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Abstract

Leba Cave is located in the dolomites of the Humpata district, Huila Province in
southwestern Angola. This region of escarpments and inselbergs represents the
westernmost highlands of the Great Escarpment of Southern Africa, connecting a mosaic
of biomes between the coastal regimes, hyper-arid Namib and Kalahari deserts and the
woodlands of Central Africa. For paleoanthropological studies, understanding the
cultural and environmental dynamics of this sub-tropical area is particularly challenging
due to its high rates of decay, bioturbation, and erosion which often do not provide a
suitable context for the preservation of organic material key for further cultural-

environmental interpretation.

The area is known for a series of Plio-Pleistocene fossil-bearing infillings in caves and
fissures of the highland region with abundant biostratigraphic evidence, exposed by
mining activities and lime quarrying. Inside Leba Cave, a sequence of cultural remains
suggested human presence at least since the Middle Stone Age (MSA), characterized
by blade-point technologies and Acheulean tradition implements using local cherts and

quartzites.

This study aims at building a robust contextual framework for the Stone Age of Leba
Cave through the stratigraphic reassessment of the cave infillings, identification of
depositional agents, anthropogenic features, and post- and syndepositional phenomena
with critical comparisons of geological and historical data. The results are based on the
analysis of site formation processes using contextual data from artifacts and sediments

approached with geoarchaeological methods.

Fieldwork in 2018 and 2019 focused on limited excavation, cleaning, and re-evaluation
of exposed sections in three different areas of the cave related to the MSA-LSA
sequence previously published for the site. The targeted areas were named VOJ, JCF,
and DMT.

Area VOJ (entrance trench) relates to unconsolidated sedimentary units with recent
archaeological materials mixed with older ones, ranging from the colonial-industrial
period to historical foraging-herding populations, including a hearth, groundstones,
potsherds, and dominant Levallois lithic technology. Areas JCF (middle trench) and DMT
(back wall) are located further inside the cave, behind a large cone of roof spall boulders
separating the cave into two different chambers. Lithic artifacts found in both areas
suggest chrono-cultural affinities with the MSA units described in past excavations,
including handaxe, core tools, and flakes. Analysis of the surface exposed in area JCF

showed this profile was particularly affected by post-depositional phenomena associated
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with  biological activity and seasonal puddling, promoting calcification and
phosphatization since the excavation of 1950, which altered the base of the MSA
sequence where Acheulean tradition tools were found. Area DMT is an indurated deposit
in the rear of the cave that shows stratification at the micromorphological level including

lithic tools and abundant mammal fauna of the Pleistocene.

Geoarchaeological investigation indicates a complex depositional history related to
intense biogenic and anthropogenic activity, along with geogenic processes specific to
the Leba karst and its hydrological regime. Our results propose a site formation model

for the site and further avenues of research.
Zusammenfassung

Die Leba-Ho6hle befindet sich in den Dolomiten des Bezirks Humpata, Provinz Huila, im
Sudwesten Angolas. Diese Region mit ihren Steilh&ngen und Inselbergen ist das
westlichste Hochland der GroRen Randstufe im sudlichen Afrika und verbindet ein
Mosaik von Biomen zwischen den Kistenregionen, den hyper-trockenen Wiisten Namib
und Kalahari und den Waldern Zentralafrikas. Fur paldoanthropologische Studien ist es
besonders schwierig die Kultur- und Umweltdynamik dieses subtropischen Gebiets zu
verstehen, da die hohen Verfalls-, Bioturbations- und Erosionsraten oft keinen
geeigneten Kontext fir die Erhaltung von organischem Material bieten, das fir die

weitere kultur- und umweltbezogene Interpretation wichtig ist.

Das Gebiet ist bekannt fir eine Reihe von Fossilien aus dem Plio-Pleistozan, die in
Hohlen und Kluften der Gebirgsregion zu finden sind und reichlich biostratigraphische
Belege enthalten, die durch den Bergbau und die Kalksteinférderung freigelegt wurden.
In der Leba-Hohle deutet eine Abfolge kultureller Uberreste auf die Anwesenheit von
Menschen mindestens seit der Mittelsteinzeit (MSA) hin, die sich durch hochmoderne
Klingen- und Geratetechniken der Acheulean-Tradition aus lokalen Hornsteinen und

Quarziten auszeichnet.

Ziel dieser Studie ist es, durch die stratigraphische Neubewertung von Ablagerungen,
die Identifizierung von Ablagerungsfaktoren, anthropogenen Merkmalen sowie post- und
syndepositionalen Phanomenen und den kritischen Vergleich geologischer und
historischer Daten einen robusten kontextuellen Rahmen fir die Steinzeit in der Leba-
Hohle zu schaffen. Die Ergebnisse beruhen auf der Analyse der Entstehungsprozesse
von Fundstellen unter Verwendung von Kontextdaten aus Artefakten und Sedimenten,

die mit geoarchéologischen Methoden untersucht wurden.



Die Feldarbeiten in den Jahren 2018 und 2019 konzentrierten sich auf begrenzte
Ausgrabungen, Reinigung und Neubewertung von freigelegten Abschnitten in drei
verschiedenen Bereichen der Hohle, die mit der zuvor veroffentlichten MSA-LSA-
Sequenz fur die Fundstelle in Verbindung stehen. Die Zielgebiete wurden als VOJ, JCF
und DMT bezeichnet. Das VOJ-Gebiet (Graben im Eingangsbereich) bezieht sich auf
unverfestigte Sedimenteinheiten mit rezentem archaologischem Material aus der
Kolonialzeit bis hin zu historischen Jager und Sammler, einschliellich einer Feuerstelle,
Mabhisteinen, Topfscherben und der vorherrschenden Levallois-Steintechnik. Die
Bereiche JCF (mittlerer Graben) und DMT (Rickwand) befinden sich weiter im Inneren
der Hohle, hinter einem groRen Kegel aus Deckenblécken, die die Hohle in zwei
verschiedene Raume unterteilen. Die in beiden Gebieten gefundenen Steinartefakte,
darunter Faustkeile, Kerne und Klingen, lassen auf eine chronokulturelle Verwandtschaft
mit den bei frGheren Ausgrabungen beschriebenen MSA-Einheiten schlielen. Die
Analyse der freiliegenden Oberflache im JCF-Areal hat gezeigt, dass dieses Profil
besonders durch post-depositionelle Prozesse beeinflusst wurde, die mit biologischer
Aktivitat und saisonaler Grundwasserzirkulation zusammenhé&ngen und die Entkalkung
und Phosphatierung der freiliegenden Sedimente seit 1950 beginstigten. Diese
Prozesse fuhrten zu einer Verédnderung der Basis der MSA-Sequenz, in welcher
Acheuléen Steinwerkzeuge gefunden wurden. Das DMT-Gebiet ist eine verfestigte
Ablagerung (Typ Kalksteinbrekzie) im hinteren Teil der Hohle, die eine Schichtung auf
mikromorphologischer Ebene aufweist und in der Steinwerkzeuge und eine reichhaltige

S&ugetierfauna aus dem Pleistozan gefunden wurden.

Die geoarchaologische Forschung weist auf eine komplexe Ablagerungsgeschichte hin,
die mit intensiven biogenen und anthropogenen Aktivitdten zusammenhé&ngt, sowie mit
spezifischen geogenen Prozessen der Karst-Leba und ihrem hydrologischen Regime.
Unsere Ergebnisse prasentieren ein Modell fur die Standortbildung und weitere

Untersuchungsmaoglichkeiten vor.
Sumario

A Gruta da Leba esta localizada na formacdo dolomitica do distrito de Humpata,
provincia de Huila, no sudoeste de Angola. Esta regidao de escarpas e inselbergs
representa as terras altas mais a oeste da Grande Escarpa da Africa Austral, ligando
um mosaico de biomas entre os regimes costeiros, os desertos do Namibe e do Kalahari
e as florestas da Africa Central. Para os estudos paleoantropoldgicos, a compreens&o
da dindmica cultural e ambiental desta area subtropical € particularmente desafiante

devido as suas elevadas taxas de decaimento, bioturbacdo e erosdo que muitas vezes
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nao proporcionam um contexto adequado para a preservacao de material organico para

uma melhor interpretagéo cultural-ambiental.

A &rea é conhecida por uma série de fésseis Plio-Pleistocénico em grutas e fissuras da
regido montanhosa com abundantes vestigios biostratigraficos, expostos por
actividades mineiras e extracgdo de calcario. Dentro da Gruta da Leba, a sequéncia
cultural sugere a presen¢a humana, pelo menos desde a Idade Média da Pedra (MSA),
caracterizada por tecnologias de laminas, pontas e utensilios de tradicdo Acheulense,

utilizando chertes e quartzitos locais.

Este estudo visa construir um quadro contextual robusto para a Idade da Pedra da Gruta
da Leba através da reavaliagdo estratigrafica dos preenchimentos das fissuras,
identificacdo dos agentes deposicionais, caracteristicas antropogénicas, e fenomenos
pés e sindeposicionais com comparacdes criticas de dados geologicos e historicos. Os
resultados baseiam-se na andlise dos processos de formacao de sitios, usando dados

contextuais de artefactos e sedimentos abordados com métodos geoarqueoldgicos.

O trabalho de campo em 2018 e 2019 centrou-se na escavagéao limitada, limpeza e
reavaliacao de seccfes expostas em trés areas diferentes da gruta relacionadas com a
sequéncia da ldade da Pedra Média e Superior (MSA-LSA) reportada para o local. As

areas visadas foram designadas como VOJ, JCF e DMT.

A éarea VOJ (entrada) relaciona-se com unidades sedimentares ndo consolidadas e
materiais arqueoldgicos recentes, misturados com outros antigos, desde o periodo
colonial-industrial até as populacbes de pastores e cagadores-recolectores, incluindo
uma lareira, moventes, ceramica e tecnologia litica Levallois. As areas JCF (sala-do-
meio) e DMT (fundo) estdo localizadas na area interior /mais profunda da gruta, atras
de um grande cone de blocos do tecto, que separam a gruta em duas salas distintas.
Os artefactos liticos encontrados em ambas as areas sugerem afinidades crono-
culturais com as unidades da MSA descritas em escavacoes passadas, incluindo pecas
macroliticas, lascas e laminas. A analise da superficie exposta na area JCF mostrou
que este perfil foi particularmente afectado por fendmenos pdOs-deposicionais
associados a actividade biolégica e circulacdo sazonal de aguas subterraneas,
promovendo descalcificacéo e fosfatizacdo dos sedimentos expostos desde 1950, o que
alterou a base da sequéncia MSA onde foram encontrados instrumentos da tradi¢cao
Acheulense. A &rea DMT consiste num depdésito endurecido (tipo brecha calcéria) na
parte posterior da gruta que mostra estratificagdo a nivel micromorfolégico, onde foram
encontrados utensilios liticos e numerosos vestigios de fauna de mamiferos do

Pleistocénico.
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A investigagdo geoarqueoldgica indica uma histéria deposicional complexa relacionada
com uma intensa actividade biogénica e antropogénica, juntamente com processos
geogénicos especificos do Carso da Leba e do seu regime hidrolégico. Os nossos

resultados prop6em um modelo de formagé&o do local e futuras vias de investigacao.
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0. Introduction: Atlantic Africa and the “West Side” of human evolution

What is the role of the Atlantic coast in the evolution of modern human populations? How
did the western landscapes shape the development (sometimes disparity) in cultural
complexity of the Homo sapiens population by the Atlantic coast during the Stone Age,
and how do their cultures link with the sequence of other sub-continental regions in
Africa? Were there landscapes and populations isolated by extreme climatic conditions
over the Pleistocene? These questions connect with the idea of an “Atlantic Out of Africa”
migration arguing for several Homo sapiens populational movements along the Atlantic
coast which worked as a corridor between deserts and forests. The idea is supported by
similar patterns of subsistence and fossil evidence between southern and northern

Africa.

The Middle and Late Pleistocene (MP: ~781 ka — 126 ka; LP: ~126 ka -12 ka?) is of most
interest to this discussion as it yields evidence of Middle Stone Age (MSA) innovations
associated with Homo sapiens and relating to a diversity of culture, advanced
subsistence techniques, complex technology and ritual practices. Defining the
expression of the MSA in Africa as-a-whole has proven to be a considerable challenge
since the different subcontinental regions show specific characteristics and sequences
in the emergence of subsistence strategies and/or technological and artistic behaviors

commonly perceived as advanced.

Coastal adapted behaviors associated with tool kits and symbolic art have been
systematically associated with a major leap in human evolution around 130-70ka in
Southern Africa (Henshilwood and Marean, 2006; Marean et al., 2007; Shipton et al.,
2018; Will et al., 2013). Similar patterns are observed in Northern Africa at about the
same time (Bouzouggar et al., 2007; Richter et al., 2017; Scerri, 2017). In comparison,
the archaeological record of Atlantic Africa is patchy. Studies of the Stone Age in western
Africa are slowly bringing forth new advances. Indirect dating of stone tools using in-situ
produced cosmogenic nuclides (*°Be and 2°Al) in Gabon (Braucher et al., 2022) and
Angola (Lebatard et al., 2019) point to an MIS 15-12 adaptation to tropical coastal
landscapes. As the assemblages and respective dating methods are arguably accurate

for the Early Stone Age, this seems to confirm the opportunistic exploitation of marine

1In 2020, the International Union of Geological Sciences (IUGS) replaced the term” Middle
Pleistocene” with "Chibanian" currently estimated to span the time between 0.770 Ma (MIS-19
~770 ka) and 0.126 Ma (MIS 5e ~126 ka). However, the previous terminology will be used in
this study.


https://en.wikipedia.org/wiki/Annum

resources in Angola as early as 700 ka (Chazan and Horwitz, 2006; Gutierrez et al.,
2001). For the Late Pleistocene

and Holocene cultures sites like the Faléme Valley in Senegal (Chevrier et al., 2020,
2016; Douze et al., 2021) or in Katanda in D.R. Congo (Cornelissen, 2016) present
similar cultures and age ranges between 80-70 ka. However, these are rare exceptions
on a landscape with numerous undated surface lithic assemblages and limited resolution
for contexts before 50,000 BP (Clist et al., 2022). These sites are also particularly
interesting as they are culturally very different from the technologies recognized as
dominant in other coastal areas occupied around the same time (Porraz et al., 2018;
Soriano et al., 2015).

Several potential issues have been consistently pointed out when approaching
guaternary stratigraphy in tropical and sub-tropical environments, particularly in open-air
contexts, and include: (1) questions of quick weathering and erosion promoted by high
soil acidity; (2) intense biogenic activity by both flora (roots) and fauna (termite and other
micro-organisms); (3) peculiar pedogenic phenomena such as “stone lines”; (4) aeolian
processes; (5) and flash floods and other catastrophic events related to the seasonal
monsoons. These challenges add to more practical research considerations in these
regions from the past decades, particularly those relating to historical and social issues
such as the colonial lobby, political and economic interests, poverty and warfare, and
increasing disruption of climate change and extreme aridity on local communities. Crucial
evidence about the habitats, and associated cultural traditions and styles of prehistoric
times is still lacking for this region and can only be explained by the infrequency of
research over the last few decades. A pan-African emergence of Homo sapiens is mostly
theoretical at this point, based primarily on the contextual and fossil data gathered in

Northern and Southern Africa.

Many lines of evidence demonstrated the remote origins of contemporary human groups
are located in Africa within a restricted group or population (Liu et al., 2006), and suggest
global demography was shaped by major bottleneck events over the course of the Late
Pleistocene and early Holocene (Fagundes et al., 2007). A long history of population
admixtures and regional variations is identified as a key feature in the evolution of
contemporary demography (Andirké et al., 2022; Fu et al., 2016, 2014; Hajdinjak et al.,
2018; Mallick et al., 2016; Noonan et al., 2006; Priifer et al., 2014; Slon et al., 2017), but
data consistently highlights an African emergence of modern human groups sometime
between ~350 ka and ~200 ka (Bergmann et al., 2022; Meneganzin et al., 2022;
Schlebusch et al., 2021, 2017; Willoughby, 2020).



Recent perspectives now challenge the idea that Homo sapiens evolved within a single
population and/or region of Africa (Scerri et al., 2018). These studies suggest a
structured development resulting from a dynamic interplay of ecological drivers,
demographics, and inherited traits among African prehistoric populations (Berger et al.,
2017; Hublin et al., 2017; Lipson et al., 2020). This scenario seems to be consistent with
the anachronic emergence of behavioral changes observed in the paleoanthropological
record during the Pleistocene (Wurz, 2013a). A key trait in the evolutionary history of the
Homo sapiens lineage is variation, not only morphological but also behavioral and
cultural (Conard, 2010). Interestingly, human variation is associated with environmental

variation during the Pleistocene.

Environmental research suggests that human evolution was triggered by periods of
weather amelioration during the MP and LP with increased humidity allowing higher
levels of biomass and demographic expansion (Basell, 2008; Ziegler et al., 2013).
Climatic shifts had a significant impact on the availability of contiguous biomes of steppe,
savanna, and woodland forests across sub-continental areas. During interglacials, these
areas hosted vast sources of food and water. On the other hand, during periods of
increased aridity and expansion of the drylands, areas with permanent water sources,
mild conditions, and refuge would become hotspots for animal and human habitats.
Arguably, these areas are highlighted as ecological niches, or zones for speciation due
to isolation (d’Errico et al., 2017; Ziegler et al., 2013). This hypothesis connects with the
Out of Africa theory on the migration of ancestral human populations. Instead of one
rapid event, this hypothesis suggests several bottleneck episodes derived from
successive population dispersals caused by the dynamic interplay of climate variables
and landscape changes causing isolation and local adaptations (Marean, 2015). In this
sense, certain African landscapes, environme,nts or landforms could work as natural

boundaries or catalysts in evolutionary processes (Boaz et al., 1982).

Following this theoretical framework, the search for so-called ecological niches and their
relationship to the emergence of Homo sapiens has focused particularly in coastal and
near-coastal regions and along major river valleys where concentrations of prehistoric
artifacts were identified (eg. Clark, 1971; Giresse, 2008; Nicoll, 2010; Scerri et al., 2016;
Will et al., 2019; Wright et al., 2017). Fossils assigned to the Homo species are quite
scarce in this region. Until now only one fossil at Ihu Eleru in Nigeria has been studied
(Allsworth-Jones et al., 2010). This fossil corresponds to a very late upper Pleistocene
(c. 12 ka) and presents archaic Homo sapiens features and a close morphological

association to the Ngaloba LH 18 skull from Tanzania, which is roughly dated to between



490 ka and 130 ka (Harvati et al., 2011) and which has supported the idea of the tropical
forest and the desert masses (Kalahari-Namib) isolating western populations.

The PaleoLeba project is motivated by the broad theoretical question of a pan-African
emergence of Homo sapiens and the hypothesis that the Atlantic environments had a
key role in human population development in the MSA. Our focus in the area of South
Angola (Namibe, Kunene and Huila) is due to this regions high concentration of Stone
Age lithic artifacts associated with the ESA and MSA (de Matos et al., 2021b) and by the
natural and geological conditions of the area which allow the preservation of potentially
datable organic material (Berger and Libby, 1969; David and Pickford, 1999; Pickford et
al., 1990). Specifically in the case of Leba Cave, paleontological remains were
associated with lithic industries (Camarate-Franga, 1964) in a sequence of
archaeological horizons relating to three archaeological levels ranging from an
Acheulean traditional flake blade industry to an “undifferentiated” MSA/LSA industry (de
Matos and Pereira, 2020).

Leba Cave (-15.083453°, 13.259457°) was identified by its early MSA and LSA artifacts,
which include fauna, and initially interpreted as a seasonal hunting site with an MSA
horizon dated to either ~80 ka or ranging between 100 ka to 50 ka. This is also the only
Angolan site predictably with human occupation at the MIS 5¢c-MIS4 boundary or earlier.
The anthropogenic features detailed by early excavators offered the opportunity to
approach the MSA in Angola. Plenty of Stone Age lithic industries were identified in the
region and highlighted specific regional features which can only be coarsely associated
with the Southern African cultural sequence (de Matos and Pereira, 2020; Ramos, 1982)
but only Leba Cave showed the preservation of bone (Gautier, 1995). This dissertation
is focused on Leba Cave with the goal of establishing a site formation model informed
by the interplay of depositional and post-depositional agents. Additionally, these
processes are evaluated as sources of potential interpretation biases and revision of the
MSA sequence is proposed for the site. This study is part of a broader project coupling
geological and archaeological data to link human adaptations to the evolution of the

landscape between the coastal Namibe desert and the Southern escarpment of Angola.

The geoarchaeological study of Leba Cave intends to provide a critical reappraisal of the
cave infillings integrated with the material culture. Our goal is to obtain data for site-scale
reconstruction in order to test whether Leba Cave was used by humans, and under what
conditions, to examine how the cultural features at Leba Cave compare with local and

regional sequences and demonstrate how formation theory can be applied to the



interpretation of complex archaeological sites. It is expected to discuss the so-called
human occupation of the site during the Pleistocene.

At the same time, the study intends to introduce a micromorphologically informed
stratigraphy for one of the caves in the Humpata plateau and define methodological
approaches for continued field research in this region of southwestern Angola focused

on the reconstruction of the paleolandscape.

Structure of the dissertation
The dissertation is organized in eight sections.

The first section is dedicated to the region of Southwestern Angola and divided in two
sub-sections, with the first focusing on the geography, geomorphology and landscape of
the region; and the second sub-section focuses on the Stone Age archaeology

discussing sites, findings and cultural interpretations proposed by different authors.

The second section is about the site background and is subdivided in four sub-sections:
the first dedicated to the local geology of the Humpata karst; the second is about the
topography, infillings and paleontological remains previously discovered in the caves;
the third is about the site Leba Cave, the context of discovery, location and background;
and the fourth subsection develops on the aims of this study and what are the specific

guestions for the methods applied.

The third section addresses the goals of this study and the theoretical background of the

geoarchaeological matrix approach guiding the field and laboratorial methods.

The fourth section describes the methodology and is divided into field and laboratory
methods, describing excavation strategy, and inventory databases; the second
subsection is focused on the micromorphology methods, describing the procedures and

tools used in sample processing and analysis.

The fifth section is focused on the field results presented by excavation area. Three
excavation areas are discussed including data from field observations, stratigraphy and
assemblage analysis. Descriptive inventories of the faunal remains, lithic artifacts,
pottery and other material records are presented. Technological analysis of the lithic

assemblages collected is also presented.

The sixth section is focused on the laboratorial results. The first subsection presents the
results of micromorphological methods applied to the samples collected at Leba focusing

on main components, post-depositional features and diagenesis presented separately
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per excavation area. The second subsection presents the results of radiocarbon dating
applied to collagen of mammal bone of area VOJ and the discusses minimum age results

using uranium/thorium-series and luminescence for materials of are DMT.

The seventh section is focused the discussion and conclusions of the study and is
subdivided in three subsections: the first focuses on depositional processes observed in
the cave, the second addresses the post-depositional processes, and the third proposes

a site formation model, integrating data analysed in the field and laboratory results.

The eighth section provides a final synopsis of the study developed, contextualizing the
geoarchaeological study of Leba Cave and final remarks about future avenues of

research for the region.



1. Southwestern Angola
1.1. Geography and Landscape

The highest altitudes of the Escarpment are often referred to as a separate
geomorphological unit: the Marginal Mountain Chain (Diniz, 2006; Pereira, 1977) which
covers approximately 300 km of escarped relief from NE-SW, between Tchongordi,
Benguela Province, in the north, and to Oncbncua, Cunene Province, in the south
(Jessen, 1936; Lopes et al., 2016). The area is characterized by a series of inner
plateaus with altitudes ranging from 1500 and 2650 m a.s.l., which can be sub-divided
into the Highlands of Huambo, Benguela, and Huila (Fig. 1). Locally, some of the key
mountain hills are located up north, Serra da Neve in Huambo Province (2,650 m a.s.l.).
In the south, the Serra da Chela in Huila Province includes the Humpata and Bimbe
plateaus. These plateaus connect the coastal and escarped regions with the extensive
peneplain of interior Angola, at altitudes ranging between 1000-1500 m a.s.l., which
includes 65% of the national territory (Mendelsohn, 2019). The south interior is shaped
by the extensive drainage basins of the Zambezi, Cuando-Cubango (Upper Okavango),
and Cunenerrivers. In the southeast region, particularly, the Kalahari “sandsea” is a major
geomorphological feature shaping the ecosystems of Central and Southern Africa. The
evolution of the landscape in Angola is the result of the interplay between tectonics,
climate, sea-level oscillations, and hydrological and sedimentary dynamics of the main
river basins. Over the late Mesozoic and early Cenozoic, a series of events in the
geological and paleoclimate record indicate cyclic hot-wet and cool dry episodes lasting
until the Plio-Pleistocene. These pulses were followed by the expansion of deserts and
contraction of forest and savanna ecosystems (Huntley, 2019), translating to an overall
continental aridity trend particularly prevalent from the Late Pleistocene onwards in
South Africa (Ecker et al., 2018)

The climate in the southwestern region is influenced by cumulative atmospheric, oceanic,
and topographic driving forces. Global atmospheric systems have a great influence on
rainfall patterns affecting Central and Southern Africa, including the low-pressure belt
circling the globe near the Equator which creates strong convective activity due to the
trade of winds from the North and South Hemispheres and causes thunderstorms in the
inter-tropics (Huntley, 2019).This Inter-Tropical Convergence Zone (ITCZ) is a wind belt
that moves southwards to Angola during the summer and returns northwards to the
Equator as winter approaches. The ITCZ triggers the rainfall season which passes
across northern Angola from the beginning of the summer, reaching south Angola in late

summer. Sea currents, such as the Benguela Current and the Angolan Low, and trading



winds between the ITCZ and Westerlies, also play a major role in precipitation and
temperature controls (Munday and Washington, 2017), as well as a shaping force of the
relief and environment from the coast to the plateau (Feio, 1981, 1964). The cold winds
of the Benguela Current produce a cooling effect which causes an almost permanent
low-cloud and fog belt, particularly dense between Benguela and Namibe. For this
reason, the winter in Angola is popularly referred to as "cacimbo" (fog season). Moisture
availability and biodiversity in the coastal fringes of the Namib desert are thus mediated

by this fog, even when precipitation reaches minimums close to O in the dry season.

The rainfall season in the Southwest of Angola occurs from October to April, reaching
peaks of precipitation and monsoon between March and April. The dry season occurs
from May to September, and June to July is the driest. Mean annual precipitation varies
from 800-900 mm and mean annual temperatures are 17°C to 18°C with amplitudes of
5°C. In the Summer, maximum temperatures may reach maximums of 35-37°C during
the day (October-January) and minimum temperatures may reach negative -2°C or less
during the night in the winter (June-August) (Barbosa, 1970; Cruz, 1940; Diniz, 2006)

However, in the interior of the Humpata Plateau, the Tchivinguiro shows a micro-climate
that may be classified as temperate-warm with mean annual precipitations of 926 mm
(do Amaral, 1973).

At south and west, in the plains below 500 m of altitude, the climate is classified as hot
desert (BWh), following the Kdppen classification (Beck et al., 2018; eg. Huntley and
Ferrand, 2019). While at the plateau, the climate regime is of the Temperate
Mesothermal (Cw) group, and the southwest and coastal plain the Dry Desert and Semi-

desert (Bsh, Bwh) group.

In the highlands, the climate is sub-tropical warm with areas of transition from dry to
humid regimes, following Thornwaite’s classification based on the hydrological index.

Weather regimes alternate between periods of intense rainfall and aridity.

According to the Koppen classification, the ecology varies between tropical savannas
and temperate climates with dry winters (Diniz, 2006, 1991). In interior parts of the
escarpment the climate at highest altitudes is characterized by Afro-alpine conditions,
and sub-tropical temperate microclimates can be found, depending on the geological

and topography (Diniz, 1973).

Currently, the southwest of Angola is sub-divided into a series of biomes: 1) Tropical and
sub-tropical moist forests; 2) Montane grasslands and shrublands; 3) Tropical and

subtropical grasslands, savannas, shrubland, and woodlands; Tropical and subtropical



dry and broadleaf forests; Deserts and xeric shrublands; Mangroves and flooded
grasslands and savannas. These biomes can then be subdivided into eco-regions, i.e.,
“large units of land or water containing a distinct assemblage of species, habitats, and
processes, and whose boundaries attempt to depict the original extent of natural
communities before major land-use change” (Olson et al., 2001). The correlation
between local nomenclature for vegetation types (Barbosa, 1970) and the eco-region
system was summarized by Huntley (2019) and highlights the largest diversity of eco-
regions within a single African country. For the southwestern region, a great deal of work
is still necessary to establish a clear definition of these eco-regions, particularly in the
Angolan Escarpment zone where specific patterns of biodiversity and endemism are
observed (Hall, 1960; Huntley et al., 2019; Mendelsohn and Mendelsohn, 2018)(Hall,
1960; eg. Huntley et al., 2019; Mendelsohn and Mendelsohn, 2018).

The richness and taxonomic variability of flora and fauna species in the south-west zone
suggests the escarpment could have provided a natural barrier between the drylands
and the woodlands, creating a differentiation between coastal adapted populations and
moist-forest specialists further inland. The steep gradient of the marginal mountain range
would have worked as a physical barrier but also provided a refuge for moist forest

specialists becoming isolated during the glacial periods (Huntley, 2019).

These would have also privileged areas during periods of extreme temperatures and
wildfires. A key feature shaping the landscape and ecology of Angola are the
“‘underground trees” (or geoxyles) and their relationship with the distribution and
maintenance of savanna ecosystems. The evolution of geoxyles has been interpreted
as an ecological response to high fire frequency since the late Miocene (8-6 Ma) and an
increase of C4 plants over C3 dominant forests. The Savanna biome became a
prominent component of tropical vegetation according to isotopic analysis of paleosols
and fossil teeth (Cerling, 1984; Cerling et al., 2011, 1997; Gomes et al., 2021). Studies
indicate the rapid expansion of savannas reaching their maximum extent during the
Pleistocene glacial periods. Fire-maintained moist savannas predate anthropogenic fire
and deforestation, extensively affecting the south of Angola today (Mendelsohn, 2019).
These factors are key to understanding the diversity and complexity of environments in
Angola, particularly the expansion of the southern drylands. These observations
emphasize the importance of studying the region’s habitats for human evolutionary

processes in southwestern Africa.



Average rainfall
Precipitacao média

> 1,600
1,500 - 1,600
1,400 - 1,500
1,300- 1,400
1,200 - 1,300

sagaygdis
g%

[ LI ([ []]
3E8E;

o8
S

= Main scarp | Escarpa principal
e Other scarps | Outras escarpas

Mountains / inselbergs
Montanhas / inselbergs

- Plateau > 1,600 metres above sea level
Planalto > 1.600 metros acima do nivel do mar

~ Provincial & regional borders

- Fi iras provinciais e regionai

0 200 400
km

Fig. 1 — Geographic representantion of Southwestern Africa including the countries of Angola and Namibia
with average rainfall, outline of escarped regions, provinces and main cities in relation to Leba Cave (star),
with english and portuguese captions adapted from map by John Mendelsohn, ONGAVA/CIBIO (reproduced
with permission)

10



Climatic records from the region are understudied and very few scenarios are yet to be
available for southwestern regions, partly because there aren’t specialized equipment or
personnel. Climate databases for Angola mostly document the period between 1940 and
1970 (Kaspar et al., 2015; Pombo et al., 2017). Between 1975 and 2012, weather control
stations were mostly deactivated across the country (with the exclusion of the main
airports), and the quantity and quality of meteorological records was considerably

reduced.

The recent installation of monitoring systems allowed the collection of climate and
weather data, particularly at the escarpment thanks to a partnership between the
Angolan government and the Southern African Science Service for Climate Change and
Adaptive Land Management (SAASCAL). New data suggests the rainfall regimes in
south Angola decreased to cycles of five years meaning that in each cycle, four years
present a minimum rates below the previous annual rate (Carvalho et al., 2017). Long
periods of drought, seasonally interrupted by flash foods, sometimes resulting in
catastrophic events with high agricultural and livestock losses, as well as the destruction
of wildlife habitats and extinction of native species (Cain, 2017) are common in the recent
history of the landscape. Direct human impact, like bushfires and deforestation for
charcoal and intensive corporative farming are cumulative influences. Increased dryness
and water stress affects the majority of the population, herding and farming-dependent

communities of Bantu-speakers and a minority of non-bantu groups.

The human geography of southwestern Angola was studies by several authors during
the colonial period (Almeida, 1965; Estermann, 1976; Redinha, 1975). Three major
Bantu ethnolinguistic groups are frequently referenced in the southwestern region:
Nyaneka-Humbi, Ovambo and Herero. A minority of non-Bantu languages are frequently
linked to the Khoi-San. However, several sub-groups are nonetheless recognized and
distinguished among the Bantu and non-Bantu populations, and several names can
apply in the different languages depending on their area of influence or which group

attributed the name.

In any case, the terms used by scientists are notabily reproduced from colonialist
literature and do not translate the anthropological and social complexity of Angola. For
instance, the designation Nyaneka-Humbi, overarching the Nyaneka, Humbis and
Handas of Huila and Namib Province, remains far from consensual or satisfactory to its
natives (Melo, 2005). Another ethnography example is the dynamics between the Bantus
and non-Bantus, for instance between the Kuvale population, a sub-group of the Herero

living in the Chela escarpment, and the ‘Kwisi reported in ethnographical records. The
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names used by most ethnographers come from Herero attributions, for instance ‘Kwisi
(Cuissi) or ‘Kwepes (Cuepes) which are depreciative to their skin tone and indumentary,
although some individuals self-assigned as Twa (Va-tuas or Md-tuas) when enquired
(Estermann, 1976). The ‘Kwisi are perceived as a lower cast even among other so-called
Bushmen. Because they currently speak Kuvale it was also hypothesized an origin in
pre-Bantu populations whose original language was progressively replaced by the

dominant dialect (Estermann, 1976).

In more recent studies, the non-Bantu languages of Southwestern Angola were divided
into three families: Kx’a, Tuu and Khoe-Kwadi (Glldemann and Fehn, 2014). Historically
the Kx’a and Tuu are hunter-gatherers and interpreted as natives of the Namib desert,
pre-existing before the arrival of Bantus to the southern Atlantic coast. The Khoe-Kwadi
family includes both foragers and herders, and is interpreted as a later branch associated
withwith an LSA migration from Eastern Africa (Barnard, 1992). Analysis of mtDNA of
the different populations in the southwest currently Bantu speakers with different
subsistence strategies (Kuvale, Twa, Himba, ‘Kwisi, Tjimba, Kuepes and !Xun) highlight
the low homogeneity and high rate of intra- and intergroup admixture based on
matriclanic lineages (Oliveira et al., 2019, 2018). In this sense, all groups of the Angolan
desert share most of their genetic ancestry with other Bantu groups, but social
differentiation increased since the advent of pastoralism and complex food-producing

societies.

1.2. Stone Age Archaeology

Deconstructing the background of human populations in southwestern Angola is a
challenging task due to the patchy paleoanthropological and ethnographic record about

the communities of hunter-gatherers and foragers living there since the Pleistocene.

Stone Age studies about Angola have long recognized three eco-cultural regions of
interest for paleoanthropological research, a model that was first outlined by Almeida
and Breuil (Breuil and Almeida, 1964) and later developed by Clark (1966). This division
of Angola into three eco-cultural zones (Congo, Zambezi, and the Southwestern zone)
is the result of research that remains for the most part only superficial, relying on small
assemblages from anthropological and geological surveys between the 1920s and
1960s (de Matos et al., 2021b).

The vast majority of archaeological findings known in the Southwestern zone come from

surface collections at the coast (Fig. 2). Stone tool assemblages were abundantly
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discovered in open-air settings in raised beach deposits across the coastal belt, from
south Luanda to Mocamedes (Mascarenhas Neto 1956). The oldest toolkits were
assigned to the pebble cultures of Southern Africa, occurring at elevations between 100
and 150 m, these were correlated with the Oldowan morphotypes of East and South
Africa. As faunal remains or charcoal are usually absent from these contexts,
comparative studies have focused on establishing the chrono-stratigraphy of the coastal
platforms (Corvinus, 1983; Giresse, 2007). ESA artifacts are often very weathered, and
deposited in paleo-beaches and/or river mouths. These characteristics suggest most
assemblages are in secondary deposition, they might have been transported more than
once over the geological scale, as part of the local sedimentation regimes associated

with coastal aggradation and river capture.

One of the key locations with a high concentration of findings at the coast is Baia Farta,
Benguela. Here, thirteen sites were identified in a series of terraces truncated by the
seasonal floods of Dungo Creek. The dissected terraces exposed a series of Tertiary
and Quaternary aged sediments. First surveys in the area identified a pebble-cobble
conglomerate of Calabrian age (1.8-0.79 Ma) yielding malacological remains of Arca
senilis at an approximate elevation of 95 m (Mascarenhas Neto, 1956; Soares de
Carvalho, 1960; Feio 1960). Those fossils indicated a sea transgression in the Pliocene,
forming an estuary or lagoon at the river mouth of Dungo. On top of the conglomerate,
the geologists recorded assemblages of paleolithic materials, mainly handaxes and

scrapers, later classified as an evolved or final Acheulean (Ervedosa, 1967).

The fieldwork by the National Archaeology Museum of Benguela has resulted in a series
of discoveries in the area and suggested new questions about the behavior of the
Acheulean populations in coastal Southwestern Angola. In the 1990s, the conglomerate
of the north part of the paleo-lagoon referenced by Ervedosa (1980) was excavated by
Manuel Gutierrez. This area was renamed Dungo lll, and its excavation was soon
abandoned for safety reasons. Several other areas in the Dungo valley have since then
been the object of excavation by the Angolan-French collaboration team, particularly in
the middle (Dungo V and V-1) and south part of the creek on the western margin (Dungo
IV) and eastern margin (Dungo Xll). At Dungo V, the discovery of two sub-complete
whale remains associated with chopping tools was considered a remarkable finding,
interpreted as an indicator of scavenging of stranded beach mammals by early hominin

populations on the southwestern coast of Africa (Gutierrez et al., 2001).

