Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A200622/ 2022 / e

Late Pleistocene paleoenvironment at a Middle Stone Age archaeological site in
Equatorial Guinea: a paleopedological approach
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ABSTRACT

Key evidence of human occupation in Africa
during the Middle Palaeolithic (Middle Stone Age
[MSA]) is available from the south and east of
the continent, where semi-arid climate prevails.
Rare evidence of MSA human occupation in
the humid tropical region was recently reported
from Equatorial Guinea. To identify if paleolithic
human occupation occurred in the tropical for-
est, the stratigraphy of the recently discovered
archacological site “Mabewele I was analyzed
using a paleopedological approach. The prop-
erties evaluated along a vertical profile are:
granulometry, magnetic susceptibility (&), free
iron extractable with sodium dithionite (Fe ), total
organic carbon (TOC), chemical composition
by X-ray fluorescence (XRF), X-ray diffraction
mineralogy (XRD), ternary plot of the three
main oxides (Si0,-AlO,-Fe,O,), phytoliths and
micromorphology. The predominant fraction is
sand, with a significant clay content (> 30 %).
The K and the Fe presented low values, as well
as the TOC. XRF showed few variations along
the sequence and XRD showed that the clays are
mainly kaolinites, with a very low component of
vermiculites. The phytoliths correspond to trop-
ical vegetation with few changes in the vegetal
composition between the deep and superficial
zones. A charcoal from the lower part of the
profile was dated between 12.57-12.24 ka cal BP,
while the main artifact horizon was located at the
bottom. The analytical results appear contradic-
tory: on the one hand, there is evidence of intense
chemical weathering under a humid tropical
climate, but the clay cutans in the pores are very
scarce and incipient and the iron nodules are
mostly anorthic. This indicates that the sequence
is composed of pedosediments associated with a
high environmental dynamism, with short peri-
ods of erosion-sedimentation-pedogenesis. The
results allow us to propose that humans inhabited
the tropical forest during the MSA and that ero-
sion-sedimentation processes could be related to
anthropization processes.

Keywords: Middle Stone Age, Equatorial
Guinea, rainforest, paleopedology.

RESUMEN

Las principales evidencias de ocupacion humana
en Afvica dwrante la Edad de la Piedra Media
(Middle Stone Age ~MSA-) se han hallado
en el sur y el este del continente, en las regiones de
climas secos. Sin embargo, investigaciones recien-
les en la region tropical de Guinea Ecuatorial
han hallado artefactos arqueoldgicos de dicho
periodo. Para identificar si la ocupacion humana
paleolitica ocurrid en la selva tropical, se analizd
la estratigrafia del sitio arqueoldgico “Mabewele
17, recientemente descubierto, bajo un enfoque
paleopedoligico.  Las  propiedades  evaluadas
Jfueron: granulometria, susceptibilidad magnética,
haerro libre extractable con ditionito de sodio (Fe)),
carbono orgdnico total (TOC), composicion qui-
mica por Fluorescencia de rayos X (FRX), mine-
ralogia por difraccion de rayos X (DRX), fitolitos
y mucromorfologia. La fraccion predominante es
la arena, con un contenido de arcillas importante.
La Ky el Fe, presentaron valores bajos, al igual
que el TOC. La FRX mostrd pocas variaciones
a lo largo de la secuencia y la DRX indicé que
las arcillas son principalmente caolimitas, con un
componente muy bajo de vermiculitas. Los fitoli-
los corresponden a vegetacion tropical, con pocos
cambios en la composicion vegetal entre las zonas
profunda y superficial. Un carbén de la parte baja
del perfil fue datado entre 12.57-12.24 ka Cal
AR mientras que los artefactos fueron localizados
al fondo. Los resultados analiticos son contradic-
tortos: por un lado, hay evidencias de intemperismo
quimico intenso bajo un clima tropical hitmedo,
pero los cutanes de arcilla en los poros son muy
escasos e wciprentes y los nddulos de hierro son
mayormente andrticos. Ello indica que la secuen-
cia se compone de pedosedimentos asociados a un
alto dinamismo ambiental, con cortos periodos de
erosion-sedimentacion-pedogénesis. Los resultados
permaten proponer que los humanos habitaron la
selva tropical durante el MSA y que los procesos
de erosion-sedimentacion podrian estar relaciona-
dos con procesos de antropizacion.

Palabras clave: Edad de Piedra
Media, Guinea Ecuatorial, selva
tropical, paleopedologia.
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1. Introduction such oases (see e.g, Steele, 2013). Dry conditions of
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Although Homo sapiens originated in Africa, it has
long been considered that modern humans col-
onized the African rainforest only at the end of
Pleistocene and mainly in the Holocene, when
agriculture was introduced (Hart and Hart, 1986;
Headland, 1987; Bailey and Peacock, 1988).
However, recent archaeological studies at Central
African sites demonstrate human presence during
the late Pleistocene in regions that are today cov-
ered by rainforest (Marti, 1999; Cornelissen et al.,
2002). Unfortunately, only some sites are properly
recorded, preserved, and dated. In addition, some
sites that are now covered by forest could have
been occupied with open woodland or savanna
vegetation during periods with drier and cooler
environments (Taylor, 2016). To close this gap, it is
necessary to investigate prehistoric sites located in
tropical regions that contain pre-ceramic and pre-
Iron Age artifacts, to establish the environmental
conditions at the time of human occupation.

In general, the tropical regions of Africa (includ-
ing the part occupied at present by the humid
forest ecosystems) are known to experience large-
scale environmental changes linked to the global
climatic cycles of the late Pleistocene. During
several decades of research, the paleoecological
models have been modified significantly. Until the
1960s prevailed the idea of moister conditions in
African tropics (pluvial periods) during the glacial
periods — explained by the drop of temperature,
decrease of evaporation and shift of more humid
environments towards the equator; however, at
that time evidence of the opposite trend started to
increase (see e.g, Van Zinderen Bakker, 1966). In
the next decade the idea of aridization as a main
paleoclimatic trend in the African tropics during
the last glaciation became dominant, being sup-
ported by various records, in particular — distribu-
tion of sand dunes (Sarnthein, 1978). It provoked
severe changes in landscape and huge area of
rainforests has been replaced by savanna, leaving
the rainforest in few small and separated oases
(Adkins et al., 2006). In recent studies the territory
of Equatorial Guinea is considered being one of

the Last Glacial Maximum were sharply reversed
and followed by the African Humid Period during
the Late Glacial — middle Holocene (COHMAP
Members, 1988; Adkins et al., 2006). During this
period, fluctuations in the expansion of tropical
rainforests occurred several times (Maley, 1991)
and then the humid period ended sharply at about
5.5 ka BP (deMenocal et al., 2000). Towards the
late Holocene, the trend towards the shrink of the
forests and increase of savanna-type vegetation is
documented, caused by climatic changes (Ngo-
manda et al., 2009). The Meghalayan stage of the
Holocene is characterized by increase of human
settlements along the northwestern margin of the
Central African Rainforest, but the rainforest suf-
fered considerable changes due to environmental
degradation, so the pollen records showed that
in some episodes there was higher proportion of
light-demanding trees (Lezine et al., 2013). Tak-
ing into consideration this rather complex Late
Quaternary climatic history on the continental
scale we consider very important the search of
archaeological and paleoecological records in the
territories, where the climatic fluctuations were
not so contrasting and refugia of forest could per-
sist throughout late Pleistocene. Recently, in the
continental territory of Equatorial Guinea, lithic
artifacts from MSA diagnoses have been recov-
ered, with a minimum age of 30 ka (Mercader and
Marti, 2002; Mercader, 2002; Terrazas and Rosas,
2016). Because the Montes Cameran-Monte
Alen-Monte Mitra-Montes de Cristal region (Fig-
ure 1) has one of the highest rates of biodiversity
and botanical endemism in Africa, it is considered
that environmental conditions have not changed
since the Miocene (Hamilton, 1976; Hamilton
and Taylor, 1991; Plana, 2004); however, this has
not been corroborated with paleoclimatic records.
For this reason, in this article we present the first
paleopedological studies and paleoenvironmental
interpretations of a preceramic archacological site
in Equatorial Guinea.

