
comprender las variaciones ambientales y la presencia
de plantas en estos contextos arqueoldgicos. Los andlisis
wsotdpicos de carbono en los sedimentos indican que la
prevalencia de plantas C, desde el Holoceno temprano
9 en el caso de las relaciones isotépicas de carbono
procedentes del esmalte de los mamiferos hallados en
ambos sitios indican que estos animales consumian este
tipo de plantas. Asimismo, los valores isotdpicos de oxi-
geno del esmalte dental muestran condiciones hiimedas
y posiblemente frias en ambas localidades. Los andlists
de fitolitos permiten evidenciar el tipo de plantas
disponibles en  determinados contextos y reconstruir
ambientes, uso y disponibilidad de plantas. Estos tres
andlisis_fueron aplicados a los contextos arqueoldgicos
para determinar la presencia de plantas tipo C, 0 C,
disponibles en los sitios, lo anterion, permitid evidenciar
los cambios ambientales ocurridos a nivel de sitio, las
condiciones de humedad o en algunos casos de sequia
a lo largo de la ocupacion y las diferencias existentes
en la presencia o ausencia de cierto tipo de plantas por
pertodos cronoldgicos que sugiere quizd una asociacion
a procesos de horticultura y domesticacion durante el
Holoceno medio para el sitio de Aguauzuque.

Palabras clave: isotopos estables de
carbono, fitolitos, Holoceno temprano y
medio, cazadores-recolectores, Sabana
de Bogota, Colombia.
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1. Introduction 2.550 and a lowland wet rainforest predominates
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Understanding human occupation and the
changes that may have occurred during the transi-
tion spanning between the end of the Pleistocene
and the early and middle Holocene has been a
subject of great relevance in archaeological stud-
ies. A particular aspect in those studies has been
the identification of environmental conditions that
somehow may have permitted the presence of the
first settlers concerning the availability of resources
and their optimization and even the development
of specific activities such as horticulture and agri-
culture (Grayson, 1981; Reitz and Wing, 2008).

Aguazuque and Tequendama archaeolog-
ical sites are in Sabana de Bogota (Figure 1).
Aguazuque is an open-air archaeological site
where the human occupation has been found from
the late to middle Holocene. Human burials, lithic
artefacts, animal and carbonized vegetal remains
have commonly been associated with horticulture
and domestication processes (Correal, 1990; Tri-
ana, 2019). In contrast, Tequendama is a rocky
shelter dated between the ends of late Pleistocene
until the beginnings of late Holocene, where
human remains, lithic artefacts, animal and vege-
tal remains have been found. Tequendama is also
relevant because it was one of the first sites where
radiocarbon dating reported early Holocene in a
human bone and because it shows a continuous
occupation during Holocene (Correal and Van
der Hammen, 1977; Triana, 2019). Both sites
show specific characteristics, archaeological and
geomorphological conditions that have allowed
generating new hypotheses on the social dynamics
that occurred in these two sites (Triana, 2019; Tri-
ana et al., 2019; Triana et al., 2020a; Triana et al.,
2020b).

Aguazuque and Tequendama have tempera-
tures between 12 °C and 18 °C; the average annual
precipitation is 698 mm; altitude at the sites ranges
between 2.000 and 3.000 m. above sea level. Yet,
Tequendama has an altitude of 2.570 meters
above sea level and it is characterized by having
a dry montane forest, while Aguazuque altitude is

(Correal, 1990; Correal and Van der Hammen,
1977).

Paleoenvironmental studies carried out in both
sites have provided evidence of changes in the
environmental conditions from late Pleistocene
to middle Holocene. During the Interstadial
periods of Guantiva (12.500 BP a 11.000 BP
approximately), there is evidence of an increase
in precipitations, water level, and temperature,
which allowed the formation of swamps and
wells. Additionally, the presence of families such
as Adoxaceae, Aquifoliaceae, Betulaceae, Botryo-
coccaceae, Cunoniaceae, Myricaceae, Myrtaceae,
Rubiaceae and Sapindacea, as well as the genus
Alnus, Dodonaea, llex, Hyperactum, Myrica, Spermacoce
(or Borreria), Viburnum and Weimannia indicate the
presence of swamps during the late Holocene and
a decrease in temperatures in Sabana de Bogota
in a more general way (Correal, 1990; Van der
Hammen, 1992).

Denser vegetation in warmer climates is rep-
resented during this period in families such as
Mpricaceae, Symplocaceae, Fagaceae, and Sapin-
daceae, and others reported that correspond to
the Holocene and Late Glacial, which were also
evidenced by pollen analyses (Van der Hammen,
1992). During the Abra stadial (11.000 BP), when
a cold climate set in, open areas and subpdramo
vegetation returned, and so did families such as
Fagaceae and Asteraceae, as well as other new
ones, as it is the case of Cyperaceae, Araliaceae
o Apiaceae, Caryophyllaceae, and Salviniaceae.
It is well known that climate started to improve
progressively by the Holocene due to the rise in
temperature, leading to swamp zones drying up
and the growth of forest in front of £/ Abra.

Macroremains analyses in the Aguazuque
archaeological site by Correal (1990) suggest that
the climate in the middle Holocene, more specif-
ically during the Hypsithermal period (6000 BP
to 2500 BP, approximately), turned from humid
to dry and, in certain seasons, it was warm, mild
and cold. There is evidence showing that species
such as Grescentia cujete (calabash tree), Cucurbita pepo
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(pumkin), Hieronyma macrocarpa (motilon), Ipomoea
batatas (sweet potato), Oxalis tuberosa (yam), Persea
americana (avocado) and Zea mays (corn) were
domesticated.