Excavations of the conglomerate at Dungo 1V and Dungo XII provided a rich assemblage

of choppers, handaxes, bifaces, scrapers, and other tools produced mostly in milky and
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hyaline quartz (Gutierrez and Benjamim, 2019). However, the information available
about Dungo still presents limited value particularly when comes to the site formation
processes and provenance of the lithic assemblages. Stratigraphic information about
Dungo is rather vague, as very large areas have been excavated by Gutierrez and the
MNAB but only one profile drawing is shown. Reconstruction of the site stratigraphy and
the meaning of some of the original work is only possible through other authors (Lebatard
et al., 2019). The field notes mention screes and low-range debris flows at Dungo IV and
Dungo Xll but the careful consideration of slope processes acting on the surface of the
conglomerate, aeolian and lagoonal conditions, and how these processes may have
reworked the sequence of artifacts is mostly absent from the discussion (Gutierrez and
Benjamim, 2019). Nevertheless, the radiometric dates recently published offer renewed
insights into the geochronology of the ESA. Four quartz tools from the lowest geological
unit were dated using ?°Al and °Be cosmogenic nuclides, which estimated their burial
date between 771 ka and 2.04 Ma (Gutierrez et al., 2018, p. 175) but no information was
provided about their provenance on the profile and how erosion rates calculated with this

method correlate with the observed sedimentation of the site.

Another publication by geochronology experts, Lebatard et al (2019) proposes a
calibration of this radiometric dating with the calculation of the denudation rates. The
statistical modeling for the sedimentation of the surface layer was calculated to be at
least 614 ka ago and younger than 662 ka ago. The authors also point out that if we
consider the surface deposit has been truncated, burial durations range from 585 ka to
786 ka for truncations lower than 4 m (Lebatard et al., 2019). For the authors, this study
offers at least an age confirmation for the burial of the Pre-Acheulean artifacts deposited
on the paleobeach. However, the method is highly controversial and most frequently
used on very small assemblages with unspecific tools perceived as archaic, and often
collected in terrace surfaces of incision valleys, with many satellite locations of more
recent ages (eg. Braucher et al., 2022). A careful consideration of slope processes,
alluvial and aeolian reworking is utterly necessary for these landscapes and can only be

confirmed by multipronged approaches.

Until now, the Stone Age sequence of Angola remained mostly based on the relative
sequence proposed by Clark (Ervedosa, 1980). Clark (1966) sub-divided the ESA in two
phases: the Early Acheulean and the Late Acheulean, which was followed by an
intermediate period (“First intermediate”) where Acheulean and “sangoan” tools co-occur
with “unspecialized” MSA assemblages. This phase was perceived as contemporaneous
of the “Sangoan-lower Lupemban” culture found in the Congo basin, in the Northeastern

Zone of the country.
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As stratigraphic information was scarce for the southwest, and some of the assemblages
did not include macrolithic tools, Clark classified all the southwestern sites yielding Mode
2 and Mode 3 assemblages as MSA sites (Clark, 1966). Those assemblages included
tools typically called “Stellenbosch”, “Sangoan”, or “Fauresmith”, but also other

seemingly undifferentiated blade-flake industries.

The assemblages of the Namibe Province showed reduction sequences typical of
technocomplexes like the Fauresmith (Munhino, Carvalhdo, Ochinjau, S&o Nicolau,
Camucuio, Maconje, and Mogamedes), while others (Caitou, Montipa) had a higher
frequency of large picks and cleavers, comparable with the “Sangoan” from Southern

Zimbabwe.

Between Sa&o Nicolau-Bentiaba and Mocamedes, a cluster of archaeological sites
around the mouth of the Bentiaba River r (orSt. Nicolau Rive) yielded different
assemblages attributed to both early and late cultural phases of the Stone Age. One of
these locations called St. Nicolau-J yielded an assemblage of very crude heavily
weathered sandstone chopping tools. Allchin (1964) noted this weathering may be
misleading, as sandstone weathers faster than quartzite, meaning they might be of
similar age as many of the tools assigned to the Acheulean or the MSA in the region,
or may either be associated witha specific site use or a distinct earlier industry. It should
also be considered that these materials may have been reworked by the river during
flooding events and that many assemblages in the region are likely a secondary deposit
because of the regional climatic regime (Ramos, 1981). Large tortoise cores produced
in coarse grained quartzite and their refitting flakes were abundantly found in the area.
The implements are often coarse-grained quartzite. At St. Nicolau-I, flakes are frequently
circular or nearly circular in outline and interpreted as intentionally used for the
production of discoidal flakes (Allchin, 1964).

Similar techniques were found at the site of Caitou, in the interior desert belt, where
blade-flake cores are also present but made from comparatively small quartzite river
pebbles instead of large blocks of raw material (Allchin, 1964). No type-tools like
handaxes or points were found among these assemblages, but they indicate the use of
similar techniques on different raw material sources, one in the plain where quartzite
outcrops are to be found, and the other in the interior scarp where only quartzite river
pebbles appear to have been available. Their characteristics suggest they can be placed
in the upper Acheulean phase, comparable to the assemblages of Stage IV in the Vaal
sequence and sites where only the flake element of the Acheulean industries is

represented (Allchin, 1964). At a terrace closer to the coast, St. Nicolau-E, a handful of
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almond and ovoid-shaped handaxes and well as pointed ones with step-flaking show all
the attributes frequently described as the Fauresmith industry; while in another sector of
the valley, about 18 km south, another small assemblage shows all the classic attributes
of the Sangoan industries: handaxes, cleavers, picks, core-scrapers, and serrated
scrapers, prepared cores, and flakes (Allchin, 1964). To Allchin (1964), the proximity of
these two assemblages suggests that techno-typological traits refer to different purposes

and not a specific ecological setting.

The Fauresmith is usually found in the open grasslands of Central Africa, while the
Sangoan industries are found in terraces of river valleys in woodlands at about the same
time in the upper Pleistocene. During this period, the climate became drier across the
rest of Africa, and we suspect the Southwestern zone became unwelcoming to human
presence. Therefore, an ecological deterministic interpretation of the use and function of
these tool technologies would likely be incorrect, even though fact that these tools have
been found in different environmental settings and, notably, in deserts (Cancellieri et al.,
2022; Rots and Peer, 2006; Van Peer et al., 2003).

Also at the coast, near Lucira, the assemblages show prepared core technologies,
including cores, flakes scrapers and small blanks with traces of use, which were likely
hafted, such as chisels and adze blades (Allchin, 1964). The absence of lithic points is
paradoxical and served as an argument for the existence of an “intermediate” cultural
stage in southern Angola (Clark, 1966). The chief criteria therefore upon which these
industries are considered to belong to the MSA are, firstly, the small size and careful
preparation of the cores with prepared striking platforms. Secondly, the use marks found
in small flakes with hafting indicators (Allchin, 1964). All the assemblages at which adze
blades and chisel or splintered pieces occur fall into this group. Furthermore, the size
and nature of the blanks used for knapping were the main criteria used in the seriation

of the assemblages.

The overview of the assemblages from the Southwestern zone shows high
concentrations of findings in different bays of the coastal desert and the highlands
between Namibe and Huila (de Matos et al., 2021b). Examples of re-used heavily
patinated tools at St. Nicolau-L indicate that prepared core techniques occurred in
different forms and during long time intervals (Allchin, 1964). Moreover, the question of
the low representation of certain tool types in the Southwestern region suggests that,
until further evidence is forthcoming, locations at which only certain aspects of the
industries are represented were likely sites at which only certain activities took place

(Allchin, 1964). The character of the surface collections in Namibe province also leads
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to the conclusion both ESA and MSA sites are workshop sites from which all finished

tools were removed, rather than either temporary or semi-permanent living sites (Allchin,
1964).
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Fig. 2 — Distribution of archaeological sites in Southwestern Angola referenced in the text, based on the
archives of the Tropical Research Institute (de Matos et al., 2021b)

The problem of the transition from the ESA to the MSA in Southwestern Angola was a
major focus of Miguel Ramos and was to be addressed in his doctoral project, advised
by Andre Leroi-Gourhan. Ramos started his studies in France sometime in 1965 but
never completed the dissertation. As part of his dissertation fieldwork, Ramos led an
expedition to southwestern Angola between 1966 and 1967. His fieldwork added 40 new
sites to the archaeology database of the colonial offices, as well as thousands more
artifacts exported to the colonial offices in Lisbon, which were never completely studied
or published (de Matos et al., 2021b).
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M. Ramos was particularly interested in assemblages with “transitional traits” as
described by Allchin (1964) and explored the concept of “undifferentiated MSA” layers.
Ramos plannedto revisit sites discovered by the anthropological and geological surveys
and gather information for comparison with the data obtained by Clark in the Angolan
Congo (Ramos, 1970). Ramos proposed the high concentration of archaeology in the
area showed the drylands of Angola offered favorable conditions for human subsistence
during the Pleistocene, and the diversity of tool types in the assemblages suggested that
an ecological deterministic interpretation for macrolithic tools did not apply and the tool

variability can be related to functional purposes other than woodworking (Ramos, 1982).

One of the key questions driving Ramos’ work focused on the significance of the
complete absence or low relative percentage of handaxes from most of the sites
presumed ESA; and how the handaxe technique is particularly relevant in the
interpretation of the morphological entities of the African Acheulean. He believed that in
certain cases these handaxe proportions may only be explained in a context of little
diversity of typologies as a consequence of ecological factors that may have been
unfavorable and placed restrictive conditions on the territory of Angola during this time
(Ramos, 1982).

Ramos published information about two sites around the Santo Anténio Hill:
Capangombe-Santo-Antonio (alternatively Maconge) and Capangombe-Velho. The
sites are located in the river terraces of Capangombe Creek, a stream formed by the
confluence of the waterfalls of Leba and Camucuio located between 400 and 600 m a.s.|.
The site Capangombe-Santo-Anténio is located in the upper valley yielding an
assemblage of 1776 artifacts with 196 cleavers, among flakes and blades. The
typological study of this assemblage was published in conference proceedings of the
Association of Portuguese Archaeologists (AAP) in 1970. His study focused exclusively
on the cleavers and described them according to the typology developed for Northern
Africa (eg. Agabi, 1999; Tixier, 1956). The approach found a greater percentage of Type
2 cleavers in the assemblage, but also a relevant number of proto-cleavers (Type 0) and
cleavers with a transverse flaking edge (Type 1) as well as cleavers produced using
Levallois and Kombewa flakes (Type 6). Ramos considered the site to contain two
assemblages: an old Acheulean tradition that would have persisted until later in southern
Angola, and an evolved Acheulean or MSA (Ramos, 1970). A total of 33 pieces remained

unclassified and suggested specific morphotypes in the region.

The site of Capangombe-velho was excavated by Ramos after the surface collections at

Santo Antonio, about 5 km south down the river stream. The site of Capangombe yielded
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a deposit of two archaeological horizons with hearths with no bone preservation, and
thousands of lithic artifacts: the uppermost horizon with 56 000 finds, and the lowermost
with 47 000 pieces (Ramos, 1981). Ramos observed that the lower deposit overlaid an
iron crust over the granite bedrock, probably from the Gamblian pluvial stage, and thus
at least older than 30 ka. Absolute dating was not possible since the two combustion
features excavated did not yield any bone or charcoal. Adding to the data from
Capangombe-Santo Anténio, Ramos suggested the existence of an “evolved
Acheulean” based on the presence of tool variations that weren’t found elsewhere
(Ramos, 1970). The MSA at the escarpment could then be divided in two different
cultural variations: the “Capangombian”, classified as “MSA of Acheulean tradition”, and
the “Lebian”, a later stage found by Camarate-Franca in the lower deposits of Leba Cave
but analogous to the uppermost horizon of Capangombe (Ramos, 1981). In a later
revision, the “evolved Acheulean” was regarded solely as an intermediate phase
immediately preceding the MSA when Sangoan techniques co-occur with Acheulean or

Fauresmith traditions (Ramos, 1982).

Similar lithic industries were also found in the terraces of the Lower Kunene River at the
Cafema Mountains, near the border Namibia-Angola (Nicoll, 2010). A lithic assemblage
of 39 pieces in quartzite, described as an extra-local fine-grained red quartzite, is very
similar to the lithic materials found further north in the valleys of the Chela Mountains, for
instance at Capangombe and Leba. The lithics presented a blackish-brown patina, with
edgewear and evidence of abrasion, indicating long periods of exposure. The
technological features described included Levallois reduction sequences with triangular
flakes and points (Nicoll, 2010).

The MSA-LSA would then be subdivided into five local cultural facies: 1) Acheulean
tradition; 2) Fauresmith tradition; 3) type Hope Fountain; 4) Still Bay facies; 5) coastal
facies or “Bacuisso”. The type Hope Fountain would refer to the sites where only the
flake and core component of the Acheulean industry was observed (i.e., as the
Acheulean without handaxes, cleavers, or knives) (Tryon and Potts, 2011); separate
from the Still Bay facies, which is used for sites where bifacially retouched points

occurred occasionally but were not considered “fossil directos”.

The latter two are very loosely defined and likely represent the local LSA, sometimes
also called “Still Bay-Pietesburg” or “Wilton”. These assemblages are found in historical
times and sometimes co-occur with ceramics (eg. Ervedosa, 1980). The Type 5) “coastal
facies” would then group all other later assemblages. These coastal adaptations are

observed consistently across the Angolan coast from Cabinda to Ponta das Vacas. The
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coastal sites of Bentiaba appear different from the assemblages further inland, but the
differences are mostly attributed to the characteristics of the local raw material sources
with more frequent use of beach pebbles for cores (Allchin, 1964). Among the traces of
the LSA populations, two duck-billed end scrapers were also found at St. Nicolau-D,
Bentiaba, similar to the South African Smithfield tools (Allchin, 1964), and many other
assemblages in the colonial record seem to relate to the LSA.

On the northern coast, at the sites of Benfica Bay and Palmeirinhas, southern Luanda,
the coastal facies overlays or occurs with lanceolate points and small bifaces,
morphotypes commonly associated withwith the Lupemban technocomplex. At the
beach of Bom Jesus, in the Kwanza North, a horizon with very weathered artifacts,
including handaxes and Tayac tools, is overlaid by a sandy layer with Still Bay points
and blade-bladelet repertoires. Bellow the Kwanza River, the LSA sites often show
“generic” attributes with techno-typological features more frequently associated withwith
the MSA flake-blade technologies (de Matos and Pereira, 2020; Gibson and Yellen,
1978) with a general trend for the production of relatively smaller pieces using hard
hammer percussion and bipolar reduction. Microlithic tools per se (<1 cm) are
unfrequent, and unspecific. The absence of tool kits commonly found sub-Saharan Africa
at this time, like the Lupemban or the Howiesons Poort typologies, respectively. Clark
suggested that an early southwards spread of microlithic technology into the unexplored
areas of Mozambique or southern Angola/ Namibia could be expected (Clark, 1971), but

the hypothesis remains untested.

The coastal facies, also named Bacuisso by Ramos, carries a clear but debatable
ethnocultural significance referring to the seashore tribes of the southwest of Angola,
namely the ‘Kuroca, ‘Kwepe, and ‘Kwisi, often grouped with the Bushmen (Coelho, 2015;
Cruz et al., 2013). Early travelers and explorers occasionally reported encounters with
nomadic fishers and hunters along the coast reported but these groups wereapproached
in the early 20" century by colonial anthropologists and ethnographers, whom described
the sub-group as particularly discriminated among the other so-called Bushman groups
and the Bantu (Estermann, 1981, 1976). The condition of the ‘Kwisi as servants of the
Herero meant their activities would include herding for their patrons, although their
subsistence continuously relied on fishing, hunting, and foraging fruits and tubercules,
important nutrient and water sources in the desert (Estermann, 1976). Their sites would
then yield hunter-gatherer technology but also materials exchanged with the farming
communities With the arrival of the Europeans the foraging communities still remaining
after a long period of slavery trade and colonialist claims over the land, foraging

populations were segregated into the Bantu lifeways or isolated in areas along the Namib
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and Kalahari deserts (Mitchell, 2017). The Khoi and San tribes of Angola have mainly
been absorbed into the herder communities during the last few centuries, but a few
groups still live a semi-nomadic lifeway near the Atlantic coast between Namibia and
Angola, avoiding contact with all other populations. Their preferred geographic locations
are the mountainous regions around the Curoca and the Cunene basins, and the hunting
landscapes of the lona Park. Remarkably, the ‘Kwisi are considered the makers of the
rock art at Tchitundo-Hulo and other locations with paintings like Galangue, Caninguiri
and Montenegro in the region of Huambo. They are rarely sighted in Virei and Caraculo

for trading, where other rock art paintings have been found (Fernandes, 2014).

The site of Tchitundo-Hulo, one of the most famous locations with rock paintings, was
approached by several authors. Surface collections by Camarate-Franca included a few
retouched flakes and atypical points, duck-billed tools, and small polyhedral and
discoidal cores (<10 cm) which were associated with a proto-Smithfield or Wilton culture
(Wurz, 2013b). The excavations in another sector of the site identified another
assemblage of 58 lithics and 135 glass beads (Camarate-Franga, 1953). The site was
later re-approached by C. Ervedosa and Santos-Junior in the 1970s who excavated a
section of the rock shelter next to the painted walls and an associated open-air living
area. The dwellings were reportedly attributed to the ‘Kwissi (Ervedosa, 1980).. Plenty
of lithics and glass beads of European origin were collected at the surface. In the rock
shelter, the excavations identified a deposit with seven archaeological horizons. Hearths
and ash layers with mammal bones, beads, and microlithic stone tools were identified in
the lower layers. The two upper layers showed a similar assemblage but included
potsherds and an iron arrowhead. The sequence is viewed as a testimony of change in
material culture, but not of the population or the culture itself. It also highlights a key
factor in nomad-forager lifeways which is the repeatedd use and returns to a space or
landscape. In open-air locations of the Namib desert ,for instance, terraces and
workshops, co-mingling of MSA-LSA artifacts is most expected by overlapping groups

equipped with these toolkits (eg. Marks and McCall, 2014).

The literature review about the southwestern Stone Age cultures shows that several
names have been applied by different authors. For instance, both Macahama and
Tchitundo-Hulo were classified by Clark (1966) as Brandberg/Erongo culture, something
that has been argued by other authors, and replaced by Wilton (Ervedosa, 1980). Clark
also classified Leba Cave as an LSA site with Erongo culture based on a small
assemblage of 40 pieces observed at the SGMA in Luanda (Clark, 1966), while Ramos

classified it as MSA with Acheulean tradition (de Matos and Pereira, 2020)
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Curiously, Ramos’ cultural model suggests alternative classifications, partially aligning
with the technocomplexes of South Africa but introducing local traditions to classify the
later toolkits (Ramos, 1982). The sites and lithics found in 1967 by Ramos also show a
higher frequency of ESA and MSA sites at the escarpment (de Matos et al., 2021b;
Ramos, 1970) than previously proposed (Breuil and Almeida, 1964).

In general, the studies available highlight the difficulties in dealing with dispersed
information and comparing them with longstanding models for culture and technology in
Africa. Similar issues are found in studies about the LSA and the transition from the LSA
to Early Iron Age (EIA) in Southern Angola. Available radiometric dates for the Late
Pleistocene and Holocene sites in Southern Africa and Central Africa (Clist et al., 2022;
Clist and Lanfranchi, 1992; Russell and Steele, 2009) show a very small representation

of Angolan sites with absolute ages.

The adoption of pottery and herding in the southern region is perceived as a rather late
process compared with regions further north (Clark, 1963; Clist et al., 2022), or south
(Sadr and Sampson, 2006). Sedentarization is usually associated withwith the migration
of Bantu populations, arriving from the north and east. For instance, the coastal shell
midden at Benfica Bay, South Luanda yielded pottery in a context dated to 200 AD
(Ervedosa, 1980); and plenty of sites with EIA ceramic traditions retrieved radiocarbon
dates to the 17" and 18" centuries (Maret et al., 1977). At the same time, the emergence
of walled enclosures across the plateau escarpment is also poorly understood (Jorge,
1977) and interpretations about subsistence and ethnogenesis of foraging and herding
populations in the southwestern zone of Angola remains to be explored by new

researchers.
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2. Site Background
2.1. The Humpata Karst: Local geology

The Humpata Karst refers to a series of caves and fissures located at the highlands of
Huila Province between parallels 14°30' S and 15°30' S, and meridians 13°15' E and 13°
45' E. Caves are found at the top of the Humpata Plateau where a combination of
lithology, tectonics and climatic conditions allowed the development of karst features in
dolomites, as well as the development of a pseudo-karst in quartzite-sandstone host rock
found mostly in the eastern flank of the plateau between Tundavala and Senhora do
Monte (de Matos et al., 2021a).

The Humpata plateau is a peneplain of polygonal shape, oriented NNW-SSE to the
Atlantic coast. This sector of the Marginal Mountain range is structurally organized by
systems of crossed fractures, faults, and fissures (Lopes et al., 2016) and has a
maximum elevation of 2,300 m a.s.| The geomorphological evolution of the plateau is
associated with the rifting of the Damara belt, affecting regions from southern Angola,
Namibia, and western South Africa (Kroner and Correia, 1980). The strong ablation and
dissection of the valleys during the evolution of the hydrographic network allowed the
formation of deep gorges and canyons controlled by structural and tectonic forces
(Mpengo et al., 2011; Pereira et al., 2011). At the edges, abrupt scarps and ravines over
1200 m (Fenda do Bimbe, Fenda da Tundavala) turn into waterfalls during torrential
storms. Impressive crests of bare rock face both east and west. In locations such as
Leba, Bruco, or M'basso, dendritic drainage follows the fractures of the Chela quartzites
at the contact with the dolomites. Between Leba and Bruco, waterfalls can be found at
the western edge reaching the Namibe. Some are only active during wet cycles like the
"mulolas" (ephemeral rivers), marshes, and the interior lakes Nuantchite and Catenda,

about 20 km south of Humpata village.

In the southwestern flank of the Humpata Plateau, where the dolomites are mostly
concentrated, the area is crossed by numerous tectonic fractures and faults. The
extensive fault of Bentiaba-Leba-Caholo-Cangalongue oriented NW-SE splits the
plateau almost in half between Leba and Cangalongue villages. Another less extensive
fault follows an NNW-SSE axis from Molo-Muange-Nuinge-Numbalo, which is partially
filled by norite sills of post-Permian Age intrusive to the Chela sequence. These two main
faults are structurally connected by other EEN-WSW smaller fractures and fissures at
different locations: Leba, Bruco, Tchivinguiro, Bata-Bata, and Cangalongue. This
important movement of blocks shaping the basin is key to understanding the

development of the karst.
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Local geology at the plateau is dominated by the Pre-Cambrian rocks. The Chela Group
is a general term for a volcano-sedimentary sequence described by Correia (1976),
previously called Chela Formation by Mouta (1954) and Beetz (1933). Correia divided
the lithostratigraphy of the Chela Group into four different formations, from the lowest:
Tundavala, Humpata, Bruco, and Cangalongue (Fig. 3). These formations comprise a
complete tectonic-sedimentary cycle, separated from the upper carbonated member, the

Leba-Tchamalindi Formation (or simply Leba Formation, sensu Pereira et al. 2011).

Several studies correlated the Leba Formation with Abenab Sudgroup of the Otavi Group
— Nosib Formation of the Damara belt outcropping in Northern Namibia (Carvalho, 1983;
Jones et al., 1992; Kroner and Correia, 1980) confirming orogenic events and
environmental conditions homologous to other areas south of Angola, commonly known

as the Damara-Kaoko belt (Kréner and Stern, 2005).
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Fig. 3 — A. Geology of the western edge of the Huila Plateau (Lopes et al., 2016) and B. Lithology of the
Chela Group (Pereira et al., 2011)

The Leba Formation is composed of layers of dark greyish-blue dolomitic limestone
scattered with stromatolites, chert, and argillites (lightly metamorphosed mudstone and
siltstones). The diversity of dolostones and silicified structures is related to a younger
graben-controlled sedimentary cycle (Correia, 1976; Kroner and Correia, 1980).. The
underlying stratum, the Cangalongue Formation, is composed of interbedded red

sandstones, red shales, quartzites, and siltstones (Pereira et al., 2011).

In the northern (Leba) and southern (Cangalongue) flanks of the dolomite massif,
fracture zones associated with the intrusion of post-Permian dolerite and norite dykes

and sills can be observed between the Leba and Cangalongue Formation (Pereira et al.,
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2011). These intrusions had some effect on the formation of cave systems within the
dolomites, presumably because the ancient water table was perched.

The Leba formation has been interpreted as a member of carbonate rocks formed in
conditions of shallow water either in marine coastal conditions or lacustrine of very high
salinity related to a paleoshore during the pre-Cambrian (Correia, 1976). Stromatolite
structures are observed nearly everywhere across the Formation, consisting of several
meters thick of layered biochemical accretionary structures derived from microbial mats
of Pre-Cambrian cyanobacteria. Towards the top of the formation, flaggy chert layers are
common and interbedded with the stromatolite laminations (Correia, 1976; Tavares et
al., 2015). The thin lamination of algal origin is correlated to "mode P" stromatolites
classified by Aitken (1967). The "mode P" or planar lamination is characteristic of the
green-blue algae which develops in colonies of unicellular organisms (connected by a
jelly-like substance) or colonies of filaments forming algal mats. At the genesis, the
consistency and nature of the algal mat enhance adherence allowing the fixation of
micrite in water suspension. This process happened successively allowing the lamination
morphology and mineralogical segregation, with alternating fine beds of carbonate and
chert. The presence of anhydrite in the bedrock was interpreted as an indicator of the
primary evaporitic origin of the dolomite and the syngenetic chert bands associated with
seasonal variations in the depositional milieu (Kroner and Correia, 1980). These
characteristics make up a highly heterogenous karst bedrock which is expressed in a

variety of dissolution shapes and forms.

The thickness of the Leba Formation is variable across the Humpata Plateau. In the area
between Leba and Tchivinguiro, the maximum thickness is 60 m. In some areas like in
the villages of Bata Bata and Cangalongue the bed does not exceed 30 m of thickness.
At the surface, the dolomitic pavement presents numerous corrosion shapes and flat

incised surfaces following reticulated drainage associated with the fault-fracture network.

The physical and mineral properties of the bedrock allowed the formation of a network
of underground water drainage favorable to cave formation, sinkholes, and springs,
which can be classified as semi-arid paleokarst (Veress, 2020). Due to underground
water flow, soil cover in the highlands is usually thin, except in poljes and valleys, where
ephemeral rivers often emerge during the rainfall season due to the water saturation of
the bedrock. In general, the soils on the Humpata Plateau consist mainly of leptosols

and ferralsols which tend to be shallow and have low fertility (Mendelsohn, 2019).

Studies about the soils of the Huila province were developed by Pedological Missions of

the colonial agency for the soil mapping of Angola and are partially available in the online
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resources of the IICT about the soil collections, including photographs and summary
descriptions 2. Information from locations studied in Tchivinguiro and Humpata, in the
vicinity of Leba, indicate the occurrence of orange and red ferralitic or weakly ferralitic
soil types associated with sedimentary and quarzitic rocks (Mendelsohn, 2019; Ricardo
et al., 1980). In the World soil taxonomy terminology these soils are included in the order

of Oxisols (Blum et al., 2018), and this terminology was adopted in this study.

2 Webpage https://actd.iict.pt/collection/actd:SOLPCO001 for online resources for the soil
collection of the Tropical Research Institute, University of Lisbon
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2.2. Karst forms, infillings & fossil sites

Karst features are not exclusive of the dolomites and dolostones of the Leba Formation
and have been observed in the non-carbonated host rocks of the Chela series. These
solution features can be described as pseudo-karst and occur in quartzites and

sandstones in the northern and eastern flanks of the Humpata plateau.

In the eastern flank of the plateau, facing Lubango city, there are small "fendas” (fissures)
in the quartzitic crests, for instance, Fenda da Mapunda. At the top of the crest, many
forms of a pseudo-karst can be observed at the surface. Small circular depressions,
undulation marks, narrow chimneys, and fissures give access to underground galleries
with traces of intense anthropogenic and biogenic use. These forms are associated with
the spring of Senhora do Monte, located about 1 km NW of the chapel, which supplies
part of the city of Lubango. Galleries with vertical development have maximum drops of
60 m and entry requires specialized equipment (de Matos et al., 2021a). The fissures
are occupied by communities of horseshoe bats (Rhinolophus sp.) and plenty of other
animals, like reptiles and rodents. Pseudo-karst features can also be observed at Fendas
da Tundavala, Bimbe, and Zootécnica, where deep valleys and gorges develop between

impressive crests of quartzite of Chela Group.

In the southwestern flank of the Humpata Plateau where the dolomite outcrops are
located, the same structural controls can be observed as the area is crossed by
numerous fractures and faults, but instead of "fendas", a larger variety of different karst

morphologies and infillings can be observed.

The extensive fault of Bentiaba-Leba-Caholo-Cangalongue oriented NW-SE, which
splits the plateau almost in half between Leba and Cangalongue villages, has many
karstic forms associated like tubules, tunnels, and fissures with breccias. Another less
extensive fault follows an NNW-SSE axis from Molo-Muange-Nuinge-Numbalo and is
partially filled by norite sills of post-Permian Age intrusive to the Chela sequence. These
two main faults are structurally connected by other EEN-WSW smaller fractures and
fissures at different locations: Leba, Bruco, Tchivinguiro, Bata-Bata, and Cangalongue.
This important movement of blocks shaping the basin is key to understanding the
corrosive drainage networks developing the karst and the concentration of springs and

lagoons, as well as important caves with vertical development.

In locations such as Leba, Bruco, or M'basso, dendritic drainage facing east follows the
fractures of the Chela quartzites at the contact with the dolomites. Between Leba and
Bruco, waterfalls can be found at the western edge reaching the Namibe. Some are only

active during wet cycles, sourced by reactivated mulolas (ephemeral rivers).
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The landscape is characterized by mounds or cupula-shaped hills, some highly
dissected, along wide valleys. Some of these cupula-shaped hills or poljes are already
isolated by high denudation rates and are frequently soil-covered. A geographer, llidio
do Amaral (1973) described the speleogenesis of the Leba karst in two phases: a
hypogenetic phase relating to the exposure of the carbonates; followed by an epigenetic
phase associated with the exhumation, lowering of the water table and fossilization of
the karst. Slope retreat and bedrock incisions by intense rainfall later contribute to
diverse subterranean forms and structures, and progressive infilling starting sometime in
the Neogene (Pickford et al., 1994)

A general model of cave formation and infilling has been outlined in the literature (do
Amaral, 1973). First, there is the opening and development of a solution chamber or a
cave below the water table. Second, the water table is progressively reduced, exposing
the chamber and likely other solution galleries or tubes in the system. Once the main
chamber is exposed, joints and fissures in the bedrock serve as conduits for rainwater
percolation and chemical dissolution of the cave. This results in secondary precipitation
of carbonates and other residues, forming speleothems and travertines. Thirdly, the
widening of the joints and cracks progressively places the cave at a sub-surface level
with more direct contact with earth surface processes and allows, during an infilling
phase, not only the percolation of rainwater and minerals in solution but also colluvial
and aeolian laminations intercalated with the cave debris. Finally, depending on the
speed of fracturing and widening of the joints, allochthonous sediments start to
accumulate, frequently including biogenic and anthropogenic material and occasionally
concealing anterior residual material of the cave dissolution. Similar patterns have been
observed in sub-tropical karst in dolomites of South Africa and Northern Namibia (Brain,
1981; Pickford and Senut, 2010).

Most of the known caves at Humpata are located at the old foothills, usually between 6-
15 m of elevation above the talwegs. The hills usually have labyrinths of chimneys and
tubules connecting with the main chamber and adjacent solution chambers. Breccias
and tufa deposits infill these fissures. Most of the cave entrances became available
during the Quaternary by the erosional retreat of the slopes, for instance at Leba or
Malola. Others, for instance, the solution chambers of Tchaticuca or Cangalongue, were
connected to the surface through chimneys and were exposed only after a horizontal
entrance was created by the quarry. Columns and pinnacles are evident from a distance
but are covered by dense shrubs. Species of the genera Brachistegia, Jubernalia, Ficus,

Aloe, and Euphorbia common to the Miombo Woodlands of the Angolan and Zambezian
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plateau environments (Types 49 and 50, Burgess et al., 2004) are some of the most
frequent vegetation types observed on the cliffs and between fissures.

In the upper stream of the Cudeje River (Bruco), located in the Malola-Ufefua area, the
dolomite hills are mostly residual and have been heavily explored for hydraulic lime up
until today. Nonetheless, the important development of the endokarst has been observed
here. For instance, Malola Il cave is located in a blind valley and has a cave mouth of
about 4m wide. A vertical entrance with a talus cone of guano and silts leads to a large
chamber with the floor covered by boulders of roof spall and guano. A few stalagmites
are visible, and boulders possibly cover more. The walls have travertines and
speleothem drapes, but the environment is dry and dusty. The chamber connects with a
labyrinth of other galleries upward where eccentric flowstones and dripstones cover the
walls. These structures are correlated with heavy biological activity associated with a
large community of bats roosting inside the solution chambers. The cave also has
abundant Iron Age/historical material at the surface, including pottery, baskets, faunal

remains, and human burials. Older infillings are likely concealed under the roof spall.

Similar patterns are observed elsewhere in the dolomite formation. Tchivinguiro-
Nandimba is a cave-spring with an underground network extending for more than 1 km
on a cupula-shaped hill. Numerous chimneys connect the spring to the surface, but some
are completely choked with red sand and coarse rubble. The "dry" part of the cave is

accessible without the use of caving gear through a gate built in the 1960s.

Impressive speleothem formations like stalagmites and columns are observed at the
entrance and further inside, where the floors are covered with large boulders of roof spall
of rectangular shapes. Outside, the spring forms a natural pool of approximately 8 m2
next to the entrance of the cave. The water is channeled by the local population for crop
fields. Intense agricultural activity has raised the demand on the storm waters of the
plateau and dissected most of the main lagoons (Nuantechite and Otite). At Nandimba,
fossiliferous pink breccia deposits have been observed in the walls of small cavities
above the spring and plenty of archaeological material reportedly from the MSA has been

recorded in the area

Many fossil sites are in the Leba Formation. The dynamics of local tectonics and climatic
regimes (microclimates) across the Plateau influenced the timing and sequences
observed in different cave sites. Studies of the fossiliferous deposits in these caves
provide some clues about the chronostratigraphy and paleoecology of the area during

phases of infilling. The earliest discoveries occurred at Tchiua quarry, sometimes
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referenced as Leba 1 in literature (Delson et al., 2000; Gilbert et al., 2009), creating

confusion between this site and Leba Cave.

Tchiua refers to a quarry site with a series of fissures and collapsed galleries with breccia
infillings and vyielding vertebrae fauna of different species and ages. Sometime in the
1940s, eight post-cranial fragments of primates were discovered during the quarry
opening and were initially identified as Dinopithecus ingens (Dart, 1950). Later on, it was
proposed that at least three different Cercopithecoidea were present in the collection,
including Dinopithecus, Parapapio and the colobine Cercopithecoides. The findings of
fossil papionines extinct since the Middle Pleistocene, and often co-occurring with such
hominin species like the Australopithecine, stimulated the idea that Humpata may be a
"cradle" as other karstic regions in the Transvaal, an idea that has been since then set
aside (eg. Klein, 1994).

In the early 1990s, Pickford and Senut developed fieldwork in the region to explore the
fossil fissures and the variety of endemic vertebrae fauna. The work by Pickford and
Senut resulted in a vast record of fossil sites, introducing the discoveries at Ufefua,
Malola, and Cangalongue. The faunal assemblages offered an interesting overlook of
sedimentary deposits and their contents, with new taxons proposed for this region of
southwestern Africa (Pickford et al., 1990, 1992)

Several types of infillings were described in the reports, including red breccias, pink
breccias, white breccias, and grey breccias. New ages were proposed based on the
biostratigraphy, particularly of rodents and primates. The morphometric analysis of
specimens from Angola collected by Pickford and Senut argues there are only one
species of Theropithecus present across the new assemblages from Tchiua, Malola, and
Cangalongue (Jablonski, 1994). This idea is contrary to that of Delson and others whom
proposed the presence of Papio (Dinopithecus) quadratirostris (Delson et al., 2000).
Since the assigned taxa for these specimens continue to be a source of debate, the post-
depositional features of the materials have been republished using solely family and sub-
family classifications, but noting that many of the recovered specimens are, in fact,
subadult individuals and therefore of significantly smaller body mass (Gilbert et al.,
2009). The only consensus seems to be about the chronology of the fossils as Plio-
Pleistocene based on morphological comparisons with other specimens found
elsewhere in Africa. In fact, the only radiocarbon dates that were calculated from
travertines collected in these caves suggest a much later age. Materials from the
collection of J.D. Clark (Table 1) identified as “Cangalongue 3, a travertine interbedded

with red-brown breccia containing much fauna of Upper Pleistocene age was dated to
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>34 ka years (Berger and Libby, 1969). However, Pickford et al (1994) estimated an age
between 1.3 and 1.8 Ma for the breccia he encountered at Cangalongue 2 and 3, (among
the three existing in the area). The idea is supported by the occurrence of extinct rodent:
three specimens of Metridiochoerus andrewsi stage Il from Cangalongue (quarries 2 and

3) occurring in the Pliocene of East Africa.