For this, the section of the “Mabewele I site
that contained lithic artifacts from the Sangoan
/ Lupemban traditions of the MSA of Central
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Africa was analyzed under a multiproxy pale-
opedological approach, to identify origin of the
materials that form the sequence (soil and/or
sediments) as well as the time span of their for-
mation, considering the characteristic times of the
pedological processes identified (Targulian and
Krasilnikov, 2007).

2. Study area

Equatorial Guinea is located on the west coast of
Africa, on the equator (Figure 1). The country is
made up of continental territory and two islands.
The mainland is bordered to the north by Camer-
oon, to the east and south by Gabon and to west

by the Gulf of Guinea, where the islands of Bioko
and Annoboén are located (IUCN, 1991). The
investigation was carried out in the mainland, in
the Niefang District.

The relief of the study area is dominated by the
Monte Alen-Monte Mitra mountain range, the
Wele River, which runs from east to west, and the
Uoro Rift, which runs from northeast to southwest
(Figure 1). The main rocks are granulite gneiss,
quartziferous diorites, and granites (Martinez-Tor-
res and Riaza, 1996; Alvar et al., 1996). The soil
types in the region are mainly Ferralsols, Acrisols,
and Nitisols (De Castro and De la Calle, 1985;
TUCN, 1991; Da Costa et al., 2015).

Current climate is equatorial. The mainland
has two dry seasons, one between December and
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View from Space
(Altitude: 18270 km)

m Location of the Equatorial Guinea in Africa. The red d

ot on the satellite image shows the location of Equatorial Guinea in

Africa and the orange line indicates the Montes Camerun - Monte Alen - Monte Mitra - Montes de Cristal region (modified from Google
Earth Pro 2022). On the left is the map of the general geology of continental Equatorial Guinea: 1) Tertiary; 2) sandstones and shales

(Cretaceous): 3) sublitoral sandstones (Cretaceous; 4) gneiss; 5)
quartz diorites: 8) gabbro; 9) coarse-grained granite; 10) fine-g

fine-grained gneiss (leptites); 6) hyperstene with quartz diorites; 7)
rained granite. The red circle shows the study area (Modified from:

Martinez-Torres and Riaza, 1996). In the upper box, the location of Mabewele I is shown with a red dot.
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February and another between July and Septem-
ber as well as two rainy seasons between March
and June and between September and November,
respectively. Average annual temperature is 25°
G, with relative humidity of 90% and average
annual rainfall i3 1500-7000 mm. The wettest
areas are found in Monte Mitra and the Mitemele
basin (De Castro and De la Calle, 1985; Alvar e
al., 1996).

Vegetation is made up of primary forest (trop-
ical rainforest), with specimens such as okumé
(Aucoumea klaineana), ceiba (Cetba pentandra) and
secondary vegetation due to anthropogenic activ-
ity (Velayos et al., 2014; Diaz et al., 2016; IUCN,
1991). The arcas where the primary forest is still
conserved are the Niefang Chain (inside Monte
Alen National Park) and the southeastern of the
country (IUCN, 1991). In this area, biological
diversity is high, made up of large mammals such
as forest buffalo, chimpanzees, and elephants, as
well as other smaller species.

3. Materials and Methods

“Mabewele I” archaeological site, was located

in 2016 and excavated in 2017 and 2019. There

Highway Bata-Niefang

Temporal creek

oogle Earth
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geographic coordinates are N 1°18'10.7” and E
10° 10730.10”, at 325 m above sea level (a.s.l.).
The site 1s 4 km southwest of Niefang, close to the
Bata-Niefang highway, which extends over a plain
formed on an alluvial terrace. The area belongs to
Mabewele County and is in the Uoro Depression
Physiographic Region (IUCN, 1991).

3.1. FIELD RESEARCH

The fieldwork included several surveys in the area
to identify archaeological materials exposed on the
surface and/or visible in the cuts of the land, as
well as to identify the presence of associated soils
and/or paleosols.

The surface survey revealed that during the
construction of the Bata-Niefang highway, a
20-meter embankment was cleared on each side
of the road, revealing numerous stone artifacts
(Figure 2).

It was also observed that during these works
the vegetation and the superficial horizon were
removed to level the terrain. The cuts in the
ground made it possible to observe that the base
of the materials remained intact, so we carried out
an archaeological excavation to recover them (Fig-

Surface of dispersion
of lithic artifacts

Excavation
Area

Image of the open-air site of mabewele I: the brown line marks the area of distribution in the surface of the lithic artifacts,
the blue line marks a small seasonal stream; the blue square marks the excavation area at the highest point of the site (modified from
Google Earth Pro 2022).
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ure 3). The excavation covered four square meters
in surface and was carried out in two seasons, the

first in 2017 and the second in 2019.

3.1.1. ARCHAEOLOGICAL RESEARCH
For the archacological excavation, stratigraphic
control was executed by metric levels of 10 cm.
The archaeological materials found consisted of
lithic artifacts arranged along the profile, although
the highest concentration of artifacts was in the
lower part of the excavation pit. Artifacts recovered
from each level were georeferenced and located in
three dimensions (x, y and z) in a local reference
system for the site. Deep were recorded manually,
fixing each point with Bosch PLL 1P model line
laser level, fixed in the central milestone of the

site, in the highest point of the terrain, one meter
over the ground and measuring the deep to from
a reference level. Preferential orientation and
inclination of each lithic artifact were recorded
to identify possible displacement of the materials
and sediments in the relief.

3.1.2. PALEOPEDOLOGICAL RESEARCH

While the archaeological excavation was carried
out, the west and south profiles of the excavated
pit were described with a pedological approach,
for paleopedological and paleoenvironmental
studies.

In 2017, western profile was described from
the surface to a depth of 1.6 m, to the stone line
where the artifacts were found; and in 2019 was

Om 500 m
- y 7 >
380m
340 m
Excavation
300 m
Stone line

Archaeological artifacts

Iron nodules

m Section of the Bata-Niefang highway, showing the modern surface (red line), the location of the stoneline and archaeological
artifacts (brown dotted line), the surface of the highway (blue line) and the position of the excavation. In the images above: the position
of the Stone line on the ground is shown on the left with a yellow line and the excavation site is indicated on the right with a red arrow.
The lower images show details of the Stone line, with iron nodules and some archaeological artifacts.
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described southern profile up to 1.73 m, including
the stone line and reaching saprolite. The stone
line is continued in both directions allowing note
that the lithic artifacts were deposited thereon (Fig-
ure 3).