From the 121 families reported, the following
can be commonly found today in Sabana de Bogotd:
Asteraceae, Ericaceae, Melastomataceae, Poaceae,
Polygalaceae, Solanaceae, and Urticaceae. During
the Holocene and Late Glacial, a cold climate
has been reported, as well as predominantly open
vegetation with families such as Caprifoliaceae,
Gramineae or Poaceae, Plantaginaceae and Aster-
aceae, Melastomataceae, Urticaceae, Hyperacium,
Betulaceae, Cunoniaceae, Chloranthaceae, and
Sphagnaceae, which were identified through
pollen analyses and radiocarbon dating (Van der
Hammen, 1992).

__1000000N
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m Location of archaeological sites.

The transition from the Pleistocene to Holocene
brought about drier environmental conditions
and a possible period of drought in Tequendama
(Marchant, 2002; Mora and Pratt, 2002; Triana
et al., 2020a). However, as late Holocene started,
the climate was relatively warmer, and vegetation
was made up of grasses and inundation areas. The
results of carbon isotope relationships obtained by
Cardenas (2002), Delgado (2018), and Van der
Hammen et al., (1990) from human remains in the
area show values of —9%o to —15 %o, and they also
provide information about the presence of plants
type G4 and CAM plants during the various peri-
ods that compose the Holocene.

Meanwhile, the early Holocene gives evidence
of plants G, and later, during the middle Holo-
cene, it is possible to trace changes in temperature,

Aguazuque

Tequendama
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variations in climate, and fluctuations in precipita- 1.1. PHYTOLITH
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tions, leading to more open and arboreal vegeta-
tion with a high frequency of grasses (Marchant,
2002; Mora and Pratt, 2002). This can be seen in
isotope analyses applied to individuals in the area
during that period, which reflect mixed diets C,/
C, (Cardenas, 2002; Delgado, 2018; Triana, 2019;
Triana et al., 2020b).

Nevertheless, most archacological studies have
focused on stable isotope analyses of human skel-
etal remains only, except for a few studies done on
fauna bone remains by Martinez- Polanco (2016).
Even if isotope values obtained from human
bone remains are relevant to comprehend diet
and ways of life in humans, it is also necessary
to understand the environment, ecological avail-
ability of plants and animals, temperatures, and
ecology in general in these two archaeological
sites and during these periods to gain insights on
the possible relationships among human-envi-
ronment and articulate this data with social and
ecological dynamics. That relationship will allow
a joint vision of ecological availability and behav-
ior in human beings in terms of diet and, more
importantly, the consequences of the selection of
certain resources and the behaviors related to this.

Thus, this paper intends to explore possible
environmental conditions in Aguazuque and
Tequendama by carrying out phytolith analyses,
and carbon/oxygen isotope relationships from
the dental remains of guinea pig (Cavia sp) and
white-tail deer (Odocoileus virginianus) found in
both sites, as well as §"°C values on soil samples
of the sites with the purpose of contrasting this
information with previous archacological studies
and then, contributing to our understanding
of the environmental conditions that existed in
Sabana de Bogotd from late Pleistocene to middle
Holocene.

To do so, carbon isotope analysis on organic
matter and isotopic values of carbon and oxygen
in fauna dental enamel are performed, as com-
pared to phytolith analyses, which constitute an
innovative methodology applied to the archaeo-
logical sites in Sabana de Bogotd.

Phytolith analysis has been widely applied because
of its valuable paleo-ecological and paleoenviron-
mental information in the study of archaeological
contexts (Piperno and Pearsall, 1998). Phytoliths
are mineralized structures that formed due to the
deposit of silica in vegetable cells and tissues, mak-
ing a rigid, and quite often diagnostic, cast for cells.
They show morphological features that fulfill cer-
tain functions, eg., plants’ sustenance, resistance,
or defense (Bertoldi de Pomar, 1975; Piperno and
Pearsall, 1998; Twiss et al., 1969). Microremains
can be deposited individually or as in groups.
Likewise, an equal morphological type in different
taxa, or the same taxon with morphological tissue
variations, can deposit, which is commonly known
as multiplicity and redundancy.

Thus, phytolith analysis makes the identifica-
tion of a specific part of a plant possible, contrib-
uting to the detection of structures where these
micro components form and develop (Denham e
al., 2007; Piperno and Pearsall, 1998). That is how
phytoliths serve as a tool to identify several types
of plants that can be found in paleo-ecological and
archaeological contexts.

1.2. CARBON AND OXYGEN RATIOS IN
HERBIVOROUS MAMMALS

There are three main forms of photosynthesis: C,,
C,, and CAM (Smith and Epstein, 1971; Dawson
et al., 2002; Andrade et al., 2007). The first, the C,
or Calvin-Benson cycle, is characteristic of trees
and shrubs and some cold grasses and shows car-
bon isotope ratios of -23%o to - 35%o (Smith and
Epstein, 1971; Ehleringer and Cerling 2002). In
contrast, in the Hatch-Slack, or C, cycle, its §"°C
values, ranging from -12%o to -14%o, are charac-
teristic of grasses and some warm-zone trees and
shrubs (Ehleringer and Cerling, 2002; Keeley and
Rundel, 2003). Finally, the Crassulacean Acid
Metabolism (CAM) pathway has 6"*C values rang-
ing from -12%o to -35%o and is found in succulent
plants such as cacti, orchids, and bromeliads that
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cannot be distinguished from other plants by their
photosynthetic pathway (Ehleringer and Cerling,
2002; Keeley and Rundel, 2003). Carbon is incor-
porated into herbivorous mammals when they feed
on plants and their carbon isotopic values show an
enrichment concerning that of plants, which will
depend on the body mass and physiology of each
species (Tejada-Lara et al., 2018).

As for oxygen, it enters mammals mainly
through water that is consumed and, to a smaller
degree, through the foods eaten and the air
inhaled, which is balanced with the water lost
by sweating, stool, urine, and exhalation (Koch,
2007). Such balance is controlled by the physiol-
ogy of every organism and its body temperature
(Sanchez, 2005). Since water is the main source
of oxygen, its isotopic relationships are affected by
geographical variables such as latitude, distance to
the sea, altitude, and the amount of precipitation
in a particular area, but mostly due to tempera-
ture (Dansgaard, 1964; Castillo ez al. 1985; Mook,
2005). Besides, herbivores who obtain water from
food show higher isotopic values than those who
obtain oxygen by drinking water (Clementz et al.,
2003). This explains why oxygen-isotopic relation-
ships from herbivore dental enamel are commonly
used in paleoclimatic studies to infer the presence
of migration patterns (Koch, 2007).