Moreover, Pickford considered that all the paleontological sites at the Leba dolomites
are of late Pliocene to early Pleistocene age. This idea is supported by the occurrence
of extinct rodent species, three specimens of Metridiochoerus andrewsi stage Il at
Cangalongue (quarries 2 and 3) which correlate with specimens from the time period 1.8
to 1.3 Ma in East Africa. The occurrence of primates like Dinopithecus and
Cercopithecoides at Tchiua along with the presence of Gigantohyrax at Malola are
interpreted as corroborating indicators for karst infilling between the Upper Pliocene and
Middle Pleistocene (Pickford et al., 1990). As noted by Pickford, the pink breccias with
fauna found at the fossil sites of Malola, Tchiua and Ufefua are the result of near surface
genesis, frequently coarse and composed mostly of bedrock rubble. It seems that
cementation and induration (breccia formation) happened much later as demonstrated

by the dating obtained from travertines pointing to a Late Pleistocene age.

During periods of infill, accumulations of nocturnal rodents in the fissures likely derived
from bird prey (Pickford et al., 1990). Furthermore, taphonomical indicators suggested
that raptor predation by the crowned eagle (Stephanaoetus coronatus) is also a possible
explanation for the primate fossil accumulations at Tchiua and an "underappreciated
selective force" in African primate evolution (Gilbert et al., 2009). This interpretation is
also a source of debate and is considered unlikely since the "grey breccia" deposit has
been described as an indurated bat guano accumulation deep inside the cave (Pickford
et al., 1994; Sen and Pickford, 2022).

According to the authors (Pickford et al., 1994; eg. Sen and Pickford, 2022), four types
of infillings can be found at Humpata: 1) speleothems (sometimes referred to as
travertines), 2) coarse angular dolomite blocks cemented by speleothems (cavern roof
and wall collapse breccias, 3) red sandy breccia, and 4) grey calcified guano. The vast
majority of the fossils collected by Pickford are prevenient from red and grey breccias
discarded by the miners. The geochemical taphonomic processes were investigated
using FTIR (David and Pickford, 1999), comparing bones from fossil and current
Theropitecus sp. and Bos sp. identified the mineral phases and found proteins in the
bone material, indicating promising preservation of material for proteomic studies among

the Pleistocene remains of the region.
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The literature available about the caves of Leba shows a rich biostratigraphy but no clear
sequence has been established for the sites as plenty of the remains were collected from
the quarry debris. Further work is thus necessary across the karst, to characterize the
stratigraphy, establish the different depositional and erosional sequences across the

sites and further integrate the paleontological and archaeological data.
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Fig. 4 — Digital elevation map (DEM) for the coastal zone with location of open-air sites, in the vicinity of
Leba Cave (adapted from de Matos et al. 2021a, b) and locations surveyed by the PaleoLeba Project
(2018-2019): 1 - Ponta Negra; 2 - Fazenda Amélia; 3 - Giraull 8; 4 - Giraul 1; 5 - Giradl 9; 6 - Mocamedes
1; 7 - Mogémedes 2; 8 - Vimpongos; 9 - Major 1; 10 - Munhino 20; 11 - Maongo; 12 - Macahama; 13 -
Pedra Grande 1; 14 - Torres 1; 15 - Caraculo 6; 16 - Mocamedes 8; 17 - Caraculo 8; 18 - Munhino 3; 19 -
Munhino 10; 20 - Munhino 19; 21 - Assuncao 1; 22 - Chamona 1; 23 - Arriaga 1; 24 - Cacanda 1; 25 -
Mialabe; 26 - Arriaga 2; 27 - Bipopo; 28 - Techalundianga; 29 - Tundavala; 30 - Mucanca; 31 - Rio Capitdo
1; 32 - BarracOes 1; 33 - Santo Anténio - S& da Bandeira; 34 - Pseudokarst Sra do Monte; 35 - Zootécnica
2 — estacdo; 36 - Zootécnica 6 - 22 Barragem; 37 - Zootécnica 5 — Cascata; 38 - Cascatinha da Zootecnica
1; 39 - Nondau 1; 40 - Ompanda 2; 41 - Ompanda 1; 42 - Maconge (Sto Anténio); 43 - Maconge 11; 44 -
Tampa 1; 45 - Chela; 46 - Palanca 1; 47 - Amuralhado | da Huila; 48 - Pedreira/Forno de Cal da
Tchaticuca I; 49 - Lapa/Gruta da Pedreira da Tchaticuca lll; 50 - Algar/Gruta da Pedreira da Tchaticuca ll;
51 - Lapa/Gruta da Pedreira da Tchaticuca I; 52 - Gruta do Omukongo (Lapa | e Il); 53 - Pedreira/Forno de
Cal da Leba |; 54 - Algar da Leba I; 55 - Pedreira da Leba II/PROCAL; 56 - Cascata da Leba; 57 -
Algar/Gruta de Lemagoma?; 58 - Ondimba da Tartaruga/Algar Tchiua I; 59 - Gruta da Tchiua; 60 -
Pedreira da Tchiua I; 61 - Mewd/Tchiua-Ufefua; 62 - Algar/Gruta da Malola V; 63 - Maconge 3; 64 -
Maconge 7; 65 - Maconge 10; 66 - Capagombe - Santo Anténio; 67 - Capangombe terrace; 68 -
Capangombe Velho (Fort); 69 - Fort of Capangombe; 70 - Terra Nova; 71 - Providéncia 1; 72 - Maatia; 73
- Chivinguiro 2; 74 - Bruco; 75 - Gruta da Malola Il; 76 - Lapa/Gruta da Malola lll; 77 - Lapa/Gruta da
Malola IV; 78 - Algar/Gruta da Malola I; 79 - Pedreira/Forno de Cal da Malola I; 80 - Nascente do
Tchivinguiro; 81 - Nandimba 1/Gruta do Tchivinguiro; 82 - Algar do Tchivinguiro VI; 83 - Algar do
Tchivinguiro IV; 84 - Algar do Tchivinguiro 1ll; 85 - Algar do Tchivinguiro | - Colina de Nandimba; 86 - Lapa
da Unandjava; 87 - Rio Umbutu/Unandjava; 88 - Umbutu 1; 89 - Nuatechite 1; 90 - Humpata; 91 - Catende
1; 92 - Jau 4; 93 - Jau 2; 94 - Jau 1; 95 - Amuralhado do Eléu; 96 - Cangalongue; 97 - Amuralhado de
Muelemba; 98 - Algar Nkangalongue/Gruta de Cangalongue; 99 - Pedreira de Cangalongue I; 100 -
Cascata da Hunguéria; 101 - Monga; 102 - Umbala 1; 103 - Hunguéria; 104 - Cavango - Tapaira 1; 105 -
Cainde 2; 106 - Cainde 1; 107 - Lungo 1; 108 - Azevedo 1; 109 - Mogamedes 3; 110 - Mogamedes 4; 111

32



- Mogamedes 5; 112 - Alexandre 4; 113 - Alexandre 3; 114 - Arco 1; 115 - Carvalhdo 1; 116 - S - Jodo 1;
117 - S - Jodo do Sul; 118 - Arco; 119 - Carvalhao 2; 120 - Octavio 1; 121 - Unguaia 1; 122 - Carvalhao 3;
123 - Alexandre 2; 124 - Alexandre 1; 125 - Pinda; 126 - Contensil

2.3. The archaeological site: Leba Cave

Leba Cave (-15.083453°, 13.259457°) refers to a 50 m phreatic tube and adjacent
solution chambers located at c. 1.757 m a.s.l., in the vicinity of the Humpata village, 25

km west from Lubango city, Huila Province (Fig. 5 - 8).

The cave entrance is located about 1 km south of the Leba River, at an elevation of about
12 m above the stream. In front of the cave entrance, two kilns and the ruins of a lime
factory built in 1950 are found. The farm/complex has many buildings at road mark 45,
National Road EN128, direction Lubango-Mocamedes, Namibe. Infrastructures related
to the colonial company are visible, mostly in ruins, including barns, housing,

warehouses, and a chapel.

Around these ruins, the village of Leba is home to Nyaneka-Humbi speakers, mainly
Mumduilas, although many families migrated from the north during the war and integrated
into the community in the 1990s. The dwellings are built with sun-dried mudbricks and
daga. Some modern buildings include a water pump, a health center, and a school. The
community of Leba remains fairly traditional, with an economy relying mostly on cattle
and farming activities. The river is mainly channeled for irrigation and its margins are
covered by crop fields. At the cliff, about 2,5 km west of the cave, the river turns into a
waterfall forming stepped pools across a 1,200 m drop until it reaches the foothill of Santo
Anténio-Capangombe as a shallow creek. Alluvial beds (gravel) accumulate close to the

waterfall including lithic assemblages.

The discovery of the archaeological site occured during the construction of the two kilns
adjacent to the cliff, as they were built in front of the cave entrance using the natural
slope as a master wall. The construction started in 1947, a period when the "Calcérios
da Leba", a company operating there since the 1930s, expanded the area of exploration
from Tchivinguiro to the northern (Leba valley) and southern (Cangalongue) flanks of the
massif. Several quarries and kilns were active at the same time across the dolomites.
The abundance of fissures and crevices offered natural conditions for the exploration of

calcite sinter.

The first archaeological excavations at the site occurred during the Anthropological
Mission of Angola in the 1950s, a large expedition by the Portuguese colonial Board of
Scientific Missions (JIU) dedicated to understanding the distribution and history of the

indigenous populations of Angola. Following the discovery of Cercophitecide crania at
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Tchiua (or Leba 1 in old records), which sparked the interest of local and international
peers in the Pan-African conference meetings (Arambourg and Mouta, 1952; Borges and
Mouta, 1926; Dart, 1950; Mouta, 1953), excavations at Leba Cave were directed by
geologist José Camarate-Franca (JCF). No field diaries were found but some field results
were published as part of a JIU volume in his honor (Almeida, 1964). Hence, the only
existing report about this excavation is not a real original paper by the author but an
interpretation of his field notes attached to the artifacts. This small report indicates the
excavation lasted only a couple of days before it was suddenly interrupted, in the year
1950 (Camarate-Franca, 1964). It is unclear what reasons caused the interruption of the
excavation work, but most likely these were related to the quarry activities involving
dynamite. Considering the volume of the assemblage currently kept in Lisbon, it is
unlikely the site was excavated only once. There is no direct evidence of a second
excavation at the cave, but some authors suggested Camarate-Franca returned to the
site sometime between 1951 and 1953 (Jorge, 1974; Ramos, 1982).

Fig. 5 — Photograph of Leba Cave in the 1960s (Tropical Archive, do Amaral, 1973) and current state.

The complete collection from Leba Cave is composed of 1409 lithic artifacts and more
than 5000 pieces of associated faunal remains including birds, fish, rodents, ungulates,
carnivores and papionines. Many bone fragments (shafts) and blanks are preserved in
indurated blocks (breccia like), unlike teeth and tools which appear to have been cleaned
with acid. For these reasons, it is more possible the Camarate-Franca returned to the
site and collected bulks of sediment for further processing in the laboratory.

The complete collection from Leba Cave is composed of 1409 lithic artifacts and more
than 5000 pieces of associated faunal remains including birds, fish, rodents, ungulates,
carnivores, and papionines. Many bone fragments (shafts) and blanks are preserved in

indurated blocks (breccia-like), unlike teeth and tools which appear to have been cleaned
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with acid. For these reasons, it is more possible that Camarate-Franca returned to the
site and collected bulks of sediment for further processing in the laboratory.

The author provided the following stratigraphic information, reproduced in de Matos and
Pereira (2020):

[. Unit with modern debris fragments of pottery, bricks, and charcoal mixed with stone
tools (20-30 cm);

[I. Unit of loose, dark-grey sands with a high percentage of organic matter, including
pieces of metals, pottery, and lithics, but possibly reworked (30 cm);

[ll. Unit of dark-brown silt-clayey sediments rich in organic matter with lenses of
charcoal and ash, vertebrate fauna, and stone tools; at the base of the horizon
concentrations of charcoal and bones were observed and interpreted as combustion
features;

V. Unit of reddish marl with concretions, rich in vertebrate fauna and lithic industries;
V. Unit of reddish marl, sterile;

VI. Unit of reddish marl with large flakes and bifacial core tools similar to the “Sangoan”

or “Kalinian” handaxes
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Fig. 6 — Schematic stratigraphy from the 1950 excavation in Leba Cave published by Ramos 1982 and
cultural phases published by de Matos and Pereira, 2020 in red.
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The assemblages from this excavation were taken to Lisbon and remained unstudied for
a long time. The site was referenced in Clark's synthesis of the prehistoric record of
Angola (Clark, 1966) but not the materials excavated by Camarate-Franca. The
assemblage of 28 artifacts described by Clark was deposited at the SGMA offices in
Luanda and was probably collected in 1947 by F. Mouta of the Geological Survey
Brigade. From this small assemblage, Clark describes an Erongo culture, leading to the
conclusion the site should be LSA or "Neolithic" (Clark, 1966). He did not report,
however, on the radiocarbon dates later published by the UCLA laboratory (Berger and
Libby, 1969) which indicate infinite dates for fossil breccias prevenient from the cave
(Table 1).

In March 1974, a second excavation was directed by archaeologists Vitor and Susana
Oliveira Jorge focused on excavating a 1 m? test pit at the entrance of the cave with the
aid of the students and volunteers from Sa da Bandeira (Lubango) over five days (Sa
Pinto, pers. comm.). The assemblages collected were deposited in Lubango. Due to the
25th April 1974 revolution in Portugal happening shortly thereafter interrupting all colonial
agency, the lithic assemblages were never studied and remained at the School of
Educational Sciences (ISCED). After Jorge's return to Portugal, little data was made
available by the author as it seems pictures taken during fieldwork were also lost (Jorge,
1975). The author described a Wilton culture with two archaeological horizons,
suggesting the excavations reached the bedrock at 0.80 m of depth (Jorge 1974).
Volunteers in the excavations mentioned the discovery of human remains inside the
cave, in a more interior area of the channel. Personal consultation of the collection
housed at the ISCED in Lubango in 2018, was not successful in finding those
osteological remains and no written references have been found either. The
assemblages from 1974 include mostly patinated lithic materials, pottery fragments,

bored stones, and groundstones.

In the 1980s, M. Ramos, who was developing his doctoral thesis about the Early and
Middle Stone Age of Southwest Angola, re-addressed the possible relationship between
Leba Cave and Capangombe with the samples available in Portugal (Ramos, 1981). The
faunal assemblages collected by Camarate-Franga in 1950 were sent to paleontologist
Achilles Gautier at the University of Gent sometime in the late 1980s. The unexpected
passing of Ramos in 1991 left the co-authorship with Gautier incomplete and a short

report about the fauna was published and signed only by Gautier (1995).

In this report, the stratigraphic information presented differs from the original published

by Camarate-Franca (1964). Gautier (1995) described a series of assemblages from five

36



sedimentary units, considering two interfaces (horizons I1I/IV) following indications from
Ramos. Gautier attributed the faunal assemblages to at least three taphonomic agents:
human hunting activities, predators, and their necrophages. Ichnofossils such as
carnivore coprolites and bone shafts with gastric dissolution damage were observed
(Gautier, 1995). The author concluded that carnivores were important depositional and
reworking agents at Leba before the cementation of the deposit (Gautier, 1995). The
author also interpreted the fragments of Papio as leopard prey, although considering that
these specimens may correlate to the baboons currently known in Angola such as the
Papio cynophalus (Hill and Carter, 1949), natural death conditions cannot be

disregarded.

In 2011, a study of the lithic assemblages was undertaken focused the techno-typology
of horizons IlI-VI from the 1950 assemblage stored at the IICT in Lisbon (Matos, 2013).
The goal was to develop an updated descriptive sheet for the lithic collection of Angola
in the IICT starting with Leba Cave, describe the sequence of techno-typological
attributes, and test possible correlations between these assemblages and Southern
African cultures. This study proposed the existence of three cultural phases, being the
lowest (VI) an early MSA of Acheulean tradition including cleavers (or evolved Acheulean
in Ramos, 1982); (IV) a classic MSA blade-point industries in chert and quartzite; and
the upper unit (Il1) an LSA cultural phase of quartz predominant bipolar strategies. The
absence of fossil directors such as the bifacial points or geometrics did not allow any
direct correlation with the techno-complexes of the South African repertoires (de Matos
and Pereira, 2020).

A tentative dating of the faunal assemblages from horizon 1V was also pursued during
the master studies in collaboration with Curtis Mckinney at Miami Dade University. Bone
and enamel from a Hippotragus equinus tooth were analyzed using the Uranium-Thorium
series. The results shown are only preliminary (Table 1) because of McKinney's sudden
passing in 2015. Neverthless, these results offered a preliminary age for the faunal

accumulations of the MSA.

In Q2, the quarry section showed the negatives of dynamite explosions to access a
much larger chamber. Pockets with similar vertical connections to the surface are
observed and plenty of succulents have developed their roots into the fractures, some of
them showing sheets of travertine. The section of the chamber shows how the quarry
targeted the calcite contained in the solution chambers forming near surface (5-6m)

interstratified limestone-dolostone beds as it has been observed in the hills about 1 km
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east of Leba (Tchaticuca complex) and in most of the cave sites surveyed around the

Leba Formation (eg. de Matos et al., 2021a).

Site/Na
me
Leba 2

Cave

Leba 2
Cave

Leba 3
Cave

Leba
Cave
(Horizo
n IV/II)
Leba
Cave
(Horizo
n IV/II)

Lab
ID

UCLA
-708A

UCLA
-708B

UCLA
-708C

#65-
376
(4-
2013)
#66-
376B
onel
(4-
2013)

Type Analys
es

travertine 4C

travertine 4C

travertine 4C

Dentine U/Th

(Hippotra  series

gus

equinus)

Bone U/Th

(Hippotra  series

gus

equinus)

Age

>34,000 BP

30,800 BP =
1700 (28,850
BC)

29800 + 1650
(27,850 BC)

80,000+5000

100,000+50,0
00/40,000

Notes

following Berger and Libby 1966:
Coll. by J. D. Clark.

following Berger and Libby 1966:

travertine sheet sealing red
breccia believed to be of Upper
Pleistocene age. Coll, by J. D.
Clark.

following Berger and Libby 1966
Leba 3 Fissure; travertine and
grey/cream breccia incorporating
fossil bone. Grey/cream breccia
was believed to be of lower
Pleistocene age on the
identification of fossil fauna but is
also Upper Pleistocene. It is
important to confirm this for this
site. Coll. by J. D. Clark.

2.3 ppm Uranium, U234/U238
=2.3, Age Ratio Th230/U234 =
.59 + or — 6% = 80,000 + or —
5000

2.7 ppm Uranium, U234/U238
=2.3, Age Ratio Th230/U234 =
.68 + or — 20% = 110,000 +

50,000 or — 40,000

Table 1 — Absolute ages available for Leba Cave deposits.

Small pockets of about 0,50-0,80 m in height with shallow horizontal development are

infilled with hyrax middens. Dripstone and speleothems cover the wall and an older infill

at the base of the chamber is composed of grey breccia with mammal bone fragments.

Similar bone fragments were observed in the blocks discarded by the quarry located
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about 2 m north, towards the slope. Relics of breccias with angular inclusions of

dolostone and reddish cement are found associated with limestone walls.

Inside the cave, a peculiar "hanging breccia" can be observed along the western wall
and part of the roof, as well as in boulders packed at the center of the cave channel and
dividing the space into two rooms. The connection between rooms is made through a
path under the blocks or through a narrow passage between the eastern wall and the

blocks.

The "hanging breccia" is particularly evident in the inner area of the cave. A large block
of "hanging breccia" is tilted and cemented to the western wall, forming a narrow dripline.
This breccia is composed of chert and dolostone angular debris, yellow sands, and white
calcite cementum, effervescent under 10% HCI tests. As part of the breccia is coated by
dripstone which would also react with the HCI further confirmation is necessary using
other methods. Hanging breccias have been observed in other cave sites with paleolithic
occupation but are rather poorly documented. The breccia is a relict of an earlier infill
and erosion of the cave likely relating to a collapse associated with a fracture or fault.
The origins and relationship of the breccias found in the cave wall and the quarry are not
clear but the composition and textures observed seem to differ, being the "hanging

breccia" the likely earliest stage of infill of the cave.
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Fig. 7 — Schematic section view of Leba hill, quarry and cave (dashed line outlines to the upper limit
between the roof and the hanging breccia block)
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Fig. 8 — A: Location of the cave (square) in the Leba Valley in world view (Google Earth, in yellow the
National Road Lubango-Namibe); B: Detail of the square in picture 1 with overlay of the cave outline in
relation to the Quarry 1 (Q1) and Quarry 2 (Q2) (Google Earth); C: Aerial photograph of the quarry; D:
Detail of fissure and infilling with red sediments and platy bedrock debris at the hilltop quarry exposure of
Q1 (2 m scale); E: Detail of slope sediments obliterated by quarry.
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Fig. 9 — Plan of the cave and section views facing south, with photo sections showing the hanging breccia
on the western wall (right side of the pictures) and the bedrock wall (left side).
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Fig. 10 — A: Panorama of solution chamber (shade) and the limestone pocket explored by the quarry (right)
interstratified with dolomites Q2; B: View of the fissure (2m scale) and karst pockets with fossil breccia at
the base; C: Hyrax midden in small chamber; D: Detail of the chamber covering the fossil breccia in F; E:
Detail of the flowstones (10 cm scale); F: Detail of bone breccia; G:Detail of mammal bone (10 cm scale)
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3. Aims and theoretical justification

The goal of this study is to reconstruct the depositional history of Leba Cave to provide
better insight into the timing and context of human occupation which produced
archaeological signatures at Leba Cave. In this study, | employ a site formation approach
by identifying and describing the depositional and post-depositional processes, to

contextualize human occupation events since the Pleistocene.

The analysis of archaeological materials and features help us understand how the site
changed through time. This inherently includes all the transformations that occurred
during and after the deposition of the material culture, how these are influenced by the
environmental context, and its taphonomical implications (Butzer, 1982; Goldberg and
Sherwood, 2006; Karkanas and Goldberg, 2018a). Site use is analyzed by combining
macroscopic and microscopic analysis of the archaeological accumulations found at

Leba Cave.

Archaeological sites can be defined as the result of the accumulating byproducts of
processes of geogenic, biogenic, or anthropogenic origins within a specific place. The
interaction of these multiple agents is the basic postulate for the formation of
archaeological accumulations at a given location. Depending on several intrinsic and
extrinsic factors, archaeological accumulations are part of complex depositional
environments which are finally approached by the archaeologist (Karkanas and
Goldberg, 2018a; Mallol and Mentzer, 2015; Miller, 2011; Patania et al., 2022; Shahack-
Gross, 2017; Stiner et al., 2001).

Formation theory is the discipline that confronts the complicated nature of the formation
of the archaeological record (or archaeological accumulations) and the dynamics of
depositional environments in anthropogenically modified locations, habitats, or
landscapes i.e., site formation processes. Among the archaeological sciences,
geoarchaeology, (and the micromorphologist toolkit) has proven most useful to the
methodological and practical development of formation theory. The dynamics between

systems, either natural or non-natural, were widely documented by Schiffer (1987).

In the early days of the discipline, site formation processes were broadly subdivided into
natural processes vs. cultural processes. The first relates to any physical and/or chemical
processes naturally occurring at a site, influencing the stratigraphic units, features, or
loci. The latter includes all non-natural processes, associated with features or remains
of human activities, which are extremely variable and often integrate both geogenic and
biogenic elements derived from anthropogenic activity. On the other hand, natural

processes are recognized as being regulated by the same laws of geological sciences.
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Thus, the dynamic of the formation agents can be characterized, compared, and (to a
certain degree) predicted by the same morphological and chemical signatures (Shahack-
Gross, 2017).

The archaeological sciences, and particularly geoarchaeology, has the potential to
characterize human behavior by relying on the theory and practice of the natural
sciences, and also the social sciences, particularly anthropology, and ethnography
(Stein, 2001). Geoarchaeology analyses different relationships (between components,
features, structures, and sites) to understand the formation of the archaeological record.
Currently, the discipline has moved forward from the binary interpretation of cultural vs.
natural processes of Schiffer to a more integrative approach to the geoarchaeological
matrix based on observation, description, experimentation, and ethnoarchaeological
work (Brain, 1981; Goldberg and Macphail, 2006; Karkanas et al., 2021; Karkanas and
Goldberg, 2018a; Macphail, 2020).

In the case of Leba Cave, it is essential to reassess the degree of disturbance, not only
related to bioturbation but also recent anthropogenic alterations and how these impact
our interpretation of the assemblages collected at the site (eg. Binford, 1983). Leba cave
system is recognized by a continuum of paleontological remains since the Plio-
Pleistocene and a Stone Age sequence with at least three phases: 1) late ESA/early
MSA with macrolithic tools; 2) “generic’ MSA with blade-point technology, and 3) late
MSA/LSA with quartz tools analogous to other toolkits in Namibia and South Africa. The
minimum age of 75 ka obtained for phase 2 pushed back the initial dating strategy for
the region (Berger and Libby, 1969) (Band is the only absolute dating obtained for MSA
deposits in Angola, south of the Congo basin (Clark, 1968, 1966; Ervedosa, 1980). A
fourth phase may also be identified in the Holocene deposits of the cave related to
historical hunter-gatherers and contact with Bantu populations and European colonialists
(Jorge, 1975, 1974).

Karstic formations, either caves, fissures, or rock shelters, are usually efficient and
peculiar sediment traps while also playing host to the accumulation of anthropogenically
derived material, either by use of the space itself or its surroundings. In caves, materials
undergo various syndepositional and postdepositional processes related to specific
phenomena occurring in these enclosed environments which can produce dramatic
alteration in the nature and content of the sediment and its contextual relationship with
artifacts (Goldberg and Sherwood, 2006; Karkanas et al., 2021). On the other hand,
caves and rockshelters are recognized as excellent locations for preservation of

prehistoric sequences in southern Africa (Clark, 2001).
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Karstic regions are scarce in Africa, and open-air sites are more abundant but often
exhibit conditions with high rates of erosion and decay of organic matter, intense biogenic
activity, or high acidity soil cover derived from the oxidation of the granite bedrocks
(McBrearty, 1990; Morley and Goldberg, 2017). Any carbonated sedimentary matrix has
the potential to preserve organic remains like bone and plant tissues that allow the
unraveling of a wide range of behavioral traits and material relationships. They are prime
locations for the preservation of skeletal material which offer the opportunity to explore
different datasets about environmental change, human dietary preferences, territoriality,
technology, and symbolic behaviors. Cave sediments and their conditions of deposition
and erosion are often representative of the environmental conditions and habitats inside

or around them.

High-resolution studies have established or refined important chronostratigraphic
sequences in many other regions of Africa (Backwell et al., 2008; Chazan et al., 2020;
Goldberg, 2000; Inglis et al., 2018; Karkanas et al., 2021, 2015; Miller et al., 2016;
Rhodes et al., 2022; Thompson et al., 2021; Tribolo et al., 2016), as well as bring further
understanding of the behavioral complexity of human populations in the region. By using
the geoarchaeological matrix approach, it will be possible to control for different biases
in the sequence. It can also help track the fine sequence of depositional horizons,
anthropogenic and biogenic inputs, and paleoenvironmental signatures that may have
affected the landscape and contributed to the different phases of infilling. It will also help
understand the cementation of sedimentary units or questions of preservation of artifacts.
For instance, differential preservation of bone is related to the strong weathering of
slopes outside of the cave and the rise of the water table, contributing to specific
alternating diagenetic and syngenetic regimes, or rather by intertwined physical-

chemical phenomena derived from bio-anthropogenic activity.

The Humpata plateau (and the Leba Dolomites) is a particularly special area due to the
reported occurrence of early Quaternary fauna in karstic infillings (Camarate-Franca,
1964, de Matos et al., 2021b; Pickford et al., 1990).

Clark’s observations about the Humpata Plateau indicated that cultural conditions were
highly independent of environmental conditions as environmental change was never
significant enough to bring about the dissolution of the carbonated features (Clark, 1966).
This argument was based on the abundance of fossil-bearing sites in the remaining
karstic formations (David and Pickford, 1999; Pickford et al., 1994; Sen and Pickford,
2022). His observations across Central and Southern Africa suggest that weather

conditions alternated seasonally, and in this regime, both animal and human populations
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would have been most mobile and dispersed during the monsoons and most
concentrated during the dry season (Clark, 1971). In this sense, the area of Humpata
with its springs and lakes would have been a permanently attractive location for many

species

The sequence of mammal fauna studied by Gautier (1995) was interpreted as the result
of both carnivore accumulations and human consumption, suggesting that human
occupation until the LSA was probably short-termed and seasonal (Gautier, 1995),
possibly during cycles of high humidity and intense summer rainfalll (eg. Clark, 1963).

Previous studies highlighted specific phenomena such as surface alterations of the lithic
artifacts and bones, carbonate crusts, and other features. These features were described
in the 2m sequence of archaeological horizons collected in the middle of the cave
chamber. Geologically, previous studies suggest an active and dynamic environment
where physical-chemical processes had an impact on the state of preservation of the
archaeological remains. It is also known how complex interactions of biogenic and
anthropogenic agents generate peculiar sedimentological patterns in organization and
composition at archaeological sites. As these conditions may suggest a bias in the
archaeological record, particularly for the application of absolute dating methods and
future paleoenvironmental reconstructions, it is necessary to readdress the sequence
and reconstruct the formation history of Leba Cave from a micromorphological

perspective.

The reassessment of the Leba Cave and its sedimentary sequence intends to answer

the following key questions:

e what is the sequence of formation of geogenic, biogenic, and anthropogenic
deposits in the cave infill?

¢ what is the relationship between depositional and post-depositional processes?

e may this sequence be correlated to microenvironmental (cave) and
macroenvironmental (surrounding landscape) changes? Or rather anthropogenic
change?

¢ how cave formation processes (sedimentation and post-depositional phenomena)
affect the integrity of the archaeological record in this region of southwestern

Africa.

This study aims to zoom in on the sequence of Leba Cave and propose a site formation
model that will help scrutinize the different interpretations of the site and understand the

cultural sequence used to further integrate the absolute dating methods.
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4. Materials and Methods
4.1. Field Methods
4.1.1. Excavation Strategy and Methods

Since 2018, three field seasons were developed at Leba Cave. Before the first visit to
the site, the season was planned to address specifically the MSA sedimentary sequence
excavated in 1950 (Camarate-Franca, 1964; de Matos and Pereira, 2020) and collect

micromorphology samples from those profiles.

The first field season occurred in February 2018. From the first assessment, it became
clear there were two areas with indications of previous trenches at the archaeological
site: a first one, close to the entrance of the cave, and a second one, approximately 35
m inside, after a narrow passage through the middle of the phreatic tube. A third area, at
the very end of the cave, also showed evidence of mechanical excavation (likely with an
electric hammer), leaving the debris in place. The local population informed the team
that they searched for a water spring at the end of the cave sometime between 2010 and
2016.

The geographical system for the cave was established by horizontally dividing the space
with a grid of 1x1 m? squares, which are divided into quadrants of 0.5 m. Because the
initial strategy was to follow the literal information provided by the report of 1964, the first
excavations focused on the area close to the entrance, which seemed to correlate to the
“first chamber” described by Franga. As the work progressed, and despite the abundant
material culture it became clear the sedimentary sequence did not match the original
description and it was likely the area excavated by V. Oliveira Jorge, hence the acronym
VOJ.

For this reason, during the second field season in October 2018, excavations focused
on the exposed profile at the end of the cave (DMT) showing faunal remains, mainly
bone shatter and mammal teeth, and a few lithic tools that could be generally assigned
to the MSA. Moreover, the deposit was similar to the sediment samples collected by
Franca, although it was not the actual provenance of the MSA assemblages. Conditions
for excavation were not ideal due to the narrow space available to host one excavator
and one gunner adding to the hardness of the units which made it extremely difficult to
excavate manually. Because the excavated deposit yielded very few lithics, the
excavations the next field season in 2019 focused again on area VOJ. The JCF trench

was clean and prepared at the end of the field season of 2019 for a future field season.

a7



Cave

,,,,

LL MM NN OO PP QQ RR 55 TT UU ¥W WWXX YY ZZ AA BB CCDD EE FFGGHH || JJ KK J L M

012345 10 20m

Fig. 11 — Section view of the cave with excavation grid and location of approached areas and virtual grid
used in the DEM implanted with the total station: Area DMT — square MM; Area JCF-square YY-ZZ; Area
VOJ: squares L-M.

Excavation followed the natural stratigraphy. The term geological unit (GU) was applied
to any sedimentary unit macroscopically observed showing differences in fine and
clastic components from the overlying sediment, also considering biogenic or

anthropogenic materials and features.

A new GU was defined every time discontinuities in sediment patterns (texture,
compactness, color, features) were found. Every GU was described by the excavators

on site using a descriptive sheet of basic components and features.

Excavation protocols were adapted from the “Tubinger” excavation system which has
been applied in archaeological sites of Germany and South Africa (eg. Conard et al.,
2022), and similar to the “bucket system” frequently used in other paleolithic sites in
Europe and Africa (McPherron and Dibble, 2002). Buckets of sediment form the basic
unit of analysis when excavating archaeological deposits and can vary in volume, with a
full bucket usually representing around 10 liters of sediment with any possible variation.
The “Abtrag” refers to the series of buckets that translate the volume of sediment running

parallel to the slope and shaping a GU.

Record of GUs, bucket, and piece-plotting of finds are combined with dry sieving and
water screening as appropriate. Adaptations to the method are justified by the logistical
constraints, namely, the water and energy supply. For these reasons, dry sieving with a
5 mm mesh was applied on site. This was true for all the abtrage excavated in VOJ, while
in JCF and DMT, where the stratigraphy is far more indurated and harder to excavate

manually, plotted finds sometimes refer to aggregates including several bone shafts.

Piece-plotting was used for archaeological finds with the following measurements: all
lithic artifacts > 1 cm (including classes of blanks, cores, and tools); bones, teeth, and
other faunal material > 3 cm or identifiable (including concentrations of microfauna when

possible); rounded cobbles > 3 cm (including burned clasts). Any charcoal, mineral (such
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as ochre), or other unidentified materials were piece-plotted. The same strategy was
used for decorated pottery and metals.

4.1.2. Assemblage inventory and macroscopic observations

The inventory of collected finds occurred during the field seasons and visits to Angola.
The collection from Leba Cave is housed at the Regional Museum of Huila, in Lubango
(Huila, Angola).

Finds were labeled with the codes used in the excavation. During the screening of the
material, the assemblages were subdivided into sub-samples: lithics, fauna, pottery,
wood charcoal, metals, and others. Sediment samples for micromorphology and faunal
material for absolute dating were transported to the laboratories of the University of

Tlbingen for analysis.

The faunal assemblage was subdivided into four groups: macromammal fauna,
micromammal fauna, birds, and arthropods. Taxonomic identification was made by the
members of the PaleoLeba project. This task was often challenging (particularly with the
micromammal sample) and possible through comparisons with the Zooarchaeology
reference collections of Tilbingen, photography references from the Leba Cave
assemblage in Lisbon published by Gautier (1995), and collaboration with other peers

in the Angola-Namibia biodiversity research group (Huntley et al., 2019).

For macromammals, a key for bovid size classes (Table 2) was adapted from other
studies of southern African fauna (Brain, 1974; Clark and Plug, 2008), considering the
Angolan bovids first described by Hill and Carter (1949) and summarized by Beja et al
(2019). For this study, absolute frequencies and other taphonomical observations
including processes such as burning, calcination, weathering by movement/water,
patination, and precipitation of carbonates and other chemical crusts or diagenetic traces
were retained following standard literature (Fisher, 1995; Lyman, 1994; Stiner et al.,
1995). Gnawing damage was also recorded following Saladié et al. (2013) and recent
literature (eg. Pineda and Saladié, 2022). The mammal reference collection at the
University of Tubingen was also key for the taxonomic identification (M. Mata-Gonzalez,

pers. comm).

For micromammals, the reference collection from Durban Natural History Museum was
key for taxonomic identification (J. Zastrow, pers. comm) in combination with literature

about the rodents of sub-Saharan Africa (Monadjem et al., 2015).
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For bird taxa, the reference collection housed at the University of Tubingen in Germany
was used (A. Val, pers. comm), along with literature about modern avifauna occurring in
Angola (Mills and Melo, 2013).

Size class Live weight (Kg) | Species (list not inclusive)
Bovid | <23 Klipspringer — small antelope (Oreotragus
oreotragus)

Common duiker (Sylvicapra grimmia)
Oribi (Ourebia sp.)

Steenbok (Raphicerus sp.)

Bovid Il 23-84 Reedbuck (Redunca arendinum)

Springbuck (Antidorcas marsupialis)

Bovid llI 85 - 300 Greater Kudu (Tragelaphus cf. Strepsiceros)
Roan Antelope (Hippotragus equinus)
Hartebeest/ African antelope (Alcelaphus sp.)
Common tsessebe or sassaby (Damaliscus
sp.)

Bovid IV 295 — 950 African/ Cape buffalo (Syncerus caffer)
African wild cattle (Syncerus antiquus)*

*Although it is widely cited as Pelorovis antiquus, Klein (1994) suggested that taxon should

be removed from the genus Pelorovis and reassigned to Syncerus, as S. antiquus.

Table 2 — Key for bovid size classes (adapted from Brain, 1974; and Clark and Plug, 2008; and includes
additional Angolan bovids after Hill and Carter, 1941; and after Huntley et al., 2019).

Other materials were also recorded and subdivided into classes. Pottery fragments were
particularly present in area VOJ and were described whenever possible. The rest of the
assemblages were subdivided into metals, ochre, and other clay construction materials

such as “daga” (also called dakha in other regions of Africa).