Both profiles were described based on the FAO
(2006) guidelines for soil horizons description:
depth, horizon boundaries, color, texture, struc-
ture, consistency, porosity, organic matter, cutans,
stains and concretions and presence of carbonates
using HCI at 10%.

In total, eleven horizons were identified and
described: Bo/2C/3C/4Bo/5Bo/6Bo/7Bo/8Bo
/9Buo/10Bco/11CB, from which samples were
collected to analyze their physical and chemical
properties, as well as undisturbed samples for
micromorphological analysis.

3.2. LABORATORY RESEARCH

The samples were processed in the laboratories of
the Institute of Geology of the National Auton-
omous University of Mexico, where the physical
and chemical characteristics were evaluated (Tar-
gulian and Krasilnikov, 2007).

3.2.1. PROPERTIES EVALUATED

The particle size analysis was applied to the entire
sequence, except for 2C and 3C horizons. The
analyzes of magnetic susceptibility (R), free iron
extractable with sodium dithionite (Fe,) and Total
Organic Carbon (TOC), were applied only to Bo,
4Bo-9Buo horizons; while the identification of
clays by XRD, elemental quantification by XRE
ternary plot of the three main oxides (510,-Al,O, -
Fe,0O,) and micromorphological analysis were
applied to the entire sequence.

1. Particle size analysis was accomplished with
the pipette method, giving the samples previous
treatments to remove cementitious materials (H,O,
at 30% to remove organic matter, HCI to remove
any carbonates they might contain, treatment
with citrate-bicarbonate-dithionite to remove
iron oxides, and sodium hexametaphosphate to
disperse particles), based on Buol et al. (1981) and
Mehra and Jackson (1960).

6 | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A200622 / 2022

2. Low and high frequency magnetic suscepti-
bility (&, and K, ) was measured with a Bartington
MS2 susceptiblity meter, according to Dearing et al.
(1996).

3. Free iron was evaluated by selective extraction
with citrate-bicarbonate-dithionite (Fe ), based on
Mehra and Jackson (1960). The samples were ana-
lyzed in duplicate, and the average was considered
for the interpretation of the results.

4. Total organic carbon (TOC) was quantified in
duplicate on a CHNS / O Perkin Elmer 2400 series
IT elemental analyzer, in CHN mode, using helium
as a carrier gas at a combustion temperature of 980°
C and a reduction temperature of 640° C, with a
thermal conductivity detector.

5. Clays from all horizons was identified and total
mineralogical composition of two samples was stud-
ied by XRD. For whole rock analysis, samples were
ground in an agate mortar, sieved to less than 45
microns and loaded on aluminum sample holders.
For the identification of clays, the cementing agents
were removed to disperse the particles and the clay
fraction was extracted according to Stoke’s law (Jack-
son, 1958; Moore and Reynolds, 1997). The pre-
pared samples were mounted on glass slides, dried at
30 °C (Moore and Reynolds, 1997) and solvated with
ethylene glycol at 70 °C for 24 hours. Bulk rock phase
identification and quantification by Rietveld method
(Rietveld 1969) was made using Highscore v4.5 soft-
ware (Malvern, UK), using International Center of
Diffraction Database (ICDD) and Inorganic Crystal
Structure database (ICSD). Kaolinite has been iden-
tified by (001) peak at 12.5° 268 (~7A) in the air-dried
and glycolated samples. By heating to 550°C kaolin-
ite becomes amorphous and its diffraction pattern
disappears. The presence of few vermiculites in the
samples was confirmed by (001) reflection at about
6°26 (~14A) in the air-dried condition that was not
affected by ethylene glycol treatment and collapsed
to 10 after heating at 550°C.

6. Major elements and trace elements were iden-
tified by XRF. The major elements were measured in
molten sample with 90% by weight of Li,B O.. Loss
on calcination (PXC) was determined by heating lg
of sample at 950° C for 2 hours and calculating the
difference in mass in percent. Trace element analysis
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Table 1. Analysis of the archaeological artifacts of Mabewele.

Small Middle sized Big Nodules | Dark Quartzite | Grey Quartzite Total
Nodules Boulders 5-  |>10cm diameter NIELN NEL

<5cm 10cm diameter
diameter

Slab Cores

Polyhedral cores
vallois Cores

Scrappers

Tranchet

] 9]

Retouched
Polyhedral Cores

Bifacial Knife with
reserved base

Bifacial Knife
Trihedral Pick
Chopper on Slab

“ore-axe

Primary Blanks
Secondary Blanks

INo cortex Blanks

Discoidal on Flake

Quadrangular
Bifacial on Flake
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was performed on a pressed sample with 15%
wax-C.

7. Ternary plot of the three main oxides (SiO-
AL O,-Fe O,) was calculated to know the general
weathering trend, according to Hill ez al (2000).
Additionally, to evaluate the affinity with the par-
ent material and detect lithological discontinuities
within the studied sequence, the ternary plot
Zr-Cr-Ti was considered, modified from Moun-
teney et al. (2018).

8. Radiocarbon dating was made using accel-
erator mass spectrometry (AMS), in charcoal
remains recovered during the excavation. The
sample was analyzed at the National Laboratory
of Mass Spectrometry with Accelerators (LEMA,

11
15
14

12

12

60
112
68

325

for its acronym in Spanish) of the National
Autonomous University of Mexico (UNAM). The
obtained date was calibrated with the radiocarbon
calibration program Calib7.1.0, at 2.

9. Micromorphological analysis. For this anal-
ysis, thin sections from all horizons were observed
with an Olympus America petrographic micro-
scope, using transmitted plain polarized light
(PPL), crossed polarized light (XPL) and reflected
light. The pedological features observed in the
materials were: matrix, fresh and/or degraded
plant residues, humified organic matter, coatings,
stains, nodules and/or concretions, weathering
features (mineral etching, and alteration), among
others (Stoops et al., 2018).
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10. Phytolith extraction was processed based on
Madella et al. (2005). Organic matter was removed
using H,O, (30%) and carbonates with HCI
(0.5%), sodium dithionite were added to reduce
free iron (Deb,1950); sodium hexametaphosphate
was used for particle dispersion. A polytungstate
solution was applied to recover phytoliths (2.6 g/
cm’ density) and observed under 100 X using a
Dialux 20 microscope.

4. Results

4.1. FIELDWORK RESULTS

4.1.1. “MABEWELE I’ ARCHEOLOGY

Among the materials recovered during the sur-
face survey, were found levallois cores, polyhedral
cores, and tabular cores, levallois flakes, centripetal
extraction flakes and irregular flakes, as well as
different “core tools”, MSA points, bifacial knives,
tranchets and discoid, made from quartzite and
quartz. The raw materials of the artifacts were
extracted from quartzite slabs, as well as small
boulders. All surface tools correspond to the MSA
(according with definition for Equatorial Guinea

e | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A200622 / 2022

from Mercader and Marti 1999, 2002). No pot-
tery, blades or microliths were recorded at the site.
Results are summarized on table 1.