1.3. CARBON RATIOS IN SOIL

Lehmann and Kleber (2015) believe that organic
matter on soils is made up of vegetal and micro-
bial biopolymers and that their products of degra-
dation are in a constant state of biotic and abiotic
decomposition. Both biotic and abiotic factors
control decomposition rates, but those are affected
by humidity and soil temperature, which can
change saprotrophic microbial activity (Schmidt e/
al., 2011).

Carbon 1s incorporated into organic matter as
a mineral fraction by assimilation of microbiota
that takes in carbon in plants and passes to soil
through respiration or humus (Cruz and Cruz e
al., 2016). Guerrero and Berlanga (2000) consider

that the fractionation of carbon isotopes is min-
imal during this process. However, there can be
a certain degree of fractioning due to diverse soil
formation processes (Wynn et al., 2006). Thus, car-
bon isotopic values for organic matter in soil are
indicative of the relative abundance of plants with
C, or G, metabolism, which depends on climatic
conditions (Guerrero and Berlanga, 2000).

2. Materials and Methods

Sediment samples used in this study were recov-
ered from stratigraphic profiles in Tequendama
and Aguazuque. In Tequendama, a 1 m x [ m
section was done with a depth of 1.75 m., and
stratigraphic levels were identified, including the
vegetal layer. Samples were taken from all levels
for phytoliths and carbon stable isotopes (Table 1).
In Aguazuque, 4 stratigraphic columns were exca-
vated with dimensions 50 x 50 cm. However, the
samples for this study correspond only to column
1 (145 cm deep and 8 stratigraphic levels), from
which phytolith and a few carbon isotope samples
were recovered (Table 1).

The results of phytolith analysis in the strati-
graphic profiles of Tequendama and Aguazuque
were obtained from the same profile used to carry
out physical and chemical soil analyses.

Phytolith analysis was carried out as proposed
in Piperno’s (2006) sample point methodology
for each layer of excavation as follows: 200g of
total sediment (soil) were collected from the strati-
graphic profiles in Aguazuque and Tequendama
every 5 cm following the next direction: northeast,
northwest, southeast, southwest and grid center.

Later, 4 g of sediment were subjected to 25 ml
of 7% hydrochloric acid. The sample was placed
on a hot plate at 40 °C until liquid reduced to 5
ml and was centrifuged at 1.000 rpm for 3 min-
utes. Next, the supernatant was removed, and the
sample was filled up three times. A fraction of 15
ml 5% sodium hexametaphosphate was added,
leaving it for a night. The sample was centrifuged
three times more. 33% hydrogen peroxide was
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<Z( Table 1. Stratigraphic levels at the Tequendama and Aguazuque sites for analysis of phytoliths and isotopes (Triana, 2019).
0
3:' Arqueological Stratigraphics Dated 14C 14C Laboratory Phytoliht Isotopes
E site level material | conventional age| calibrated code
I:: age (2 sigma)
= Vegetal layer - - - - X X
Tequendama
9 Grainy brown charcoal 2225+35B.P.  2182-2308  Col 159 GrN- X X
Tequendama B.P 6536
8A Gray charcoal 6990 + 110 B.P. Col 163 GrN- X
something 7090 +75B.P  7719-7926 6728 Col 164
brownish B.P 7844 - GrN-6729
Tequendama 7979 B.P
X X
7A Brownish gray 6897 - 7001
Tequendama to brownish gray Human Bone 6080 +/- 40 BP B.P Col-AAA
charcoal 10130+ 150 B.P. 11456 -12080 Col 176 GrN- X X
10590+90B.P  B.P.12327- 6732 Col 167
10920 £260 B.P 12680 B.P.  GrN-6505 Col
12580 - 13111 170 GrN-6539
Tequendama 5B Light brown B.P.
" charcoal ~ 22250+470 B.P. 54013 -27543 Col 176 GrN- X
% Tequendama 3 Dark brown B.P 6732
E Vegetal layer - - - -— X X
=)
S
=)
2 Aguazuque
<=
o Ash X
I
)
S
S
N Aguazuque
S
2’ 5(2) Dark gray 2789 - 2856 GrN 14.479. X X
i Aguazuque franco Human Bone 2725 + 35 B.P B.P. Col. 594
«
e 5(1) Reddish dark X
E Aguazuque with rootlets Human Bone 3410 + 35B.P -—-- -—--
o
c
g 4(2) Franco 4200-4365  GrN 14.478. = 2
= Aguazuque carmelite Human Bone 3850 + 35 B.P B.P. Col. 593
=
£ 4453 -4550  GrN 12.930. X
5 Aguazuque 4(1) Franco sandy Human Bone 4030+ 35 B.P B.P. Col. 477
= 3 Franco reddish 5713-5866  GrN 14.477. X X
S Aguazuque sandy Human Bone 5025 +40 B.P B.P Col. 1592
©
£ 8000 A.P X
g Aguazuque 2 carmelito - aprox - -
o
>
=
i



http://dx.doi.org/10.18268/BSGM2022v74n3a140622

Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A140622/ 2022 / @

added while the mix was slightly shaken. It was
left there for a night. The next day, the sample
was centrifuged three times again. 10 ml sodium
polytungstate of specific gravity (2,35 g/cm’) were
added; the sample was shaken and centrifuged for
three minutes at 1.000 rpm; The flotation fraction
was recovered with an automatic pipette and
later transferred to a new tube for a final series of
centrifugation (three times). Methanol was added,
followed by a final cycle of centrifugation (three
times) (Madella et al., 1998).

