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Abstract 

 

The potential of the new and promising archaeological site Sodicho Rockshelter to 

provide a geoarchaeological context, for prehistoric human-environment interaction and 

palaeoenvironmental shifts in its surroundings, has been investigated with a 

multidisciplinary and multimethodological approach. The results now promote the site as 

a new key site for geoarchaeological research in tropical regions. Located in the 

southwestern Ethiopian Highlands, the site is part of a region that is renowned for the 

study of human origins, evolution, and the dispersal of our ancestors across the African 

continent and beyond its borders. Significant human fossil finds from sites such as 

Omo/Kibish or Herto highlight the importance of this region. In Ethiopia, the dispersal of 

the anatomically modern humans (AMH) can be seen as a movement to another region 

or a migration into another continent, but also as an upward movement to elevated 

regions. 

Hypotheses that the topographical and climatic diversity of Ethiopia favored the 

development of environmental, and ecological refugia in the highlands, raises several 

research questions, such as the climatic impact that forced the humans to adapt or 

retreat, and the identification of push and pull factors for their dispersal. Furthermore, 

questions emerged as to why humans repeatedly chose to disperse into the mountains, 

and how they coped with the harsher conditions in higher altitudes (e.g., higher ultraviolet 

radiation, lower oxygen levels) that are challenging for the human body. However, 

comprehensive terrestrial palaeoenvironmental archives and continuous archaeological 

records are still very scarce in Ethiopia. Chronostratigraphic gabs, discordances, and the 

influence of erosion create common uncertainties about the forcing factors for regional 

environmental and climatic variability. Moreover, it remains unclear what impact the 

mentioned changes had on the landscape, flora, fauna, and of course our human 

ancestors. 

In this doctoral thesis, a multiproxy, geoarchaeological approach is chosen to address 

research hypotheses on prehistoric human-environment interaction and palaeoclimatic 

driven dispersal theories in the tropical highlands during the Late Pleistocene and the 

following Holocene. This study is integrated into the multi- and interdisciplinary approach 

of the Collaborative Research Centre 806 "Our Way to Europe - Culture-Environment 

Interaction and Human Mobility in the Late Quaternary" (CRC 806), which focuses on 

the climatic, environmental and cultural context to understand the migration of 

anatomically modern humans from the African continent into Central Europe as one of 

the “sinks”.  
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By approaching the study area and addressing the research questions, using different 

spatial and temporal scales, it has been shown that the Sodicho Rockshelter is a unique 

site that contains evidence on repeated high-altitude occupation during the last 27 ka cal 

BP. It is the first site in southwestern Ethiopia that holds dated occupation phases during 

the Last Glacial Maximum (LGM, ∼ 21 ± 2 ka), and thus contributes to the research 

debate on an environmental refugia. 

This study presents the geoarchaeological results of micromorphological investigations 

various sedimentological, and geochemical analyses, radiocarbon dating, and the 

evidence from collaborating disciplines of archaeology, and archaeobotany, in relation 

to the local archaeological record and regional paleoenvironmental changes. Based on 

the results, processes such as site formation, post-depositional disturbances and the 

identification of the geogenic, biogenic und anthropogenic depositional agents were 

determined. The archaeological evidence and sedimentary stratigraphy provide insights 

into human behavior such as stone tool manufacturing, fire activity, site maintenance, 

and dumping activities. In addition, a more detailed examination at the microstratigraphic 

record enabled the identification of shifting moisture conditions during the African Humid 

Period (AHP, ∼ 15 ± 5 ka). By identifying specific palaeoenvironmental signals in the 

sediment sequences, a comparison with supraregional palaeoclimatic records was 

possible. This highlights the potential of multiscale research in the volcanic rockshelter 

and the possibility to be correlated to other archaeological and palaeoenvironmental sites 

at the Horn of Africa and beyond.  
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Kurzzusammenfassung 

 

Das Potenzial der neuen und vielversprechenden archäologischen Fundstelle Sodicho 