For lithic analysis, terminology and descriptive criteria used in this study were adapted
from the methodology previously used for Leba Cave (de Matos and Pereira, 2020).
Since cultural artifacts were not allowed to leave the country, the analysis of the lithic
artifacts occurred during the fieldwork and, thus the data collection was reduced to
essential entries allowing to overcome the time challenges of the field season but still
providing an overview of techno-typological attributes and metric patterns of the
assemblage at this stage of the research project (Table 3). The adaptations were
necessary to deal with time and logistical contingencies but still provide comparable data
for chrono-cultural aspects of the assemblages prevenient from Leba Cave. More

attention was drawn to the physical condition of the artifacts (both modified and non-
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modified clasts) as it could yield important indicators for site formation processes such
as burning, calcination, weathering by movement and/or water, or concretions

particularly precipitation of carbonates.

More than 90% of the lithics collected during the field seasons were prevenient from the
entrance hall of the cave excavation (area VOJ) which yielded recent Late Holocene
units. Only modified material was considered in the analysis. Further comparison and

integration

As for the other excavation areas, since only a few pieces were found, these were

individually described.

General Attributes

Type of raw Chert; Wackestone, Mudstone, Claystone; Siltstone; Jasper;

material Chalcedony; Sandstone; Quartzite; Milky Quartz; Hyaline Quartz;
Silicified dolostone; Dolerite

Cortex % 0-25; 25-50, 50-75, 75-100%

Cortex type Thick powdered, water worn, altered-rolled

Find class Core, Blank

Presence of Yes / No

cortex

Surface Patinated, concreted, water-worn, mixed

alterations

Fire Marks Yes/No

Completeness

Complete / Fragment

Dimensions Length, Width, Thickness (mm)
For cores:
Platf. Nr Number of striking platforms

Blank products

Flakes, Blades, Bladelets, Mixed

Exploitation

Extensive (few large flakes >100 mm); Intensive (multiple small

flakes <100 mm), Pre-determinate, Indeterminate

Concept

For extensive cores: not organized, organized, pre-configurated:;
For intensive and predeterminate cores: Not organized,
organized, chopper, Radial, Levallois, Prismatic, Quina,

Polyhedral, Pucheuil, Kombewa, Bipolar, Fragment

Method

For not organized cores: disconnected; For all cores except
radial and Levallois: Unipolar, Two poles, Two opposed poles,

Two alternate poles, Crossed, Three Poles, Multipolar; For radial
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cores: convergent, centripetal, discoidal; For Levallois cores:

Recurrent, Preferential,

Retouch Yes/No

For blanks:

Type Flake, Blade, Bladelet, Burin Blow, Debordant flake, Core front,
Core flank, Crest, Cornice, Bifacial thinning flake, Chip,
Nodule/Chunk, River cobble/pebble, Crystal rock, Ind Fragment

Fraction Proximal, mesial, distal, siret

Butt type Cortical, Flat, Dihedral, Faceted, Micro-faceted, Retouched,
Smashed, Punctiform, Indeterminate

Butt - Length, Width, Thickness (mm)

Dimensions

Butt - alterations

Lateral notches, chipping, small retouches

Section Triangular, Trapezoidal, Irregular, other
Profile Straight, Arched, Twisted, Other
Edges Parallel, Biconvex, Convergent, Divergent, Irregular, circular,

Convex-concave, other

Dorsal Pattern

Cortical, Unidirectional-Indeterminate, Unidirectional parallel,
Unidirectional Convergent, Opposed parallel, Opposed
Convergent, Alternate, Unidirectional parallel fracture,
Unidirectional opposed fracture, Multidirectional, Crossed,
Radial/Centripetal, Bulb (Kombewa), Indeterminate, None (dorsal

surface caused by a fracture)

Termination Thick, Feathered, Stepped, Overpassed, Burinated, Retouched,
Pointed, Fractured, Cleavage
Retouch Yes/No

Tool typology

following Bordes, Sonneville-Bordes and others mentioned

occasionally

Table 3 — Descriptive criteria for lithic assemblages from Leba Cave
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4.2. Laboratory methods
4.2.1. Micromorphology

Standard processes for thin section preparation of micromorphology samples followed
the work of Courty et al. (1989) Blocks of sediment were collected from the three different
areas inside and outside. These were encased in plaster or aluminum boxes kubiena-

like, designed and produced at the University of Tubingen.

In area VOJ, the sampling strategy focused on the unit boundaries of the East and South

walls. The collection was difficult because of the low compactness of the strata.

In area JCF, two samples were collected, one from the West profile and another from
the South profile.

In area DMT a full column was collected from quadrant B in square MM98 and was
divided into two block samples. The sediment blocks were transported to the
Geoarchaeology working group laboratory of the Department of Geosciences at the

University of Tlbingen for processing and analysis.

Sediment monoliths were firstly air dried and stayed for several days in a heating muffle
at 600 Celsius before impregnation with a mix of polyester resin diluted with styrene at a
ratio of seven parts resin to three parts styrene, with methyl ethyl ketone peroxide
(MEKP) added as a catalyst at about 7 mL MEKP to 1 L resin/styrene mixture. The resin
was distributed through the sides of each sample and let to infiltrate slowly into the
sediment, and then allowed to cure over several weeks. After hardening, the hardened
monoliths (or slabs) were sliced into chips (single or multiple) using a diamond rock saw.
These chips were then glued to 60x90x10 mm glass slides and ground to a thickness of
30um. Thin sections were processed at the Laboratory of the Geoarchaeology working
group of the University of Tubingen, with the exclusion of three samples which were
polished and finished by Terrascope Laboratory, in France. External processing followed
the same methods, but the glass is 5 mm thicker. A total of 16 thin sections were obtained

for this study.

Thin sections were observed at a macroscale to identify the main sub-units visible in
natural light. High-resolution scans of the thin sections were made using a Nikon digital
film scanner (Nikon COOLSCAN 8000 ED). All thin sections were observed using a Zeiss
polarizing petrographic microscope coupled with an Axio camera for microphotography
available at the laboratory of the Geoarchaeology working group. Identification,

description, and abundance estimations of individual components and aggregates were
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made under plane-polarized light (PPL) and crossed-polarized light (XPL) using different
magnifications (2 x, 5 x, 10 x, 25 x)

Micromorphological analysis was conducted for detailed observations and description of
areas/features/inclusions using petrographic microscopy. Individual components,
fabrics, and microstructures were identified, and described using the standard
terminology in the discipline (Bullock, 1985; Courty et al., 1989; Cristiano. Nicosia and
Stoops, 2017; Stoops, 2020, 2003; Stoops et al., 2018). Qualitative analysis of site
formation processes, post-depositional patterns, and anthropogenic features was made
considering the bibliography on the subject (Aldeias et al., 2014; Cafiaveras et al., 2021,
Goldberg, 2000; Goldberg and Sherwood, 2006; Karkanas and Goldberg, 2018a; Mallol
and Mentzer, 2015; Mentzer, 2014; Morley and Goldberg, 2017; Nicoll and Zerboni,
2019; Cristiano Nicosia and Stoops, 2017; Sessa et al., 2019) and the comparative
resources available at the reference collection of the Geoarchaeology working group of
the University of Tubingen.

In addition to standard petrographic analysis, u-Xray fluorescence (XRF) was used for
gualitative assessment of elemental proprieties in the thin sections analyzed. Results
were interpreted using the Bruker AXS software package Diffracplus Eva 10 (2003) for
element identification and mapping, further integrated with the micromorphological

analysis and interpretation.
4.2.2. Absolute dates

Sampling and dating protocols were applied to geological materials and sediments inside
and outside of the cave. During excavation, bulk samples were collected every time the
excavation of a new GU was initiated typically in quadrant C, except in squares where
this is not possible. These loose samples have approximately 300gr and were collected
using a trowel and spoon, avoiding contamination. Sediment samples from the
excavation area were piece-plotted as single finds. The same was applied to block
samples for micromorphology collected after the excavation and cleaning of profiles at
the end of each season. Depending on the compactness of the targeted GUs or features
collection was made using different tools. In sector 1 samples were mainly collected
using knife, spatula, and plaster bandages, although, on a few occasions, a metal box
(Kubiena box) was preferred for unconsolidated loose sediment. In sector, specifically in
MMB98, the collection of a column separated into two samples was made using a disc
because it was the only way to efficiently overcome the hardness of the sediment. All

other samples mainly targeted the contacts between stratigraphic units and/or features.
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Block samples and geological references collected outside of the cave were mapped
with GIS, photographed, and described individually. All sediment samples were always
collected to document the site and excavation as part of the geoarchaeological approach

or with prospects of absolute dating.

A three-pronged dating strategy relying on luminescence, uranium-thorium series, and
radiocarbon was planned for the absolute dating of the cave infillings. The development
of absolute dating methods such as luminescence, particularly Optically Stimulated
Luminescence (OSL), and Uranium/Thorium series (U/Th-series) have strongly
benefited fields of research on MSA sequences that fall beyond the limit of the
radiocarbon (**C) but some of these still show problems and are prone to error under the
varying conditions of archaeological contexts and inherent limitations of each technique
(Tribolo et al., 2013, 2005). For most of them, the successful application requires
accurate reconstruction of sedimentary and diagenetic processes, temperature history,
and groundwater action, which can only be obtained with high-resolution
geoarchaeological approaches such as micromorphology. In this sense, samples for
Optically stimulated luminescence (OSL) preferentially but not exclusively targeted the

points of collection of block samples for micromorphology.

The IRAMAT-CRP2A laboratory in Bordeaux is fully equipped for performing TL and OSL
dating on burnt lithics and quartz or feldspar grains extracted from sediments. Besides a
dark room for sample preparation, it holds four Risoe single-grain luminescence readers,
two Smart Lexsyg readers, and two Research Lexsyg readers for the determination of
the equivalent doses. All are equipped with a 90 Sr-90Y beta source and there is a
separate alpha (241Am) source. For the determination of the dose rate, the laboratory
has three high-resolution gamma spectrometers to analyze dosimetry. Dosimetry was
implanted in cave profiles 1 (L5-L4, south wall, MM98, east wall) in collaboration with
Chantal Tribolo from the IRAMAT-CRP2A laboratory. Due to the pandemic, the collection
of the dosimetry essential for the conclusion of the analysis is delayed and results from
OSL on sediments and Electron spin resonance (ESR) on mammal teeth are not

included in this dissertation.

For radiocarbon, samples with anthropogenic use (cut marks or burning) were selected
among the faunal assemblage. Collagen screening was made at the Isotope laboratory
of the University of Tubingen in collaboration with Dorothée Drucker and Hervé
Bocherens. Four dry-sieved samples were sent to an external service at the University

of Zurich, Switzerland. Results were calibrated and plotted with OxCal4.
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5. Field results
5.1. Area VOJ
5.1.1. Stratigraphy

Area VOJ is located 8 m from the gate entrance to the cave. Access is horizontal and
the environment inside is dry and dusty. Guano covers the walls and boulders of roof
spall blocks are observed across the floors. Large monoliths are accumulated at the
center of the channel and next to the western wall. Most of these boulders derive from a
"hanging breccia", granular yellow muddy sediment when scrapped, while others are

fragments of grey-blue dolomite.

The negative of a previous excavation was located next to the western wall of the cave
having an approximate area of 1x1 m?, and a depth of 0,7 m. The area showed recent
disturbances, related to human and animal trampling. The excavation grid was
established to intercross the old test-pit and refresh the profile, hence the y-axis of
square L2 was established around 10 cm south of the pit. The first field season focused
on squares L2 to L5 to obtain a section of the infill from the central axis of the cave to
the western wall. In the 2019 fields season, the excavation was extended north focusing
on the squares with a higher concentration of anthropogenic material but soon showed
all the strata excavated in the area correlate to modern infills over large rockfall

monoliths.

Squares L4 and L5 showed a higher frequency of archaeological material and at least
two anthropogenic units, namely the mudbrick floor (GU2), overlying a "black layer"
related to a combustion feature and rack-out spreading across the two squares. Plenty
of lithics, plant remains, charcoal, heated bone shafts, and pottery were found to be likely

related to a cooking area.

The interface between the Basal area of the combustion feature and the sediment was
named GU4, which corresponds to a rubified region, overlaying a gravelly lense of
angular bedrock debris (sub-unit 4.1) which seems to spread from the center of the cave
(direction S-N) but can also relate to anthropogenic preparation of the surface for the
hearths. Another sub-unit 4.2, was outlined to describe the rockfall and unsorted coarse-
grained material, which may be coeval to GU5 but shows more mixture of coarse

components derived from the "hanging breccia”. This was interpreted as likely deriving
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from a debris flow from the center of the cave and walls. These units are nonetheless
obliterated by the excavation pit, causing some slumping of GU5 in square M4.

The sedimentary units excavated in Area VOJ were organized as follows:

GU1: Fine-grained crumby structure of grey sands and silts, organic-rich, poorly sorted,
continuous with sharp wavy lower boundary. Few well-rounded aggregates of reddish,
white, and yellow sands (>1 mm) can be observed by the naked eye. Fresh droplets of
horseshoe bats inhabiting the cave, and arthropod exoskeletons are also observed on
the floor. Dry sheep and cattle dung were observed;

GU2: Coarse-grained, crumby structure, orange-red sandy-clayey aggregates of
construction debris, mixed with gravels and organic material, poorly sorted, parallel,
discontinuous, non-compacted with erosional lower boundary. Components are mostly
polyhedral sundried mudbrick, but also subrounded heated construction debris, mixed
with coarse angular bedrock debris (dolostones, limestones, likely from the quarry and
kiln construction), weakly imbricated and horizontally oriented, covering the area
between squares L-M. Organic materials such as plant remains and charcoal were

observed in low frequency (<10%);

GU3: Organic rich, lenticular structure, dark grey to black, silty-sandy, discontinuous,
parallel, lightly compacted with clear lower boundary, associated with a hearth of
ellipsoidal shape partially excavated. Poorly sorted, well-rounded red sandy aggregates
can be observed by the naked eye, and appear heated. Abundant artifacts including
charcoal, plant tissues, dung, burned bone, potsherds, and lithics were found with traces

of heating across rows 4-5 and gradually decreasing towards the cave wall (rows 2-3);

GU4: Fine-grained, crumby structure, reddish brown to light brown, sandy-silty,
continuous, inclined, with rubified regions, corresponding to the basal area of the hearth
zone, gradual lower boundary. A sub-unit, 4.1, corresponds to a gravel lense mostly
observed in square L5, with angular bedrock debris. Lithics, fauna, and plant remains
were found randomly distributed and oriented. Pockets with rodent remains were
observed suggesting burrowing. Sub-unit 4.2 presents the same characteristics but
increased inclusion of coarser components and large boulders deriving from roof and
wall, paraconformable contact with GU5. Clasts include angular debris of bedrock but

also yellow and white silty-sandy aggregates deriving from the weathering of the
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"hanging breccia". Ecofacts are less frequent towards the dripping line of the western

wall;

GUS: Undulating stratum, crumby structure, grey, silty-sandy, moderately aggregated,
poorly sorted, continuous, with black and white specks, gradual lower boundary. Coarse
particles include mostly angular debris from cave roof spall, and anthropogenic materials

(like lithics, potsherds, and charcoal) randomly distributed and oriented;

GUG6: Undulating, weakly compacted unit covering the rockfall composed of light brown-
grey fine sandy-silty, with occasional black and white staining. Coarse material includes
unsorted angular cave debris, with few river pebbles, lithics, and potsherds. A sub-unit,
6.1., refers to burrow features, as it seems there is a network connecting with the surface,
a higher concentration of smaller ecofacts, like plant fibers and fine charcoal, and

pockets of microfauna including juvenile and adult rodent bones. Sub-unit 6.2 refers to

the infill closer to the wall;

GUT7: Rockfall unit, unsorted, inclined, discontinuous, sandy-silty yellow-white rounded
aggregates from the weathering of the large blocks infill the voids between simple
packing of monoliths and boulders of roof wall. Sub-unit 7.1 relates to the infill closer to

the wall under the dripline, although there.
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Fig. 12 — Schematic representation of the South profile in area VOJ.
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GU Thickness Colour Munsell
(cm)

1 1-2.5 Reddish 10R, 5/1
grey

2 2-5 Red 10R, 5/8

3 5-10 Dark 10R, 3/1
reddish
grey

4 15-30 Very pale 10YR,
brown 714

5 Very pale 10YR,
brown 713

Description

Fine-grained, loose, silty-sandy, humic

with dung, clear wavy lower boundary

Coarse-grained (gravels and red-orange
sandy-clayey aggregates from
construction debris) and few dung
concentrated along the central axis of the
cave (M/L5), moderately aggregated,
abrupt lower boundary

Fine-grained, organic, ash and charcoal
rich unit associated with a hearth,
abundant river-pebbles, lithic artifacts and
burned bone, clear lower boundary
Coarse-grained, moderately aggregated,
gradual lower boundary Sub-unit 4.1:
gravel-sandy lense increasing thickness
towards the wall, the unit is mostly
concentrated along the southern profile of
squares L5 and L4.

Sub-unit 4.2:

Gravel-sandy-silty  sediment, weakly

aggregated, gradual lower boundary
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6 Very pale 10YR, Coarse-grained with few silts, moderately
brown 8/2 aggregated, gradual wavy lower boundary
Sub-unit 6.1: sub-unit concentrations of
microfauna, with organic fibers
Sub-unit 6.2: gravel-sand with few organic
components, under the dripline; lateral
infill related to
7 >50 Light grey 10YR, Rockfall monoliths and boulders
7/1 Sub-unit 7.1: white-yellow laminations
from hanging breccia and angular debris

Table 4 — Summary description of geological units of area VOJ.

5.1.2. Assemblages
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Fig. 14 — Point cloud for findings excavated in area DMT per GU with indication of samples for **C (LBC 2,
15, 18, 42). Note: 1) column 3 was left unexcavated after the removal of a large boulder with only onepoint
refering to a lithic piece under the rock; 2) column 2 is where a previous excavation pit was located
(possibly from the 1974 excavation by Oliveira Jorge).

4.1.2.1. Fauna
The faunal assemblages include skeletal remains from different biological groups:

macromammals, micromammals, birds, arthropods, and gastropods. Detailed taxonomic
lists can be found in Appendix 1.
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Macromammals

The assemblage is mostly composed of bone shatter >5 cm found throughout the
sequence decreasing frequency with depth. A total of 146 specimens were collected
during the excavation. The vast majority are small bone fragments or flakes. Long bone

shafts, teeth, and phalanges, are rare compared with other friable elements.

Taxon NISP | %
Bovids

Bov I/ 1l 2 1.4
Bov Il 12 8.2
Springbuck (Antidorcas marsupialis) 3 2.1
Bov II/ I 15 10.3
Bov Il 5 3.4
Bov III/IV 6 4.1
Bov IV 1 0.7
Indet. Bov. 13 8.9
Other ungulates

Zebra (Equus cf. quagga) 2 1.4
Pig/ warthog (Cf. 1 0.7
Phacochoerus/Potamochoerus) )
Rodents

Porcupine (Hystrix africaeaustralis) 4 2.7
Indet. Mammals

Indet. Medium mammals 75 51.4
Indet. Small/ medium mammals 4 2.7
Indet. Small mammals 1 0.7
Total 146 | 100

Table 5 — General Inventory of macromammal taxons identified in area VOJ.

The fragmentary state of the assemblage contributes to a high percentage of unidentified
taxa. In most cases, only size ranges or tribes were proposed. The highest frequency of

elements is observed for medium-sized mammals (NISP= 51.4%).

The class of bovids represents 39% NISP of the assemblage and includes specimens of
all size ranges. The elements are mostly concentrated in the combustion feature and
GHA4. The identification of three specimens of springbok (Antidorcas marsupialis) was
only possible because of the presence of teeth elements. Other ungulates include an
equid species, zebra (Equus cf. quagga), and suids, pig/warthog (Phacochoerus/
Potamochoerus). The porcupine (Hystrix africaeaustralis) is represented by four

specimens in GU1 and GUG6.

The species identified in VOJ assemblage are common in this region of southern Angola

comparable with assemblages from the site previously described (Gautier, 1995).
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Although populations in this area of the plateau are very depleted nowadays, wild game
can still be found in areas with less human density and game reserves of Huila province.

The accumulations seem to relate almost exclusively to human activity.

Type of alterations NISP | %
Alterations

Fine cracks, some “open” 1 0.7
Chemical weathering 4 2.7
Staining 64 43.8
Abrasion 4 2.7
Bone covered or partially crusted with sediment 18 12.3
Total NISP 146 100
Gnawing

Carnivore damage 8 9.8
Possibly carnivore damage 7 8.5
Rodent 8 9.8
Total NISP* 82 100.0
Anthropogenic damage

Burning damage 5 6.1
Possibly burning damage 1 1.2
Cut marks 2 2.4
Possibly cut marks 4 4.9
Scraping - -
Total NISP* 82 100

Table 6 — Frequencies of observed mechanical and chemical alterations, sediment crusts, gnawing, and
anthropogenic damage in macromammal specimens recovered in area VOJ Leba Cave. (*) symbol
indicates samples excluding tooth elements
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Fig. 15 — Abundance of bone tissue type in area VOJ.

Micromammals

Micromammal specimens are frequent in area VOJ where a total of 1301 specimens
were identified and a minimal number of individuals (MNI) of 274 (Table 7). Taxonomic
identification was possible for many of the finds (Appendix 1) provided by the frequency

of diagnostic remains like maxilla and dental elements.

A total of 19 micromammal species were identified. Rodent species represent the vast
majority of the micromammal assemblage (75.3%). The Muridae family yielded many of
the fragments with a total of 152 specimens (MNI=42, 15.3%), and the Murinae subfamily
with 194 specimens (MNI=46, 16.8%).

Shrews (14.6%) and gerbils (9.2%) are also importantly represented groups
represented. They are more frequent in the upper units but they occur throughout the
sequence of VOJ. Lagomorphs (Pronolagus sp.) are represented by a single specimen

at the surface.

Taphonomic analysis was not extensively pursued but indicators of digestion were found
in a few samples which may relate to predation of the barn owl, frequent interpretation
for the southern African mammal record in cave sites, or by carnivores. Nevertheless, it
can be assumed that these were mostly natural deaths and likely these species were
living in the surroundings. The stratigraphy also showed important bioturbation agents
burrowing inside the cave and adjacent fissures. For further prediction of the

accumulation a detailed taphonomic study of the material is required.
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The micromammal species observed can have restricted distributions in Angola
depending on their favored habitat. Transitional conditions related to local factors like
variability in altitude, climate, and vegetation impact the patchy distribution of certain
endemic groups in the highlands. This is the case for the Cape Short-eared Gerbil
(Desmadillus auricularis), Hairy-footed Gerbil (Gerbillurus. paeba), Black-tailed Tree Rat
(Thallomys nigricauda), and the Striped Mouse (Rhabdomys sp.), whose dispersion is

restricted to the southwest Angola.

In general, the identified taxa correlate with the current semi-arid biome prevalent in the
plateau. All the species identified are associated with desert, arid or semi-arid habitats.
Other recognized species as the Namaqua rock mouse (Aethomys namaquensis) or the
Vlei rat (Otomys sp.) are naturally found in rocky areas and at higher altitudes. In general,

it can be assumed, that all species were living at the site or its immediate vicinity.

The seasonal increase of moisture in the escarpment would transform some of the
usually dry areas into an evergreen forest-woodland mosaic. The riverine conditions
provided by the Leba valley and the permanent springs of Humpata would be favorable
to the vlei rat (Otomys sp.), Tullberg's soft-furred mouse (Praomys tullbergi), and the
greater dwarf shrew (Suncus lixus). Also, where of springs, marshes, and lakes of the
plateau, habitats would be more suitable for species typically favoring locations with

wetlands like the African marsh rat (Dasymus incomtus)

AREA VOJ - Taxon NISP | MNI | %
Rodentia

Muridae 152 42 | 15.3
Murinae 194 46 | 16.8
Aethomys namaquensis 23 5 1.8
Aethomys sp. 49 10 | 3.6
Cryptomys sp. 5 2 0.7
Dasymys incomtus 5 1 0.4
Hylomyscus sp. 9 2 0.7
Lemniscomys sp. 14 4 15
Mastomys natalensis 12 3 11
Mastomys sp. 32 10 | 3.6
Mus sp. 142 18 | 6.6
Oeonomys hypoxantos 3 1 0.4
Otomys sp. 252 40 |14.6
Otomys cuanzensis 5 1 0.4
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Praomys tullbergi 3 1 0.4
Praomys sp. 10 3 1.1
Rhabdomys pumilio 15 4 15
Saccostomus camprestris 11 3 1.1
Steatomys sp. 4 1 0.4
Thallomys nigricauda 18 4 15
Thallomys sp. 3 11
Zelotomys sp. 4 2 0.7
Gerbillidae 19 4 15
Gerbilliscus sp. 38 9 3.3
Desmodillus auricularis 14 4 15
Desmadillus sp. 2 2 0.7
Gerbillurus paeba 5 2 0.7
Tatera leucogaster 19 3 1.1
Tatera sp 7 1 04
Insectivora

Macroscilidae 1 1 0.4
Atelerix sp. 1 1 0.4
Crocidura sp. 62 8 2.9
Elephantulus sp. 108 22 |8
Suncus lixus 39 7 2.5
Sylvisorex megalura 9 1 0.4
Lagomorpha

Leporidae 1 1 0.4
Sciuridae

Heliosciurus gambianus 9 2 0.7
Grand total 1301 | 274 | 100

Table 7 — General Inventory of micrommammal taxons identified in area VOJ.

Birds
The bird specimens account for a total of 206 finds, including 168 identifiable elements.
Birds were found throughout the sequence but decreased in frequency with depth
(Appendix 1)

A total of 64% of the identifiable remains belong to the class of small and medium
passerines. (NISP = 119; MNI = 13). The others were not possible to identify
taxonomically but they are all small bird species considering the size of the quail/flufftail.

The diversity of passerines and their similar morphology makes it impossible to attribute
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the skeletal remains to one or several species in particular. The dimensions of the bones,
however, illustrate the presence of at least two small and two medium passerine species.
Other, non-passerine taxa include a small dove (number of bones = 9, representing at
least two birds), one or several Piciformes of the barbet (Lybiidae sp.) and/or honeyguide
(Indicatoridae sp.) families (NISP = 13; MNI = 5) and a small owlet (Glaucidium/Otus sp.;
number of bones = 6 belonging to at least one bird).

No surface alterations were noted, as bones appear fresh and generally unfragmented.
The bones do not show clear evidence of predator gnawing or acid etching. In the
passerine assemblage, 82 remains (63%) are complete elements. The remaining bones

preserve at least 75% of their original length, which confirms the low fragmentation rate.

Birds NISP %
Small passerines 75 36.4
Medium passerines 53 25.7
Non passerines (small) 15 7.3
Non passerines (medium) 20 9.7
Non passerines (large) 1 0.5
Non-identifiable material 37 18.0
Total 206 100.0

Table 8 — General inventory of bird size classes identified in area VOJ.

In the non-passerine sample (NISP = 37; MNI = 7), most bones (70%) are also complete
or almost complete (30% with >75% of the bone preserved). In the bird assemblage, only
two remains belong to juvenile individuals, and there is no element with medullary bone,
which would indicate the presence of females inside the cave during the egg-laying

phase.

No articulated elements were observed but there are several sets of antimeric bone
(pairs of bones belonging to the same individual). Long bones dominate the birds’ sample
and elements from the wing (humeri, ulnae, and radii) and the leg (femora, tibiotarsi, and
tarso-metatarsi) are equally represented. Cranial elements (beaks, skull fragments,
quadrate bones, and dentary bone) are relatively well-represented (12% of the birds’
sample). The combination of these skeletal and taphonomical features suggests the
bone assemblage was accumulated naturally and there was limited movement of the
bones in the sedimentary unit. Overall, the bird remains from Leba Cave belong to small
passerines and other small bird species that likely occupied the cave and/or the cave

entrance for roosting.
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Other taxa
Gastropods were also recorded namely one specimen of Achatina sp. Arthropod remains
include amblypygia and dung beetle exoskeletons (Heliocopris sp.), although rare and

surficial findings.

4.1.2.2. Plant remains & others
Plant macro remains were collected during the excavation of area VOJ including
materials such as leaves, tree wood, and bark. Wood charcoal was also collected from
GUS. Many of these plant remains were found in aggregates of dry cattle dung (caprid
and bovid). In the lower units, cells and other plant remains are found concentrated in
channels burrowed by micromammals. Phytoliths were extracted from the bulk samples

but are not part of this study.

4.1.2.3. Lithic Analysis

General Inventory

A total of 1776 lithic finds were collected. Cores represent only a small fraction of the
assemblage with 75 pieces, 4.2%. Blanks represent the vast majority of the lithic
assemblage. Main technological classes like flakes, blades, points, and bladelets

represent the highest represented groups, accounting for a total of 992 finds.

Preparation and maintenance products include several elements associated with core
rejuvenation and knapping platforms. These pieces include many core flanks (N=48) and
fronts (N=21), bifacial thinning flakes (N=11), Debordant flakes (N=2), crest (N=7) and
tablettes (N=3). Residual products like chips and other waste were observed in a total of

65 finds, less than 4% of the assemblage.

Formal tools were classified separately. Abundant lithic materials were found in VOJ
mostly concentrated around the combustion feature, decreasing in frequency with depth.
The high frequency of elements transported to the cave such as river pebbles and
cobbles, many of which do not present any anthropogenic transformation or use-wear,
were also accounted for. Of a total of 113 pieces, 6.4% of the assemblage are

indeterminate fragments, consisting of natural debris.

Chunks and nodules account for 317 specimens in total, representing 17.7% of the
assemblage, and include all blocks of raw material that showed less than three
detachments and were not river pebbles or cobbles brought to the cave. Another class
of manuports is the quartz crystals which could be used for tools or beads; artifacts that

are frequently used by the modern population.
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Class of artifact N %

Core 75 4.20%
|Flake 920 51.80%
|Blade 38 2.10%
|Bladelet 3 0.20%
|Point 31 1.70%
|Burin Blow 2 0.10%

| Bifacial thinning flake 11 0.60%
|Debérdant 2 0.10%
|Cornice 1 0.10%
|Ccrest 7 0.40%

| Tablette 3 0.20%
|Flank 48 2.70%
|Front 21 1.20%
|chip 18 1.00%
|Waste 47 2.60%
|River cobble 22 1.20%
|River Pebble 77 4.30%
|Crysta| rock 22 1.20%
|Chunk/nodule 315 17.70%
|indet. Fragment 113 6.40%
|Total 1776  100.00%

Table 9 — General Inventory of lithic artifacts collected in area VOJ.

Raw materials
Raw materials were recorded in geological classes. Chert is the most frequent in the
assemblage (50.1%, n=889), and frequency in all stratigraphic units shows an overriding
preference for this type of raw material (Table 10, Fig. 16), followed by mudstone,

quartzite, and milky quartz.

Cherts are naturally present in the Leba bedrock interbedded with dolomites and
dolostones (Correia, 1976). In some areas of the Leba Valley, and likely also in the
southern flank of the formation, the siliceous beds are overriding the carbonated features
typically associated with karstic environments. Chert beds can be observed in surficial
forms of the karst landscape like in pinnacles interstratified with stromatolites. In hand
specimens, these cherts have colors ranging from dark-bluish grey to light grey,
sometimes laminated and showing reddish striations. Knapped materials from these
primary sources may have faces with a white thick cortex easily recognized by the typical
bedrock cortex but also by their internal characteristics. The primary cherts observed
frequently show impurities like mineral inclusions, voids, and fractures which may cause

knapping accidents.
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Raw material type N %

Chalcedony 2 0.1

|Chert 889 50.1 |
|Claystone 58 3.3 |
|Do|erite 3 0.2 |
|Granite 1 0.1 |
|Hya|ine quartz 23 1.3 |
|Mi|ky quartz 162 9.1 |
|Mudstone 354 19.9 |
|Non ident 2 0.1 |
|Orthoquartzite 22 1.2 |
|Quartzite 186 10.5 |
|Sandstone 13 0.7 |
|Sha|e 1 0.1 |
|Wackestone 60 3.4 |
| Total 1776 100 |

Table 10 — Frequency of raw materials in the VOJ assemblage.

Cherts can also be found in the form of water-worn cobles and pebbles on the Leba river
banks. The terraces and river banks of rounded pebbles and cobbles provided naturally
sorted blanks for the lithic technology. During torrential storms, these may be
redistributed across the floodplains of the plateau but considering the elevation and
distance of the cave mouth from the river valley it is clear that river clasts identified in

VOJ were transported to the cave intentionally.

Quartzites and all other rocks identified in the assemblage like quartz, siltstone,
mudstone, wackestone, and sandstone can be found in these deposits. In hand
specimens, the quartzites can appear similar to the cherts in terms of color range but
can be distinguished by their coarser particle size and lightly gritty surfaces when
fractured. Orthoquartzites were also explored from river pebbles and cobbles for blanks
and can be found in colors ranging from pale pink and grey. The remainder of the fine-
grained siliceous rocks like the siltstones and mudstones present strong red and purple
colors in hand specimens. These raw materials have been previously classified as
silcrete (de Matos and Pereira, 2020), a raw material that might be found on the western
plateau scarp, at about 1000 m of altitude, but rather infrequently observed in cobble
beaches. A closer look into the compositional variability of the so-called Chela "volcano-
clastic" rocks is beyond the scope of this macroscopic analysis but could improve the
understanding of local raw material types and sources. Plenty of pieces classified as
"chert" due to their conchoidal fracture may well be very fine-grained quartzites or

silicified argillites, mudstones, and wackestones.
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Milky quartz can be found as water-worn pebbles likely from colluvium deposits of the
slopes and weathering of the conglomerate units intercalating with the quartzites
outcropping on the northern margin of the river valley. In the assemblage, there are
quartz blanks showing one or more water-worn faces, as well as hammerstones and
non-modified river pebbles transported to the cave. Quartz veins can be observed in
different areas of the plateau. Hyaline quartz can be found in primary sources on the
scarp about 2,5 km northwest of the cave close to the Bimbe hills. It can also be found
outcropping as veins in the Cangalongue and Humpata Members of the Chela Group,

underlying the dolomites. Non-formatted crystal rocks have been identified in the

assemblage.
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Fig. 16 — Bar plot for relative frequency of raw materials in the assemblage.
Dolerite is also available in the plateau and occasionally found in the river banks or
colluvial deposits at the hillslopes. Dolerite sills are intrusive to the Chela Group and

outcrops can be found less than 1 km west of the cave. This raw material has a residual

representation in the assemblage.

Surface alterations

Geogenic and anthropogenic alterations observed in the surfaces of the lithic artifacts
were recorded for each lithic find. The majority of the lithic finds appeared fresh and didn't
show patrticular alterations of the surfaces in 61.7% % of the pieces analyzed Plenty of
materials showed carbonate cements and or crystal concretions independently of find
class. A total of 12% of the assemblage showed mixed features, like carbonates and

burning (Table 11). Materials with fire marks usually showed more than one glossy face
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and were concentrated around the hearths. About 1% of the blanks seemed like they
were heated at high temperatures showing dull surfaces, and complete alteration of the
mineral structure. Only 21.7% of the blanks showed fire marks among 1702 pieces and

very few cores showed the same alterations.

Alterations Blank % Core % Total %
Heating 16 0.9 16 0.9
|Concretions 215 121 |8 0.5 |223 12.6
|Mixed |213 12 | |213 12 |
|Patina |209 11.8 |8 0.5 |217 122 |
|Rolled |11 0.6 11 0.1 |12 0.7 |
|None |l1038 584 |57 3.2 |l10905 617 |
|Total 1702 958 |74 4.2 1776 100 |
|Fire marks |Blank % |Core % |Tota| % \
|Yes 386 21.7 |9 0.5 |395 222 |
INo |1316 741 |65 3.7 |l1381 778 |
| Total 1702 958 |74 4.2 1776 100 |
Table 11 — Frequency of blanks and cores with surface alterations and presence of fire marks from area
VOJ.

Technological classes

Detailed analysis of morphological attributes and metric analysis of flakes, points, blades,

and bladelets is presented in Appendix 2.

Flakes account for the vast majority of knapping products with a total of 920 pieces 92.7%
of the assemblage. About half of the flakes are complete. Pieces with broken tips
represent 6% of the assemblage. Proximal fragments preserve only the platforms 9.2%
of the assemblage. Distal fractions preserving the tips are a total of 101 pieces, 10.2%.
Mesial fragments are a total of 106 pieces which represent 10.7% of the class of flakes.
The presence of cortex is not frequent, when it occurs it is more often water worn,
occurring in a total of 111 pieces, 11.2% of the flakes. A thick powdery cortex is present
in 73 pieces corresponding to 7.4% of the assemblage. More often cortex is present in
less than 25% of the find.

Cortical platforms were observed in 91 pieces, corresponding to 9.2% of the
assemblage. Flat platforms were the most frequently observed with 412 specimens
representing 41.5% of the assemblage. Dihedral platforms were observed in 60 pieces
which represent 6% of the finds. Punctiform, smashed, and removed platforms were also
observed in similar frequencies. Burinated platforms were observed in 6 pieces, 0.6%.

Other preparation features of flake butts were occasionally observed, in about 17% of
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the pieces. These included lateral notches, frontal retouches, and chipping, frequently
with associated abrasion marks.

Morphological features like sections and profiles were also recorded. Triangular and
trapezoidal are the most frequent, with 27.4% (N=272) and 28.2%(N=280) respectively.
Other shapes were found in 2.7% of the pieces. Flake profile is more frequently straight
with 46.4% (N=460) in 6.6% (N=65) of cases the profile is arched and in 2.2% (N=22) of
the pieces profile is twisted. Among the flakes showing preserved length for edge
identification, the majority showed divergent edges with 13.5%(N=134) of the
assemblage irregular edges with 8.2% (N=81). Biconvex and convergent edges or
observed in similar frequencies at 5.3% and 4.8%, respectively. Convex-concave edges
were also observed in 2.6% of 26 pieces and circular edges in 1.8% of the assemblage.
Description of the flake tips shows the most frequent pattern is thick with 183 pieces
representing 18.4% of the assemblage. A feathered tip pattern was observed in 122
pieces representing 12.3% of the assemblage. Fractured pointed tips were observed in
similar frequencies with 7.6%(N=75) and 7.1%(N=70). A retouched tip was observed in
10 flakes.