The samples were set up on Canada-bal-
sam-prepared slides so that the phytoliths could
be rotated and better observed in 3d perspective.
That allows a proper observation of details, such
as ornamentation, shape, and corrosion or pres-
ervation indexes (Piperno, 2006; Posada, 2017).
A count of 300 components per slide was later
carried out, following international standards for
phytolith counting (Madella ¢t al., 2005). Those
slides were observed through an Olympus BX51
petrographic microscope with 40X objective and
with the assistance of Image-Pro Plus 7 software.

Phytolith taxonomic identification was based on
the biomes recorded for the archacological zone:
low Andean Forest, flooded forests, and xerophytic
dry zones (Calvachi, 2012; Pérez, 2000; Rangel,
2000). Thus, phytoliths classification is divided in
four main ecological groups: 1) arboreal forest veg-
ctation; 2) humid or swamp vegetation; 3) humid
grass vegetation; 4) dry grass vegetation or xeric
environments. Additionally, the taxonomy applied
by Piperno (2006), Twiss et al. (1969) and Posada
(2017) was followed as well.

2.1. STABLE ISOTOPE ANALYSIS

2.1.1. SAMPLE EXTRACTION AND DIAGENESIS TEST
OF DENTAL ENAMEL

Three teeth of Odocoileus virginianus and two of
Cavia sp were collected in 2014 in Aguazuque
and Tequendama (see Table 2). To evaluate the
degree of diagenesis, 10 mg were chosen, and
cach sample was ground and sieved (125 pm mesh
size) to obtain a uniform fine powder. Later, these

samples were analyzed by Fourier-transform infra-
red spectroscopy with attenuated total reflectance
sampling (FI-IR-ATR) at Laboratorio de Geoquimica
Ambuental Molecular; Instituto de Geologia-UNAM, Lab-
oratorio Nacional de Geoquimica y Mineralogia-Instituto
de Geologia (LANGEM). The FT-IR-ATR values
of dental enamel were compared with the values
of crystallinity index proposed by Weiner (2010)
and Asscher et al. (2011), 2.5 to 4.6, to evaluate the
presence of diagenesis.

2.1.2. CARBON AND OXYGEN STABLE ISOTOPES FROM
DENTAL ENAMEL

30 mg of dental enamel was pulverized and later
prepared following the method proposed by Koch
et al. (1997). First, 10 ml of 30% hydrogen perox-
ide were added and left for 2h to remove organic
matter. The samples were centrifuged, and after
hydrogen peroxide decantation, they were washed
three times with Type 1 water (HPLC grade,
18.2 MQ-cm). After washing, 5 ml of Ca(CH-
,00,),-CH ,COOH 1.0 M, pH 4.75 buffer solution
were added, and the mixture left to rest for 9h.
The buffer solution was decanted, and the sam-
ples were washed another three times with Type
1 water. Finally, ethanol was added to remove any
remaining water and the solution was left for 20 h
in an oven at 90°C.

Oxygen and carbon isotopic ratios were
determined with a Finnigan MAT 253 mass
spectrometer at the laboratory' with a dual inlet
system, auxiliary GasBench equipment, with a
GC Pal autosampler and a temperature-controlled
aluminum plate adjoined to the mass spectrome-
ter (Révész and Landwehr, 2002). Results were
reported as 8'"*OVPDB and §""CVPDB, normal-
ized using NBS-19, NBS-18, and LSVEC to the
Vienna-PeeDee Belemnite (VPDB) scale following
the corrections described by Coplen (1988), Wer-
ner and Brand (2001), and Coplen ¢t al. (2006).
For this technique, the relative standard deviation
was 0.2%o for oxygen and carbon isotopic analyses

(Brand ¢t al., 2014).

!'Laboratorio de Isotopos Estables- LANGEM-UNAM.

MATERIALS AND METHODS
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2.1.3. CARBON AND OXYGEN STABLE ISOTOPES FROM
ORGANIC MATTER OF SOILS

TFour samples of soil from Tequendama and four
from Aguazuque were collected, and later ground
in an agate mortar to a fine powder so that thier
organic carbon content could be evaluated. Later,
the samples were decarbonated with 5 M HCI
and | g of each of the samples were sent to Lab-
oratorio de Isotopos Estables- LANGEM-UNAM
where they were analyzed using a Finnigan MAT
253 mass spectrometer. Results were reported as
8"C,pp normalized using NBS-19, NBS-18,
and LSVEC to the Vienna-PeeDee Belemnite
(VPDB) scale following the corrections described
by Coplen (1988), Werner and Brand (2001), and
Coplen et al. (2006). For this technique, the relative
standard deviation was 0.2%o for carbon isotopic
analyses (Brand et al. 2014).

2.1.4. STATISTICAL ANALYSES

The FT-IR-ATR values in dental enamel were
compared with those (2.5 to 4.6) proposed by
Weiner (2010) and Asscher ¢t al, (2011) to evaluate
the presence of diagenesis. To estimate carbon iso-
topic ratios, body mass values for Cavia sp. and O.
virginianus were obtained from Gallina ez al., (2010)

wn
(a)]
o
T
[
Ll
=
(@]
<Z( Table 2. FTIR, §'3C, §'*C Modern diet equivalent, 5'¥018 and MAT values of dental enamel.
g Sample Locality Age FTIR | 3"CvrpB%o) | 8°C  Modern | 8'®OvepBew) | MAT
E (B.P) diet equivalent (o)
<Et Cavia sp. Aguazuque 3410 3.37 -11.9 -24.4 6.7
Cavia sp. Aguazuque 5025 £ 3.26 -12.0 -24.5 -7.4 6.2
40
O. virginianus Aguazuque 2725 £+ 341 -10.0 -24.6 -7.4 6.1
35
O. virginianus Aguazuque 3850 =+ 3.62 9.2 -23.7 -6.0 10.3
35
O. virginianus Aguazuque 5025 £ 3.63 -10.2 -24.7 -7.9 6.8
40
O. virginianus Tequendama 2225 <+ 3.75 -84 -22.9 -6.4 -9.2

and ADW (2021) to be used to calculate the frac-
tionation factor for each species using the formula
proposed by Tejada-Lara et al, (2018). With this,
the modern equivalent of diet composition was
estimated using the equation developed by Kohn
(2010) and modified by Domingo ¢t al. (2013):
d3BC diet = 8”C_, + d"C coO

modern modern atmos 2

- o"C . CO,.where 8"C, == 8"C _ -en-
ancient atmos 2 leaf tooth
richment—14.1, expressed in %o. The 8"C

modern

e 0O, 18 = 8%0 and 87°C CO, is —6.5%o,

value calculated by Tipple et al, (2010) for the

ancient atmos

pre-Industrial age.