Rockshelter, um den geoarchäologischen Kontext für prähistorische Mensch-Umwelt-

Interaktionen und Paläoumweltveränderungen in der Umgebung zu liefern, wurde mit 

einem multidisziplinären und multimethodischen Ansatz untersucht. Die Ergebnisse 

verdeutlichen nun, dass die Fundstelle als neuer wichtiger Standort für die 

geoarchäologische Forschung in tropischen Regionen betrachtet werden kann. Die 

Stätte liegt im südwestlichen Hochland von Äthiopien und ist somit Teil einer Region, die 

für die Erforschung des menschlichen Ursprungs, der Evolution und der Ausbreitung 

unserer Vorfahren innerhalb des afrikanischen Kontinents und über dessen Grenzen 

hinaus bekannt ist. Bedeutende menschliche Fossilfunde, die aus Fundstellen wie 

Omo/Kibish oder Herto stammen, unterstreichen die Bedeutung dieser Region. In 

Äthiopien kann die Ausbreitung des anatomisch modernen Menschen nicht nur als ein 

Auszug in eine andere Region oder Migration in einen anderen Kontinent betrachtet 

werden, sondern auch als eine Bewegung nach oben in höher gelegene Regionen. 

Die Hypothese, dass die topografische und klimatische Vielfalt Äthiopiens die 

Entwicklung ökologischer Refugien im Hochland begünstigt hat, wirft mehrere 

Forschungsfragen auf, z. B. nach den klimatischen Auswirkungen, die Menschen zur 

Anpassung oder zum Rückzug zwangen, und nach der Identifizierung von Push- und 

Pull-Faktoren die verantwortlich waren für ihre Ausbreitung. Außerdem stellt sich die 

Frage, warum sich die Menschen immer wieder für eine Migration in die Berge 

entschieden und wie sie mit den für den menschlichen Körper belastenden Bedingungen 

(wie höhere UV Strahlung, geringer Sauerstoffgehalt) in höher gelegenen Regionen 

zurechtkamen. 

Umfassende terrestrische Paläoumweltarchive und kontinuierliche archäologische 

Aufzeichnungen sind in Äthiopien jedoch noch sehr rar. Chronostratigraphische Lücken, 

Diskordanzen und der Einfluss von Erosion schaffen generell Unsicherheiten über die 

treibenden Faktoren für die regionale Umwelt- und Klimavariabilität. Sowie die 

Auswirkungen, die diese Veränderungen auf die Landschaft, die Flora, die Fauna und 

natürlich unsere menschlichen Vorfahren hatten. 

In dieser Doktorarbeit wird ein geoarchäologischer Multiproxy-Ansatz gewählt, um 

Forschungshypothesen zur prähistorischen Mensch-Umwelt-Interaktion und zu 

paläoklimatisch bedingten Ausbreitungstheorien im tropischen Hochland während des 

späten Pleistozäns und des folgenden Holozäns zu untersuchen. Diese Studie ist in den 

multi- und interdisziplinären Ansatz des Sonderforschungsbereichs 806 "Our Way to 

Europe - Culture-Environment Interaction and Human Mobility in the Late Quaternary" 
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(SFB 806) integriert, der sich auf den klimatischen, ökologischen und kulturellen Kontext 

konzentriert, um die Migration des anatomisch modernen Menschen (AMH) vom 

afrikanischen Kontinent nach Mitteleuropa, als eine der "Senken", zu verstehen.  

Durch die Annäherung an das Untersuchungsgebiet und die Auseinandersetzung mit 

den Forschungsfragen, auf verschiedenen räumlichen und zeitlichen Ebenen, konnte 

gezeigt werden, dass das Sodicho Rockshelter eine einzigartige Fundstelle ist, die 

Beweise für eine wiederholte Besiedlung vom Hochland während der letzten 27 ka cal 

BP erhalten hat. Es ist die erste Fundstelle im Südwesten Äthiopiens, die datierte 

Besiedlungsphasen während des Letzten Glazialen Maximums (LGM, ∼ 21 ± 2 ka) 

aufweist und somit einen Beitrag zur Forschungsdebatte um ein Umweltrefugium leistet. 