Although about half of the flake assemblage was not complete to allow reconstruction of
its morphology, a total of 205 pieces, representing 20.7% of the knapping products
showed radial/centripetal dorsal patterns. Unidirectional detachment patterns were
observed in 17% of the cases, mostly unidirectional-convergent patterns (N= 61, 6.1%),
but also unidirectional-parallel (N=54, 5.4%) and a few pieces with unidirectional-
opposed-fracture (N=4, 0.4%). In about 5% of the pieces, a unidirectional-indeterminate

pattern was observed (N=50).

Blades account for a total of 38 pieces, representing 3.8% of the assemblage. Most
blades are not fragmented (N=20). They also do not present cortex in most cases
(N=35). Blade platforms are more frequently flat (N=14) there are also a few dihedrals,
cortical, smashed, and punctiform types in the assemblage. Preparation with chipping of

the basal region was only observed in one blade.
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Fig. 17 — A-J: Flakes in local cherts and quartzites; L-P, S: pseudo-Levallois flakes; Q-R: bladelets; T:
blade (knife?)




Fig. 18 — Flakes in mudstone and wackestones from river pebbles.

Fig. 19 — Flakes in milky quartz.
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Fig. 20 — “Pseudo-Levallois” points and points with fragmented tips in mudstone and wackestone (first to
third row), ortoquartzite, chert, wackestone and mudstone (lower row)

The blade sections are more frequently trapezoidal (N=22, 2.2%) and occasionally
triangular (N=8). Profiles are mostly straight (N=25) and only in a few cases arched
(N=5). The blade edges are generally parallel (N=21) but convex-concave, irregular, and
divergent edges were observed in a few pieces. The tip pattern was more often thick,
but fractured or pointed tips were also observed. Dorsal patterns observed are mostly
unidirectional-parallel in 1.7% of the pieces (N=17). A radial/centripetal pattern was
observed in a few cases (N=4, 0.4%).

The class of points occurs in a similar frequency as the blades. A total of 31 pieces were
identified, from which 23 are complete, consisting of 2.3% of the knapping products. A

few pieces are almost complete (N=3, 0.3%) show the tip or part of the butt fractured, or
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were fractured in the middle, and consist of proximal (N=4) and distal (N=1) fragments.
Platforms observed were mostly flat, consisting of 1.7% of the products (N=17), but also
faceted (N=7, 0.7%) and dihedral (N=3, 0.3%). Frontal retouches were observed in one
of the points. Only one piece presented cortical butt, and in the other two cases, this was
smashed and removed. The sections observed were generally triangular and
occasionally trapezoidal. Profiles are straight (N=18, 1.8%), and in a few cases twisted
(N=2, 0.2%). By definition, points have convergent edges, but in rare cases, circular and
convex-concave edges were also observed. Dorsal patterns are more frequently

unidirectional-convergent (N=19, 1.9%) and radial/centripetal (N=6, 0.6%).

Bladelets are residual elements in the assemblage since only three pieces were
recognized in hyaline quartz and chert. Only one piece was complete, and the two
striking platforms observed showed a flat and a dihedral shape. The complete piece

showed parallel edges and a pointed tip.

Cores represent only 4.2% of the assemblage, with 75 specimens. From these pieces a
total of 52 were complete. The cores identified were mainly chert, wackestone,
mudstone, and siltstone. Cortex was identified in more than 50% of the cores, as 26.9%
showed a thick cortex and in 25% of the pieces a water-worn cortex associated with the

knapping of the river pebble-cobbles.

The vast majority of the complete cores showed predetermined knapping strategies,
corresponding to 75% of the cores. Prismatic cores were observed more frequently,
representing 21.2% of the cores. Levallois and polyhedral cores were observed in similar
frequencies with 9 pieces respectively, 17.3% of the core assemblage. Levallois
preferential cores are more abundant (N=6) compared with Levallois recurrent methods
(N=3). Radial knapping concepts were observed with centripetal, convergent, and

discoidal methods applied in a few flakes.

Analysis of morphological attributes of the several technological classes emphasizes the
use of prepared cores for the debitage of different products. Reduction aimed at
obtaining mainly triangular and square flakes, but also just the goal of obtaining a pointed
edge. Many elements corresponding to the "pseudo-Levallois" morphology are
associated with discoid knapping methods. Direct percussion using a hard hammer is
the norm. For bipolar knapping, a hard surface or groundstone would have been used to

stabilize the core and control the flaking of small quartz and chert cores.
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Core typology N %
Intensive 11 21.20%
| Not organized | 9 17.30%
| Disconnected | 8 15.40%
| Two opposed poles | 1 1.90%
| Organized | 2 3.80%
| Three poles | 1 1.90%
| Two alternate poles | 1 1.90%
|Predetermined | 39 75.00%
| Bipolar | 5  9.60%
| Multipolar | 1 1.90%
| Two opposed poles | 4 7.70%
| Levallois | 9 17.30%
| Preferential | 6 11.50%
| Recurrent | 3 5.80%
| Polyhedral | 9 17.30%
| Multipolar | 8 15.40%
| Two opposed poles | 1 1.90%
| Prismatic | 11 21.20%
| Multipolar | 1 1.90%
| Two opposed poles | 3 5.80%
| Unipolar | 6 11.50%
| Two poles | 1 1.90%
| Radial | 5 9.60%
| Centripetal | 2 3.80%
| convergent | 2 3.80%
| Discoidal | 1 1.90%
|Extensive | 2 3.80%
| Not organized | 2 3.80%
| Multipolar | 2 3.80%
|Total | 52 100.00% |

Table 12 — Core typology based on complete cores considering Exploitation (Extensive, Intensive, Pre-
determinate); Concept and Method.

Metric analysis

asic metric variables for technological classes (flakes, points, blades, and cores) are
presented in Table 13 and Fig. 21-Fig. 23. Measurements collected show that the
different technological classes have similar distributions. Length mean values range from
45 to 55 mm. Length mode values from flakes, blades, and cores show very similar
values and some degree of regularity in the assemblage. As already hinted by the core
types, reduction sequences are mainly focused on intensive strategies producing

implements smaller than 100 cm.

Nonetheless, the distributions show a few outliers in each technological class (Fig. 21).
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Attr/Class FLAKES BLADES POINTS CORES
Mean 45 Mean 50 Mean 52 Mean 55
Length Median 42 Median 47 Median 54 Median 52
Mode 40 Mode 47 Mode 66 Mode 40
Mean 36 Mean 28 Mean 34 Mean 44
Breadth  Median 34 Median 28 Median 33 Median 41
Mode 29 Mode 39 Mode 32 Mode 31

Mean 13 Mean 12 Mean 10 Mean 30
Thickness Median 11 Median 10 Median 10 Median 27
Mode 10 Mode 10 Mode 8 Mode 23

Table 13 — Mean, Median and Mode values for metric attributes (in cm) for complete flakes, blades, points
and cores of area VOJ.

Length

Length (mm)

Breadth

Breadth {mm)

3 o+ 5

Thickness

Thickness (mm}

Fig. 21 — Box plot and distribution of flake, blade, point and core metrics (top to bottom, length, breadth,
thickness)
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Lithic artefacts lengths versus breadths
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Fig. 22 — Scatter plot for length vs breadths in complete pieces from area VOJ
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g. 23 — Scatter plot for length vs thickness in complete pieces from area VOJ
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Formal tools
Typological categories were ascribed to retouched pieces or elements with macro use
wear and indications of anthropogenic activity. Retouched pieces are generally rare in
the lithic assemblage from area VOJ. A total of 21.4% are manuports, mostly river
pebbles and cobbles transported inside the cave. Pieces with macro-use wear (Fig. 25)
are also river clasts which were used mostly as hammerstones, and occasionally as
polishers. Large cobbles of quartzite and sandstone were also observed with traces of
use as grinding stones and groundstones. A fragment of a rounded bored stone in a

quartzite pebble was also identified (Fig. 26).

Large cutting tools from extensive knapping reduction strategies were identified in very
low frequencies. Two picks were identified as well as fragments of possible cleavers and
handaxes. The volumes used for the large cutting tools were river cobbles of quartzite
and mudstones. For handaxes and cleavers, in two cases two flakes extracted from

these cobbles were used to shape the final core tool, but showing water-worn faces.

Debitage with retouched edges was observed presenting marginal retouches.
Retouched flakes represent 19.9% (N=67) and blades 10.7% (N=37). Retouched points
consist of 1.8% of the tools and show similar patterns. The vast majority of the retouched

flakes and points were Levallois products.

Scrapers are about 11% of tool assemblage with several types represented.
Classification derives from the working edge position and morphologies observed in
retouch. Sidescrapers were more frequently observed showing retouches along one
edge of the flake. Thick endscrapers are thick flakes showing a retouched tip. Retouch
can also partially cover the dorsal surface; these consist of 3.7% (N=10). Other types
were only occasionally observed such as transverse scraper (N=2, 0.7%), endscraper
(N=2, 0.7%), circular scraper (N=1, 0.4%); and ventral scraper (N=1, 0.4%)

Splintered pieces correspond to 13.6% of the tools. The vast majority of these pieces
were in quartz, mostly milky or vein quartz collected in tablets, but also a crystal of hyaline
quartz. A few of these splintered pieces were also identified in chert (N=3) and mudstone
(N=2) chunks/nodules.

Notches were also frequently observed representing 6.6% (N=18) of the formal tools.
Burins were also detected. These are mostly dihedral burins but there are also
transverse types in the assemblage. Other tools such as denticulates and mixed pieces
like the flake cores or the burin-scraper were also recorded in the assemblage. Two

duck-billed tools were also identified.
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Tool N %
Retouched flake 67 19.90%
Retouched blade 36 10.70%
Retouched point 7 2.10%
Knife 3 0.90%
Borer-scraper 1 0.30%
Dihedral burin 16 4.80%
Burin-notch 1 0.30%
Denticulate 3 0.90%
Notch 18 5.40%
Flake-core 3 0.90%
Geometric (Crescent)? 1 0.30%
Borer 3 0.90%
Sidescraper 30 8.90%
Endscraper 2 0.60%
Circular scraper 1 0.30%
Transverse scraper 2 0.60%
Ventral Scraper 1 0.30%
Splintered piece 37 11.00%
Duck billed tool 2 0.60%
Pick 2 0.60%
Handaxe 2 0.60%
Cleaver? 1 0.30%
Cleaver 1 0.30%
Groundstone 8 2.40%
Grinding stone 1 0.30%
Hammerstone/Polisher 1 0.30%
Hammerstone 8 2.40%
Bored Stone 1 0.30%
Manuport/Fire stone 5 1.50%
Manuport 72 21.40%
Total 336 100.00%

Table 14 — Formal tools
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Table 15 — A. polyedral core with pebble cortex; B: prismatic core, C: thick scraper




2cm

Fig. 24 — Thick core on quartzite river pebble.

Fig. 25 — Hammerstones and grind stones on quartzite river pebbles from area VOJ
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Fig. 26 — Fragment of bored stone in purple mudstone from area VOJ.

4.1.2.4. Pottery & others

Type Total

Construction material/red earth brick 104
| Potsherds 272
| Decorated/rim fragments 10
|Bead preform 1
|Metals (iron) 3\

Table 16 — Absolute frequency of ceramic finds and other materials from area VOJ.

Ceramic materials found at Leba Cave include fragments of pottery vessels, angular
mudbrick fragments, and sandy-clayey construction aggregates like "daga" used in
traditional housing.

A total of 282 potsherds were collected in area VOJ (Table 16). The vast majority were
undecorated potsherds, too small to allow reconstruction of their morphology. The
pottery fragments observed were manufactured using fine red-brown fraction and
guartzite tamper. Non-plastic composition is characterized by crushed coarse sands and
granules. Potsherds were collected from all geological units but their frequency
decreased with depth. Decorated and rim fragments account for about 3% of the
potsherd assemblage and were mostly concentrated around the hearth likely relate to a

few vessels used for cooking.
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The decorated pottery shows incised geometric designs likely triangles with variations.
Many of the incisions are likely bands of herringbone (Fig. 27, A-H), elements typically
classified as Class 1 in African ceramic studies (Denbow, 2013). The characteristics of
this series of potsherds relate to decorations and types found in the EIA assemblages of
Angola, for instance, site Cabolombo, Benfica Bay, south of Luanda (Ervedosa, 1980).
The potsherds showing superimposed cross-hatching (Fig. 27, C, F-G) are typically
observed in the Kay Ladio Group of the Lower Congo Basin (Clist, person. Comm).

Other cultural remains found at the site include a few metal objects, mostly

indeterminate, and a bead preform (Fig. 28).

Oxides chunks, hematite, or possible ochre aggregates, were also collected during

excavation but it is unclear whether they are by-products of anthropogenic processes or
C‘ D

rather geogenic components.

A‘ B
E l
H.

Fig. 27 — Decorated potsherds found in the combustion feature of VOJ-GU3 (A-l) and GU 6.1. (J).
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Fig. 28 — Bead with unfinished double perforation.

5.2. Trench JCF
5.2.1. Stratigraphy

Area JCF is located in the middle of the phreatic tube approximately 25 m from the
entrance after the narrow channel (0.5 m width) between the eastern wall of the cave
and the cluster of boulders form breccia and roof spall at the center of the cave channel.
The debris creates a very narrow passage between the entrance gallery and the back of

the cave, impeding any sunlight from reaching the southern part of the cave.

Bat roosting was most frequent in this particular area, where the irregularities of wall and
ceiling, as well as the "bell holes" provide a safe place for horseshoe bats during daytime.
Organic materials like wood bark and charcoal, porcupine quails, and dung were found
scattered across the cave floor suggesting recent trampling and use of the cave.
Throughout several visits to the site, it was noticed that the area became puddled during

the rainy season.

A negative of a previous excavation was located right after the narrow passage, in the
middle of the chamber. A square with approximately 1,20 m? and 0.6 cm of depth was
filled with recent debris. Many rounded river clasts were found at the surface of the pit
with burning traces. The team proceeded with a profile-cleaning intervention by the end
of the 2019 field season. The goal was to clean the modern debris in the old pit, and at

the same time assess and prepare the area for the following field season.

The profile observed showed the surficial dark-brown sediment with guano overlayed a

sedimentary unit of light grey to white sands with red sandy-clayey laminations,
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increasingly thicker and dipping towards the north. The sediment appeared leached due
to the dripping/puddling but was also disturbed by the recent activity, with a more
granular structure and weakly aggregated. HCI tests with sediment samples did not show
any chemical reaction, hence no calcium appeared to be present. The upper boundary
is sharp slightly diffuse towards the north, and following the morphology of the old test

pit which seems to indicate increased diagenesis since the exposure.

The units below were considerably more compacted with a sub-angular blocky structure,
showing a gradual change from yellow to red. In the south profile (Fig. 29-Fig. 30) a
fissure was observed crossing the profile which can be promoted by dissolution
processes occurring below. Pedofeatures are visible to the naked eye, with mottled
regions and concentrations of iron oxides, indicating hydromorphic conditions causing

lateral and downward variations in color.

At the base of the unit, a gravel lense composed of pebble-sized angular bedrock debris
is horizontally distributed and encased in red mud. A sharp erosional boundary separates
the red mud from a highly compacted lower yellow sandy-silty unit. The intervention was

interrupted at that point for drawing and collection of sediment samples.

Seven geological units were outlined and described in the profile (Table 16 — Summary
description of geological units of area JCF.Table 16 — Summary description of geological
units of area JCF.Table 16):

GU1: Fine-grained, silty, grey, undulating, parallel with granular structure; the surface
unit covers the chamber and infills the excavation trench of Camarate-Franca. River
pebbles were found at the bottom of the test pit with burning marks, possibly indicating
recent use of the pit for a hearth, but organic material is rare, but organic material was

not present.

GU2: Disturbed/Altered region, fine sandy grey-white laminae with red zones (bleached
zone?), inclined, undulating, erosional lower boundary. The area represented in the

profile shows lateral recent hydromorphic disturbance (Fig. 29) related to the exposure.

GU3: Sandy-clayey, yellow-red, mottled region (white to orange), lateral and downward
variation color, highly aggregated, moderately indurated. Oxide nodules, sharp lower

boundary;

GU4: Sandy-clayey, light red, gradual lower boundary;
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GUS: Clast-supported sandy-clayey matrix, red, undulating, parallel, imbricated, very
compacted, sedimentary breccia composed of moderately sorted angular bedrock

debris, imbricated, randomly oriented, and parallel distributed, sharp lower boundary;

GUG6: Fine-grained, sandy-clayey, angular blocky structure, very compacted, with

smooth-walled round channels (<1 cm diameter)) with oxide nodules, erosional lower
boundary;

GUT7: Silty-sandy, yellow, granular structure, compacted, few angular bedrock clasts.
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Fig. 29 — Schematic representation of the profile of JCF area.
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Fig. 30 — Profile exposed in area JCF with reference to GUs.
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GU Thickness Colour

(cm)

1 5-20 Reddish
grey

2 10-40 Light
grey-
red

3 10-30 Yellow
red

4 6 Red

5 10 Dark
red

6 10 Dark
red

7 7 Yellow

Munsell

10R, 5/1

10R, 7/1

S5YR,
5/8

10R, 5/8

10R, 3/6

10R,
3/6-3-/14

7.5YR,
7/8

Description

Fine-grained, loose, silty-sandy with guano,
clear wavy lower boundary

Coarse-grained, granular, with sandy-clayey
lenses and abundant sub-angular bedrock
clasts, weak to moderately aggregated,
gradual lower boundary with moderate
mottling

Matrix-supported, fine-grained,  sandy-
clayey, blocky texture, with angular cave
debris, lateral and downward color variation,
highly aggregated, difuse lower boundary
Matrix-supported, fine-grained,  sandy-

clayey, blocky texture, clear lower boundary

Clast-supported, sandy-clayey, granular
texture, with Fe/Mn crusts in coarse grains,
clear lower boundary

Matrix-supported,  fine-grained,  sandy-
clayey, blocky texture, sharp lower boundary

Silty-sandy, granular texture, compacted

Table 17 — Summary description of geological units of area JCF.

5.2.2. Assemblages

4.3.3.1. Lithics

The lithics found in the modern infill (post-1950 AD) of the JCF trench were only a few

and showed traces of heating and in some cases macro-use wear as a hammer- or

grinding stones. A total of 23 cobbles were recorded at the surface during the cleaning

of the pit. GU2 yielded two cortical flakes in chert and a small polyhedral core in milky

quartz. GU3 to 6 did not yield any artifacts.

At the base of the JCF trench, at the top of GU7, an almond-shaped handaxe with

rounded basal shaping was found with the tip dipping obliquely oriented. The handaxe

was crusted by silty-sandy yellow sediment difficult to clean.
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The handaxe was manufactured using a river cobble and shows the typical water-worn
surface in the basal area (Fig. 31). The raw material is a red mudstone with grey-blue
laminations of quartzite likely prevenient from a local source, since these are widely
present across the the river valley. The blank was shaped using a soft hammer and
indirect percussion, finalized with continuous marginal retouches to form a rounded

cutting edge. In Bordes (1961) classification scheme, the tool classified as lanceolate

biface. The morphology is frequently associated to later Acheulean tool kits or ealy
Middle Paleolithic/Middle Stone Age cultural stages (eg. Barham and Mitchell, 2002;
Debénath and Dibble, 1994) .

3cm
.|

Fig. 31 — Almond-shaped handaxe produced in siltstone-quartzite river cobble from JCF trench (note the
yellow cement coating the tool)
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5.3. Trench DMT
5.3.1. Stratigraphy

Area DMT corresponds to the last 5 m of the cave channel. In 2018, the fieldwork
focused on two quadrants (A-C) in square MM98 to refresh an existing profile that

exposed about 1.3 m of sediment cemented to the wall.

Evidence of a past intervention using a mechanical hammer was clear and was later
found that this excavation occurred sometime after 2015 in an attempt to find a water
spring which is told by the elders in the village to have existed there (person. Comm.
Soba da Leba, Rui Francisco). The debris from this intervention remains inside the
cave, next to the pit. The blocks showed a porous reddish-yellow sandy deposit with
abundant and poorly sorted angular debris from walls and ceilings mixed with bone
shatter and cemented with white spheroidal calcitic crystal intergrowths (>5 mm). In
general terms, the deposit is similar to the pink and yellow breccias described by
Pickford(Pickford et al., 1992; Sen and Pickford, 2022). (Pickford et al., 1992; Sen and
Pickford, 2022). At the same time, it seemed to directly correlate to the description of
J. Camarate Franca about peculiar "Mousterian-like" artifacts as inclusions in a hard

cemented surface at the end of the cave.

Fig. 32 — MM98 before excavation (Scale bar directly on the tested quadrants)
The excavation was patrticularly slow with the use of a pick and hammer. The space
between the roof and the surface was very low and irregular, as a result, excavations
could only host one technician on the total station and one excavator at a time.

Conditions for excavation were the most humid inside the cave, with active drippings
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from the cave wall and the left overhang over square MM98. Moisture remains fairly
stable across the year. During excavation, a dark-brown crust was identified following
the dripping line (Fig. 32-Fig. 34).

In the preliminary assessment of the section left by the previous excavators, and the
materials left piled next to it, it was clear there were abundant faunal remains. Plenty of
bovid teeth could be observed as well as two flakes which suggested there might be a
relationship between this backfill and the anthropogenic occupation. Gravel-sandy
lenses cemented with botryoidal and ellipsoidal white crystals intergrowths (popcorn-like
dripstone), but also grey sheets of flowstone across planar voids can be observed by the

naked eye.

A very thin layer of loose dark-brown silts with guano (GU1) covers a continuous
undulating crust over the deposit (GU2). Aggregates have abundant biogenic inclusions,
mostly bone shafts but also mammal teeth. Yellow and red sandy laminations
intercalating with "trains" of angular clasts showing inverse grading have a parallel
distribution with a higher concentration of the larger clasts closer to the surface which
can be due to the wall effect. Although most of the angular debris is from the bedrock, a

few flakes and water-worn quartzite pebbles were also observed in the profile.

Excavation in the area started in square MM98, with quadrants A-C. Due to the observed
difficulties in excavation and predictably for collection of a micromorphology sample, part

of quadrant C was left to collect a column.

GU1: Fine-grained, loose, grey silts with occasional coarse rounded pink and white
sandy aggregates, discontinuous, wavy sharp lower boundary. Guano and microfauna

elements;

GU2: Gravel-sandy laminations (2-3 cm) crusted and calcite cemented. The geological
unit excavated had about 0,80 m of thickness, and the excavation reached a horizontal
fissure. The deposit develops in sub-horizontal beds of gravel-sandy lenses showing
parallel-distributed trains of clasts close accommodating. The clasts include several
lithologies observed in the system. Coarse sandy aggregates of yellow and red granules
can be observed by the naked eye coating the coarser grains. Biogenic inclusions were
abundant including bone shatfts, teeth, and a coprolite. Secondary carbonates are visible
throughout the profile infilling the pore spaces and cementing the deposit. Coarse crystal
intergrowths are more frequently botryoidal or spherical white minerals but some

domains develop in grey sheets;
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Three sub-horizontal units were defined during the excavation (sub-unit 2.1, 2.2, 2.3),
but later understood these are composed of 17 cm thick gravel-sand laminations

described individually in the micromorphological analysis.

GU Thickness Colour Munsell Description

(cm)
1 1-3 Reddish | 10R, Fine-grained, loose, silty-sandy, clear wavy
grey 5/1 lower boundary
2 70-85 Pale - Carbonate crust capping cm thick gravel-mud
pink- laminations, moderately porous, massive
yellow texture, intercalations of sub-rounded pebble-

sized angular cave debris, fossil breccia
aggregates concreted by grey irregular

flowstone sheets, and “popcorn” crystals

Table 18 — Summary description of geological units of area DMT.
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Fig. 33 — Point cloud for findings excavated in area DMT per GU with indication of dosimetry (LEBAZ2).
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Fig. 34 — Photograph of the profile and location of the block samples for micromorphology (171-172),

including reference to dosimetry placement (red stars); B: Detail of the sampled section including

reference to lower part; C: Detail of a lower section of the column; D: Detail of the lowermost red and
yellow laminations, white rounded granules are bone fragments.
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5.3.2. Assemblages

4.2.3.1. Fauna

Macromammals

The faunal remains collected in the DMT trench account for a total of 141 specimens
(Appendix 1). Skeletal material is very fragmented and concreted making it difficult for

taxonomic identification and morphological description.

Area DMT NISP | %
Bovids

Bov | 1 0.7
Klipspringer (Oreotragus oreotragus) 1 0.7
Bov I/ 1l 3 2.1
Bov Il 15 10.6
Bov 11/ 11l 10 7.1
Bov Il 9 6.4
Bov IIl/IV 3 21
Bov IV

Indet. Bov. 18 12.8
Other ungulates

Zebra (Equus cf. quagga) 1 0.7
Pig/ warthog (Cf. Phacochoerus/ Potamochoerus) | 7 5.0
Carnivores

Indet. Small carnivore 1 0.7
Rodents

Porcupine (Hystrix africaeaustralis) 1 0.7

Indeterminate

Indet. Medium mammals 71 50.4
Grand total 141 100

Table 19 — General Inventory of macromammals identified in area DMT.

Bone and teeth fragments are found in unequal frequencies. During excavation N=33
bones were collected, compared with N=64 for tooth elements. For part of the
assemblage, it was not possible to identify the species or tribe. Indeterminate medium
and small-sized mammals account for 50.4% of the assemblage. Bovids represent the
most frequent group with NISP=42.6% including all size ranges. Among these medium-

sized (Bovid IlI) are the most frequent group. A small antelope, the Kklipspringer
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(Oreotragus oreotragus), was identified by the presence of well-preserved teeth

elements.

Other ungulates include the zebra (Equus cf. quagga/burchelli?) represented by one

tooth; the pig/warthog represented by 7 specimens.

Carnivore activity is indicated by a coprolite and occasional taphonomical observations
relating to carnivore damage and gnawing (Table 20), which present similar patterns and

agents observed in area VOJ.

Fig. 35 — Coprolite found in area DMT.

Despite the morpho-analytical difficulties deriving from the fragmentary and fossilized
state of the assemblage, it seems likely the assemblage is derived from anthropogenic
activity, although the presence of one ichnofossil suggests carnivore activity in the inner

area of the cave, as previously documented by Gautier (1995)

Alterations NISP | %
Fine cracks, some “open” - -
Chemical weathering - -
Staining 92 65.2

Abrasion 0 0.0
Bone covered or partially crusted with sediment 105 74.5
Total NISP 141 100
Gnawing

Carnivore damage 1 2.1
Possibly carnivore damage 1 2.1
Rodent - -
Possible rodent 1 2.1
Total NISP* 47 100
Anthropogenic damage

Burning damage 1 2.1
Possibly burning damage 2 4.3
Cut marks - -
Possibly cut marks 1 2.1
Scraping 1 2.1
Total NISP* 47 100
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Table 20 — Frequencies of observed mechanical and chemical alterations, sediment crusts, gnawing, and
anthropogenic damage in macromammal specimens recovered in area DMT, Leba Cave. (*) symbol
indicates samples excluding tooth elements.

604

40+

Relative frequency (%)

Fig. 36 — Abundance of bone tissue types in area DMT
4.2.3.2. Lithics
Knapped materials were rare findings in the excavated quadrants. Two lithic artifacts
were collected at the surface of the deposit but covered by the crust (GU2), included in
the gravel laminations observed in the profile. Raw materials are pink quartzites from the
river sources showing water-worn surfaces. One of the river pebbles is anthropogenically
modified. This find is a core tool produced by Levallois preferential method, showing a

retouched distal edge as an active surface. Typologically, it can be classified as a thick
scraper (Fig. 37).

Fig. 37 — Thick scraper on Levallois core in quartzite river pebble found in area DMT.
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6. Laboratorial Results

6.1. Micromorphology
6.1.1. Basic components

Bedrock fragments
The most frequent component observed in Leba Cave deposits and most karst
sediments in the Humpata system is bedrock debris from the disaggregation of cave
roofs and walls. In studies about limestone caves, these are commonly known as éboulis
(Miller, 2015).

In the case of the Leba Formation, and specifically of Leba Cave, the characteristics of
the host rock are not those of pure limestone or dolomite. The Leba Formation has been
described as a dolomitic limestone with stromatolites, and bands of cherts and
mudstones (argillites) of Pre-Cambrian age (Kroner and Correia, 1980). Observations of
the outcrop in the Leba valley and cave system suggest this area is dominated by a

siliceous dolostone with occasional limestone beds which were explored by the quarry.

Field tests with 10% HCI proved that CACO3 is not consistently present throughout the
quarry exposures or in the cave walls. Inside the cave, carbonate was only confirmed on
the eastern wall following joints between chert bands, while the western wall is
completely covered with clastic sediments forming a "hanging breccia", and obscuring

the bedrock wall.

The bedrock debris observed in the thin section consists of dolostones, chert, and
mudstone, sometimes interbedded. The cherts are composed of cryptocrystalline silica
and are distinctive by their blueish-grey to light-grey color in the field. Mudstones are
grey to reddish brown and frequently display more abundant silt content. Some bedrock
fragments have very distinctive intercalations of ferromanganese minerals, and a
preferential columnar or circular orientation of bands, depending on the sections, and

relate to observations of the stromatolites.

Cherts and mudstone banded versions will include mica and oriented clays when
observed in the petrographic thin section. In some fragments of mudstones, mica grains
can be fine and medium sand-sized, distributed in thick laminations resembling a sericitic

shale.

Other types of weathering products from the wall and roof are fragments of flowstone,
calcite films, or dripstone. Ornaments with spherulitic or botryoidal shapes (sometimes
called "coralloids" or "cave popcorn” in speleological terminology) are also present.

These are formed by percolating water through the host rock and seeping into the cave
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through the walls and roofs (Onac and Forti, 2011). These components were observed
more frequently in the rear of the cave where they are visible on the wall, but they were

also found in thin sections of the front where flowstones are no longer observable.

Former infills
Many of the clasts observed in the coarse fraction of the cave are lithified sediment
aggregates (or lithoclasts) derived from former infills of the Leba cave system. The vast
majority of lithoclasts observed inside the cave are fragments of the hanging breccia
observed cemented to the western wall and roof of the cave and relate to former fluvial-
karstic conditions. They can be found in a large range of grain sizes, from large rockfall

boulders to granules.

In the thin sections from the rear of the cave, gravel, and sand-sized debris are easily
recognized by yellow iron-rich matrix. These lithoclasts have bimodal distributions
(poorly sorted fine quartz, well-sorted medium sand-sized grains) associated with stream
flow. Other lithoclasts with similar color and texture have intercalated white siltstone-
yellow claystone lithologies, and suggest grain settling and secondary iron deposition,

some of the fragments show coarse inclusions of chert and biogalleries.

Another class of lithoclasts recognized in the cave sediments and prevenient from former
infills of the cave system are the pink breccias, although their color can range from pink
to red, depending on the degree of secondary calcite. Under the high-resolution
microscope, they are composed of moderately sorted quartz sand and silt with dusty
iron-rich clays, red in PPL and dark maroon in XPL, frequently with inherited Fe/Mn
nodules, cemented by micritic calcite. These components are easily identified by these
characteristics, with the occurrence of organic inclusions, like micro-bone and micro-

charcoal.

Coarse Sands
Coarse sand-sized grains are abundant across the thin sections analysed. Quartz is the
dominant mineral as either well rounded single grains or embedded in granules deriving

from the outside of the cave.

Coarse sand-sized grains are abundant across the thin sections analyzed. Quartz is the
dominant mineral as either well-rounded single grains or embedded in granules deriving

from the outside of the cave.

Quartz single grains with staining and Fe-Mn Nodules with internal fabric are inherited
from the outside sediments and soil horizons in the river valley. Inherited coarse sand-

sized iron-manganese nodules with sharp boundaries and internal fabric were observed
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in thin sections from area JCF and DMT. These features are frequently associated with
lateritic and oxisol horizons of tropical and sub-tropical regions (Gasparatos et al., 2019,
2005; Marcelino et al., 2018) and are present in the surroundings (Ricardo et al., 1980).
In the Leba valley, and particularly around the Leba Cave, there are no indications of
pedogenesis and soil cover is incredibly shallow, which leads to the conclusion that these

consist mainly of relicts and were likely redistributed.

Sandstones composed of well-rounded coarse grains have been observed in the upper
Leba River valley during the survey, and are widely present in the plateau. These grains
are deposited in river banks, streams, and floodplains, showing the bimodal distribution
of quartz poorly sorted silt-fine sand, and well-sorted coarse sand grains. They are also
components of soil aggregates and regoliths found covering the karst formation. These

allochthonous coarse grains were systematically observed across the site stratigraphy.

Fragments of claystone with strong birefringence were also observed in the sediments
of area VOJ and DMT. While in area VOJ these are likely derived from anthropogenic
action since the raw material was used for knapping and plenty of water-worn pebbles

and lithic artifacts were found in the occupational levels of the cave.

Anthropogenic components
Components derived from the anthropogenic activity are abundant throughout the cave

sediments and are present in all areas approached.

The most common anthropogenic component is burned bone which was observed in
samples from areas VOJ and JCF. The particle size of burned bone is variable and
ranges from centimeter-sized fragments to fine-sand-sized grains. These are more

frequently subrounded.

Wood charcoal is the most frequent plant-derived component in the cave stratigraphy,
and can be found in all sizes. While it is clear in area VOJ that these components are
associated with hearths, it is not clear if in the rear of the cave if the micro-charcoal and
other amorphous punctuations derive from anthropogenic activity or consist of natural

inclusions from the tree cover of the cave hill.

Other plant-derived components like leaves, stems and plant tissues ranging from coarse
to fine sand-sized particles are more frequently heated and are exclusive to the front of

the cave.

Herbivore dung was also observed in the upper part of the sequence closer to the
entrance of the cave in VOJ, relating to cattle. Bovid dung can be easily identified as

thinly packed plant material, sometimes forming laminations, with granular inclusions,
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prevenient from soil or sediment aggregated to the ingested plants or trampled by the
animals, and coated with fine phosphates. Calcite spherulites are easily observed in
XPL, and in GU3 these form fumier laminations derived from the burning of the dung.

Some of the most rounded coarse aggregates of dung may relate to caprid agents.

Some of the subrounded and altered rocks from these lithologies are naturally derived
from colluvial processes infilling the cave fissure with relicts of soils and regoliths from

the river valley which were at the surface.

Pottery and construction debris were found during excavation exclusively at the front of
the cave, in the top horizons of area VOJ. In the thin section, the construction debris was
observed mostly as red earth aggregates with polyhedral and subrounded shapes
ranging from pebble to medium sand-sized compound mineral grains. Sun-dried brick is
composed of quartz bimodal sands and iron-rich fine material, with occasional organic
punctuations and iron nodules. These characteristics are consistent with a local source
in the river valley and slopes. Sun-dried brick and daga are widely used by the local
population for house construction and maintenance and are still produced by the

population using the alluvial sediments of the Leba Valley.

Biological components
Bone and teeth are found across the several areas approached in the cave. Plenty of
small fragments (sand-sized particles) but also coarser shafts and complete bones were
found in all areas of the excavation. For instance, rodent skeletons some of them
complete were abundantly found during the excavation area VOJ. Some of the fresh
micro-bone (<1 mm) observed in thin section may derive from the natural deaths of these
burrowing agents. Bones present different types of alterations, such as dissolution,
heating, fossilization, manganese crusts, and staining. In areas VOJ and JCF, bone is
more frequently heated and dissolved. In area DMT, bone is highly fragmented and
remineralized. It is not clear whether these elements derive from human refuse or
carnivore activity. Since the bones found in area DMT do not present notable traces of
heating, it is assumed these derive from carnivore activity, although it cannot be excluded
that these bones originally derived from anthropic action and were further reworked by

carnivores inside the cave.

During excavation, plenty of complete bovid teeth and fragments were collected in the
rear of the cave. A complete carnivore coprolite was also collected in the sequence
approached in area DMT. In the thin section, carnivore excrements were observed not
only as ichnofossils in the samples from the rear of the cave (DMT) but also frequently

in the front of the cave (VOJ). These are usually yellow and pale brown dense rounded
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and subrounded particles in PPL with vesicles and granular inclusions, and occasional
organic components like micro-bone and phytoliths. Omnivore excrements were also
detected in one thin section from area VOJ. Other fine-rounded excrements are slightly
denser but with similar composition as the herbivore dung likely deriving from the

micromammals.

Fragments of chitin from insects were occasionally observed in thin sections from area
VOJ. Dung beetle exoskeletons were collected during excavation, and are some of the
likely bioturbation agents. However, these were also observed as bat prey during the

field season.

Phosphates
Phosphatic minerals are present in samples from the different areas of the cave and
derive from organic matter decay. Biological components like excrement, urine, and bone
are the most likely sources but future microanalytical work is necessary to determine the

chemical composition and source of the fine phosphates detected in the different areas.

Fine fraction

Fine sand and silt-sized grains

The dominant component in the site stratigraphy is quartz very fine sand and silt
(<125um). Angular very fine sands and silts were observed in all thin sections, and also
in some of the bedrock fragments which show a siltstone-fine sandstone matrix,
sometimes interbedded with chert and mudstone. As the cave is located in the valley
where a contact of the Leba Formation (dolomite-dolostones) with the quartzite-
sandstone beds of the Chela Group series, these particles derive from the
disaggregation of the walls and roofs, including the erosion of former infills. These are
also components in the allochthonous aggregates and seem to be widely present in the

valley.