To compare carbon isotopic ratios of dental
enamel with that in soils, 8"*C values of animals
were subtracted with enrichment value proposed
by Cerling and Harris (1999).

In the case of 8™O values, these were first

converted to VSMOW using the formulas pro-
posed by Faure (1977): 8"O,,,: 01.030901 *
8""0ypp +30.91, and then 8'°O of water through

the Tacumin e al (1996) formula: 880 =

water

) — 33.63/0.998. Finally, the 8O

VSMOW
were converted to MAT (Mean Annual Tempera-

water

ture) using the formula of Rozanski et al. (1993):
MAT(-C)=8"OH,0 + 12.68 70.36.

(VSMOW)
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plotted due to the frequency they tend to appear.
A brief description of the collected phytoliths
will be provided next for each stratigraphic level

3. Results

3.1. PHYTOLITHS IN SEDIMENTS
(See Figures 2a, 2b and 2c¢ to understand their

RESULTS

3.1.1. STRATIGRAPHIC PROFILE OF TEQUENDAMA

Tequendama profile is represented mostly by phy-
toliths of the Poaceae family and Pooideae, Pan-
icoideae and Chloridoideae subfamilies. During
observation, bullate and elongated phytoliths
could be seen, which were not counted due to their
high frequency in all slides. 300 components were
identified in each slide, including phytoliths and
others such as diatoms, pollen, stomatocysts, etc.

Bilobate roundel type, as well as crossed
trapezoidal phytoliths belong to Pooideae and
Panicoideae subfamilies. They are short cells that
form in the plants’ epidermis and whose photo-
synthesis is G, type. Those plants belong to open
vegetation of grass, but their biome varies. For
instance, Pooideae are typical of humid and mild
climates; Ciperaceae also belong to this type of
environment. On the other hand, Panicoideae are
common in mild sub-humid environments, while
Chloridoideae plants saddle type has a C, photo-
synthesis and belong to drier, warmer xerophytic
climates.

Most types of grass are indicators of environ-
mental conditions since bullate phytoliths show
common savannah-like grasses, while elongated
cylindrical psylates do not have a particular
taxonomic value and, thus, they are not environ-
mental indicators. On the other hand, there are
flat smooth rounded phytoliths belonging to a
semi-open vegetation made of bushes and trees.
Echinate globular phytoliths are associated to
diagnostic identification in palm trees in general.
Silica skeletons or articulated phytoliths are long
cells of Poaceae that deposit in fossilized sections
of epidermal tissue.

Diatoms, stomatocysts, and Ciperaceae phyto-
liths indicate humid and swamp-like conditions.
Trichomes are mesophilic cells from where phy-
toliths detach and have the shape of hair or of
the trichome base they separated from. Those
components were counted despite not having been

distribution):

Tegetal layer: phytoliths abundance is high in this
level, especially for those Pooideae, Panicoideae
and echinate globular ones. There is an abun-
dance of long cells, some of them are dendritic
(Figure 3a) and diatoms. Silica skeletons and artic-
ulated phytoliths were also found in this level. This
type of phytoliths is present in almost all levels, but
their presence remains higher in the vegetal one.
However, their frequency of appearance is quite
low. A platelet phytolith was also observed that is
associated to Asteraceae family (Figure 3b).

o Stratigraphic level 9: this level shows a great
amount of bullate phytoliths and elongated cells
of varied sizes: small, medium, and large, some
of them surpass the 35 micra. Certain bullate
phytoliths show corrosion. There is abundance of
phytoliths in this level, most of them belonging to
Pooideae, Panicoideae, echinate globular (Figure
3c¢) y Chloridoideae. Abundant organic material
could also be seen, which may be related to the
fact that this 1s vegetal layer. Trichomes appear on
a low presence in this level too.

» Stratigraphic level 84: in this level, bullate phy-
toliths and elongated cells can also be observed.
Some bullates evidence corrosion, and trichomes
have low frequencies. Phytoliths in this level are
smaller in relation to the previous one, however,
their frequency is high. There is evidence of
organic matter, but it is not abundant. There
is abundance of phytoliths’ fragments as well.
Echinate globular show smaller sizes in this
slide. Also, a variety of pollen, diatoms, and an
increase of palm trees can be seen, in comparison
to the previous level. Phytoliths are Pooideae and
Panicoideae types, (Figure 3d), being the most
frequent.

o Stratigraphic level 7A4: this level shows a high
frequency in the appearance of phytoliths. Most
bullate phytoliths are broken but without cor-
rosion. In contrast to previous levels, phytoliths
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presence here 1s not so high. Little organic matter
and plenty of Panicoideae and Chloridoideae
phytoliths (Figure 3e) can be observed. Moreover,
several fragments of phytoliths were identified.
It must be said that this level is the one with the
highest quantity in the entire stratigraphic profile.
Trichones are very abundant too. Smooth type
phytoliths start to appear and echinate globular
continue to show, although in a lower proportion
if compared to previous levels. Trichomes can
be observed from level 9, but their frequency of
appearance is higher; these components were not
plotted. Diatoms and Ciperaceae (Figure 3f) are
also present in this level.