In dieser Studie werden die geoarchäologischen Ergebnisse mikromorphologischer 

Untersuchungen, verschiedener sedimentologischer und geochemischer Analysen, 

Radiokohlenstoffdatierungen und die Hinweise aus den kooperierenden Disziplinen der 

Archäologie und Archäobotanik, in Bezug auf die lokalen archäologischen Befunde und 

regionalen Paläoumweltveränderungen präsentiert. Auf der Grundlage der Ergebnisse 

wurden die Entstehungsprozesse der Fundstellen, sedimentäre Ablagerungsprozesse 

und postsedimentäre Störungen und die Identifizierung der geogenen, biogenen und 

anthropogenen Ablagerungsfaktoren identifiziert. Die archäologischen Befunde und die 

Sedimentstratigraphie geben Aufschluss über menschliches Verhalten, wie 

beispielsweise die Herstellung von Steinwerkzeugen, Feueraktivitäten, die 

Instandhaltung des Standortes und Entsorgungsaktivtäten. Darüber hinaus ermöglicht 

die detailliertere Betrachtung des mikrostratigraphischen Sedimentarchivs die 

Identifizierung variabler Feuchtigkeitsbedingungen während der Afrikanischen 

Feuchtperiode (AHP, ∼ 15 ± 5 ka). Durch die Identifizierung spezifischer Paläo-

umweltsignale in den Sedimentabfolgen war ein Vergleich mit überregionalen 

paläoklimatischen Aufzeichnungen möglich. Dies unterstreicht das Potenzial der 

multiskaligen Forschung in vulkanischen Abris (Felsüberhänge) und die Möglichkeit, 

diese mit anderen archäologischen und paläoökologischen Fundstellen am Horn von 

Afrika und darüber hinaus in Beziehung zu setzen. 
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Chapter I 

 

1. Introduction  

1.1 Geoarchaeological approach 

Where do we come from? This question does not only regard to the fundamental issue 

about the African cradle of our human ancestors. Furthermore, it connects the research 

topics of past human migration, adaptation, and the external natural factors that 

influenced the expansion across the globe and the preference for certain regions. The 

reconstruction of past geomorphological, climatological, and environmental conditions in 

research areas and archaeological significant sites can help to narrow down 

palaeoenvironmental factors that were responsible for pushing and pulling past human 

dispersal in the past. Geoarchaeological multiscale investigations offer an 

interdisciplinary approach and a broad spectrum of research methods to link earth 

sciences with archaeological research, in order to tackle the above-mentioned research 

topics (Gilbert et al. 2017). In general, the focus lies in the investigation of human-

environment interaction, such as geomorphological, climatic, and human induced 

landscape changes, as well as the reconstruction of palaeoenvironmental conditions, 

and past human activity (Goldberg and Macphail 2006, French 2015, Siart et al. 2018). 

With regard to research on the subject of human dispersal in eastern Africa, Ethiopia in 

particular (White et al. 2003, Aubert et al. 2012, Schaebitz et al. 2021) is still seen as 

one of the key regions for the multi-regional development of anatomically modern 

humans within the African continent and the expansion beyond its borders (Hublin et al. 

2017, comp. Scerri et al. 2019).  

At the current state of research, the oldest fossils that show features of the early stages 

of anatomically modern humans date back to 300 ka and originate from the site Jebel 

Irhoud, western Morocco (Hublin et al. 2017). The oldest fossils from Ethiopia, where 

found within the Kibish formation at the Omo River (Omo/Kibish, ∼ 190 ka) (McDougall 

et al. 2005, Fleagle et al. 2008, Aubert et al. 2012) in southern Ethiopia and at Herto, 

Middle Awash (∼ 160 ka) (White et al. 2003). Several Ethiopian cave and rockshelter 

sites, as well as open air sites, hold evidence for human occupation since the Late 

Pleistocene (Tribolo et al. 2017, Blinkhorn et al. 2022). However, archaeological records 

are often fragmented and incomplete, and the fossil evidence is sparse. Past and also 

present environmental changes, disturbances and erosion events, are the most probable 

causes for the interruption of past occupation phases, leaving the cultural and 

environmental records incomplete. Nevertheless, palaeoenvironmental research allows 
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to study the relationship between migrational response of humans and past climate 

change (Foerster et al. 2012, Foerster et al. 2015, Schaebitz et al. 2021). The refugial 

hypothesis suggests that East Africa provides suitable conditions due to its diverse 

ecology, topographic complexity and therefore habitat heterogeneity (Basell 2008, 

Brandt et al. 2012, Mirazón Lahr 2013, Mirazón Lahr and Foley 2016).  