Although some scattered quartzite chips were
recorded in all horizons, most flakes and chips were
concentrated in the horizon 9Buo and in the area
of contact with 10Bco. This horizon (10Bco) is a
conglomerate of iron oxide nodules that make up
the “stone line” (Mercader et al., 2002) and flakes
and chips inside come from 9Buo due to vertical
displacement. Therefore, 9Buo is the only archaeo-
logical level of the excavation. In this layer, a levallos
flake fractured in half, several irregular centripetal
extraction flakes, unifacial and bifacially retouched
flakes and numerous non-diagnostic flakes and
chips, made on polyhedral and levallois cores and
flat tablet cores (Figure 4) were recorded. The raw
material is like some surface materials (preliminary
identified as quartzite).During the excavation, some
lithic artifacts were found in small concentrations,
with “fresh” edges that show no erosion or wear by
natural processes.

There are even some sets of flakes that can be
rejoined (Figure 5). In addition, the inclination and
orientation of each flake were registered, to evalu-
ate the degree of alteration and movement of the

m Middle Stone Age diagnostic artifacts (MSA ca. 250-30 ka BP), collected on the surface: a) trihedral peak; b) tranchet; ¢ and d)
MSA points; e) bifacial core-tool; f and g) cores Levallois; h) discoidal core; i) Levallois flake, made in quartzite.
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lithic artifacts inside the sediment (Figure 6). In this
way, the analysis of the spatial distribution showed
that most of them present a preferential orientation
of their major axes, which indicates that they were
deposited by a flow of materials. However, most of
the pieces are in a horizontal position, which sug-
gests, along with the erosion-free condition of the
edges, that the displacement was very short, and the
artifacts are not far from where they were originally
abandoned.

4.1.2. PALEOPEDOLOGICAL DESCRIPTION

Southern and western profiles of the archaeological
excavation were described (Figure 7). In 2017 the
western profile was described to the depth of 160
cm and in 2019 the description was completed to
the depth of down to a saprolite level (173 cm). The
description of the south profile confirmed the iden-

tification of horizons made in the west profile. The
detailed morphological description of the excavated
profile is presented in table 2.

Although at first glance the described sequence
seems to be highly weathered homogenous material,
pedological characteristics like structure, roots pres-
ence, moisture retention, high clay content and iron
oxides among others are presented in this profile and
allow dividing it into 11 different horizons. Single
archaeological artefacts were found at surface level
and among the entire pit and their occurrence highly
increased at the lower part. In 2016, the study arca
was affected by road construction, so the upper part
of the modern soil was stripped away by excavators
and the Bo horizon was exposed to the surface, it
was soon partially covered by vegetation (Figure 3).
There are many archaeological artefacts that rest all

over the surface of the eroded area.

MA and B, Quartzite cores; C, Levallois flake (broken) white quartz; D, Quartzite Flake; E, Levallois quartzite flake; F, Quartz flake;
G, Quartzite flake; H, Levallois quartzite flake.
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The topsoil Bo horizon presents clay and iron 4.2.1. PARTICLE SIZE

oxides accumulation. Below it there are two light
coloured layers of redeposited sorted quartz
sand: 2C which i1s also different in color and 3C
with a light inclination (15°) from NW to SE and
they cover the sequence of several Bo horizons
with more similar characteristics (they are clayey
materials, compact, with good structure, enriched
in iron, but they also contain a high proportion
of coarse fraction, anortic iron nodules and lithic
fragments with preferential orientation, for which
they were identified as eroded soils and classified as
Bo horizons). The 4Bo horizon is more indurated
in comparison to the underlying 5Bo and 6Bo
and the 5Bo has a higher content of sand. The
horizons 7Bo, 8Bo and 9Buo are richer in clay and
moisture content by contrast to upper-lying 5Bo
and 6Bo horizons, but their density is lower. Com-
mon separated iron nodules start to appear in the
9Buo horizon and form the so called “stone line”
in 10Bco. At the same time, the concentration of
lithic artefact starts to increase in the 9Buo horizon
and reaches its maximum at the 10Bco horizon
where they rest on the top of the stone line. At the
bottom of the excavation there is a white, strongly
weathered saprolite from gneiss (11CB horizon).

4.2. ANALYTICAL RESULTS

The analytical results are shown in figure 8.

Particle size analysis showed that the predominant
fraction in almost all the samples is sand (> 50%),
except in 9Buo (47.7%); however, the clay content
is very high in all horizons (> 30%), while silt is the
minority fraction, with less than 17%.

4.2.2. MAGNETIC SUSCEPTIBILITY

Magnetic susceptibility (K) was measured only in
the western profile and presents extremely low
values, with no substantial changes throughout the

sequence. Values range from 3.7 to 6.7 units (A}

x 107 IS) and from 2.9 to 5.3 units (A x 10~ IS).
This indicates that the analyzed materials contain
low or non-magnetic minerals.

4.2.3. FREE IRON CONTENT (Fe )

Free iron content (Fe,) is very similar through-
out the sequence (between 13.89 mg/g in 4Bo
and 15.99 mg/g in 9Buo). A gradual increase is
observed from the 4Bo horizon to deeper horizons;
however, no correspondence is observed with the
results of magnetic susceptibility, indicating that
the iron oxides sides in the samples have very low
magnetic susceptibility.

4.2.4. TOTAL ORGANIC CARBON (TOC)

As expected for Bo horizons of tropical soils,
Total Organic Carbon (TOC) content was very
low in all samples, with the maximum value in Bo

o ) ) Orientation of elongated flakes
Distribution of the Inclination of the flakes in excavation
Circular
N 50
NE 40 VERTICAL
20 EW NW-SE
E HORIZONTAL z =
SE i NW
s w
sw N-S NE-SW

m A: Inclination of artifacts in sediment; most were found in a horizontal position. B: Orientation of lithic artifacts in the
sediment; most were found oriented in a NW-SE direction.
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(0.63%) and the minimum in 8Bo (0.29%), with a
clear decrease towards the base of the profile.

4.2.5. X-RAY DIFFRACTION (XRD)

A semiquantitative analysis was performed by
XRD to the total sample of Bo and 4Bo hori-
zons (Table 3), considering that they correspond
to different times of deposition and pedogenesis,
separated by 2C and 3C. The results showed
that both samples are mainly composed of three
mineralogical components: quartz (Bo 87% and
4Bo 90%); kaolinite (Bo 9% and 4Bo 7%), and
gibbsite (Bo 4% and 4Bo 3%). XRD analysis of
the clay fraction allowed to identify, in addition
to kaolinite, the presence of vermiculite, which in
the quantification of the total sample was not per-
ceived because it was found in very little quantity
(Table 4; Figure 9).

4.2.6. X-RAY FLUORESCENCE (XRF)

Quantification of total elements by XRF (Figure
10a) showed that the materials contain predom-
inantly silica -Si0,- (> 75%), with the minimum
values in the Bo horizons and the maximum val-
ues in the C horizons. Alumina (Al,O,) and total
iron (Fe,O, ) show a contrary trend, with the maxi-

mum content in 9Buo and the minimum in 11CB.
Titanium (Ti0,) does not vary much throughout
the profile, with maximum values at 8Bo and
minimum at 1 1CB. The other elements are found
in smaller quantities and show little difference in
general trends.