Topsoil

9
2225 £ 35BP

8a
6990 £ 110 BP
7090 + 75 BP

TA
8500 £ 9500 BP

58
10130 £ 150 BP
10920 £ 260 BP

12500 BP

10cm

@ | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A140622 / 2022

o Stratigraphic level 5B: there is evidence of carbon-
ized organic matter, although it is not abundant.
The abundance and variety of phytoliths reduced
considerably in comparison to the previous level.
The presence of bullate phytoliths and elongated
cells show low frequencies and corrosion in some
cases. The abundance of diatoms, Pooideae phy-
tolith type, followed by Panicoideae and Chlori-
doideae is evident in this level. This level has the
highest presence of Echinate globular phytoliths
and trichomes, but they decrease slightly in this
level.

o Stratigraphic level 4: elongated and bullate phyto-
liths are not so abundant in this level and some of

100

75

B Chioridoidese

B Panicoidess
Fooideas

B Echinsts globular

B Silicz skeletons

50 Smooth
25 | J
[} L] BA A 58 4
General distribution of phytoliths in Teguendama.
100 B Dizions
Coypesraxceess
B Pl
75
50

5

General distribution of other components in Tequendama.

[+ 9 2A TA 8 4

Distribution of phytoliths in sediment stratigraphic profile of Tequendama. A) Stratigraphic profile, B) General distribution of
phytoliths in Tequendama,C) General distribution of other components in Tequendama.
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them show corrosion. Iragments of phytoliths and
organic matter are not abundant in this level. Yet,
there are Pooideae type phytoliths with variations
in their size: some are small, 4,8 micra, and some
others quite large, 19 micra, approximately; Nev-
ertheless, smaller phytoliths are very abundant.
Smooth type phytoliths show a high frequency
of appearance in this level. Additionally, a phyto-
liths associated to Aristidae and Poaceae families
was observed, which indicates milder to warmer
climates.

3.1.2. STRATIGRAPHIC PROFILE IN AGUAZUQUE

This stratigraphic profile is represented by the
same frequent phytoliths in Tequendama, yet in
a lower proportion. Pooideae remain the most fre-
quent. Panicoideae phytoliths values increase in
Aguazuque in comparison to Tequendama. Chlo-
ridoideac shows a lower abundance in this site.
The frequency of appearance of components such
as silica skeletons is higher and more abundant
tan in Tequendama. Likewise, the appearance of
components such as stomatocysts is observed only

'

Phytoliths present in Tequendama. A) Denditric phytolith, B) Platelet-type phytolith, C) equinate globular phytolith, D) panicoid-
type phytolith, E) phytolith chloridoid (right) and diatom (left), F) Cyperaceae. All components were observed at 40X target.

RESULTS
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at this site. Observations per stratigraphic level
are explained below (See the distribution for this
profile in figures 4a, 4b and 4c).

o Jegetal layer: The frequency of appearance
of phytoliths in this level is high, but fragments
of phytoliths makes its counting difficult. Large
aggregates of organic matter can also be found
there. Some phytoliths such as bullate and elon-
gated cells show corrosion. Pollen grains were
found, which is standard in a vegetal layer.

o Ash stratigraphic level: there is abundance of phy-
toliths, however, their fragments can also be found.
The presence of elongated cells and bullates is
high and some of them show corrosion. In general,

Topsoil

52
2725 £ 35 BP

51
34108BP

42
3850+ 35 8P

&1
4030 35 B8P

5
5025 £ &0 BP

2
8000 BP

10 cm
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they tend to be large. The presence of stomatocyst
(Figure 5a) is abundant and begins in this level;
Echinate globular phytoliths shows the highest
presence in this level of the profile. Ciperaceae’s
presence is higher here than in Tequendama.

*  Stratigraphic level 5°: there is abundance of phy-
toliths and their fragments. However, their pres-
ence deacreases if compared to previous levels.
The amount of bullates decreased too in relation
to the frequency of appearance in Tequendama.
Elongated cells are still present in the site and level.
Little organic matter could be seen, but there is a
rise in smooth type phytoliths (Figure 5b) as well as
in silica skeletons (Figure 5¢). On the other hand,

100 @ Chioridoidess

LALLLELL

B Pooideas
B Echinatz globulsr
e  Ceniza 520 S} 4@ 4 3 1

B Smooth
W Silica skeletons

100 W Diznorne

B Cyperacase

T8

LibLLLLL

o iz 5@ S() 4 4

m Distribution of phytoliths in sediment stratigraphic profile of Aguazuque. A) Stratigraphic profile, B) General distribution of
phytoliths in Aguazuque, C) General distribution of other components in Aguazuque.
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echinate globular and trichomes start to decrease
in frequency; Ciperaceae and stomatocysts main-
tained high values in this level.

o Stratigraphic level 5': this sample shows com-
ponents that had not been noticed before. Even
though phytoliths can be seen, abundance is rela-
tively low, as it has been noted here. On the con-
trary, the presence of silica skeletons is quite high
in the slide and diatoms are very frequent with,
at least, three diverse types that were observed.

Elongated phytoliths are frequent and of many

sizes. Bullates could also be observed, although
in a lower number with cases of corrosion. Com-
ponents such as stomatocysts and Ciperaceae
decreased in this level.

»  Stratigraphic level 4°: there are several fragments
of Phytoliths, a few bullates, but many elongated
cells. A vast variety of components can be observed
here, especially plenty of silica skeletons as it is the
case of level 5% Yet, this sample shows the highest
abundance. The presence of diatoms remains
high, but not as much as in the previous level.

N

m Phytoliths present in Aguazuque. A) Phytolith type pooid (iziquerda) and diatom (right), B) Smooth type phytolith, C) Silica
skeleton (left top) and diatom (right bottom), D) Tracheida, E) Fitolito aristidae, F) Bambusoid phytolith.
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Table 3. Carbon isotopic ratios of organic matter.