Within this doctoral research, a variety of geoarchaeological methods are integrated to 

address research topics about past human-environment interaction in the prehistoric 

southwestern Ethiopian Highlands, at different spatial and temporal scales. The main 

research area is the new promising site Sodicho Rockshelter and its surroundings. For 

the first time at this site, a multi-method approach is used to reconstruct site formation, 

(post-) depositional processes and the impact of prehistoric hunter-gatherers.  

Geoarchaeological research is a continuously changing discipline, as new methods are 

introduced or developed within the associated interdisciplinary fields. Such is the case 

with the concept of digital geoarchaeology, where the research fields of geosciences 

overlap with those of humanities and computer sciences (Siart et al. 2018). With help of 

the geoscientific field and laboratory methods, and digital tools different spatial and 

temporal scales are considered. This allows the study of entire geographical regions by 

expanding the spatial resolution to a macro scale or the investigation of a local scale, 

such as around an archaeological site (Siart et al. 2018). By focusing at a micro scale, 

individual thin sediment deposits within an archaeological stratigraphy can be examined 

(French 2015). At this point, it should be mentioned that the classifications of the scales 

are not clearly defined within the scientific community. Thus, the terms often differ for 

scales that describe the same characteristics (comp. Goldberg and Macphail 2006, 

French 2015, Garrison 2016, Siart et al. 2018, Cordova 2018). This means that the 

applied scales for this study are specifically determined.  

As already stated in publications on geoarchaeology (a.o. Goldberg and Macphail 2006, 

French 2015, Siart et al. 2018, Stolz and Miller 2022), the strength of this research field 

lies in its integrative approach and the ability to be merged with research concepts from 

other disciplines. According to several geoarchaeological research designs that have 

already been developed (French 2015, Siart et al. 2018, Stolz and Miller 2022), the 

different types of data obtained by the diverse disciplines can be used to generate a wide 

range of information (Fig. 1.1). This includes the natural science data from geo-archives 

and bio-archives, along with data from the humanities, archaeological, historical and 

ethnographic research, as well as information obtained from various dating methods. 

The data obtained provide information about local sedimentary deposits, soil 

development, erosion, vegetation change or chronostratigraphic periods of human 

settlement activity, among other variables. At a higher level, the interpretation of the 
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collected data can provide information about the influence of short and long-term sub-

regional climatic events, on the environment and humans (French 2015). 

 

  

Figure 1.1 Idealized geoarchaeological research design in order to merge an archaeological 
record with past landscape processes (modified after F. Sulas and C. French (French 2015)). 

 

 

1.2 Sodicho Rockshelter as a potential human-environment archive  

For a reconstruction of human and palaeoenvironmental influences at a certain site, a 

complete preservation of the archaeological material as well as of the sedimentary 

deposits are crucial. Caves and rockshelters, such as the Sodicho Rockshelter provide 

excellent study conditions for geoarchaeological research, as they function as sediment 

traps that allow the investigation of different depositional conditions. This means that 
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multiple sources of deposits, such as autochthonous geogenic, allochthonous geogenic, 

anthropogenic and biogenic sediments entered cave and rockshelters, depending on the 

variability and intensity of external environmental factors (Goldberg and Sherwood 2006, 

Mentzer et al. 2017). This is especially true for rockshelters, which are often described 

as cavities that are wider than they are deep, and that are usually filled by direct and 

indirect sunlight (Birndorfer et al. 2022). Consequently, there is often a greater impact on 

the sedimentological, archaeological and zooarchaeological record from changing 

external environmental conditions within rockshelters. Thus, a reconstruction of the 

external circumstances could be reflected more precisely.  