Trace elements (Figure 10b) showed clear dif-
ferences between saprolite and soil material. The
most evident change was observed in the content
of Rb, Ba and Y, with maximum values in 11CB
(saprolite) and a drastic decrease in the other
horizons, while the content of Sr, Th, Pb, or Zr,
showed the opposite trend, with minimum con-
tents at 1 1CB and an increase in the Bo horizons.

4.2.7. WEATHERING TREND AND PARENT MATERIAL
AFFILIATION BASED ON TERNARY PLOTS.

The ternary plot Si0,-ALO,-Fe,O, (Figure 11a)
approximates the degree of alteration for lateritic
soils; the main oxides are distributed in the top of
the diagram where is the kaolinite zone (defined
from the 80% of SiO,). The samples are plotted
in the right side of the triangle, according to
relatively small amounts of iron (<10%) and the
relative progressive enrichment in AL O,. The
2C/3C horizons present the most secluded distri-

South (A) and West (B) profiles. It is observed that the morphological characteristics of the stratigraphic sequence are very
homogeneous. Archaeological artifacts were located at the base of the profile.
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bution by the maximum concentration of SiO,;
the most indicative sequence of a weathering
trend is defined by the mobility of SiO, from the
11CB horizon (saprolite) to the lower part of the
triangle (where a more regular lineal cluster of the
rest of the horizons reach silicon depletion and Al
maxima).

The ternary plot Zr-Cr-Ti (Figure 11b) was
defined by the interaction of less mobile elements
in felsic rocks and its sensitivity to determine the
possible parent material. The bias to the left side
of the triangle is clear, where the relationship
between Tiand Zr shows affinity, as well as a lower
Cr concentration compared to 2C/3C and 11CB
horizons.

4.2.8. RADIOCARBON DATING

Some soil samples were processed to obtain 14C
AMS dating of humic acids, however, the TOC

B % Sand m % Silt

Q
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7Bo
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% Clay

50% 100%

)
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content was extremely low; and the roots of mod-
ern trees were observed throughout the profile,
even in the deep parts, which made it impossible
to get reliable data. A charcoal fragment from
9Buo horizon was analyzed, resulting in an age of
12572-12244 Cal BP (Table 5).

4.2.9. MICROMORPHOLOGY

0

— Ky — K, x1051S

showed that,

in general, the groundmass throughout the

Micromorphological  analysis
sequence 1s composed of coarse to fine sand, with
a predominance of quartz and quartzite lithic
fragments, and some micas (muscovite) in an
iron-clay fine material. The coarse particles are
angular and irregular and have different degrees
of weathering (Figures 12a-12f). Weathered mus-
covite grains still retaining their laminar structure
were observed (Figures 13a and 13b). Evidence
of recent biological activity was also observed

TOC %

) 0.5 1

Fey, mg/g

13 14 15 16 17

6Bo 6Bo

7Bo

2 4 6 8
: . X 0 . .
Bo Bo
4Bo 4Bo
x 5Bo 5Bo
i~
)

V5

N 9Buo » 9Buo

RESULTS

150 -

10Bco

175

~
o9}
]
L L L L L L L

11CB * 12572-12244 yr Cal BP " Lithic artifacts

AT Scheme of the “Mabewele I” profile with the analytical results. The MSA diagnostic artifacts location in the sequence (in 9Buo)
and the contents of texture, magnetic susceptibility, free iron (Fe,) and Total Organic Carbon (TOC) are shown.
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Table

Bo

4Bo

3. XRD of total samples.

Identified phases Sm;;?;am Observations

Quartz: SiO, 87 )
Kaolinite: Al,Si;Os(OH)s 9 Quaxlt(z fl()fmlng;ce.f
Gibbsite: Al (OH); 4 No peaks left to identify
Quartz: SiO, 90 )
Kaolinite: AL,Si,0s(OH)s 7 Quartz dominance.
Gibbsite: Al (OH)s 3 No peaks left to identify

throughout the profile, such as root growth and
fresh plant material, even in the deep horizons
(Figure 12b).

The fine materials along the profile present an
abundance of clay having orange-red color due
to ferruginous pigment. The soil below the lay-
ers of redeposited material (2C and 3C) showed
some thin clay coatings in the pores (Figures 12¢
and 12d), that indicate incipient illuviation. All
the horizons have ferruginous nodules, but in the
upper horizons the nodules are anortic (Figures
12¢ and 12f), ie, they appear to be reworked
and fragmented complex nodules (see Stoops and
Marcelino, 2018). Only in the 10Bco horizon
abundant rounded concentric complex nodules
formed wn situ were observed (Figure 13e).

The 10Bco horizon is composed of saprolite
fragments (metamorphized granite and granulitic
gneiss) covered with iron-clay fine material (Fig-
ures 13c and 13d) in a clay matrix with a signif-
icant accumulation of complex iron nodules that
present laminations (Figure 13e). This horizon
also contains feldspars altered to kaolinitic clays;
quartz, weathered phyllosilicates such as biotite
and chlorite, as well as biogenic structures.

Finally, the basal saprolite (11CB) originates
from metamorphized granite, as observed in
10Bco (Figures 13c and 13d), with a high degree
of weathering and neoformation of clays and iron
oxides (Figure 13f).

These rocks are composed of quartz, altered
feldspars mostly replaced by kaolinites (pseudo-
morphs), amphiboles and micas, substituted by
iron oxides and clays due to weathering n situ

(Figures 13g and 13h).

4.2.10. PHYTOLITHS ANALYSIS

Phytoliths were recovered from seven horizons
along the sequence from top to bottom (Bo to
9Buo). Eight different groups were morpholog-
ically separated: cylindrical, cylindrical scrobic-
ulate, cylindrical crenate, cylindrical elongated,
globular granular, spherical faceted, spherical with
irregular folded surface and not identified (Figure
14).

9Buo and 8Bo are very similar in presence and
variety of the phytoliths. All the previous mor-
phologies are present in the two deepest layers,
however only the spherical with irregular folded
surface were recovered from these two layers. Its
morphology is associated to Marantacea, ingiber-
aceae or Cannaceae families (Runge, 1999; Piperno,
1988). The globular granulated type is predom-
inant, and it also belongs to the same families
named before (Barboni ¢t al., 2007).

7Bo, 6Bo and 5Bo had no presence of the
spherical with an irregular folded type, but the
other morphologies are still present. There is an
important rise on globular granulated, which indi-

S ————— Air dried
: Glicolated
550°C

Gibbsite

e
Gibbsite

A
T[T [ FR [ T I T[T T T[T T T T[T T T [ T T T T T T T TTT
I T I T I I I | I ! I I I

5 10 15 20 25 30 35 40 45 50 55 60 65 70
2 Theta (Ko Cu)

m Diffractograms of the oriented, glycolated and heated
to 550°C fractions of the 10Bco horizon, with a predominance of
Kaolinite (7A), vermiculite (10A and 14A) and gibbsite.
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Table 4. Identification of clays by XRD. %]
o
without ethylene gls col 550°C v
|_
treatment =
Bo ~7A ~7A Kaolinite There are no a
~14A ~14A :10 Vermiculite peaks left to o
identify.
4Bo ~7A ~7A X Kaolinite There are no
~14A ~14A ~10A Vermiculite peaks left to
identify.
5Bo ~7A ~7A X Kaolinite There are no
~14A ~14A ~10A Vermiculite peaks left to
identify.
6Bo ~7A ~7A X Kaolinite There are no
~14A =14A =10A Vermiculite peaks left to
identify.
7Bo ~7A ~7A X Kaolinite There are no
~14A ~14A ~10A Vermiculite peaks left to
identify.
8Bo ~7A ~7A X Kaolinite There are no
~14A =~14A =10A Vermiculite peaks left to
identify.
9Buo ~7A ~7A X Kaolinite There are no
~14A ~14A ~10A Vermiculite peaks left to
identify.