AGZ 100 Aguazuque Vegetal layer -23.1
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AGZ 105 Aguazuque  5-2
AGZ 116 Aguazuque 4-2
AGZ 125 Aguazuque 3

TEQ 035 Tequendama Vegetal layer

TEQ 037 Tequendama 9
TEQ 044 Tequendama 7A
TEQ 052 Tequendama 5

There are at least three distinct types of diatoms as
in level 5%. Stomatocysts and Ciperaceae increase
again in this level, as well as smooth phytoliths.
Fragments of tracheids were observed (Figure
5d), which indicate arboreal environments; there
are three phytoliths associated to Aristidae family
(Figure 5e), which are indicators of mild to warm
climates. Echinate globular phytoliths reduced
considerably in earlier levels. In general, this slide
shows more varied components for Aguazuque.

*  Stratigraphic level 4": there is hardly any evidence
of organic matter, yet plenty of phytoliths and
their fragments. Several silica skeletons can also
be observed, which were also found in levels 5*
and 4% Stomatocysts and diatoms decrease in this
sample. Ciperaceac are still present. Some bullate
phytoliths show corrosion and a Bambosoideae
phytolith was identified (Figure 5f). Trichomes,
elongated cells and echinate globular phytoliths
have low frequencies.

o Stratigraphic level 3: very scattered and frag-
mented phytoliths were observed in this level, as
well as evidence of organic matter. Bullates and
elongated cells were found too in a lower frequency
in comparison to levels 5', 4* and 4'; some of these
phytoliths show corrosion. It is important to men-
tion that Chloridoideae and Panicoideae increase
their abundance in deeper levels. Chloridoideae
show the highest presence at this level. Smooth
phytoliths, diatoms and Ciperaceae increase once
again. On the other hand, Pooideae decreased in

2725+ 35 -21.6
3850 £ 35 -24.6
5025+ 40 -23.4

-21.9
2225+ 35 -21.1
8500 -9500  -21.5
10130-10920 -24.8

relation to the latest levels, the same for stomato-
cysts and silica skeletons.

o Stratigraphic level 2: Several components can
be observed here. There is evidence of much
organic matter and fragments of phytoliths, which
are often occluded or are hard to be seen. Large
bullate and elongated cells are not present any
longer. Yet, there are short elongated cells measur-
ing 10 micra or less. Diatoms are abundant, but
the variety of components that were observed in
other levels are absent here. In the previous level,
components were scattered and there was Little
organic matter, which contradicts what occurs in
this sample. Panicoideae phytoliths are the highest
in this level, in turn, phytoliths types Pooideae,
Chloridoideae, echinate globular, silica skeletons,
smooth, stomatocysts and Ciperaceae decreased
considerably in this last level.

The phytoliths observed in Aguazuque exhibit
combined vegetation between C, and C, plants.
Palm trees were included, but their presence is
not as high as in Tequendama. Plants associated
to arboreal vegetation were seen in some levels
of occupation. Nevertheless, there are some dif-
ferences in the types of plants in Aguazuque if
compared to those in Tequendama. To illustrate,
silica skeletons (articulated phytoliths) and algae
stomatocysts (associated to humid conditions) are
not shown in Tequendama. On the other hand,
higher percentages of Ciperaceae and diatoms
were observed in Aguazuque.
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3.2. RESULTS OF ISOTOPIC ANALYSIS OF CARBON IN
ENAMEL AND SEDIMENT

4. Discussion

Carbon isotopic average value in animals is
-10.3%0 with a maximum value of -8.4%o,
corresponding to deer in Tequendama, and a
minimum value of -12.0%o for a guinea pig in
Aguazuque (table 1). As for organic matter in
soil, maximum value is -21.1%0 (TEQ 037) and
minimum -24.8%o (TEQ 052) with an average of
—22.7%o (Table 3).

Figure 6 shows that guinea pigs show similar
carbon isotopic values, even if they belong to dif-
ferent temporalities. On the contrary, deer change
in time with values from -24.3%o in 5025+40 B.
P. for Aguazuque to -23.3%o0 in 3085+35 B. P;
those values decrease later as shown: -24.1%o in
277335 B. P to arrive to -22.5%o in 2225 £35 B.
P for Tequendama.

It can be observed in figure 7 that the most neg-
ative value -24.8%o in soil organic matter comes
from sample TEQ) 052 in 10130, as compared to
-21.5%o in sample TEQ 044. Later, values go down
to -23.4%o in sample AGZ 125, and increase in
sample AGZ 105, -21.6%o. Values in sample TEQ
037 increase to -21.5%o as it is the case of samples
TEQ 035 and AGZ 100, which correspond to

current layers of organic matter in soil, as follows:

Data obtained from phytoliths in Tequendama
during the transition between Pleistocene to early
Holocene coincide with micro-morphological and
physical-chemical analyses carried out by Triana
(2019) in the same stratigraphic levels for this
locality, which show humid environmental condi-
tions in the end of Pleistocene and beginnings of
Holocene. That can also be observed in carbon
isotopic relationships in soil organic matter col-
lected from level 5B in the site.

Subsequently, phytolith analyses reveal abun-
dance in palm trees during the middle Holocene,
more specifically C, plants in levels 7A and 8A, as
well as plants associated to humid conditions such
as diatoms and Ciperaceae. Those correspond
to a period of climate warming during the mid-
dle Holocene that is also the moment of higher
archaeological occupation in Tequendama (Del-
gado, 2018, 2017, 2012; Marchant, 2002; Mora
and Pratt, 2002; Van der Hammen, 1992). The
recovered phytoliths show the presence of plants
such as Pooideae (C,), Chloridoideae and Pani-

5500
-21.9%0 and -23.1%o.
5000 - A e
€ )
3.3. RESULTS OF ISOTOPIC ANALYSIS OF OXYGEN IN 4500 -
ENAMEL
4000 -
. ) s
The average value of oxygen is 8O -7.1 %o < . o
. . . . A
with the highest value being —6.0 represented in c
a deer in Aguazuque. In contrast, a deer in the 20001
same locality shows the lowest level, -7.9 %o (table 2500 4 4
3). Moreover, oxygen isotopic levels in enamel 9
- . 2000 : : . .
show that guinea pig and deer dated 5025 40 B. oy 76 =5 2% 5% o
P. have values of 8O -7.4%o0 and -7.9%o. Then, 13
8 CVPDB%

oxygen isotopic value for 3850 +£35 B. P. decreases
to —9.2%o and later increases up to 7.4%o in 2725
+35 B.P. Finally, these values conclude in —6.4%o
in 2225 £35 B. P. (Figure 8).