Fine and silt-sized mica and alkali feldspars (particularly microcline with tartan-twining)
were observed more frequently in the sediments of area VOJ, closer to the entrance of
the cave. Along with quartz, these stable minerals were moving on the landscape through
dust flux or remobilized colluvial-alluvial transport from the erosion of the Chela Group
rocks. In any case, it should be noted that some fragments of the bedrock with
interbedded chert-mudstone sometimes present mica and can relate to an intracave

source.
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Clay
Clay is found in many of the samples collected at Leba Cave but its nature and history

are highly variable. Coarse components with the clayey matrix are varied and relate to

different sources of material introduced into the cave.

The vast majority of loose sand- or silt-clay aggregates are allochthonous. These
components derive from the soil cover of the hill which would have been introduced
through the entrance, chimneys, and cracks in the roof. Other clays may derive from
karst-fluvial conditions or stream and floodplain deposits in the valley mostly already
eroded today.

Other pure clay brown aggregates with undulating edges found in the front of the cave

are likely aeolian, but can also be trampled by biological agents.

Karst residual clay circulating in joint fissures was also deposited by dripping water
through the walls and roof, particularly in areas JCF and DMT. In the rear deposit
excavated in area DMT, thin clay laminae with occasional silt-sized quartz grains were

deposited by shallow water.
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Fig. 38 — Table of components, structures and features observed in thin sections from Leba Cave

(acronyms: T.S. — thin section, GU- geological unit, MU-microunit, Lb — lower boundary, E- erosional, G-
gradational, S-sharp)
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6.1.2. Sample description

Cave Hill

Sample 1x (outside)

One control sample was collected above the cave entrance in 2018, about 3 m from the
edge of the brim towards the quarry, in a section created for a wagon path, currently
covered with grasses. The sample was obtained at -43 cm depth (Fig. 39). At the meso-
scale, the sample shows two bedrock fragments with the typical roll-up structures of
stromatolites (Bosak et al., 2013). The bedrock fragments are perpendicular oriented to
the surface plane and derive from the erosion of the bedrock. They are generally platy,

but with irregular boundaries.

Under the microscope, the bedrock components show intercalation of dolostone, chert,
and mudstone, with very fine angular quartz grains embedded. The bedrock fragments
are siliceous and have subangular shapes and rough edges. Irregular alteration pattern
seems related to the dissolution of Ca minerals since exposure and fracturing of the
bedrock. Other coarse components include rounded and subrounded coarse and
medium sand-sized quartz grains and inherited iron-bearing rounded nodules (0.5-4

mm).

The gravel is coated with red sandy-clayey rounded microaggregates, more or less
welded together but disrupted by biological activity. Biogalleries have undulating walls
coated with limpid red clay. The microstructure is crumby with a double-spaced fine
enaulic distribution pattern. Quartz bimodal sands (80% well-sorted silt, 20% poorly
sorted sands). One of the coarse red aggregates has weakly expressed bedding and
sorting which suggest shallow water lain deposition. The micromass is dominated by
limpid red and dusty dark-brown clay with undifferentiated b-fabric, locally dotted.
Secondary features observed relate to bioturbation and local oxic conditions, with

strongly developed Fe-Mn staining of components.
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Fig. 39 — a) View of shallow soil cover of the hill above the cave in Q2; b) view of sample 1x before
collection (colour scla with 10 cm); c) scan of thin section in PPL, d) scan of thin section in XPL (thin
section with 60x90 mm)

VOJ
Four samples were collected in area VOJ, and five thin sections were produced.
Sample 521 was collected in square L5 in 2018 documenting the anthropogenic
laminations including the "black layer" which would relate to the hearth later partially
excavated in 2019. The block sample was collected from the East wall of square L5.
Two thin sections were produced from this block sample, from top to bottom: 521A and
521B. Other samples were tentatively collected in this profile but were not successful
for thin sections. Two other samples were collected in the southern profile, LEB-250
and 251 documenting the infill in L2 which could relate to the excavation of Oliveira
Jorge in 1975. In 2019, sample M4 was collected from square M4 documenting the
sediments below the hearth, with no visible rubefication, and which covers all the large

roof spall boulders.

North-East profile
Sample 521
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Fig. 40 — Location of the block samples in the VOJ East profile, picture of the negative of the block
samples, slab with references to the micro-units described (3a-d) and high-resolution scans of the thin
sections (slide with 90x60 mm)
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The micromorphological analysis of sample 521A-B in area VOJ shows mostly
components derived from anthropogenic activity as clear horizontal lenses (Fig. 40). GU
2 is almost exclusively composed of coarse polyhedral aggregates of red-earth sundried
brick mixed with angular rock fragments of bedrock showing accommodating edges and
parallel distributed. The aggregates are sandy-clayey and moderately porous (20%), with
rounded to sub-rounded shapes and sharp edges, ranging from very coarse to fine sand-
sized clods, mixed with angular rock fragments. The coarse components are randomly
oriented and parallel distributed across the surface of the chamber sealing the underlying
deposits. The sands are bimodal which suggests a source nearby in the river valley for

the manufacture of mudbrick.

The rock fragments are represented by angular debris of chert and siltstone but also
dolomite was observed. Rare medium-sand-sized calcitic single grains were observed
with angular shapes and are likely part of the colluvial sands present in the cave system

or from the quarry and used for construction work.

The rock fragments are represented by angular debris of chert and siltstone but also
dolomite was observed. Rare medium-sand-sized calcitic single grains were observed
with angular shapes and are likely part of the colluvial sands present in the cave system

or from the quarry and used for construction work.

The lower boundary with GU3 is sharp in the field due to the color change and decrease
in grain size. In the thin section, the boundary is clear by the differences in composition

and microstructure from crumby to lenticular.

GU3 was informally called the "black layer" in the field as it extended across maost of the
excavated area. The top of the "black layer", MU3a, (Fig. 40) also shows abundant red
sandy-clayey aggregates similar to a fabric similar to the red-earth aggregates observed
in GU2 but decreasing in size. Differentiation between red earth brick and soil aggregates
which could have been trampled from the outside is difficult. Traditional mudbrick (sun-
dried) uses alluvial sands observed in the river valley and are difficult to distinguish from
natural/trampled aggregates in bulk samples. When compared with the control sample
collected from the red sands above the cave entrance (control sample 1x), the sandy
aggregates from the outside typically show a maroon-brown color in PPL. This would
suggest that the vast majority of rounded red aggregates observed in sample 521 derive
from GUZ2. In any case, it is possible they were naturally reworked in the cave before the
construction material was deposited and oxidation would be related to the combustion
event in GU3.

108



The "black layer" has the highest concentration of organic materials with laminations of
ash, plant tissues, and wood charcoal, as well as heated bone fragments, suggesting a
preserved hearth. Microunits 3a-d include lenses of burned material and 4a-b correlate

with the basal area of the hearth including a rubified region at the top.

The contact between GU2 and GU3 is clear. Mu3a has a crumby microstructure. The
analysis shows a mixture of different coarse materials deriving from the top unit but also
components that covered the hearth before the deposition of GU2. The fine fraction is
composed of quartz silts, with occasional mica and feldspar. Micro-charcoal and ash are
found scattered across the groundmass, some very weathered and rounded. The basic
components have a parallel arrangement and parallel-oblique orientation with some
indications of rotational movement, which is likely associated with the stepping and

traffic.

The boundary with the lower unit (MU3b) and undulating. Micro-charcoal increases in
frequency along with a few coarser components, and other anthropogenic components
like coarse pottery fragments. Heat-induced voids like interconnected zig zags and
planes suggest this is the top lens of a burning zone. The lower lens (MU3c) is composed
almost exclusively of wood charcoal and other plant material of different shapes and
sizes, including phytoliths thinly packed. Herbivore excrements composed of cell
fragments and amorphous organic material, with visible spherulites are observed in thin
section 521-A, at the lower boundary of micro-unit 3b. Domains of dung were observed

at the macro-scale during excavation.

Calcium carbonate pseudomorphs and druses deriving from leaves and plant remains
(Brochier and Thinon, 2003) were observed in MU3b and 3c. Ash rhombs and weakly
developed fumier from burned herbivore dung were also observed which indicated the
use of the space by domestic animals. Although it is known that dung may be used to
ignite and maintain fires there is no direct evidence for such purpose. Other organic

materials include burnt bone fragments

A sharp lower boundary between MU3d and GU4 is marked by the interconnected planar
and horizontal arrangement of the charcoal particles. The GU4 observed in thin section
521 B, corresponds to the basal part of the hearth. The microstructure is crumby and its
composition is similar to MU3a, but aggregates are randomly oriented and distributed.
GU4 was subdivided into two micro units, showing rubefication from heating typical of
combustion features. Coarse components are dominated by well-rounded coarse single

grains, coarse red earth aggregates, and biogenic material. Wood charcoal is abundant
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mostly as fine <100 um particles and few coarse fragments are dispersed. Dung,

omnivore, and carnivore excrements were also observed to be frequently altered.

Burnt dung spherulites and ash pseudomorphs are observed in the fine fraction from the

coating of the coarse rock fragments in GU4 and 4.1.

In GUA4.1, coarse bedrock fragments and organic material are fresh non-burned faunal
fragments sometimes coarse (>500 pum) are also visible and may be exclusively
deposited by biological elements. Micromammal activity is a likely explanation as plenty
of rodent species were identified during the excavation.

Fine phosphatic aggregates, spheroidal and rounded patrticles, ranging from very fine to
coarse sand-sized particles are frequent in thin sections 521B and M4. Phosphatic
aggregates grey in PPL and golden in XPL likely relate to excrements. While some
particles seem to be fragments of fecal pellets scattered in the groundmass, others are
coalesced, sometimes showing irregular edges. The phosphatic aggregates have sandy

inclusions.

Bats also eliminate parts of the animals they consume. Elements of chitin are rarely
found in the sample. Dung beetle exoskeletons were collected during excavation, and
are some of the likely bioturbation agents, but they were also observed as bat prey.
Cattle dung is found mostly scattered and not in specific structures which would be
expected in a pen where dung beetles find interesting meals. Possibly, these were

located elsewhere in the cave near the entrance.

The depositional processes observed in sample 521 are for the most part associated
with anthropogenic activity. Two different anthropogenic events occurred in this specific
area of the cave: a hearth and an intentional floor created by the factory. Between these
two events, windblown material and other aggregates were reworked by biogenic traffic
into the chamber and partially obliterated when the construction material was dumped in
the hall to create the floor. Components derived from anthropic action are abundant in
the underlying sediments. A parallel arrangement of coarse components and bio-
anthropogenic material may indicate the area was prepared before the fire was started,
although rotational rearrangement and generalized parallel arrangement of particles and
bedding occur due to human-animal traffic (Miller et al., 2008). These were important
agents of deposition of organic content but also low-range reworking of sediments.
Exclusively geogenic phenomena are related to dust circulation and weathering of the
roof and walls. During periods of non-occupation material derived from anthropogenic

action was still being accumulated in the cave chamber.
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Fig. 41 — Microphotographs from sample 521. A. Well rounded aggregate from soil cover, in PPL; B.
trampled aggregate note the zig zag planes and vughs from spongy microsctructure and rotational
rearragment of particles; C. Charcoal and ash rhombs in the hearth (MU3c); D. Same in XPL, note the
amorphous matrix from the burned material and the ash rhombs; E. Spherulites from heated dung in a
matrix of amorphous organic material and phosphatic mineral aggregates likely leucophosphite (red
arrow); F. Plant leaf with deformation and drying cracks in a matrix of heterogenous material including
wind-blown silts, fragments of heated and non-heated bone, soil aggregates and coprolites

Sample M4
The sample was very difficult to collect using plaster because the sediment was loose

and fine but with abundant gravel from cave debris. The sample was collected using a

metal box (kubiena type).

At the meso-scale, coarse gravels of bedrock randomly float on a matrix of unsorted
sorted sands and silts, with a crumby microstructure. Under the microscope, the

microstructure of the sample is spongy.

Coarse components are heterogenous and particularly abundant (40-60%), including

gravel, granules, and sand-sized rock fragments from intra-cave system but also
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allochthonous rocks, pottery fragments, and numerous biological components from

human and animal waste.

The bedrock fragments are present from coarse to fine particles which seem to indicate
a frequent input of material from the weathering of roofs and walls in the cave. Pebble
and coarse sand-sized, chert and laminated chert-mudstone are randomly distributed,
showing subrounded shapes. In thin section, they present a fine textural coating
suggesting some translocation and movement. The rock fragments often show inherited
oxidative features and alteration. Alteration patterns are generally irregular and linear but
also some pellicular features can be observed in a few fragments, suggesting dissolution

of minerals.

The vast majority of particles identified of then the thin section are excrements from
herbivores, carnivores, and omnivores. Abundant phosphatic grains of different sizes
and morphologies, composition, and degrees of alteration are scattered throughout the

sample with no particular structure or preferred orientation.

The vast majority of the dung aggregates present a more homogeneous sandy
composition similar to the groundmass, frequently with fine quartz and occasional mica
embedded in a fine isotropic mass with vesicles forming well-rounded grains. Some of

them are very altered, disintegrating into fine sand grains.

Some of the aggregates are very distinctive coarse well-rounded and include plant
material and coated with fine phosphatic material, which can be associated with human
and biogenic trampling. Red sandy-clayey are well-rounded to sub-rounded shape, with
undulating edges; chert and quartz fine grains coated with fine red hematitic silt-clay,
deriving from sediments in the river margin and floodplain. Coarse medium sand-sized

single quartz grains are also frequent and present iron staining.

The fine fraction is composed of dusty quartz silts and mica with abundant fine phosphate
and organic punctuations. There is no specific structure or bedding of the phosphate
aggregates. Porosity is about 15% with complex packing voids, a few vughs, and

channels.

Anthropogenic components consist of burned bone and charcoal fragments. A few
coarse bone and tooth fragments were observed with no specific distribution or
orientation pattern. Bone material was observed both fresh and heated with the typical
orange gloss. Finer particles (<250 um) are more frequently very weathered with
undulating shapes, rugose edges. Coarse pottery fragments were also observed in low

frequency.
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Fig. 42 — From left to right, A) Low-resolution scan of thin section, B) micro-XRF scan of the full thin
section for identification of main elements (Al, Si, P, Ca), note the light green components are faunal
remains and pink refer to phosphatized aggregates; C) scan only for phosphorous.

Overall, GU5 is a very loose sedimentary unit with different types of components deriving
from anthropogenic action were likely middening in this area of the cave, correlating to
previous occupations in the surrounding area. Considering the field observaions,
reworking of material by burrowing agents like rodents occurred and affected most of the
stratigraphy. They also produce rounded excrements with abundant plant material which

can also be the case in some of the rounded aggregates and altered phosphatic grains.

Phosphatization was observed in sandy coarse and fine aggregates, as observed in Fig.
42. A phosphatic rind (100 pum thick) on well rounded red clayey aggregate with coarse

bedrock clast and hematitic clays; with layered coatings.

Leucophosphite mineral aggregates with a spherulitic shape were also observed.
Several authors have pointed out that the the combination of leucophosphite and
amorphous silica is one possible diagenetic outcome of the exposure of wood ashes to
phosphatic solutions, such as those derived from weathered bat or bird guano
(Karkanas et al., 2000; Karkanas and Goldberg, 2018b; Wurz et al., 2022).

Iron and manganese dendritic staining and typic nodules in coarse rock fragments and

occasionally sediment aggregates wss observed.
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Fig. 43 — Microphotographs from sample M4. A. Heated bone fragment next to a red aggregate with
phosphatic rind, 100 pm thick; B: same in XPLnote the amorphous phosphatic material coating on guano
aggregate and the absence of birefringence; C-D, E-F: carnivore coprolites; G. Elongated Fe nodule (left),
and leucophosphite mineral aggregate with spherulitic shape (right), a secondary phosphate derived from

guano; H. same in XPL.
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South profile
The samples collected in L2 targeted the lower infills bellow the test pit negative, which

to relate with the units observed at the centre of the cave (squares L and M).

LEB-251

Fig. 44 — View of profile of south profile of square L2 in area VOJ, contact of dripline; block samples and
thin section high resolution scan (left to right) (thin section with 90x60 mm)

Sample 251
The micromorphological analysis suggests the deposit is a mixture of material from the

disaggregation of wall and roof, with a fine fraction of windblown material and
components of anthropogenic origin which were reworked in its current position. The
general subrounded shapes are related to a low-range transport inside the cave. The
coarse gravels have an elliptical arrangement, with accommodating edges and random
orientations, but clustering suggests rotational rearrangement (Fig. 45-F). Rock
fragments are subrounded, and consist of chert, dolostone (with pyrite inherited
nodules), and mudstone fragments. Other rock fragments with subrounded edges are
beige wackestones and packstones derived from an allochthonous source, from local
outcrops in the Leba River. Well-rounded single quartz grains are also frequent. Other
coarse components are dominated by subrounded and rounded sandy aggregates
ranging from granules to fine particles. Yellow sandy goethite-rich aggregates derive

from the erosion of hanging breccia are subrounded.
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Bio-anthropogenic material is not abundant consisting mostly of micro-bone particles
(5%). These are heavily altered, and almost dissolved, and were difficult to identify. A
low-resolution micro-XRF scan of the complete thin section highlights different particles
containing apatite scattered across the thin section, mostly horizontally arranged or
slightly obligue. Amorphous organic material is randomly distributed across the thin
section as very fine particles. Excrements, dense grey in PPL, isotropic in XPL, with fine

sandy inclusions are rare and heavily altered.

The sample has a crumb microstructure with a double-spaced fine enaulic c/f related
distribution. The fine fraction is dominated by quartz silts with occasional muscovite
which were windblown as dust. A pore pattern with zig-zag planes, and few fissures
suggest post-depositional hydromorphic activity which can be related to the wall

moisture.

Pedofeatures mostly relate to bioturbation, identified by the channels with smooth
undulating edges that are infilled with groundmass. Some of the groundmass infillings
are well-rounded coarse aggregates with sharp edges suggesting intense bioturbation

agents, such as burrowing animals (Fig. 45).

Iron and manganese crusts and moderately developed dendritic staining were also
observed in bone fragments, aggregates, and grains, which are associated with overall

organic matter decay and oxidative environmental conditions.

Sample 250
The sample was collected from the lowermost unit in square L2 (Fig. 44) which was

particularly coarse with abundant bedrock gravels and yellow granules. In the thin
section, the nature of the coarse components is very heterogeneous. Subrounded clasts
of debris from the wall and roof are particularly abundant and generally randomly
distributed. In the middle of the thin section, pebbles and granules of different lithologies
and aggregates with organic inclusions are clustered with accommodating edges,
suggesting rotational movement, and indicating the reworking of sediments into the
current position. Orientations are random but the deposit is slightly inclined towards the
wall showing the direction of the infill suggesting a debris or grain flow including different

types of clasts from different sources.

Rock fragments include fragments from the host rock disaggregation of the host rock.
The general shape of the coarse material is rounded to subrounded. Rock fragments
present inherited pedofeatures like concentric iron nodules, and black or dark-maroon
impregnations They also present alteration with a dotted pattern, suggesting mineral

dissolution.
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Other clasts with similar distribution and transport are the bedrock fragments of hanging
breccia which is typically white-yellow, composed of very fine quartz sands and goethitic

clays, mostly undifferentiated b-fabrics and locally stippled.

A very coarse fragment of the hanging breccia (Fig. 45-E) shows a layered white-yellow
fabric with a complex microstructure. The fragment has coarse inclusions of chert,
channels, and crumbs coated by a yellow silty-clayey micromass with fissures. Finer
subrounded yellowish or white aggregates ranging from medium to fine sand-size, are
frequent and randomly distributed in the thin section and appear to derive from the same

source.

Other sediment aggregates with coarse rock fragments can be observed sometimes with
inherited iron nodules or micro-charcoal derive from another source. For instance, a
coarse red silty-clayey aggregate with micro-bone inclusions (500-350 um) presents sub-
rounded edges and fine laminations, Fe-rich clay and inherited iron nodules, and
secondary calcite cementation. The aggregate has a small fissure crack, from
mechanical weathering. This would suggest the reworking of sediments from other areas
or previous infills in the cave. Under high resolution, the aggregate shows fine
laminations of silt-clay and sand which may suggest shallow water or low-level
hydromorphic conditions. These are prevenient from other galleries in the karst system

or can derive from eroded infillings inside the cave.

It seems the gravels observed in the thin section are a mixture of elements from the
erosion of different parts of the cave like the wall and roof, but also past infills which were
obliterated probably by anthropogenic action. The poor sorting of sediments and the
rotational arrangement of the gravel observed in the thin section relates these sediments
with colluvial reworking. As there is also plenty of micro-charcoal as well as micro-bone,

some heated and heavily altered, mixed with the sands.

Organic components are mostly bone fragments scattered throughout the thin section
showing a parallel orientation. Micro-bone elements are most frequent (<1 mm) and
consist of rounded patrticles frequently burned. Other elongated particles and coarse
bone shafts are observed showing different shapes and degrees of weathering. Bone

material presenting inherited pyrite and Fe-Mn nodules were also observed.

Amorphous organic material is observed through the thin section. Few dark brown tissue
residues and organic punctuations can be observed scattered in the groundmass. Only
a few coarser fragments of wood charcoal were observed and one plant tissue showed

articulated cells.
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Pedofeatures are mostly related to bioturbation. Fine material consists of quartz silt and
occasional muscovite and k-feldspar grains, from aeolian source. A coarse enaulic c/f-
related distribution pattern can be observed in both thin sections from square L2.
Biogalleries can also be observed. Rough edge coarse channels infilled with loose fabric
elements randomly distributed and oriented relating to burrowing agents reworking of the

groundmass.

2mm
—

Fig. 45 — Thin section 251: A. channel infillings with well rounded coarse aggregates and porous infillings
from biogenic activity, note the undulating walls and sharp boundary of the aggregates (red arrow); B.
litholasts of hanging breccia (hb) with subrounded shapes, and interconnected biogalleries and channel

voids (v), note with intergrain microaggregates microstructure and organic punctuations (dark particles); C.

red sandy-clayey coating with inherited oxic features on coarse bedrock fragment of altered chert (bd); D.

Different lithoclasts of hanging breccia (hb) , bedrock fragments (bd) and well rounded aggregates com
biogenic activity. Thin section 250: E. angular debris of hanging breccia with bedding and showing a
siltstone fraction (Silt), coarse inclusions (chert) and gothetite rich clay (C), with biogallery (cr); note the
well defined boundary and silty-clayey (red arrow); F) rotational arrangement of rockfall and red breccia
lithoclast with bone inclusions (red arrow).
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Phosphatic aggregates can also be observed, some with quartz fine grain inclusions are
likely excrements although structures are not highly diagnostic and are mostly

fragmented and altered.

Coarse aggregates and quartz grains are coated with sandy clayey material but are
inherited. Amorphous organic punctuations and inherited orthic nodules can be observed
in these aggregates. These textural features relate to the rotational movement of the
particles, which corroborates the weathering of other surfaces pre-existing in the karst

system. and are common in reworked colluvial sediments (refs)

Bioturbation features are observed across the thin sections as biogalleries and channel
infillings with groundmass particles. Other secondary features are the iron-manganese

features, mostly dendritic staining but also crusts.
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JCF
The micromorphological analysis of the samples from area JCF focused on the
comparative assessment between the samples from horizons excavated in 1950 in the
IICT museum collection and samples collected in 2019 after cleaning the excavation
trench as preparation for future work. The goal was to provide information about the

diagenesis of the deposit since the exposure.

Museum samples

Samples 50-1/2

Two thin sections were produced from the block samples housed at the University of

Lisbon collected by Camarate-Franca in 1950. These samples were labeled with
stratigraphic reference, namely one from the interface unit lll/IV (sample 50-1) and from
unit Il (sample 50-2), predictably corresponding to the MSA-LSA boundary in the cultural
assemblages (de Matos and Pereira, 2020). The block samples did not have a reference

to orientation and the choice was arbitrary as presentedin Fig. 46.

In hand specimens, the samples were similar in composition, showing an indurated red
sandy aggregate with rock fragments and bone inclusions. Sample 50-2 was notably
more cemented and indurated. At the mesoscale, the red sands have a light pink color
and are mostly overshadowed by subrounded carbonate nodules, and very coarse bone

fragments are observed.
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Fig. 46 — From left to right, schematic profile of the original excavation (based on Ramos, 1982) with
reference to labelled provenance; museum samples; chips of the complete sample and thin sections
analysed (LEB-50-1, LEB-50-2) (thin sections with 60x90 mm)

Although it is not possible to fully reconstruct the sedimentary deposits excavated by
authors in the past, and the samples analyzed did not have orientation, these provide
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some clues about the composition and nature of the deposit from which the MSA lithics
were excavated in 1950 (de Matos and Pereira, 2020).

The analysis of the thin sections shows a similar microstructure and composition of the

blocks but different degrees of cementation by carbonate.

The coarse components identified are rock fragments derived from the bedrock. The
main lithology observed is chert but also fragments of banded chert-mudstone and
dolostone are present. The size of bedrock fragments ranges from very coarse to fine
sand-sized grains with angular to sub-rounded shapes, with sharp edges. These features
are consistent with the disaggregation of the walls and roof. Alteration of the rock

fragments can be observed in some instances as patchy or minute residues.

The rock fragments are coated by more or less rounded sandy-clayey aggregates with
a bimodal distribution and are iron-rich. The micromass of the aggregates is dusty and
rich in hematite and has inherited Fe-Mn secondary features. Inherited iron and
manganese features observed in the aggregates and fragments indicate general oxic
conditions. The loose packing of the sediments, only compacted and indurated by the
secondary deposition of calcite, seems to translate some reworking of the sediments
which link to the red sediment from oxisol and laterites from the surface or sub-surface,

trapped in fissures.

Coarse bone shafts and teeth fragments are abundant in these samples. They are
dominant in sample 50-2. In sample 50-2, a very coarse bone shaft is highly fossilized
and surrounded by poorly sorted angular cave debris and red sands completely coated
by calcite micrite. In sample 50-1, coarse bone fragments and micro-bone are also
remineralized and easily discerned as single particles. Fine plant residues were rarely

observed in thin section 50-1.

Secondary formation of carbonate nodules is evident in both samples and particularly
dominant in sample 50-2 covering almost the entire sample. Microscopically, micritic

calcite can be observed coating aggregates and individual grains.

Iron staining was also observed. Microscopically these features are commonly dark
maroon and are associated with single grains, rock fragments, aggregates, or small bone
fragments. Weak to moderately developed mamillated and dendritic Mn nodules can also

be observed in low frequency associated with bone material.

121



1mm
o

200 ym

Fig. 47 — Microphotographs from sample 50-2: A. Bone in red sandy-clayey matrix with strongly developed
calcite nodules, in PPL B. view of the same bone, note the granular quartz rich groundmass in the top, and
massive microstructure at the bottom due to the calcite nodule; C-D. detail of coatings and cementation of
the red soil aggregates overshadowing the groundmass;; Microphotographs from Sample 50-1: E: Coarse
to fine crumbs and angular fragments, bone (b) in a groundmass of superimposed sandy clayey coatings
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and calcitic cement, D) same in XPL, E. Secondary calcite nodules in a intergrain microaggregate
microstructure with enaulic c/distribution pattern,, F. coarse bone (b) coated with silty clayey
microaggregates, note the spary calcite (red arrow) coatings in voids (v), in XPL; G. Dolostone (d) sand
and red silty-clayey aggregates with calcite (Ca) nodules infilling the poe space; H. same in XPL

South-West profile

Samples collected from the profile in the JCF trench focused on the lateral variation of

the sediments exposed, and the lower horizons were left for analysis in the following
season.
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Fig. 48 — Schematic representation of the profile of JCF area.
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Fig. 49 — Location of sample M7 in the South profile of JCF, detail o sample, and high-resolution scan of
thin section (LEB-M7) (thin section with 90x60 mm)
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Fig. 50 — Location of sample M6 in the South profile of JCF, detail of sample, and high-resolution scan of
thin section (LEB-M®6) (thin section with 90x60 mm)

Sample M7
Sample M7 (Fig. 49) was collected from the contact between GU2 and GU3, which was

clear in the field by a color gradation of white-yellow-red. Two micro units can be
observed at the mesoscale, a light grey sandy lens, and the red-orange unit regions,
from top to bottom. An erosional contact is clear at the microscale by the differences in

void pattern, micromass, and pedofeatures. The groundmass does not change
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significantly across the thin section, and the color gradation seems to be mostly
associated with changes in the micromass caused by the water, dispersing iron oxides.
Hematite and goethite are aerobic natural weathering products of iron-bearing minerals
and are naturally present in the sediments of the river valley and soil covering slopes in

the plateau.

In the top portion of sample M7, the grey domains consist of moderately sorted quartz
sands and silts with a typical crystallitic b-fabric. Very coarse rock fragments are very
few consisting of subrounded bedrock clasts, randomly distributed. The fragments
frequently show pellicular alteration. The matrix is dominated by sand-sized grains which
are bimodal, being the fine material composed of very fine and fine angular quartz grains
(80%) and coarse rounded quartz the coarse material (20%). The microstructure is
granular with a close porphyric to gefuric-related distribution pattern. Clay-rich dark
brown and yellow fluffy aggregates occur as coarse and fine components, with
subrounded shapes and undulating, lightly deformed, or broken down. The fine fraction

is mostly composed of quartz silts with occasional mica.

The lower half of the thin section, GU3, has a peculiar pattern almost drappy/flocculated
due to the interconnected zig-zag planes, channels and vesicles with coatings. Coarse
components are randomly distributed and consist of chert and mudstone rounded and
subrounded very coarse to fine sand-sized grains, and quartz grains of variable shape.
The quartz sands are bimodal, being the fine material composed of very fine and fine
angular quartz grains (80%), and coarse rounded quartz grains, being the coarse
material (20%). In the lower right corner of the thin section, a coarse (2.5 mm) iron nodule
with a sharp boundary and internal fabric indicates an allochthonous source, from the
soil cover outside the cave where pedogenic processes form these pedofeatures. The
nodule is subrounded with undulating edges and appears to be a fragment of a larger
particle. Iron nodules are frequent in oxisols, lateritic ad bauxitic deposits. These are
present in the plateau and the occurrence in thin section indicates these are being

reworked into the cave system from the outside and did not occur in situ.

The pedofeatures observed in GU3 relate mostly to bioturbation and hydromorphic
conditions related to wet-dry processes. Silt and dusty clay coatings in voids, particularly
the planes. Discontinuous capping and link cappings, and crescent clay coatings with
grano- and porostriated b-fabrics indicate these features are associated with water.
These commonly occur in shrink-swell stress due to wet-dry phenomena (Stoops et al.,

2010) and are associated with localized dripping water.
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Coarser grains are coated with finer material, mostly dusty silt clay. Some of these
features are compound juxtaposed yellow and red coatings which are consistent with
alternating water-lain deposition. Compound silt and dusty clay coatings around voids
are typical of periodically flooded sediment (Karkanas and Goldberg, 2018a). In caves,
dripping water with suspended silt and clay can result in the illuviation of the grains

beneath the substrate where the drops fall (Karkanas and Goldberg, 2018a).

Fine phosphates were also observed but are not clear in PPL. Secondary phosphates
are extremely varied and can be associated with chemical reactions in the presence of
water, organic material, and under variable oxidation states. Bone and guano are
common sources of phosphates but biological elements were not identified in these thin
sections. Bone was remarkably rare in the unit as only one micro-bone particle was
observed, rounded, and altered. This could suggest the phosphates present in the
micromass derive from pre-existing bone material, but the hypothesis remains to be
tested.

Sample M6
Sample M6 (Fig. 50) was collected from the south profile at a similar depth to M7 but

targeted a region of very compacted yellow-red sands which would relate to the same
unit GU3. The microstructure is granular, with an open porphyric distribution pattern with
domains of close porphyric to gefuric pattern. Coarse components are randomly
distributed in the thin section consisting of subrounded fragments of bedrock and sand-
sized aggregates rich in iron oxides. The sands are bimodal with similar c/f relation in

quartz grains observed in sample M7.

Two coarse (1.2-2 mm) iron nodules with internal fabric were observed as coarse
components, easily identified at the meso-scale. Microscopically, they have a sharp
boundary with undulating edges and are subrounded. In one of the nodules the internal
fabric is very clear and is composed of poorly sorted angular quartz grains coated with
opague fine material, mostly isotropic but with few red streaks. A low-resolution scan of
the thin section using micro-XRF indicated these are Fe-Mn nodules. These are features
frequently observed in lateritic saprolites and which are still understudied (Stoops and
Marcelino, 2018), but their occurrence in the stratigraphy suggests an allochthonous
source in the soil cover of the plateau being reworked by either aeolian or fluvial

processes, and further infilling the cave as colluvium.

The fine fraction is composed of quartz silts, occasional mica, and a micromass rich in
iron oxides. Red and yellow silts and coarse clays indicate hematitic and goethitic

pigments coating the coarse grains.
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The porosity is high (30%) and the pattern is peculiar with complex packing voids. Wide
(1 cm) channels and interconnected undulating planar voids and fissures relate to

bioturbation and wet-dry phenomena.

Organic components were very few. Only two bone fragments were identified with a size
>200 pm. The fragments appear heated presenting an orange gloss typical of burnt bone
but are heavily weathered. In any case, these are only anthropogenic components
observed in the thin section.

Fig. 51 — Microphotographs from thin sections M7: A. Well-rounded single quartz grain from river
allochthonous source in the river valley (927 um) in loose channel infillings with groundmass components;
B. Dolostone fragment with inherited pyrite and manganese crusts, C. Inherited Mn nodule with internal
fabric; D. Dusty clay-silt coatings; Microphotographs from thin section M6: E. Crescent dusty and limpid
clay coatings; F. same in XPL, note the weak birefringence (red arrow) of porostriated b-fabric.
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The whole central part of the sample is heavily altered. Secondary features associated
with bioturbation and hydromorphic action contribute to the peculiar void pattern. Water
dripping from the walls and roof, and movement on the profile seem to have caused
some mineral depletion following the voids, biogalleries, and channels from

microorganisms

Other secondary features are dendritic and mamillated weakly developed Mn staining,
and phosphatization, affecting particularly the lower right side of the thin section. Fine
orthic nodules are also present (5%). The pedofeatures can be complex, and fine
phosphatic material seems to overlap the clay coatings, forming superimposed
microlaminated coatings of dusty red clay and yellow-brown silt-clay, occasionally

granostriated and porostriated b-fabrics.

DMT
Sample 4 (Crust)

Sample 4 (Fig. 52) was collected at the start of the excavation from the crust sealing the
deposit and further sliced. At the microscale the crust was very indurated with a micritic
calcite cement and appeared massive with quartz grains as dominant components, and
subrounded sandy-clayey aggregates cemented with secondary calcite. The crust was
subdivided in two microunits (MU2a, MU2b). A fine yellow silty-clayey sediment (not
cemented) was called MU2.1. At the mesoscale, vughs and channels are visible, with a
sharp boundary between MU2b and 2.1.

PPL

Fig. 52 — Sample 4 (crust): chip and XRF scan of the chip (on the left); thin section scans in PPL and XPL
(on the right) with reference to microunits in white (thin section with 90x60 mm).

The coarse components are parallel arranged with oblique orientations. Reddish-brown
silty-clay aggregates and sandy-clayey aggregates and biological elements such as
teeth are visible to the naked eye. Fine sand-sized fragments of bone are frequent and
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scattered with a generally parallel arrangement. Bedrock fragments such as chert are
frequent as subrounded sand grains. Sand-sized grains are dominated by quartz, but
also calcite grains derived from flowstone. Yellow medium sand-sized silty-sandy

lithocasts are also present deriving from the hanging breccia.

Medium sand-sized grains from erosion and disaggregation of the calcite films and
dripstone in the wall directly above the excavation area were also observed. They have
sharp boundaries and rounded edges and are reworked. These have been associated
with the weakly bound structure of the calcite-forming minerals to the underlying rock
wall which is easily loosened by the action of microorganisms or percolating solutions
rich in organic matter, or even by the alternating cycles of wetting and drying which may
also favor the formation of a new layer on the floor containing dissolved calcified
fragments (Courty et al., 1989, p. 200). They are different from the micritic and secondary

calcite infilling the void space between packing voids.

The biogenic coarse components are also rounded. It is not clear whether the bone
material is derived from anthropic action or carnivore activity. Because a few stone tools
were identified in the stratigraphy could be a case of an anthropogenic-derived midden
in the rear of the cave. The bones do not present signs of heating but are remineralized

by secondary precipitation of carbonate.

Secondary features observed are mainly associated with water dripping from the walls
and roof. The phenomena caused the formation of calcite nodules which infill the void
space between aggregates and laminations, forming a seal of the deposit and is a good
indicator of preservation of the original depositional structures. Calcite nodules
completely infill the pore space as micritic coatings of microaggregates bridging them

and creating locally chito-gefuric distribution patterns.

The question about the timing of the formation of crusts is difficult to address and not
consensual among authors. Usually mean the deposit would have been exposed to
seeping water or runoff over a long time, possibly several hundreds of years. In the case
of the rear of Leba Cave, water dripping from the wall was observed almost year-round

and is more intense during the rainfall season.

Samples 171/172

These samples refer to the column collected in area DMT. Because of the induration of

the deposit, it was easier to collect a full column at the corner of quadrant C. Conventional
procedure using manual methods was impossible to control and for this reason, it was
necessary to resort to an electric disk which allowed to clean cut the sides of the column

and finally remove it with a spatula. Due to difficulties during collection, the column was
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divided in two block samples called 171 and 172, from top to bottom. Sampling relicts
are visible in the thin sections, particularly in the thin sections from sample 172 (Fig. 53).

Six thin sections were produced in total, three thin sections from each block sample.

Analysis of the chips showed the entire deposit was made up of cm-thick laminations of
red and yellow sands, intercalated with trains of subrounded clasts. The clasts included
bedrock debris, hanging breccia, red and yellow sandy clayey granules, and organic

components of biological origin.