Table 5. Radiocarbon dating.

14C .
Horizon m]zlilzi?al Depth Conventional Calibrated Irlf‘?ll::ll:t :
(cm) oe BP (2 5) | PrOPAPMY

9Buo  Charcoal 130 10497+ 35 12572-12244 12474 -20

cates the continuity of Marantaceae in the middle of similar characteristics throughout the sequence. At

the sequence. Cylindrical, crenated and elongated
Poaceae phytoliths morphologies (Bremond et al.,
2008) are present all along the sequence and don’t
have many changes in quantity except for the large
cylindrical type, which gradually rises from 9Buo
to the top.

4Bo and Bo have less morphological variety
compared to the other horizons. Elongated, large
cylindrical, hair and scrobiculated were found.

5. Discussion

5.1. INTERPRETATION OF THE PEDOLOGICAL
CHARACTERISTICS OF “MABEWELE I”

The field and laboratory evaluation of the analyzed
pedological materials showed that they have very

first glance, it appears to be a well-developed soil,
with a deep B horizon, typical of tropical regions,
where the formation of well-developed soils is
common, with accumulation of clay minerals,
quartz as well as iron and aluminum oxides and
hydroxides, forming plinthic or lateritic soils (FAO,
2006; Stoops and Marcelino, 2018). Previous
research indicates that in Equatorial Guinea the
most common soil groups are Ferralsols, Acrisols,
Nitisols and Plinthosols (De Castro y De la Calle,
1985; IUCN, 1991; Da Costa et al., 2015); all of
them characterized by a high degree of weather-
ing, accumulation of clays also iron and aluminum
oxides.

However, despite being in a rainforest that
has remained little changed from the Miocene
(Hamilton, 1976; Hamilton and Taylor, 1991;
Plana, 2004), the pedogenic features of the
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Mabewele deposit do not coincide with those of
the mentioned soils. Rather, the materials present
a set of contrasting characteristics. On the one
hand, they have a high content of clays also iron
and aluminum oxides, iron nodules, kaolinites,
accumulation of alumina, and on the other hand,
they have a high content of sand, abundance of
non-oriented fine clay material, and anorthic iron
nodules, which indicate redeposition and the addi-
tion of weathered geological material to the clay
soil matrix. Further evidence for the reworking is
provided be the ternary diagram Zr-Cr-T1i, which
shows rather close location of the majority of Bo
horizons whereas the saprolite sample is rather

a) sio, ALO, Fe,0,,  TIO,

70 80 9 100 O 10 20 0 50 1

Bo

2C/3C -

4Bo

5Bo

{

— — &
4

6Bo

7Bo

8Bo

9Buo

11CB

Y
b) Rb Ba

0 50 100 0 500 1000 0 5 10 O
L s .

Bo T T

2¢/3c { <r

4Bo ¢

580 +—— ¢+ ——

6Bo ¢ D R 3 77

7Bo

o 1

distant from this cluster — that means a major lith-
ological discontinuity between these two parts of
the profile. Another discontinuity is shown by 2C
and 3C horizons which are clearly enriched with
the redeposited quartz sand material and contain
a whitish interlayer.

These characteristics indicate that Bo horizons
consist of reworked material, but the coarse par-
ticle morphology and size heterogeneity indicate
very short transport, so the material probably
comes from the higher areas (see Figures 2 and 3).
Likewise, the materials show incipient pedogenetic
processes after their deposition, such as the blocky
structure, n situ weathering of some minerals, root

MgOo ca0 P05 K,0 Mno %

o 01 020 050 002 004 0 1 2 0 002

R
N |
+ i ) G

1

Sr Th Pb Zr ppm
10 20 0 10 20 0 10 0 100 200 300
S

m a) XRF analysis. Total elements (%). Small variations are observed along the profile; b) Trace elements in parts per million
(ppm). A clear difference is observed between saprolite and the redeposited quartz sand layers (11CB, 3C and 2C), with the soil horizons.
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pores, oriented clays, and even formation of very
incipient clay cutans in some horizons, as in 4Bo
(Figures 12c and 12d). To explain the character-
istics of the materials, it 1s possible to consider
that the old soils formed in the upper areas were
eroded and deposited in the lower parts, forming
pedosediments. However, once deposited, they
formed new surfaces and continued their pedolog-
ical evolution. First this is evidenced by the geo-
chemical data. The ternary diagram SiO,-AlL,O,-
Fe,O, demonstrates that the Bo horizons are much
more weathered than the underlying saprolite. It is
interesting however that the degree of weathering
is highest in the lower Bo horizons (especially in
the 9Buo which contains archaeological mate-
rials) and decreases in the upper horizons. This
tendency culminates in the 2C and 3C horizons
which are even less weathered than the saprolite.
We think that it means that the balance between
weathering from one side and incorporation of
less altered material due to erosion/sedimentation
from the other side shifted throughout deposition
of the sequence in favor of the latter processes.
The predominant clays are kaolinites, with very
small amounts of vermiculites. Various studies
have shown that pedogenic kaolinite and gibbsite
are formed by intense and prolonged weathering,
being a common component in long-developing

. . . . . a
. . : . ve . B

.troplcal soils (Stoc')ps el. al., 2018); while Vcrm'lcuhtc 100% 9 o e
1s more common in soils of moderate evolution, so Si0, @ 280
clays show different pedogenectic periods. Kaolin- 82:2
ites originate from the prolonged weathering of C.>7B°

. . 8Bo
feldspars whereas vermiculites - from the transfor- @ 9%Buwo
mation of micas consisting in the loss of interlayer @ fics

K and lowering of the charge of unit-cell (Dixon
and Weed, 1989), they could further be substituted
by kaolinite. Vermiculites are common in soils
with moderate development, while kaolinites are
the products of the advanced alteration, therefore
they are found in highly developed soils.

This mineralogical sequence was documented
in a soil toposequence in Zaire: kaolinite was
dominant in the lateritic soils of flat old upland

These slopes were produced by recent (10 ka BP)
incision which exposed the lower less weathered
saprolite horizons and even unweathered bedrock
— shists and greenstones (De Conink et al., 1986).
We conclude that the matrix of the set of B hori-
zons incorporating and overlying palaeolithic find-
ings consists predominantly of highly weathered
materials with admixture of the less advanced
weathering products. Such admixture could be
result of incorporation of less altered materials
when erosion and redeposition reached deeper
saprolite horizons.