MComparison between carbon isotopic ratios of mammals

and geological age. To §'*C values were added to enrichment
factor of 14.1%o.

RESULTS / DISCUSSION
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coideae (C,). Also, expressed in the values 6"”°C
of organic matter in soil from both levels, there
is evidence of mixed vegetation C,/C,, with pre-
dominance in G, plants.

Moreover, the presence of diatoms and Cipera-
ceae in these two levels can be indicators of humid
conditions, possibly associated to occasional flood-
ing or strong anthropic activity recorded for the
levels. Triana et al (2019) state that micro-mor-
phological and physical-chemical analyses in soil
showed a relevant amount of bone fragments,
often burnt; many sizes of charcoal fragments,
some of them relatively large, and a clear trans-
formation in soils. Also, this level shows the max-
imum magnetic susceptibility and dependence of
frequency, which is a feature related to burning
produced by anthropic activities. Additionally, a
female individual burial was found, associated to
high concentrations of animal bone remains such
as deer and armadillo as well as lithic artifacts,
among which scrapers and lithic debitage.

As for the transition to the end of middle Holo-
cene, the presence of phytoliths associated to C,
grasses was observed, however, carbon isotopic
relationships in level 9 show the presence of a
mixed vegetation C,/C, where the former domi-
nates. There is also presence of Chloridoideae plants
in this level with a low frequency of appearance if
compared to G, plants. Nowadays, the vegetation
in the zone is dominated by C, plants, which can
be seen in modern organic matter.

In contrast, Aguazuque shows high concen-
trations of silica skeleton phytoliths, the most
commonly corresponding to Chloridoideae and
Panicoideae subfamilies (C,). This shows that
the environmental conditions at that time were
warm, with fluctuations in precipitation, and there
was open area vegetation as well as forests. Nev-
ertheless, organic matter suggests that the most
predominant type of vegetation was C, plants as
can be seen in level 3.

During the span of time ranging from 4.000
to 3.000 B.P, a high presence of phytoliths and
components related to humid conditions was
seen. That is the case of Ciperaceae belonging to
swamp environments, and diatoms and stomato-
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cysts associated to bodies of water that are absent
in Tequendama. Considering that humidity is one
of the factors that contribute to the presence of C,
plants, the conditions in this locality at that time
favored the development of this type of plant,
which can be seen in carbon isotopic analysis of
levels 4 to 2 in Aguazuque (Medrano and Flexas,
2001).

Organic matter found in stratigraphic levels 5
to 2 show the presence of C,/C, vegetation with
dominance in the former. That is consistent with
the presence of smooth type phytoliths associ-
ated to arboreal vegetation, and plants linked to
Arecaceae family such as palm trees. Besides, the
presence of components associated to humid con-
ditions such as Ciperaceae and stomatocysts was
seen.

In terms of carbon isotopic values obtained
from guinea pig, it is possible to say that these ani-
mals mostly consumed C, plants. Similarly, deer
consumed those plants as well, which is in concor-
dance with the results obtained in phytoliths and
organic matter from both archaeological sites and
shows the dominance of those plants in Tequen-
dama and Aguazuque during the late Pleistocene
to today.

In turn, oxygen isotopic values in animals sug-
gest that those probably drank water from the same
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sources; the yearly average temperature obtained
from oxygen isotopic relationships in guinea pig
and deer dental enamel show that temperatures
during middle Holocene ranged between 6 to 12,
lower than today’s 12° G a 18° C. Deer recovered
in Aguazuque and dated 3850 = 35 provides
evidence of temperatures lower between 2 to 8
degrees than today, indicating colder conditions
that coincide with records of phytoliths.

Finally, isotopic relationships in Tequendama
from deer dated 2225 £ 35 show that tempera-
tures were between 3 to 9 degrees below current
temperatures in the area. One of the factors that
control G, and C, plant distribution is tempera-
ture, since temperatures below 25°C promote
the development of C, plants and, in contrast,
C, plants decrease (Medrano and Flexas, 2001).
Therefore, the temperatures recorded in oxygen
isotopic relationships from animals explain the
predominance of C, plants, as it was seen in car-
bon isotopic values from organic matter collected
in both sites.

5. Conclusions

The results derived from the analyses carried out
in this study suggest that the environmental con-
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Comparison between oxygen isotopic ratios of
mammals and geological age.

ditions during the transition between Holocene
and the period of occupation in Tequendama and
Aguazuque archaeological sites show a dominance
of C, plants across the occupation, suggesting
possible plant processing or the beginnings of hor-
ticulture —as it has been proposed for Aguazuque
before- which may have included C, plants such
as tubers. Also, in the scenario that plants of C,
photosynthesis had existed, they may not have
completely deposited yet.

However, the variations in organic matter
shown in the isotopic results do not show strong
changes or variability that prove the presence of
C, plants in any of the two archaeological sites
during the whole occupation.

Finally, it is necessary to complement these
stable isotopes studies in the future by widening
fauna and flora isotopic ecology (both modern and
archaeological) and sampling other bodies and
sources of water in Sabana de Bogotd that allows us
to understand environmental changes or patterns
of mobility in these two archaeological sites during
early and middle Holocene. About phytoliths, col-
lections of reference can be used to deepen and
widen specific information for each archaeological
site.
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