With this information in mind, the sediment stratigraphy at Sodicho Rockshelter can be 

used as a record of local climatic and environmental variability. By identifying single 

depositional processes, and the comparison with climatic records from lacustrine 

sediments or calculated models, the research scale can be expanded to a supraregional 

scale, while at the same time it demonstrates the potential for using existing research 

and methodological approaches in order to investigate rockshelter stratigraphies. The 

last mentioned must be considered, since countless factors may be responsible for failing 

a preservation of key indicators in a rockshelter stratigraphy, which could relate to the 

past environment. These include post-sedimentary influences of organisms, but also 

facts such as the climatic circumstances at the site. For instance, sites in tropical regions, 

e.g. parts of Ethiopia, are often characterized by warm and humid tropical climates, which 

are associated with a high intensity of weathering. Climatic fluctuations, in some cases 

very rapidly shifting, may also have affected sedimentary deposits in the past. Studies in 

southeastern Ethiopia and northern Kenya, identified rapid climatic changes that had an 

impact on the landscape, flora, and fauna, especially during the Late Pleistocene and 

the following Holocene (e.g., Junginger and Trauth 2013, Foerster et al. 2015, Gebru 

Kassa 2015, Trauth et al. 2019, Schaebitz et al. 2021, comp. Schaebitz et al. 2021b). 

Changes from cold dry, with a reduction of about 15–20 % moisture availability as during 

the Last Glacial Maximum (LGM, ∼ 21 ± 2 ka), to extremely humid conditions during the 

African Humid Period (AHP, ∼ 15–5 ka), with a calculated increase of 25–40 % moisture 

availability did affect the environment and especially the vegetation cover significantly. It 

also forced humans to adapt to the circumstances and abandon certain regions (Basell 

2008, Fischer et al. 2021). In the context of this study presented here the migration does 

not only refer to the lateral movement into another preferred region or as far as another 

continent, it could also refer to a vertical movement into high-altitude landscapes with 

more favorable resources (Basell 2008, Brandt et al. 2012). In terms of 

geoarchaeological research, summarized by Röpke et al. in the subchapter on high 

mountain ranges (Birndorfer et al. 2022) mountainous landscapes are of 
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geoarchaeological interest as they exhibit increased geomorphological dynamics, with 

an increase in erosion and accumulation processes. With increasing height, the mean 

temperatures fall, and physical weathering increases, unlike decreasing chemical 

weathering (Cordova 2019). The complex orographic effect, especially in tropical 

highlands plays a crucial role in the variability of rainfall intensity (Fazzini et al. 2015, Van 

den Hende et al. 2021). In addition, the physical strain on humans increase at higher 

altitude, not least by increased UV radiation and decreasing oxygen content (Aldenderfer 

2006). Thus, the vertical landscape structure and the dynamic geomorphodynamic of 

highlands, such as the study area in the southwestern highlands of Ethiopia, offer an 

attractive landscape for studying prehistoric settlement phases, as they hold a variety of 

suitable and therefore potentially preferred environments. Studies on prehistoric high-

altitude settlement and vertical use patterns of the mountain areas can also be found, to 

name but a few, in the regions of the Peruvian Andes (occupation in height ∼ 4500 m 

a.s.l.) and the Tibetan Plateau (occupation in height 3280 m a.s.l.) (Rademaker et al. 

2014, Chen et al. 2019). Fincha Habera in the Bale Mountains, at an altitude of 3469 m 

above sea level, is the oldest dated archaeological site of a mountain region in Africa 

with an age of 47 to 31 ka BP (Ossendorf et al. 2019). While in the Bale Mountains the 

groups of hunter-gatherers are likely to have moved along the ice-free edges of glaciers 

in search of suitable raw material, there is evidence of the exploitation of different tropical 

ecozones along the mountain slopes in the highlands at other sites of Ethiopia. These 

include sites, such as the small rockshelter (DEN12-A01) and several other finds around 

the crater lake of Dendi, with an altitude of 3000 m a.s.l. (Vogelsang et al. 2018, Schepers 

et al. 2020). Moving closer to the main Sodicho Rockshelter site, Mochena Borago is 

located on Mount Damota at 40 km in immediate vicinity, and again, studies of settlement 

patterns suggest similar use of the different altitudinal zones in the highlands (Vogelsang 

and Wendt 2018). This pattern in mind, the tropical ecozones offered a variation in 

vegetation, provided protection and food for a wide range of animals. It is hypothesized 

that prehistoric foragers were thus able to exploit an abundance of vital resources within 

the different ecozones of the highlands (Vogelsang and Wendt 2018, Schepers et al. 