Fig. 53 — Block samples collected in area DMT with low-resolution scan of chips (top to bottom, LEB-171A,

B, C, LEB-172A, B, C), thin sections in PPL and XPL with references to different microunits (in white); and

low-resolution scans with microXRF with main elements Al (dark blue),Si (Silicon), P (orange) and Ca (light
blue), (thin sections with 90x60 mm)

A total of 16 contacts were detected through the column and 17 microunits were

described individually. The boundaries are particularly evident in XPL and low-resolution
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H-XRF scans by the occurrence and degree of secondary carbonate development in
each lamination (Fig. 53).

This type of collection allowed us to obtain a clean section which was not possible during
excavation due to the induration of the deposit. Observation of the field section it became

apparent that the deposit which seemed like a diamicton had microstratification.

Analysis of the chips suggested the entire deposit was made up of cm-thick laminations
of red and yellow sands, intercalated with trains of subrounded clasts. The clasts
included bedrock debris, fragments of the hanging breccia, red sandy clayey granules,

and organic components of biogenic origin.

The top of the column has two microunits, analogous to sample 2 (crust) collected at the

start of the excavation.

Only a small portion of MU2a is visible in the thin section, on the upper right corner, and
corresponds to a dark brown clayey aggregate with few quartz silt grains and abundant
organic amorphous material forming thinly packed laminae. The aggregate is completely
coated with micritic calcite showing a weak birefringence and is probably associated with

guano.

The seal covers MU2b, a thick lamina (1 cm) with an intergrain microaggregate
microstructure. At the top, a subrounded bedrock clast (4 cm) shows pellicular alteration.
The clast is coated with different laminations of yellow silt-clay and red sand-clay of about
100 pum forming complex coatings. Rip-up clasts (Fig. 54) composed of thinly bedded
fine sands with micro-bone fragments and fine undulating planar voids infilled with calcite
show the same groundmass as the lower unit, suggesting an erosional phase. These
features suggest the translocation of the gravel across different surfaces until reaching
the current position indicate the gravel was deposited after. Rip-up clasts are typical of

hyper concentrated flows (Karkanas and Goldberg, 2018a)

Across the profile, microlaminated coatings are present on the gravels. The unit is poorly
sorted with abundant Subrounded coarse and medium sand-sized rounded grains of
chert-dolostone, occasional well-rounded single quartz grains among microaggregates

of different sizes, rounded.

The aggregates are composed of fine quartz sand, coated with silt and dusty clay. Bone
fragments have different sizes and shapes, but range mostly from 200-600 um, with few

coarse elements up to 1.5 mm.
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At the microscale, MU2b has a double-spaced fine enaulic c/f related distribution pattern
and shows complex packing voids between grains and aggregates. Porosity is high
(25%) but the voids are coated with secondary carbonate, at times completely infilling
the space and bridging aggregates. Secondary calcite was observed in micritic and
sparitic calcite coatings following the void space, reaching a maximum thickness of 120
um. The lower boundary is sharp and outlined by a fine planar void cemented by the
calcite. Characteristics of the boundary and the rip clasts suggest the underlying micro-

unit was already cemented before the deposition of this gravel lense.

MUZ2.1a (Fig. 54) is a more compact unit with 1 cm of thickness, showing a similar
microstructure as above but with a fine enaulic c/f related distribution pattern, few
channels, and vughs (5%). Bedrock fragments of chert are present as well-rounded
subangular fragments. Yellow silty-sandy aggregates deriving from the hanging breccia
and red-brown bimodal sands are also present and well-rounded, showing inherited oxic
features. Inherited and well-rounded iron nodules with quartz fine inclusions are also
present. Sand-sized bone fragments are frequent (5-10%), ranging from very fine well
rounded prolate and oblate particles to elongated angular medium sand-sized grains.
More than half of the fragments detected appear burned, with the typical orange gloss.
The unit is cemented by micritic calcite and the bone fragments are remineralized by
secondary carbonate. Pedofeatures observed in the unit include mamilate and digitate
manganese staining and iron nodules. Dusty coatings, hypocoatings, and quasicoatings
of coarse grains are common in both internal and external features. The matrix was
further cemented with micritic calcite with tabular habit following the void space. The

lower boundary is sharp and undulating.

MU2.1b is 3 cm thick and is characterized by a gravel lense with parallel arranged and
accommaodating well-rounded aggregates with coarse bedrock fragments. In thin section,
these components have a sandy clayey thick coating suggesting translocation of the
grains. A mammal tooth (1 cm) is located under the coarse bedrock gravel and is parallel-
oriented in relation to the gravel lense. Fine bone components, soil aggregates, and
sand-sized grains show complex packing voids, with an intergrain microaggregates
microstructure with single-spaced to equal enaulic c/f related distribution pattern. The
lower boundary is sharp, and planar but inclined with a soft gradient of 9o south, towards
the rear wall of the cave. The unit is heavily cemented by sparitic calcite with a tabular
habit, infilling the void space. In regions where microaggregates are more separated and

pores are larger, the calcite forms spherical crystals.
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MUZ2.1c is a unit with a thickness of 1.5 cm and an open porphyric distribution pattern,
composed of poorly sorted granules and sand size aggregates randomly distributed and
by micritic calcite. Coarse components are generally rounded, with sharp and smooth
edges. Rock fragments of chert and dolostone fragments are occasionally angular and
frequently coated with red and brown dusty clays. A coarse well-rounded siltstone on the
left shows a silty-sandy coating similar to the groundmass. Angular medium sand-sized
grains of claystone were also observed but are rare. Well-rounded quartz single grains,
frequently coated with brown and red dusty clays are frequent, just like the soll
aggregates with inherited Fe-Mn pedofeatures, which are associated with allochthonous

sources.

Subrounded rounded silty clayey yellow aggregates composed of angular silt-sized
quartz grains were also observed, ranging from fine sand-sized grains to granules. The
fine fraction is dominated by quartz silt and occasional mica. Organic components are
almost exclusively bone, ranging from 200 um to pebble-sized bone shafts (15-25%).
These particles are rounded and remineralized. A Mammal tooth is visible in the center
of the thin section with 7mm. A coprolite with granular inclusions is also visible in the
near vicinity of the tooth. Fragments of red clay pedofeatures with undifferentiated b-
fabric are also identified. Indeed, pedofeatures like coatings and quasicoatings observed
appear inherited. In-situ mamillated and dendritic Fe-Mn nodules are moderate to highly
developed, and associated with geogenic grains and organic components. Cementation
by secondary carbonate was observed as micritic calcite coatings of grains and pores.

The lower boundary is undulating and diffuse.

MU2.1d is 3.6 cm thick and more porous, showing a close fine enaulic c/f related
distribution pattern, although in some instances may appear chito-gefuric due to
secondary features coating and bridging aggregates. Coarse components are the same
type of siliceous aggregates described above but more variable in size and shape.
Subrounded red sandy-clayey aggregates with smooth edges and subangular yellow
silty sandy aggregates with rugose edges show random distributions and orientations
that dominate this unit. Bone fragments are frequently embedded in these sediment
aggregates but are also observed as single particles, ranging from very fine sands to
granules. Occasional fragments of carnivore coprolites are also visible. Mamillated and
dendritic Mn nodules are moderately developed while cementation with micritic and
sparitic calcite is strongly developed. The lower boundary is sharp and appears linear in

low-resolution, but undulated at the microscopic scale suggesting erosional contact.
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MUZ2.1e is 1.6 cm thick and has a double-spaced porphyric c/f related distribution pattern.
A coarse bone is aggregated in a fine grey dusty material and surrounded by reddish
sandy-clayey aggregates. Bedrock fragments of chert and dolostone are coarse to fine
sand-sized grains randomly distributed and parallel oriented. An inherited coarse Mn
nodule with internal fabric visible was cut by the sampling. Fine anorthic fe nodules are
also observed across the matrix. Mamillated and dendritic Mn staining features are

weakly developed, and associated with bone material.

MUZ2.1f (Fig. 54 - Fig. 55) is about 7 cm thick, and only part of the top is represented in
thin section 171B. The microstructure is characterized by a coarse enaulic c/f related
distribution pattern. The unit is dominated by angular to well-rounded gravel-sized
components deriving from the Hanging breccia observed on the roof of the cave. This is
evident by the inherited yellow coatings with drying cracks, sandstone, and siltstone
fractions, which have been observed in other thin sections. The coarse well-rounded
lithoclast in the middle of the thin section is bimodal and lightly bedded indicating a fluvial-
karst origin. The clasts are parallel-oriented and closely accommodated. Inherited Fe-
Mn nodules with internal fabric of silt sand-sized quartz grains with sharp boundaries are
also present in this unit, and visible at the top of thin section 171C. A coarse fragment of

flowstone is part of the gravel lense, showing a secondary formation of calcite.

MU2.2a (Fig. 55) has about 1.5 cm thickness and is characterized by accommodating
rip-up clasts with a fine enaulic c/f distribution. The lower boundary is erosional and clear
at the mesoscale by interconnected undulating planar voids. Coarse components are
bedrock fragments and bone, generally randomly distributed, but lighter particles show
oblique orientations, with inclinations translating the direction of flow towards the south

wall of the cave.

MU2.2b is a compact unit with a maximum thickness of 2 cm. Few fissures and channel
voids with undulating walls are observed. Coarse components are subrounded and
parallel oriented in relation to the surface, which appears crusted by a silty-clayey
sediment of about 0.7 cm. Bone fragments are frequent. Secondary carbonate is weakly
developed and features are dominated by micritic calcite coatings. Contact with the lower

unit is sharp and undulating and is coated with sparry tabular calcite.

MU2.2c is a gravel lens with 3 cm thickness, composed of bedrock subrounded grains
and coarse red sandy clayey granules with inherited pedofeatures and bone sand (250
pum), with a coarse enaulic c/f related distribution pattern. Coarse well rounded single

guartz grains and iron-rich sandy-clayey aggregates indicate an allochthonous source in
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the river valley. The gravel components have microlaminated coatings (Fig. 55),
indicating translocation, similar to what is observed in the coarse components of MU2a.

Cementation is evident by well-developed carbonate secondary features with sparry
calcite, in some instances forming large nodules. In the field, these crystals were
spherical and botryoidal; at the microscopic scale they appear tabular and in areas where
void space is wider, they have four microlayers intercalating tabular-acicular forms,

suggesting several phases of generation (Fig. 55).
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Fig. 54 — Microphotographs from samples 171A and 171B; A: MU2b, Rip-up clasts with bone inclusions
(rc), after bedrock gravel hyperconcentrated fows, note the erosional contact (yellow arrow), and
microlaminated coating of bedrock gravel (Red arrow) MU2.1a; B: Same in XPL; C: Sample 171B,
MU2.1e, coarse bone aggregated to fine silty grey material; D: same in XPL; E: dissolved bone (dashed
black) in a pale yellow phosphatic crust probably from a coprolite, F: same in XPL, note the undulating
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lower boundary, the very fine sand and silt quartz grains in the phosphatic crust (dashed white) and a rip-
clast (rc), suggesting translocation.

. L 7 » 200pum
2mm - < k

Fig. 55 — Microphotographs from samples 171B and 171C. A: MU2.1f, subrounded lithoclasts from the
hanging breccia, with interbedded bedded siltstone-claystone, note the goethite rich yellow from fluvial-
karst deposit suggesting rockfall and translocation of debris eroding from the roof; B: fragments of
flowstone accommodating with B from the erosion of calcite films on the walls reworked with the hanging
breccia clasts, and recemented; C: Contact between MU2.1f-MU2.2a underlying the trains of clasts, note
the rip up clast (yellow arrow) of the crust surface in 2.2a; D: inherited Mn nodule with internal fabric
(yellow arrow) typical of laterites of oxisol horizons, note the angular shape and sharp boundary; E:
MUZ2.2b, loose packing of bedrock gravel with microlaminated coatings of silt-clay and sand-clay (red
arrow) from translocation across the site, note the poe space cemented with with tabular calcite nodules;
F: Same, detail of the tabular calcite nodules (white square in E) coating the microaggregates, several
layers suggest several phases of secondary deposition of calcite

The lower boundary is sharp and linear to the naked eye, but undulating and erosional.
The contact has several rip-up clasts with undulating and rugose edges. These clasts
are composed of quartz silt and silt, coarse bedrock grains, and many bone fragments
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ranging from coarse to fine sand-sized grains. Medium-sand-sized claystone angular
fragments were also observed. The unit is further represented in the sample below.

Sample 172 has several sampling relicts visible through the three thin sections produced,

and these seem to follow planes of weakness or less cemented microunits.

In thin section 172A, the top of the sample is partially broken by the sampling, however,

it is clear the laminations are inclined and dipping towards the back of the cave.

MU2.2d is composed of very coarse rounded aggregates with poorly sorted sands and
guartz silt, fragments of bone, and teeth, coated with micritic and sparitic calcite. Bedrock
fragments are gravel to medium-sand-sized grains of chert and dolostone. Coarse bone
and teeth are abundant in these coarse aggregates showing a single-spaced enaulic c/f
related distribution pattern. Subangular to well-rounded medium and fine yellow grains
with quartz silt and goethite micromass also occur deriving from the hanging breccia. Fe-
Mn inherited nodules were also observed. Secondary features observed consist of Mn
dendritic staining, weakly developed in groundmass but strongly developed in bone
aggregates. Secondary carbonate features are strongly developed along the surfaces of
grains and in intra-aggregate void space. are mostly related to the cementation of the
deposit. The unit appears bioturbated before sparry calcite-coated grains and infilled
pore spaces. In some domains, calcite infills wide pores (>3 mm) forming circular and

eccentric forms shapes. The contact is sharp, inclined, and undulating.

MU 2.2e has about 6 cm thickness and is characterized by a coarse enaulic c/f related
distribution pattern. Granules of fluvio-karstic origin with clear well sorted and laminated
silt-clay with bedrock inclusions show undulating and rugose edges deriving from
waterlain units in the system were observed. Coarse sand-sized aggregates with
bedrock fragments are rounded or subrounded and are randomly oriented. Angular
dolostone and banded chert-mudstone debris are frequent but aggregated, sometimes
showing microlaminated sandy-silt and silt clay coatings suggesting translocation of the
grains. Pure clay red clay aggregates with undifferentiated b-fabric and inherited Fe-Mn
nodules are also present, deriving from an allochthonous source. Well-rounded coarse
guartz grains are embedded in the aggregates. Bone fragments are frequent and range
from very coarse to fine grains. Coarser elements have sharp undulating edges, while
finer elements appear more sub-rounded. Secondary cementation of the unit is
characterized by sparitic calcite with tabular habit. These features follow the pore space
and surfaces of grains, with domains filled reaching 3 mm of thickness and bridging the

microaggregates and coarse grains.

137



MU2.2f is a thin lamination 0.6 mm thickness with a massive microstructure with an open
porphyric c/f related distribution pattern. Coarse components are dominated by medium
sand-sized chert and dolostone subrounded fragments and a few well-rounded coarse
and medium-sand-sized quartz grains, embedded in a matrix of quartz silt and reddish-
brown clay. Yellow silt-clay goethite-rich aggregates are rare, and may include coarser
inclusions of the bedrock likely derive from the hanging breccia. Bone material is also
rare (<2%), as only a few well-rounded grains smooth with an orange gloss were
detected, no larger than 250 um. Inherited Fe-Mn pedofeatures are visible in aggregates.
In situ, pedofeatures are dendritic Mn staining weakly developed. The lower boundary is
sharp and undulating, and rip-up clasts indicate an erosional contact. It seems MU2.2f

acted as a crust, but micritic calcite is only visible at the base.

MU2.2g has a maximum thickness of 3 cm and is inclined with a dip of 40 degrees. The
unit is very loose with a coarse enaulic c/f related distribution pattern. Coarse
components include gravel and granule-sized fragments of bedrock (chert, dolostone,
and siltstone grains) with subangular to rounded shapes, and smooth edges. Dolostone
fragments show coarse cubic pyrite crystals. Cherts and siltstones show inherited oxic
features but are frequently altered. Reddish brown aggregates range from subrounded
coarse sand-sized particles to very fine microaggregates, with undulating and rugose
edges. These aggregates are composed of angular quartz silt and poorly sorted bedrock
grains. Fragments of claystone from allochthonous sources were also observed with
inherited clay pedofeatures. Bone material is frequent, and also poorly sorted. The
fragments are remineralized. Carbonate secondary features are strongly developed, and
characterized by tabular calcite-sparitic coatings of pores and grain surfaces. Dendritic
and mammilated Fe-Mn staining is strongly developed, but in some instances appears

inherited.

MU2.2h has a maximum thickness of 6 cm, although only the lower portion is
represented in thin section 172C. The unit has an intergrain microaggregate
microstructure with complex packing voids and a double-spaced fine enaulic distribution
pattern. Coarse components are randomly distributed and poorly sorted, and include
pebbles, granules, and coarse sand-sized aggregates including fragments of bedrock
with subangular to rounded shapes. Chert-dolostone and dolostone grains show pyrite
crystals, and silt-clay goethite-rich coatings, related to inherited oxic features. The matrix
is brown with abundant silt-sized angular quartz grains coated with brown clay. Coarse
to fine yellow silty-clayey well-rounded grains deriving intra-cave infills are present and
distinctive by the goethite micromass. Organic components are represented by bone

fragments. Coarse and medium sand-sized bone fragments are subangular with sharp
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undulating and rugose edges. Few well-rounded fine bone particles are also present.
Dendritic Mn staining is weakly to moderately developed. Secondary carbonate
formation is weakly developed with sparse micritic coatings. The lower boundary is sharp

and undulating, and a coarse elongated rip-up clast suggests an erosional contact

MU2.3 has a maximum thickness of 4 cm and shows an intergrain microaggregate
microstructure with complex packing voids with a single-spaced fine enaulic distribution
pattern. Coarse components are poorly sorted and include pebbles, granules, and
coarse sand-sized aggregates with coarse inclusions, either bedrock debris with a
subangular shape or well-rounded chert-dolostone grains. The matrix is reddish brown
with abundant silt-sized angular quartz grains coated with brown clay. Coarse to fine
yellow silty-clayey well-rounded grains deriving from the hanging breccia are present and
distinctive by the goethite micromass. Fine red and yellow clayey rounded aggregates
also occur (2%) as well as inherited Fe nodules in the same size fraction. Quartz well-
rounded grains from allochthonous sources are embedded in sandy-clayey aggregates,
frequently including bone. Biological elements are exclusively represented by bone.
Elongated coarse shafts (>3 mm) were observed, but sand-sized bones are more
frequent, ranging from coarse subangular to rounded fine particles. Dendritic Mn staining
is weakly to moderately developed. frequently associated with bone and bedrock
fragments. Secondary carbonate formation is strongly developed and characterized by
micritic and sparitic calcite infilling the pore space and crusting coarse components. The
lower boundary is crusted with sparitic tabular and acicular calcite secondary carbonate,

forming a calcitic crust of 1 mm.

Overall, the micromorphological analysis of the column reveals a history of different
erosional phases of intra-cave rockfall and aggregates from allochthonous sources and
cementation. This is evident by the intercalation of simple and complex microstructures,
and alternating enaulic and porphyric c/f distributions. Coarse gravels intercalate with
sandy laminations of loosely packed aggregates composed of heterogeneous elements,
including debris from the bedrock (siliceous and carbonated). Elongated and subrounded
fragments deriving from rockfall and disaggregation of the walls and roofs include former
infills like the hanging breccia, intercalate with allochthonous aggregates from the outside
of the cave. Adding to the presence of rip-up clasts in the gravelly laminations it seems
fair to assume these materials relate to hyper-concentrated flows described by Karkanas
and Goldberg (2018a).

Mammal bone is abundant across these microunits, but poorly sorted and more

frequently as inclusions in rounded silty and sandy aggregates which suggest some
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degree of translocation. Several teeth were observed in the thin sections. The bone
material is fossilized and is possible to observe the secondary carbonates crusting even

the smallest particles.

0.5mm ) . “E S ¥y . 0.5mm

Fig. 56 — Sample 172A-C; A: coarse aggregate of dung with coarse bone and in loose microaggregate

microstructure cemented with sary calcite; B: fluvial-karstic aggregate with coarse inclusion, note the fine

laminated clays and silts of the aggregate; C: Well rounded coarse quartz grain with inherited Fe staining;

D: MU2.3 rounded rip-up clasts (white dashed line) ; E: Crus t in MU2.2f (white dashed line, suggesting

stasis and preserved surface; F: same in xpl, note the compacted structure and absence of secondary

calcite infilling pore spaces as the surrounding groundmass, intercalation of fine enaulic and porphyric c/f
distribution.
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6.2. Absolute dates
6.2.1. Radiocarbon ages

Absolute dating of the assemblages focused on collagen from mammal bone with
anthropogenic modifications either burning or cut marks. Preliminary FTIR analysis of

the bone fragments suggested collagen preservation was generally low across the site.

Collagen preservation was first assessed through the nitrogen content of the untreated
bone. This measurement compares the ratio of nitrogen mass to the sample mass which
is measured through an elemental analyzer. The technique is commonly known as %N.
The minimum threshold of 0.7% N is generally accepted as sufficient protein content for
radiocarbon dating to be carried out (Brock et al., 2012). From a total of 22 samples
screened for collagen content, only four reached this minimum threshold of 0.7% N
(Table 21).

14C age results were calibrated using OxCal (v4.4, Bronk Ramsey 2021). When plotted
against the calibration curve, all samples returned an age younger than 1000 AD.
Interestingly, sample LBC-42 returns an older date (909 cal BP, 95,4%) than the
stratigraphically deeper samples LBC 15 (854 cal BP) and 18 (836 cal BP) which seems
to indicate post-depositional movement of the samples. Interlayer bioturbation was
initially identified in the field of stratigraphy and micromorphology analysis. Although
there is little micromorphological representation of GU 5 to 7 in squares M/L-5, field
observation of burrows in these horizons suggests some degree of mixing. This seems
particularly true for the infillings deposited before the occupation related to the
combustion feature. A curve plot of the radiometric dates shows how these samples

concentrate at ages younger than 1000 AD (Fig. 57).

The “C data was obtained from a vertebra with cut marks and ochre traces found in GU3
sediments associated with the combustion feature located in the last occupation before
the colonial warehouse (GU2) at 1694 years AD (326 cal BP).

These dates were crucial to propose an age range for the deposits infilling the first
chamber of Leba Cave. They are not surprising since pottery fragments and polished

tools are found in these horizons.
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Sample Code GU Depth Notes Cl4age #*1o 20 range cal BP

BP Lower Upper
LBC-2 |ETH-104484 |3 -0.845|y, c. 326 21 461 309
LBC-42 |ETH-112947 |5 -1.243|b.b. 909 22 1043 1213
LBC-15 |ETH-112946 |6 -1.477|b.b. 854 22 1160 1259
LBC-18 |ETH-104485 |6.1 | -1.673|b.b. 836 23 786 696

Table 21 — List of samples from area VOJ analyzed with radiocarbon 4C: LBC-2 vertebra with cutmark
(vc); LBC-42, 15, and 18 from burned bone (b.b)

OxCal v4.4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)

R_Date LBC2 i v vy

R Date LBC42 | AR adea
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R_Date LBC18 e
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Calibrated date (calAD)

Fig. 57 — Age calibration of 14C dates obtained from collagen samples of area VOJ.

6.2.2. Other age measurements

Quaternary dating methods like Optical stimulated Luminescence (OSL) and Uranium
series combined with Electron spin resonance (combined US-ESR) are being used to
date sediments and fossil material, respectively. Combined US-ESR are being
employed to date the tooth enamel mineral hydroxyapatite, which will provide a direct

dating of anthropogenic occupations beyond the limits of **C.

On burial, hydroxyapatite minerals or sedimentary minerals undergo exposure to energy
emissions released by natural radioactivity present in sedimentary beds through
hundreds or thousands of years. Within their crystal structure, these minerals store a
small proportion of the energy delivered by environmental radiation (a rechargeable
battery provides a useful analogy). The energy stored by the material is the equivalent
dose or De (expressed in Gray—Gy) and is measured in the laboratory. The equivalent
dose is divided by the amount of energy that the sample receives from its surroundings
each year, called the annual dose or Da (expressed in Gy.ka-1 or yGy.a-1). From this, it
is possible to calculate the duration of time that the sample has been receiving energy

and therefore, an age.

Combined US-ESR age estimates are the result of a rigorous analytical process that

combines fieldwork and laboratory activities: 1) sampling and in situ measurements; 2)
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sample preparation; 3) determination of the equivalent dose; 4) determination of the
annual dose and 5) age calculation.

For Leba Cave, steps 1,2, and 3 are completed. The team awaits ICP data (Uranium and

Thorium contents + ratio) to finalize steps 4 and 5 (E. Ben Arous, pers. comm.).

For OSL dating, the principle is the same as for ESR, except that OSL is applied to
sedimentary quartz and feldspar grains, and dates the last time these grains have been

exposed to (a sufficient amount of) light.

Two sediment samples have been taken under subdued orange light at "the back
trench”. 100-140 um quartz and feldspar grains have been extracted through mechanical
and chemical processes. Quartz has been preferred however for the subsequent
measurements because it bleaches more rapidly than the feldspar grains (i.e. it might
have fewer issues with zeroing of the signal at the time of deposition). Preliminary
measurements for sample LEBA2 show that 80% of pre-selected grains are saturated
(the dose recorded is too high for being determined with the standard single-grain
protocol). The remaining 20% have a mean De close to 260 Gy, but this must be
confirmed with more measurements and a consolidated protocol and the performances
of the current one suggest it is likely a minimum De. Most of the measurements have
also been performed for the determination of the dose rate, which is close to 1.8Gy/ka.
Consequently, a preliminary age of 150 ka is calculated for sample LEBAZ2, but this must

be considered as a minimum age for the sediments (C. Tribolo, pers. comm.).
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7. Discussion and conclusions
7.1. Depositional processes

The micromorphological study combined with field observations of sedimentary units and
dynamics of the cave system, provide new insights into the infilling of the cave. Several
erosional phases and a long history of biological activity resulted in a complex
depositional environment. Part of the sedimentation and erosional phases may be hard
to reconstruct but the infillings currently observed inside the cave offer clues about the

sequence in which these occurred.

The depositional processes observed in the front of the cave are recent, and it’s clear
the chamber was at least partially eroded, likely more than once. The base of the
stratigraphic sequence recorded in area VOJ was dated to the historical period, post-
1000 AD. Components deriving from anthropogenic activity are frequent throughout the
sequence which suggests human occupation was occurring at the site. Excluding the
colonial floor and the combustion feature, these deposits are chaotic and structureless
with a matrix dominated by quartz and mica silts from aeolian sources. Numerous clasts
from bedrock and others deriving from the hanging breccia or previous infills are mixed
with components of biogenic and anthropogenic waste covering the large roof spall
boulders at the base. These accumulations were the result of anthropogenic reworking
(by dumping) which served to prepare the space or even the floor before the last
occupation when the fire-pit was opened. In any case, before mining operations in the
1950, the phreatic tube was definitely longer and the entrance was located several

meters further north than today.

Rockfall debris deriving from breakdown of the host rock across the cave suggests a
permanent source of geogenic material inside the phreatic tube. The products of bedrock
breakdown are a heterogenous group of sediments including different sizes and
lithologies. Greyish-blue chert, siltstone and mudstones are observed across the site,
frequently interbedded with dolostone, and consisting of intra-cave fragments deriving
from the roof and walls. Calcite films, flowstones and dripstone fragments are some of
Ca-rich coarse components, although consisting of secondary features on the dolostone
bedrock.

The same mechanical breakdown of the cave bedrock seems to apply to the hanging
breccia fragments which are found across the the several areas either as angular or

subrounded clasts, from boulders to granules.
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Sediments observed across the cave are loose and poorly sorted, and generally fall in
the concept of karst colluvial processes. However, discrete micromorphological
structures and features found in these colluvial sediments suggest different sources and
types of deposition in the cave system involving geogenic, biogenic and anthropogenic
agents. This is particularly true for the discussion of the depositional processes in area
JCF and DMT.

For instance, the fragments of the hanging breccia, angular and pebble-sized, preserve
bedding and offer further insights into the depositional processes in the cave before the
lithification and erosion of the deposit. In these clasts, there is evidence for bioturbation
and oxidation with the deposition of secondary iron (goethite) relating to fluvio-karstic
conditions. They are indicative of deposition of fine goethitic clay further dried out forming
cracks, bioturbated and covered with quartz silt which suggest alternating depositional
regimes. It is not clear what is the timing of deposition of this material but definitely
anterior to any of the excavated and sampled horizons.

Currently the original deposit is only partially aggregated to the western wall, but plenty
of blocks at the center of the cave can also be a source for colluvial material. Dry flow
and gravitational forces are most evident, as few waterlain sediments have been found
within the studied profiles. When we do encounter evidence for water-lain deposition,
like for instance in area JCF-GH3 or DMT-MU 2.2a it is associated with localized shallow
water flow, likely deriving from small seeps or dripping water. In any case, different
lithoclasts and aggregates from former infills, like the yellow and red bimodal aggregates
which provide evidence for chambers that were infilled with material associated with
former river floodplains or terraces when the river was at an elevation closer to the cave,

not visible at the present day due to the slope retreat and quarrying activities.

Neverthless the comparative assessement of the samples from the inside of the cave
and the control sample collected outside, on top of the hill, are consistent with a general
sedimentation of the cave by collapse and mass wasting of materials from the surface
or trapped in cracks and fissures, which is evident by the presence of numerous inherited

pedofeatures of oxisols.

Reworked soil fragments have been found in karstic contexts, as components of
heterogeneous infillings of sinkholes and karst pockets (Patania et al., 2019; Stoops et
al., 2018). They can derive from colluvial reworking of surface regoliths, wind-blown dust
particles, or biological transport. These particles are indicative of former environmental
conditions and the existence of landscape surfaces being dismantled by erosion and

further infilling the cave. Considering that all lithologies are found in the karst system,
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and fine fractions are similar to the slope regoliths identified it seems fair to assume that
the geogenic materials derive from cumulative processes associated with the local
environmental regime with a strong seasonal variation in day-night temperature
(termoclasty) during the winter and heavy rainfall (flash floods, run off) during the
summer. These processes are particularly important for joint widening, cracking and
fissuring of the bedrock, and control the amount, size and frequency of sediments

introduced in the cave.

Unsorted and poorly sorted highly porous sediments with heterogenous elements are
common structural characteristics of dry grain flows (Karkanas and Goldberg, 2018a). In
the back of the cave the fine laminations, erosional contacts, and rip-up clasts are
consistent with hyperconcentrated flows and phases of stasis promoting cementation
and crusting. Biological input is evident and carnivore activity is the likely explanation for
the high frequency of bone fragments. However, only a few coprolites were observed in
the thin section, and plenty of rounded micro-bones which appear heated, showing
orange gloss or lustre, suggest there is an anthropogenic origin at least for some of the

bones.
7.2. Post-depositional processes

The micromorphological analysis of pedofeatures in thin section is also indicative of

different post-depositional processes occurring across the site.

In area VOJ, secondary features are mostly associated with human activity and
bioturbation, including a wide range of phenomena. Rubification of sediments in VOJ-
GU4 is indicative of in-situ fire and a preserved combustion feature. Plenty of artifacts
are present in the stratigraphic sequence of VOJ, but the hearth offers undisputable
evidence for human occupation in the chamber and post-depositional alteration of the
sediments by anthropogenic agents. The micromorphological characteristics observed
in sample 521A-B suggest this was a single event around 200 years ago, judging by the
radiocarbon ages obtained. Heat-induced alteration of sediments surrounding and under
a hearth are commonly observed in preserved combustion features, and have been
documented by experimental studies (Aldeias et al., 2016; Dibble et al., 2012; Mentzer,
2014; Ropke and Dietl, 2017).

The sediments underlying the hearth are also bioturbated by micromammal and other
microorganisms, which was observed in the field. The sediments are unsorted and
include abundant components deriving from biological and anthropogenic waste. Heated
and non-heated bone, pottery, charcoal, excrements of different origins, allochthonous

and autochtonous rocks show different sizes, shapes, orientations, and alterations, in a
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fine matrix of poorly sorted sand and silt with abundant fine phosphates from the decay
of organic matter. It is clear these deposits accumulated elsewhere and were dumped in
the back of the chamber. Site maintenance activities and floor preparation for the
occupation is the most likely explanation. This is consistent with the absolute dates
retrieved from a lower depth offered a younger age than the other. Although the
radiocarbon dates have a similar age range there are mixed aggregates of previous
occupations in the cave. The thick structureless and poorly organized deposit observed
in the field, and expressed by the crumby microstructures and spongy pattern observed
in sample M4 related to VOJ-GU5 seems to corroborate this assumption. Similar features
have been observed in other cave sites (Karkanas and Goldberg, 2018a, p. 111). These
micromorphological observations indicate that humans were the most important post-

depositional agent.

Phosphatization is clear in samples 521B and M4 of area VOJ by the presence of
abundant fine phosphatic material in the matrix and features like phosphatic rinds in
coarse components. The abundance of bone and excrements from different sources
(omnivores, carnivores and herbivores) present in the stratigraphy of the cave suggests
these sources are rather more prevalent that the geogenic phosphates from natural

sediments or bedrock.

In area JCF, abundant fine phosphates can be observed in the matrix of samples M7
and M6 but it is not fully understood what is the source. Very few bone fragments were
found in these thin sections, which could either indicate the phosphates are from bone
material previously existing in the profile similar to the samples 50-1/2, or the phosphates
derive from bat guano and other dung. This hypothesis remains to be tested with further

microanalytical work.

In addition to water dripping and occasionally puddling across the profile during wet
cycles, pedofeatures detected in samples from region JCF are connected to the
bioturbation agents that produce biogalleries. These are expressed by the silty and dusty
clay coatings, crescents, porostriated and granostriated b-fabrics observed in samples
M7 and M6. The patterns observed show there were inherited pedofeatures in the
sediments infilling this area of the cave, altered by illuviation. These pedofeatures are
very different from those observed in the samples collected in 1950 in which carbonate
nodules and matrix cementation are clear. These pedofeatures are similar to those
observed in samples from the back of the cave. Evidently the post-excavation exposure
of the profile added to the quarrying in the upper hill, produced a disruption in the

microenvironment of the cave, air circulation and, possibly even, groundwater flow,
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influencing the location and frequency of the dripping water in the cave. Consequently,
water saturation of the sediments on the floor is dependent on these cycles, which

ultimately vary according to rainfall.

In area DMT, features related to bioturbation were also observed but not extensively.
Secondary carbonate and iron-manganese features associated with dripping water over
the profile were observed both at the macroscale and microscale causing induration of
the deposit as crusts, nodules and general cementation of the more porous micro-units.
Cementation of geological units of the inner cave strata at Leba Cave is the result of
rainfall/temperature fluctuation between wet and dry periods, with CO2-rich water

dripping down the walls and roof.

Similar features were observed on the samples from 1950, coming from from area JCF.
They are strongly developed in sample 50-2. However, they are not present in samples
M7 and M6 collected in the same area in 2018. Clay pedofeatures, like dusty crescent
coatings and infillings following the pore space, relate to illuviation in the profile and
translocation of inherited clay present in the aggregates. These are related to localized

puddling during heavy rainfall seasons.
7.3. Site formation model

The formation model presented here is based on the combination of the landscape work
regarding the geomorphology of the plateau, observations of the cave systems across
the Leba Formation, excavation work, assemblage analysis and laboratorial analysis of
the micromorphology samples collected inside Leba Cave. In some instances, this model
is conjectural, and some of the depositional phases may never be fully understood, due
to intrinsic dynamic environment or more recent anthropogenic activity obliterating infills
of the Leba karstic system. Ultimately this model highlights a complex history of
sedimentation and erosion, followed by human use of the valley and the site since the

Pleistocene.

The geomorphology of the site indicates that the cave genesis relates to a phreatic
environment (Fig. 58, Stage 1). At this stage, residual clays and other fine materials are
some of the first infillings to occur through cracks and joint fissures, and conduits
connecting with the surface environment. During this phase chambers at subsurficial
level can already start be trapping soil materials and other sediments transported by the

river.

Progressively, incision of the valley and lowering of the water table formed chimneys and

pipes eventually promoting the formation of galleries at subsurficial level and possibly
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passages between the subsurficial and phreatic tube. The lowering of the water table
and hot conditions likely contributed to the deposition of secondary iron and cementation
of the fluvio-karstic sediments. These were eventually eroded (Fig. 58, Stage Il). Part of
the infill remains attached to the western wall and roof of the phreatic tube suggesting
one or more erosional phases and continuous disaggregation. Considering the position
of the hanging breccia, and the characteristics of the lithoclasts (siltstone-gothite clays)
found throughout the site, it seems the deposit represents the oldest infill of Leba, before
the deposition of any artifacts inside the tube. This deposit is continuously being eroded

and is a major source of detrital material being introduced and reworked inside the cave.

In some areas of the karst system, we have observed solution chambers that were never
exposed until the quarrying in the 1940s as observed not too far from Leba Cave, at
Tchaticuca or Cangalonge (view section 2). The solution chambers at Tchaticuca are not
infilled with clastic materials, but chemogenic deposits. Secondary carbonates cover the
walls and roof with ornaments, drapes, botryoidal and eccentric calcite and aragonite
crystal forms. It is possible that chambers such as these were also present in the Leba

Cave system and were destroyed by the quarry or eroded.

At Leba Cave, directly on the south margin of the Leba river (currently 1 km away),
sediments from surface deposits progressively infill at least in the upper levels of the
cave system (Fig. 58 — Schematic site formation model representing the main stages of
formation and infillings of Leba Cave approached in this study.Fig. 58, Stage Ill). Some
of the oldest chambers are at 5-6m depth, currently exposed by the quarry and there are
fossil remains assigned to Early and Middle Pleistocene by other authors (Pickford et al.,
1994).