Micromorphological observation showed a
high content of quartz, from the decomposition
of the basal rock (quartzite and gneiss, abundance
of non-oriented clays, and some oriented clays,
formed by i situ weathering and incipient illuvia-
tion processes, in addition to concretions and iron
nodules. Two types of iron nodules were observed:
on the 10Bco horizon there are complex nodules,
joined together by rolled iron cutans, formed
situ by weathering and illuviation of iron oxides
towards the lower parts (Marcelino ¢t al., 2018),
which formed the “stone line” on which archaeo-
logical materials were found; and in the overlying
horizons, anortic nodules formed by fragments

Saprolite

20%
Ti Cr

DISCUSSION

surfaces whereas 2:1 clay minerals (vermiculite I = Ternary plot of Si0,ALO,Fe,0, for general
weathering trends; b) Ternary plot Zr-Cr-Ti showing affinity to

and smectite) appeared in the soils of steep slopes. parental material.
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m a) Minerals with moderate weathering and clay matrix in Bo, PPL; b) cross section of a fresh root in 8Bo, PPL and XPL; ¢ and
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DISCUSSION

m.a) and b) Muscovite with incipient weathering in 9Buo, PPL and XPL; c and d) quartz and clay in 10Bco, PPL and XPL; e) complex
iron nodules in 10Bco, PPL; f) saprolite with quartz, micas, and clay cutans in 11CB, PPL; g and h) saprolite with neoformation of clays
in 11CB, PPL and XPL.
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of the complex nodules, eroded from the upper
areas.

Phytoliths were mainly separated into three
groups: Poaceae, Marantaceae/ funcaceae and Annon-
aceae. Marantaceae is an herbaceous plant that
proliferates abundantly in disturbed areas and
reduces the development of other species due to
competition for space (Lima and Moura, 2006).
The areas dominated by Marantaceac have a dif-
ferent plant species composition than other areas
where it is not abundant (Maranho and Salimon,
2015). The fact that this family of plants is only
found in the initial and middle horizons allows us
to consider that their deposit conditions presented
local variations in environmental humidity condi-
tions that, in turn, promoted changes in the com-
position of the local vegetation cover. In summary,
the analytical results showed that the profile that
buries the archaeological materials of the MSA is
composed of pedosediments that were formed by
the erosion of soils from the higher areas, towards

@ | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A200622 / 2022

the lower areas, so to a large extent, the morpho-
logical characteristics of the pedosediments are
inherited. Also, the characteristics observed in
10Bco and 11CB allow us to consider that the sap-
rolitized rocks (Zauyah et al., 2018) at the base of
the sequence are the source of all the components
observed in the pedosediments.

Likewise, the pedosediments show that, con-
trary to what was expected for a rainforest of
great antiquity, the soils were affected by ero-
sion-sedimentation processes in a dynamic way.
To explain the origin of such processes there is a
need for more specific studies on the geomorpho-
logical dynamics of the area. Given the location
of Equatorial Guinea, tectonic and / or volcanic
activities (Molerio, 2014) are important factors
that could trigger processes of periodic erosion
and re-deposition of sediments, as well as the con-
tribution of some less degraded minerals to the
oldest materials due to weathering and erosion of
the rocks to be exposed by such activity. Another

MABEWELE PHYTOLITHS

0% 10% 20% 30% 40%

Bo

50%

60% 70% 80% 90% 100%

4Bo

5Bo

6Bo

7Bo

i

8Bo

i

9Buo

M Cylindrical elongated
M Cylindrical scrobiculated
M Cylindrical crenated

M Globular granulated

M Spherical with irregular folded surface

M Cylindrical large

m Hair

M Unidentified

m Phytolith distributions (percentage) in Mabewele | profile.
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factor to consider is the impact by marine custatic
variations related to climatic changes during the
last glaciation, particularly those that occurred
during the last 35 ka, which include the ending
of MIS3 and MIS? isotopic stages. Globally, it is
considered that in the Last Glacial Maximum the
sea level decreased approximately 120 meters with
respect to the current level (Uriarte, 2004). These
changes must have altered groundwater levels due
to the modification of the coastlines; some regions
become arid while in the equatorial zones precipi-
tation increased, modifying the river drainage, and
the erosion-sedimentation processes.

The charcoal recovered from the 9Buo hori-
zon has an age of from 12.57-12.24 ka Cal BP;
however, the charcoal was inside of the pedosed-
iment, so it could be redeposited, in which case it
would be a minimum age for the deposition of the
materials. Either way, archaeological materials in
9Buo horizon are older, considering the chrono-
logical range of lithic technology (MSA). In this
regard, some pedogenetic processes observed in
paleosols, such as neoformation and accumulation
of clays and iron oxides, formation of nodules and
concretions, high weathering rates, kaolinite and
gibbsite formation, are processes that develop over
time prolonged (10* years or more) (Targulian and
Krasilnikov, 2007). Pedosediments present some
very incipient pedogenic processes in the upper
horizons, but they are observed a little more devel-
oped towards the base of the profile (for example,
complex iron nodules in 10Bco horizon), indicative
of the older age of the lower horizons. Likewise,
the archaeological materials identified correspond
to lithic industries with an age of 250-30 ka BP
(Mercader, 1995; Mercader and Marti, 1999;
Mercader et al., 2002; Terrazas and Rosas, 2016).
So, the deposit was formed in the late Pleistocene.

sidered that the rainforest in this area has not been
affected by the climatic oscillations (Hamilton,
1976; Hamilton and Taylor, 1991; Plana, 2004).
Climate changes have been studied in Fast Africa
(Ivory and Russell, 2016), South Africa (Burrough
and Thomas, 2013), Central Africa (Marti, 1999;
Gasse et al.,, 2008; Hamilton and Taylor, 1991);
Gulf of Guinea (Elanga et al., 1994; Weldeab et al.,
2007; Burrough and Thomas, 2013, Akinnighagbe
et al., 2018), and Congo (Elanga, 1992; Elanga et
al., 1994) and Cameroon y Ghana (Maley, 1991)
(Table 6).

In the same way, it is considered that the
human colonization of the rainforest strip of
Central Africa occurred very late, possibly at the
end of the Pleistocene or, even until the Holocene.
However, archaeological finds at “Mabewele
I” reinforce previous research in central Africa,
showing human presence in the rainforest in the
Upper Pleistocene (Mercader, 1995; Mercader
and Marti, 1999; Mercader e al., 2002; Terrazas
and Rosas, 2016).

Previous paleoenvironmental studies (sum-
marized in Table 6) have shown that regional
climate fluctuations in Africa in the Pleistocene
are strongly influenced by migration from the
intertropical convergence zone (ITCZ), shifting
atmospheric circulation cells, and monsoon
movements (West African Monsoon, Northerly
East African monsoon and Southerly East Afri-
can monsoon) and generally coincide with global
trends: in some regions arid and open landscapes
developed during the glacial and stadials periods,
while during the interglacial and interstadials peri-
ods the rains increased and the forest landscape
prevailed again (Weldeab et al., 2007; Gasse ¢t al.,
2008; Marti, 1999; Burrough and Thomas, 2013;
Ivory and Russell, 2016; Akinnigbagbe et al., 2018).

Studies in Equatorial Guinea focused on estab-

DISCUSSION

5.2. THE “MABEWELE I” SITE IN THE CONTEXT OF hshmg environmental Changes in the Pleistocene

CLIMATE CHANGE AND HUMAN OCCUPATION OF
THE PLEISTOCENE IN AFRICA

are scarce, but it has been established that in

As has been documented, the paleoenvironmental
evolution of the tropical rainforest in Equatorial
Guinea has been little studied, because it is con-

Central Africa - which currently shares the same
tropical rainforest biome as Equatorial Guinea
- climatic fluctuations should have promoted
change in the landscape and vegetation, although
the extent and distribution of such changes has
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not been evaluated. Palacoenvironmental studies
in Central Africa have shown climatic fluctuations
that can be correlated with established marine iso-
topic stages —MIS— (Imbrie e al., 1984), showing
global climatic trends during the late Pleistocene:
the Maluekian period (70-40 ka BP) is a cold and
dry period that coincides with MIS4 and MIS3; the
Njilian period (40-30 ka BP) is warm and humid,
coinciding with MIS3; the Leopoldvillian  period
(30-12 ka BP) is also cold and dry, coinciding with
MIS2; and finally, the Kibanguian period (12 ka
BP to the present day), which coincides with MIS1
(Martinson et al., 1987; Marti, 1999). Although
sediments from Bosumtwi (Ghana) and Barombi
Mbo (Cameroon) lakes and the Gulf of Guinea
show cooling and decrease in precipitation during
the LGM (22 ka BP) and Younger Dryas —YD-
(12.7 - 11.7 ka BP) periods (Gasse et al., 2008), the
“Mabewele I” pedosedimentary sequence shows
no changes in its characteristics that can be cor-
related with these climatic fluctuations. In this case,
the materials show only minor variations along the
sequence, indicating that the environmental condi-
tions did not have important changes. These data
correlate with the studies of marsh sediments in
the Bateke Plateau and coastal areas of the Congo,
where the presence of hydromorphic forests has
been observed for 24 ka, showing a humid phase;
between 24-13 ka BP there is expansion of swamp
communities due to a slightly drier climate, but not
arid as has been observed in other regions, followed
by another wet period after 13 ka BP (Elanga, 1992;
Elanga et al., 1994). Likewise, the pollinic sequence
of Lake Marombi Mbo showed that the tropical
rainforest persists (although with small variations)
since 24 ka BP, for which it is considered a refuge
area for the tropical rainforest (Maley, 1991).
Based on typological comparisons whit others
sites in Equatorial Guinea (Mercader and Marti
1999, 2002), the archaeological artifacts recovered
at the base of the profile have a minimum age of
30 ka BP and their characteristics (sharp edges,
fragments that can rearticulate) indicate little or
no erosion and were located on a paleosol n situ
(horizon 10Bco), so the overlying horizons (9Buo
and 8Bo) were formed between 30 -12.5 ka BP,

e | Boletin de la Sociedad Geoldgica Mexicana | 74 (3) /| A200622 / 2022

since charcoal obtained from the 9Buo horizon was
dated between 12.57-12.24 ka Cal BP. Therefore,
the upper horizons would have been formed in the
Holocene. As already mentioned, the similarity in
the characteristics of the Pleistocene and Holocene
pedosediments  indicate similar environments,
which is consistent with various studies in marine
and lake sediments, which have shown that in
the equatorial zone (Central and East Africa) the
climate during the Last Glacial Maximum (LGM)
was drier than today, with a reduction in forested
areas in the southeast of the continent (Tanganyika
Lake), while in the west (Guinea Gulf, Bateke Pla-
teau, Congo) higher humidity prevailed, maintain-
ing a tropical ecosystem (Elanga et al., 1994; Gasse
et al., 2008; Ivory and Rusell, 2016). We suppose
that the latter tendency also prevailed in the studied
area.

However, as discussed in the previous section,
the soils of the “Mabewele I" site do not show the
characteristics of the soils developed for a long time
under a stable tropical environment, but rather
evidence periods of pedogenesis-erosion/sedimen-
tation-pedogenesis. Previous studies (Hamilton,
1976; Maley, 1991; Elanga, 1992; Elanga et al.,
1994) indicate that the tropical ecosystem prevailed
in the Equatorial Guinea area, so that although
there was a decrease in precipitation, the envi-
ronmental conditions would not vary too much,
then, they would not be sufficient to promote the
dynamics of disturbance and soil erosion observed
in “Mabewele I”.

Therefore, it is necessary to also consider that
the affectations to the pedological cover due to the
establishment of the human groups during the
Middle Stone Age may constitute a relevant factor
for the changes in the geomorphological dynamics,
since by taking advantage of the natural resources
of their environment and carrying out activities
such as hunting and gathering, construction of
bonfires and shelters, among other, impacted the
soils and vegetation cover, favoring soil erosion and
the formation of pedosedimentary sequences in the
lower terraces (for an example of hunter-gatherers
impact in different kinds of tropical forests see
Head, 1996).
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Traditionally the palaeolithic societies are thought
to produce very limited and local impact on soils
and landscapes, the start of major transformation
is usually associated with the neolithic revolution.
However recent detailed paleoecological studies
in the Northern Europe pointed to major trans-
formation of vegetation cover: decrease of forests
and extension of open grassland ecosystems due
to the land use practices of the Middle Palaeolithic
inhabitants as early as the previous interglacial
(MIS5e) (Roebroeks et al., 2021). In Tropical Africa
the model of Late Pleistocene ecosystem change
due to the long-term large-scale activities of the
Upper Palaeolithic societies was developed by
Thompson et al. (2021) basing on detailed lacus-
trine archives from Lake Malawi. We suppose that
the interaction of humans with their environment
during the period of the initial spread of Homo
sapiens in the tropical zone of the African conti-
nent could produce major changes of the soils
and landscapes although the subsistence of these
societies was still based on hunting and gathering,
Still, much more research is needed to justify this
hypothesis on the regional and continental scales.

6. Conclusions

Opposite to expectations because it i3 a tropical
rainforest, the materials that bury the archae-
ological artifacts of the Middle Stone Age are
not highly developed soils, but rather constitute
a pedosedimentary sequence that indicates great
environmental dynamism. The pedosediments
are formed by old soils that were eroded from the
upper parts and redeposited in lower areas. This
1s evidenced by the high content of sands (in all
cases of more than 50%) of variable grain size
and morphology, which indicates short trans-
port, mixed with a clay matrix also in quantity
important (more than 30%), showing weathering
and neoformation of secondary minerals, mainly
before redeposition, but also after it.

The pedosediments show similar characteristics
throughout the entire sequence, among which the
absence of organic horizons —n situ or mixed with
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other materials— stands out. This is indicative of
periods of environmental instability that promoted
erosion processes, with loss of surface horizons
and redeposition of pre-existing soils in the lower
areas, although this instability is not associated
with changes in regional environmental condi-
tions, which do not seem to have varied greatly
over time, since the high degree of weathering
evaluated in the fine fraction is related to a warm
and humid climate, like that prevailing today.

The characteristics of the “Mabewele I pro-
file suggest that human beings from the MSA
may have been able to modify their environment,
creating open spaces between the forest and favor-
ing the growth of plants useful for subsistence,
which, together with the use of fire and other
territory management practices were able to
create anthropized areas of vegetation, although
everything indicates that these practices did not
negatively disturb the humid forest ecosystems at
the end of the Pleistocene, which have been main-
tained to this day.
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