The top yellow granules unit, probably formed from the disaggregation of the hanging
breccia, was found at the base of the sequence investigated in area JCF, but it is not
clear how thick this unit is and if others of different nature are buried under, as
excavations in this are are still forthcoming. In any case, it is clear the cave was emptied
out long before, and the phreatic tube was accessible. The subtriangular handaxe was
found on top of the yellow unit (JCF, GU7) and was coated by a yellow cement. The tool
is fresh and does not present water wear or patina frequently observed in materials
transported by water or in the open-air which would imply the lithics were deposited

inside the cave or suffered very little transport before deposited into its current position.

The sharp erosional boundary the basal sequence of JCF (GU6-GU7) suggests a
transition from intra-cave infilling (yellow granules-bedrock debris gravel) to a red matrix

sand from allochthonous source, deriving from surficial red sediments and soil cover.
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The composition of the red sands (JCF, GU3-GU5) indicates a source outside in the river
valley. Fe-Mn nodules are typical of Oxisols, Ferralitic and Lateritic horizons of
subtropical regions (Kaboré et al., 2021; Ricardo et al., 1980; Stoops and Marcelino,
2018). In the sediments inside the cave, coarse Fe-Mn nodules with internal fabric
display sharp boundaries, likely caused by transport. They are typically subrounded with
undulating edges, but can also be angular like in DMT-MU2.2d, and consist of relicts of
soil horizons present in the environment, possible from terraces or surfaces not observed
at present. Inherited soil pedofeatures and bimodal grain sizes suggest that
allochthonous sediments can have a variety of lateritic and oxisol features which do not
occur in-situ. These characteristics are observed in hand specimens from the valley but
also in the control sample (1x), in sample 171C from area DMT, which would imply a
relationship between these aggregates. Mass wasting of materials deriving from the
surface was occurring in the cave, and it is possible this sediment was introduced by a
chimney currently sealed by rockfall from hanging breccia blocks and dripstone. These
soil relicts can be trapped in fissures and cracks for a long time, and be transported by
gravitational forces or occasional rainfall, when joint widening occurs forming conduits
between different galleries. In some caves of currently semi-arid regions, tropical soil
relicts have been found trapped in flowstones and interpreted as evidence of past tropical

conditions (Sousa et al., 2022).

The sequence described in area DMT (consisting of about 0.90 cm of sediment) has 16
erosional contacts, between cm-thick laminae of intra-cave debris (bedrock-hanging
breccia) and allochthonous sediments from the Leba valley, including coarse sands of
likely fluvial origin and inherited Fe-Mn nodules from Oxic and Laterite soil horizons. The
minimum age of 150 ka was obtained from luminescence measurements on quartz
grains (DMT-MUZ2.3). Further results from the U/Th series on mammal teeth from this

sequence will help the criticial assessement of the results.

The thin section analysed from area DMT revelead a series of erosional contacts
between microunits with distributions associated with hyperconcentrated flows and post-
depositional cementation forming a series of crusts. The rip-up clasts observed across
the sequence seem to corroborate this interpretation (Karkanas and Goldberg, 2018a).
The structure and composition of the deposit indicates that the intercalation of gravels
derived from rockfall and mass wasting, either from the sediments at the surface or from
those trapped in cracks and fissures, along with biogenic activity. The rockfall fragments
and granules include material derived from the disaggregation of the roof and walls, not
only bedrock debris but also lithoclasts of hanging breccia with fluvial-karstic features

and coarse fragments of flowstones. The rocks, lithoclasts and aggegates observed
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across the column (Samples 171/172) are subrounded with sharp smooth edges
suggesting translocation of some distance, although there are no features relating to
water transport. It is possible these sediments are at least partially associated with the
MSA human occupations, but only a few lithics were found at the top of the sequence
(MU2.1a).

The cementation of the DMT deposit was observed following void spaces forming
different sizes and mineral shapes. Secondary deposition of CaCOs is promoted by water
percolating through the host rock and transporting minerals in solution, which further
dripped on the sediment through the walls and roof. The repetead pattern or alternation
of phases of erosion and cementation forming crusts is interpreted as part of the
reworking of geogenic material inside the cave followed by diagenesis which relate to
alternating seasonal climatic conditions and polyphasic evolution of the cave infill. More
samples from the area would be necessary to understand the lateral variation of these
structures and if the overall loose pattern in aggregation (generally with crumby and
granular microstructures) connect with the sediments of area JCF, and if they are related
to a talus debris or a chimney currently not observed. Confirming this hypothesis will be
difficult, but may only be resolved with further exploration of the galleries in the upper

level.

The thin sections from area JCF show that the red units (JCF-GU3-6) have similar
inherited pedofeatures observed in the control sample and in the samples from area
DMT. These sediments have also been extremely altered by recent exposure to guano
and dripping water causing illuviation and fragmentation of inherited pedofeatures.
Sediments have the same characteristics as the components deriving from soil, or
transported by the river, but they do not seem to be extensively represented at present

which suggests that paleosoil relicts were distributed during the Pleistocene.

The samples collected in 2019 (M6, M7) only differ from the samples from the 1950
excavations because of secondary features. The samples from 1950 (50-1/2) suggest
that the MSA layers excavated were indurated and closer resembling the pink breccia.
Although sample 50-1 does not have highly developed nodules, red sandy-clayey
aggregates with inherited oxic features are clearly visible. The preliminary ages for bovid
teeth in the museum collection assigned to the MSA Il phase (point-blade technology)

was preliminarily dated to 75+5 ka.

The components from the surface in area DMT may be chrono-culturally related to the

area JCF, but the scarcity of lithic materials and the abundance of fragments of bone
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and coprolites, in the rear the suggests the bone may have been exclusively

accumulated by carnivores.

After this phase it is hard to say exactly what happened inside the cave until the

deposition of the sequence excavated in area VOJ (Fig. 58, Stage 1V).

After a phase of rockfall, resulting in the accumulation of boulders of hanging breccia
and bedrock from the roof, the chamber would have been cemented, since dripstone

covers rock fall in area JCF.

The rockfall in the center of the cave sealed off the room where JCF and DMT are
located. In the front, slope retreat and erosion of Pleistocene infillings in upper levels of
the system would have occurred, and sedimentation with guano and aeolian particles
would have occurred, although this is only based on the composition of the materials

dumped in area VOJ and covering the central roof spall cone.

The samples from the base of square L2 show different coarse components deriving
from previous infills (sample 250) mixed with biogenic components mostly derived from
anthropogenic activity. This would suggest that previous infills could have been removed
by humans, for instance if there were thick guano deposits like those observed in other
caves in the surrounding like Malola and Cangalongue, that could have been explored
for fertilizers by early farming communities in the region. Many different causes can be
associated with the erosion of the infills of area VOJ anterior to 1000 AD. Seasonal

flooding events and anthropic action are hypotheses to be tested in future research.

In general, the characteristics of the units investigated in area VOJ relate to a dry
environment, and plenty of remnants of human occupation are introduced with other
aeolian and trampled materials. No evidence of occupational floors or surfaces was
found between VOJ-GU5 and VOJ-GU7, and the disparity of radiocarbon dates between
strata confirm these are mixtures of deposits from different ages. Spongy
microstructures, with remants of hearths and pottery, dung and guano-derived
phosphatic nodules (leucophosphite) suggest these units represent dumped material,
probably moved from another gallery, but also extreme diagenesis and carbonate
dissolution affecting the entrance area (Goldberg and Sherwood, 2006; Macphail and
Goldberg, 2018; Schiegl et al., 2003).

Radiocarbon dates from burnt bone collected in the hearth suggest the combustion
feature is very young (1694 years AD). The potsherds are also interesting as they show
patterns mixed between Early and Late Iron Age decorations (B. Clist, pers. comm). The

lithic assemblage associated shows the presence of Levallois, little to no retouch in
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finished pieces, abundance of thick scrapers, and no refinement. Lithic points are not
particularly spectacular or much different from those studied in the MSA | and Il
assemblages (de Matos and Pereira, 2020). The preservation of cattle dung in VOJ-GU3
suggests the cave was used by herders during the last few centuries.

Stage | Stage ll
Phreatic tube, fluvio-karstic conditions River incision, erosion of fluvio-karst infilling

Stagel lll

Pleistocene deposits Sub-surficial alloc. infills and fossil

: ¥ accumulations in upper galleries (pink
breccias)

Interior: Hyperconcentrated flows of
rockfall clasts (roof/walls) & Mass
wasting (Alloc. sediments)

A) Carnivore activity, MSA |

B) Human/ carnivore activity, MSA | ;
MSA 11, MSA 11I/LSA

Stage IV N>
Late Holocene C) Reworking of materials from differ-

ent chambers: fluviokarst, pink and
red bone breccias, and biogenic
material from guano and other
animals

Levallois technology and pottery
associated to modern foragers and
herders post 1000 AD

Hearth features from 326 cal BP

Legend:
Watertable | - |Bedrock .| Rock fall Fluviokarst
- Flowstone -pmk breccias [ Red-Yellow Unsorted

breccias silt-sand, dung

Fig. 58 — Schematic site formation model representing the main stages of formation and infillings of Leba
Cave approached in this study.
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Fig. 59 — Schematic representation of infillings studied and correlating to figure 58.

Sometime between 1947 and 1950 AD, with the construction of the factory and the lime
kilns in front of the cave, the upper levels of the karst system were blasted with dynamite.
The quarrying caused alterations of the slope and a disruption of the micro-environment

inside the cave.

Inside the phreatic tube, a colonial floor constructed of red earth bricks, pottery,
limestone fragments from the quarry and other construction debris were dumped over

the archaeological layers and covered the deposit. This phase would refer to a stage V
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in the site formation model (Fig. 58) already presented in section 2 (
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Fig. 7), as the current state of the cave. Further inside the tube, the archaeological
excavations by J. Camarate-Franca in 1950 exposed the profile investigated in area JCF.
More intense diagenesis affected area JCF, and seems to be related to incremental
dissolution due to the seasonal puddling and the action of bat roosting over the
excavation pit. Changes in temperature-air circulation in the recent past could have
accelerated dissolution and shrinkage processes usully occurring in guano-rich
sediments. It is possible that guano deposits were being removed from the cave by

farming communities.

Evidently there is a gap in our knowledge between the sedimentation of the inner
chamber and the recent sedimentation of area VOJ, which we are not able to explain
completely. The intensity of bio-anthropogenic action in area VOJ and reworking of
aggregates from past occupations suggests that anthropogenic action could have been
a major factor in the removal of guani beds, but the sediments located in area DMT still
preserve original sedimentary structures. This would suggest that despite the quarrying
activities, other cemented deposits in the area may also contain similar structures and
MSA artifacts.

7.4. Cultural variability and regional comparisons

Reconstructing the formation history of the archaeological site was the starting premise

of this study, particularly aiming at the context of the deposit known for the Middle Stone
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Age stone-tools and fauna. As a starting point, it was important to look for the location
where the museum assemblages of the University of Lisbon were collected.

The first report about Leba Cave described a stratigraphic sequence of about 1.75 m to
2 m with six archaeological horizons, the upper two relating to the Holocene and
historical occupations, and horizons 1lI-VI with a sequence of assemblages interpreted
as corresponding to the Late and Middle Stone Age. Our previous study of the lithic
assemblages housed at the University of Lisbon showed the LSA assemblage was
composed of mostly small quartz implements produced using bipolar reduction; while
horizon IV was composed of blades and points assigned to a “generic MSA” (de Matos
and Pereira, 2020). These lithic tools were associated with abundant faunal remains of
bovids and primates attributed to hunting game that was burned and consumed inside

the cave, but also to taphonomic agents such as carnivores (Gautier, 1995).

As described in section 2, the analysis of the faunal materials from horizon 1V using
Uranium/Thorium series suggested a minimum age of 75 ka for the “generic MSA” (de
Matos et al., 2014). Furthermore, this would indicate that the basal levels of the 1950
excavation could relate to an early stage of the MSA, even possibly a “transitional” phase
between the Early and Middle Stone Age, based on the occurrence of large cutting tools
with large blades (de Matos and Pereira, 2020). These materials have been previously
classified as "Sangoan” tools (Camarate-Franca, 1964) also called "MSA of Acheulean
tradition" (Ramos, 1982).

Although we did not find preserved structures or primary deposits associated with the
human occupation of the cave as described above, we found a handaxe at the base of
the test pit. From our interpretation of the site, the handaxe found in area JCF is anterior
or contemporaneous to H.VI of the 1950 excavation, which would then corroborate a late
Acheulean cultural stage. Our site formation model also suggests that the co-occurrence
of Acheulean and MSA artifacts can derive from formation processes and not from
human behavior. The formation processes identified in area JCF indicate the
intercalation of inner cave infilling (derived from the erosion of the “hanging breccia”) with
allochthonous material derived from the surface. Mass wasting processes were
observed and led to a new hypothesis that infillings in the inner part of the cave occurred
through a connection with the surface through a shaft which is currently covered by

flowstone and rubble.

During our fieldwork, we observed the existence of a gallery with pink fossil breccias,
partially dismantled by the quarry, and connected to the surface by a vertical fissure. On

the profile, we observed mammalian bone fragments in situ. We also observed a bovid
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calcaneus in the rubble discarded by the quarry, along with other small bone shafts. This
area was heavily explored by the quarry but further research may be able to define the

chronological relationship with the sediments inside the phreatic tube.

Our study concludes the Pleistocene sediments are found in subsurficial galleries cut by
the quarry and the innermost part of the Leba Cave, and these two areas were likely
connected in the past. The formation history of the Leba Cave infillings is characterized
by repeated erosion and infilling, occurring at least since the late Pliocene. A similar
pattern was previously identified in the caves of Malola and Cangalongue, located in the
Leba dolomites (Pickford et al., 1994). Following the development of the cave systems,
there was a period of sinter deposition, followed by erosion, followed by deposition of
coarse breccia, often containing fragments of cave sinter, followed by a period during
which finer-grained pink to red breccias accumulated. These were then eroded to their

present configurations (Pickford et al., 1992).

In the vicinity of Leba, at the caves Malola, Tchiua, and Ufefua, there are large volumes
of pink breccia, some of which contain indications of its near-surface origins. Termite
foraging tunnels and root holes were observed at Malola and Tchiua respectively
(Pickford et al., 1992). As we saw in the micromorphological analysis, many more
indicators can be found at the microscale, for instance, relicts of oxisols and well-rounded
iron-impregnated coarse quartz grains of allochthonous origin infilling the cave through
mass wasting. The inherited pedofeatures were observed in the samples from area JCF
and DMT, and also in the museum samples from the 1950 excavation. Another major
conclusion is that the faunal aggregates from the interior of the cave showed indications
of movement, which suggests these are not in situ. This is true at least for the samples

we collected and analyzed.

Nevertheless, the evidence seems to corroborate our previous interpretation that the
oldest lithic assemblages from Leba Cave are Acheulean, and likely relate to a late
Acheulean or early Middle Stone Age (EMSA). This cultural stage is older than 150 ka,
according to the preliminary optically stimulated luminescence results, and not younger
than 75 ka. These ages will be validated by electron spin resonance and uranium/thorium

series of the teeth collected in area DMT currently in the laboratory.

The available data places the earliest cultural assemblages of Leba Cave in a crucial
time for human evolution as it is recognized for the on-set of human cultural diversity and
migration of Homo sapiens across Africa and beyond (Scerri et al., 2019). Since the Early
Stone Age, the coastal zone of Angola has been intensely occupied by human

populations. Although the Early Stone Age in Angola is only superficially explored at this
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point, the high concentration of stone age sites emphasizes the importance of the region
for human subsistence (de Matos et al., 2021b). This was likely due to the rich and
diverse food sources from marine and terrestrial fauna. Particularly marine food
resources may have played a key role as these were explored at Baia Farta, Benguela,
since the Middle Pleistocene (Chazan and Horwitz, 2006; Gutierrez et al., 2010;
Gutierrez and Benjamim, 2019).

The fieldwork promoted by the National Archaeology Museum of Benguela since the
1980s detected a total of thirteen locations with lithic materials at Dungo assigned to
different cultural periods from the Acheulean to the Late Stone Age (de Matos et al.,
2021b; Pais Pinto, 1988). Specifically, at the site Dungo IV, the burial of lithic tools
associated with scavenging of stranded whales was estimated between 614.5 + 9.5 ka
and 662.05 + 10.24 ka (Gutierrez et al., 2001; Gutierrez and Benjamim, 2019; Lebatard
et al., 2019 (Gutierrez and Benjamim, 2019; Lebatard et al., 2019).

Numerous open-air sites along the coast from Baia Farta to the Cunene River mouth are
known for Acheulean assemblages. Other surface occurrences have been detected
incisions further inland the semi-desert plains and hilly country dividing the Namibe and
Huila province frequently exposed by river. For instance, at S. Nicolau/Bentiaba, Lucira,
Mocamedes, and Ponta do Giraul assemblages with both ESA-MSA stone tools
classified as Upper Acheulean and “Fauresmith” toolkits were reported by numerous
authors (Alichin, 1964; Breuil and Almeida, 1964; Clark, 1966; Ervedosa, 1980; Jorge,
1974). Aside from Dungo IV, no other radiometric ages are available for archaeological
sites of ESA-MSA in Angola.

While in the Congo and Zambezi zones, north and east of Angola, cultural affinities
closely align with the cultures of the tropical rainforest of West and Central Africa (Clark,
1968, 1963; Taylor, 2022, 2016), the south-west presented more varied typologies
frequently interpreted as “transitional industries”, or “local traditions” with affinities to the
southern African technocomplexes (Ramos, 1982). Similar issues have been raised in
lithic studies about neighboring countries (Barham, 2012; Barham et al., 2015; Herries,
2011; Mehlman, 1991; Sheppard and Kleindienst, 1996). Nevertheless, the Stone Age
lithic sequence of Southern Africa was revised to include datasets across sub-Saharan
Africa, including open-air sites from Namibia, Botswana, Zimbabwe, Eswatini, and

Mozambique (eg. Lombard et al., 2022).

The lithic assemblages from southwest Angola also closely align with the southern
African sequence, although raw materials are more coarse-grained (Allchin, 1964;

Ervedosa, 1980). Particularly with what concerns the convention of technocomplexes
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from the late ESA to the Late Stone Age, such as the Acheulean, Fauresmith, EMSA,
Still Bay, Smithfield, and Wilton cultures (Ramos, 1982). The late Acheulean,
Fauresmith, and EMSA are recognized as stages key to our understanding of cultural
and behavioral traits of early modern humans in southern Africa (Chazan, 2022; Kuman
et al., 2020; Underhill, 2011; Wilkins and Chazan, 2012). In Angola, the vast majority of
archaeological sites reportedly from the Early Stone Age have not been re-approached
in recent years except for Dungo (Gutierrez et al., 2010; Gutierrez and Benjamim, 2019;
Lebatard et al., 2019; Mesfin et al., 2021).

The “Fauresmith” is a long-debated term for the either late ESA assemblages frequently
observed in open-air sites of the interior drylands of southern Africa. It is recognized by
the finely retouched bifaces, scrapers, Levallois points, prepared cores, and blades, and
includes “Sangoan” tools (Kuman et al., 2020; Lombard et al., 2022; Tryon and
McBrearty, 2002; Underhill, 2011).

The oldest dated EMSA tools (co-occurring with Fauresmith) are from Kathu Pan 1 to
ca. 511-435 ka (Porat et al., 2010; Wilkins and Chazan, 2012). The Fauresmith
technocomplex is estimated to span from 233.7 to 471.5 ka and overlaps the EMSA
which is estimated to span from 126.5 to 266.5 ka (eg. Lombard et al., 2022).

For the southwest Atlantic coast, there is one site with absolute ages. The site of Cafema,
on the margins of the Cunene River, at the border between Angola and Namibia, is
included in the EMSA. Field research at Cafema retrieved a small lithic assemblage that
was considered a “generic’ MSA dated to 220 ka by Optical Stimulated Luminescence
(OSL) - single-aliquot regenerative-dose (SAR) (Nicoll, 2010, 2009). The assemblage is
mainly composed of flakes, cores, and Levallois points, similar to the MSA from Leba
Cave (de Matos and Pereira, 2020). At Apollo 11 Rock Shelter the oldest assemblages
are assigned to the Still Bay dated to around 70 ka (Lombard et al., 2022; Ossendorf,
2017a; Vogelsang et al., 2010). Other dated sites from Namibia present much younger
ages ranging from MIS 3 to 1 (Marks, 2015; Mccall et al., 2011; Ossendorf, 2017b;
Schmidt et al., 2016; Veldman et al., 2017).

Stone artifacts of Early, Middle, and Later Stone Age complexes are widely present and
exposed across the land surface of the Namib desert from Angola to South Africa
(Corvinus, 1983; Davies, 1962; Kandel and Conard, 2012; Kinahan, 2011, 2016; Mackay
et al., 2014; Ossendorf, 2017a; Ramos, 1982; Schmidt, 2011). These are testimonies of
human activity across this landscape for a long time span, but representing a palimpsest
record (Binford, 2001; Marks, 2015). Although offering the chance for longer stratified

deposits, rock shelters and caves are subject to the same earth surface processes,
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depending on factors such as geology, environment, and human activity (Clark, 2002;
Goldberg and Sherwood, 2006; Karkanas et al., 2021). The Leba Cave record is no

exception to this norm.

From our analysis of the site formation, human activity seems to play a significant role in
the reworking (and even removal) of sediments from the cave. Our assessment of the
area closer to the entrance shows there were very recent alterations mixing older and
younger sediments. The composition of the geological units is very heterogenous. The
structure and geometry suggests these horizons result from mixing of aggregates of

different ages.

From the extensive analysis of the lithic findings from area VOJ we found reduction
sequences relying on prepared core technology and bipolar reduction. Unretouched
pieces are dominant. Only a few pieces such as the cleavers and handaxes fall into the
category of large cutting tools frequently associated to Mode 2 (Acheulean) technologies

but these are also occasional findings in LSA sites (Clark, 1968; Ervedosa, 1980).

The cultural assemblage had a very low frequency of pieces with surface alterations,
which would be expected in materials that were buried for longer, as observed in areas
DMT and JCF. Neverthless, considering the micromophological assessment it is possible
that some of the lithic materials in area VOJ relate to aggregates of Pleistocene or Early
Holocene age, but were reworked by human agents after 1000 AD. This stage was
assigned to the Ceramic LSA cultures, a term frequently used to describe the atypical
industries from Late Holocene hunter and forager populations of southern Africa (Clist et
al., 2022).
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8. Final remarks

Leba is a very special location for the people of Angola because of the famous road and
Miradouro national heritage site, a touristic hotspot on the escarpment over the vast

lowlands of the Namib desert stretching to the Atlantic Ocean.

Since the colonial occupation by the Boers and the Portuguese, from the late 17th
century to 1974, the area was key as an intermediate point in the communication
between the ports and the central plateau of Angola. Slave trade, mining operations, and
the agricultural potential of the area were main focuses ot the European settlers that
occupied the plateau. The colonization caused not only a complete disruption of the local
society but also an unprecedented environmental change derived from intense

agricultural activity and quarrying..

When the Europeans arrived many tribes lived in the plateau including hunter-gatherers,
semi-nomadic herders and permanent communities with both non- and -Bantu
languages. Ethnographic records are abundant and reported on the diversity of
populations and cultures, as well as an important oral memory. These records report the
Bantu groups arrived in the southwestern plateau after 1000 AD (Estermann, 1981). In
local memory, the arrival of the herders pushed the hunter-gatherers to the lowlands.
However there is evidence that hunter-gatherers had clientele relationships with Bantu
kingdoms, with whom they traded pottery and beads (Estermann, 1976), assemblages
that have been found in LSA campsites associated with rock art locations of the ‘Kwisi
which have evidence of repeated visits at least over the last 2000 years (eg. Ervedosa,
1980).

The database of archaeological sites identified by the Portuguese colonial missions
reports a high frequency and diversity of sites with ESA, MSA and LSA tools. Thousands
of artifacts assigned to different chrono-cultural periods kept in museum collections are
steadily being cataloged and published (Casanova and Romeiras, 2020; Coelho et al.,
2014; de Matos et al., 2021b; de Matos and Pereira, 2020). The vast majority of
assemblages from the Ramos legacy (including lithics and sediments) is yet to be
published in depth, particularly the excavations at the site of Capangombe-velho, which
has several thousands of artifacts assigned to the ESA and MSA (de Matos et al.,
2021b). It should be noted that the vast majority of the sites in the database are located
along the main roads, which consists of a research bias, and the interior of the
escarpment is yet to be surveyed. These are also some of the most remote locations in
the Namib desert and where the last few Khoi descendents of Angola are concentrated

nowadays (Oliveira et al., 2018). A few San-descendents are also known to live in the
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plateau around Lubango city (Ferreira, 2018), but have mostly been absorbed by the
Bantu language communities. Many aspects of the cultural evolution of hunter-gatherers

in Southern Angola are yet to be explored.

The research developed by the National Archaeology Museum of Angola has been
particularly important to provide new data about the early Pleistocene coastal
populations of Dungo, Baia Farta, reporting on human use of coastal resources at least
since 600 ka (Gutierrez and Benjamim, 2019). But there is little progress on the studies
of the MSA, beyond the coastal sites of Luanda, Benfica and Benguela which shows

cultural affinities closely associated with LSA populations.

The study started by Ramos in the late 1960s about the transition of the ESA-MSA was
supposed to bring forth more data about the Sangoan (Allchin, 1964; Breuil and Almeida,
1964; Janmart, 1953), and if there was a direct relationship between the sequences
studied in the Congo (Clark, 1968, 1963). The Sangoan industry was considered
evidence for a distinctive intermediate culture between the ESA to MSA and perceived
as an adaptation to forested environments, with many sites located around the Congo
basin. Progressively, the term “Sangoan” has been abandoned, as there was little to no
evidence for ecological conditions matching the presumed functionality of those tools
(McBrearty, 1991; Taylor, 2016; Van Peer et al., 2004), although some authors focusing
on West Africa continue to use the name (Douze et al.,, 2021). For the most part,
archaeologists in the field are still debating if the Three Age system and conventioned
lithic taxonomy is useful to studies about material culture in sub-Saharan Africa (eg.
Grove and Blinkhorn, 2021; Mehlman, 1991)

The conventioned chronocultural system for the Stone Age sites of Southwestern Angola
outlined by Ramos (1982) proposed a new sequence based on local traditions, although
in some sites showing either affinities with technocomplexes from Namibia and Southern
Africa, and other sites containing tools with closer relation with Central African
sequences. This convention, however, relies mostly on surface materials from open-air
sites and poor environmental evidence. Since preservation of organic material is very
rare in these latitudes, no absolute ages were proposed for the MSA in Southwestern

Angola until now.

Our study about the Leba Cave addressed the site formation processes in order to
integrate the MSA assemblages excavated inside the cave in 1950, and during the
Paleoleba project from 2018 to 2019. Our current knowledge about the cave
sedimentation does not provide a complete picture of what happened in the cave since

the MSA. Neverthless, there is evidence for several erosional phases, as well as intense
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anthropogenic activity. Moreover the OSL minimim ages suggest the base of the EMSA
infillings are older than 150 ka.

Our work also pushed back the preliminary ages obtained for the MSA units excavated
in 1950, suggesting a minimum age of 75 ka. It seems the cultural phases reported by
the first excavators and further developed with the study of the lithic assemblages are
consistent with previous interpretations of an MSA sequence of three phases (de Matos
and Pereira, 2020). Even though we could not find preserved archaeological layers that
can be assigned to the Late Pleistocene-early Holocene. The heavy erosion and post-
depositional processes suggest these sediments were already removed, or are not
visible, and there are phases that can never be fully reconstructed. By no means is the
site formation model provided in this dissertation a closed model, and it may be

improved.

The testing and sampling of exposures inside the cave was key to refine our
interpretation of the material used for absolute dating methods. New research can still
be pursued in other cave systems and open-air sites and of the Humpata Plateau. The
background research and the site formation model developed for Leba cave now provide
a better understanding of the nature and character of these sites, how they form and how

to approach them in the field and in the laboratory.

Further avenues of research can be pursued towards a better characterization of the
surrounding landscape and prehistoric communities of the southwestern plateau of

Angola.

The analysis and characterization of the deposits in other caves systems for comparable
data for site formation processes, relationships in clastic phases and cementation, and
how these affect the preservation of the human record. The approach could also benefit

from geophysical work to detect pockets of sediment that are sealed or covered.

Analysis of ecofacts like the faunal assemblages should also be developed towards a
better understanding of the ecological diversity of the region and characterization of
endemic groups. Taxonomic identification of fragmented material using Proteomics
could be a solution to overcome the fragmentation and taxonomical challenges. There is
the issue that the materials from the Pleistocene are remineralized and fossil
assemblages did not provide sufficient collagen for *C ages. However there is evidence
for organic preservation of aminoacids in other cave sites in the vicinity (David and
Pickford, 1999; Pickford et al., 1994). For the site of Leba Cave alone there are several
thousand unidentified pieces in the museum collection in Lisbon (Gautier, 1995) which

we concluded as prevenient from area JCF. There is wide representation of different
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families/taxonomic groups proven by our study and previous studies. These datasets
can still provide novel on extinct and extanct faunal groups in the region. This will be key

to understand local environmental regimes and characterizing the paleolandscape.

The high frequency and good preservation of mammal teeth from the Leba Cave also
offers the chance to explore other terrestrial proxies on the local resource availability,
diet and seasonality. The isotopic study of the mammal teeth from Pleistocene and

Holocene deposits from Leba Cave are currently ongoing

Landscape work was pursued to understand how these geologic features and biomes
may have developed and evolved over time, it is important to investigate modern
environmental dynamics. As part of this study, local water bodies on the Humpata
Plateau, including cold springs and rivers, were investigated (Robakiewicz et al., 2021).
Data were collected on the cations and anions present in the water, the isotopic
composition of the water, and the algal communities, with a particular focus on diatoms,
a siliceous alga often used as a water quality/pollution proxy. These investigations were
used to determine how water moves through the karstic systems and will be used to
conduct environmental reconstructions, building on the knowledge of how these cave
systems, biomes, and prehistoric communities all interacted. Our fieldwork is also
focused on hydrochemistry variability and diatom communities to understand local and
regional dynamics and setting the stage for longer term coring in the area. These proxies
are key for both past environments but also modern land use, risk management and
climate change studies. Ultimately, the multiscalar approach to the landscape will provide
contextual information to understand the evolution of Homo sapiens at the coastal

escarpment of the south Atlantic since the Pleistocene.
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Appendix 1 — Faunal analysis
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Birds 1 2 3 4 5 6 7 Total
Sizes NISP % NISP % NISP % NISP % NISP % NISP % NISP % NISP %
Small . 17 45.9 40 43 12 245 3 60 6 42.9 75 36.4
passerines
Medium 12 324 19 20.4 14 28.6 2 40 4 28.6 2 66.7 53 25.7
passerines
Non passerines 10 108 4 82 1 20 15 7.3
(small)
Non passerines 4108 9 97 5 102 120 1 71 1333 2 97
(medium)
Non passerines 1 2 1 05
(large) '
Non-identifiable 4 108 15 161 13 265 2 40 1 20 3 214 37 18
material
Total 37 100 93 100 49 100 5 100 5 100 14 100 3 100 206 100
Area DMT
Macromammals 1 2.1 2.2 Total
Taxon NISP % NISP % NISP % NISP %
|Bovids |
|Bov | 1 11 1 07
Klipspringer (Oreotragus 1 23 1 07
oreotragus)
|Bov I/ Il 2 47 1 11 3 21|
IBov I 6 14 9 95 15 10.6|
|Bov 11/ 1l 1 3 3 7 6 63 10 7.1
|Bov Il 1 23 8 84 9 64
|Bov IV 3 32 3 21
IBov IV |
|indet. Bov. 6 14 12 13 18 12.8|
|Other ungulates |
|Zebra(Equus cf. quagga) 1 11 1 0.7|
Pig/ warthog (Cf.
Phacochoerus/ 5 11.6 2 21 7 5
Potamochoerus)
|Carnivores |
|Indet. small carnivore 1 11 1 O.7|
|Rodents |
Po_rcuplne (HYS'[I’IX 1 11 1 07
africaeaustralis)
|Indeterminate |
|Indet. medium mammals 2 67 19 442 50 53 71 50.4|
| Total 3 100 43 100 95 100 141 100|
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Appendix 2 — Lithic analysis

Acronyms: F- flake; P-point; B-blade; Bt — bladelet

Cortex type and quantity

Cortex

Thick
<25
25-50
50-75
>75
100

Water
worn
<25

25-50

50-75
None
Total

F
73
34
21
9

2

7
111

55
36
20
736
920

Fragmentation

Fraction
Complete

Almost
complete
Proximal

Distal
Lateral
Mesial
Total

F
495
60

91
101
67
106
920

Platform types

Butt

Flat

Burinated

Cortical

Dihedral

F

412

91
60

%
7.4
3.4
2.1
0.9
0.2
0.7
11.2

5.5
3.6
2.0
74.2
92.7

%
49.9
6.0

9.2
10.2
6.8
10.7
92.7

%

41.5

0.6

9.2
6.0

28
31

23

31

17

%

0.3

0.2
0.1

2.8
3.1

%
2.3
0.3

0.4
0.1

3.1

%

1.7

0.1
0.3

N

N

35
38

20

N R 01 W

14

%
0.2

0.1
0.1

0.1

0.1

3.5
3.8

%
2.0
0.2

0.3
0.5
0.1
0.7
3.8

%

1.4

0.3
0.3

Bt

Bt

Bt

%

%
0.1

0.1

0.1
0.3

%

0.1

0.1

Total
75
34
22
10

115

58
37
20
802
992

Total
539
65

99
107
68
114
992

Total

444

95
67

%
7.6
3.4
2.2
1.0
0.2
0.7
11.6

5.8
3.7
2.0
80.8
100

%
54.3
6.6

10.0
10.8
6.9
115
100

%

44.8

0.6

9.6
6.8
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Faceted 32 3.2 7 0.7 - - - - 39 3.9

Punctiform 27 2.7 - - 2 0.2 - - 29 2.9
Removed 33 33 1 0.1 - - - - 34 3.4
Retouched 1 0.1 - - - - - - 1 0.1
Smashed 28 2.8 1 01 1 0.1 - - 30 3.0
NA 230 232 1 01 15 15 1 0.1 247 24.9
Total 920 927 31 31 38 38 3 0.3 992 100

Platform preparation

Butt F % P % B % Bt % Total %

preparation

Chipping 9 1.3 - - 1 0.1 - - 10 1.4

Frontal 17 2.4 1 0.1 - - - - 18 2.6

retouches

Lateral 21 3.0 - - - - - - 21 3.0

notches

Not observed 607 8.3 21 30 24 34 2 0.3 654 93.0

Total 654 930 22 31 25 36 2 0.3 703 100
Section

Section F % P % B % Bt % Total %

Trapezoidal 272 274 11 11 22 22 1 01 306 30.8
Triangular 280 282 14 14 8 08 1 01 303 305

Other 27 27% - - - - - - 27 2.7

NA 341 344 6 0.6 8 0.8 1 0.1 356 35.9
Total 920 92.7 31 31 38 3.8 3 0.3 992 100
Profile

Profile F % P % B % Bt % Total %
Straight 460 46.4 18 1.8 25 25 2 0.2 505 50.9
Arched 65 6.6 - - 5 0.5 - - 70 7.1
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Other 8
Twisted 22
NA 365
Total 920

Edge morphology

Edge type
Biconvex
Circular
Convergent

Convex-
concave

Divergent
Irregular
Parallel
NA

Total

Tip pattern
Tip
Burinated
Cleavage

Feathered

Fractured
Overpassed
Pointed

Retouched

F

53

18

48

26

134

81

74

486

920

122
75

13

70

10

0.8
2.2
36.8
92.7

%

5.3

1.8

4.8

2.6

13.5

8.2

7.5

49.0

92.7

%

0.2

0.1

12.3
7.6

1.3

7.1

1.0

11
31

21

31

17

0.2
11
3.1

%

0.2

2.1

0.1

0.7

3.1

%

0.2
0.5

1.7

38

21

12

38

0.8
3.8

%

0.2

0.2

0.1

2.1

1.2

3.8

%

0.2
0.7

0.5

Bt

Bt

0.1

0.3%

%

0.1

0.2

0.3

%

24
385
992

Total

53

20

69

29

136

82

96

507

992

Total

126

87

13

93

10

%

0.2

0.1

0.8
2.4
38.8
100

%

53

2.0

7.0

2.9

13.7

8.3

9.7

51.1

100

12.7

8.8

1.3

9.4

1.0
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Thick 183
NA 444

Total 920

Dorsal pattern

Dorsal pattern
Radial/Centripetal
Unidirect-indt
Unidirect-parallel
Unidirect-
convergent
Unidirect-
opposed-fracture
Cortical

Alternate

Bulb (Kombewa)
Crossed
Multidirectional
Opposed-parallel
None (fracture)
Indeterminate
NA

Total

18.4

44.8

92.7

205
50
54
61

32

470
920

31

%
20.7
5.0
5.4
6.1

0.4

3.2
0.2
0.1
0.4
1.2
0.3
1.2
1.0
47.4
92.7

- 13

07 11

31 38 38
P % B
6 06 4
1 01 17
19 1.9 2
- |- 1
- |- 1
5 05 11
31 31 38

1.3

11

%

0.4
0.2
1.7
0.2

0.1

0.1

11
3.8

0.2

0.3

Bt

1
3

0.1
0.3
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464

992

19.8
46.8
100
Total %
215 21.7
52 5.2
73 7.4
83 8.4
5 0.5
33 3.3
2 0.2
0.1
4 0.4
12 1.2
3 0.3
12 1.2
10 1.0
487 49.1
992 100
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