2020). 

According to the Mountain Refugium Hypothesis, mountainous locations like the 

Ethiopian Highlands were a possible environmental refugium for prehistoric groups 

coping with cold and hyper arid conditions in the surrounding lowlands (Basell 2008, 

Stewart and Stringer 2012, Brandt et al. 2012 and 2017). Based on the study of Blinkhorn 

et al. (2022), a research on the evaluation of refugia in Africa, the basic concept of a 

refugium is a region that enables a given group of organisms, in this case humans, to 

cope with conditions of increased climatic and environmental stress and to adapt to new 
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conditions. The data review in Basell 2008 pointed to the formation of forest refugia in 

the highlands of Ethiopia and Kenya during MIS 6 and 4, phases that were longer, colder 

and comparably dryer to the LGM. Clear evidence for these circumstances and the 

human response for MIS 6 and 4 is still scarce in eastern Africa and even more limited 

for MIS 2 (Basell 2008). In the Horn of Africa discontinuous archaeological stratifications 

are quite common. Studies at sites such as Goda Buticha, the Ziway-Shala basin and 

Mochena Borago observed a chronological gap, that has been dated to a timeframe that 

correlates to the MIS 2 (Tribolo et al. 2017). Archaeologically, this phase is of interest as 

it marks the progression from the lithic typologies, defined as the Middle Stone Age 

(MSA) to the Late Stone Age (LSA). The transition between these important 

technological innovations is still not clearly defined and remains poorly understood in the 

Horn of Africa (Basell 2013, Tribolo et al. 2017, Leplongeon et al. 2021). It should be 

noted that up to this point in research it cannot be determined how great the influence of 

precise habitat preferences of prehistoric humans was (Basell 2013) and which role 

factors such as cultural innovations, traditions or individual adaptation played (Fig. 1.2). 

The present study therefore does not address this issue, but rather relies on the new 

geoarchaeological results to discuss push and pull factors, including vital resources and 

environmental drivers, to address the question regarding the migration of prehistoric 

humans to regions such as the southwestern highlands of Ethiopia.  

 

Figure 1.2 Illustration of several dependencies (push and pull factors) that influenced prehistoric 
humans to occupy a particular region, in this case the highlands. 
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1.3 The Collaborative Research Centre 806  

This PhD dissertation is embedded in the Collaborative Research Centre 806 “Our Way 

to Europe – Culture-Environment Interaction and Human Mobility in the Late 

Quaternary”, funded by the German Research Foundation (Deutsche Forschungs-

gemeinschaft, DFG). Since its beginning in 2009 the CRC 806 established a research 

focus during the past two funding phases that concentrated on cultural-environmental 

context and palaeoclimatic conditions that lead to dispersal processes of anatomically 

modern humans (AMH) from Northeastern Africa to Western Eurasia. This involves the 

study of push and pull factors within different temporal scales, starting with the Marine 

Isotope Stage MIS 6 (about 190,000 years ago) to the MIS1 on a regional and continental 

scale.  

The collaborating institutions comprise of various university departments, institutes, and 

non-university institutions within the fields of geosciences, archaeology (prehistoric 

archaeology), meteorology and philosophy from the University of Cologne, the University 

of Bonn and the RWTH Aachen University. In this case, the CRC 806 benefits from the 

diversity of scientific disciplines and research methods in order to address 

interdisciplinary research questions. The research structure of the third and final funding 

phase (2017-2021) has a circular form (Fig. 1.3). 

 

Figure 1.3 Structure of the CRC 806, during the third funding phase. Project A1 is part of research 
group “R“ = Regional Models, marked in red (mod. after Richter et al. 2017).  
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The Regional Modal Groups (A1, B1, B3, C1, D1 and D4) in the center are symbolizing 

the investigations and interpretations concerning important key sites in northeast Africa, 

Levant, Eastern and Western Mediterranean, Balkan Peninsula, Near East and Central 

Europe. The outer circle is divided into three parts, representing the cooperating Supra-

regional System (S) Group, the Timelines (T) Group, and the Z-Group concerning data 

management and administrative tasks. 

The projects of S Group (E1, E3, E6, E7, E8, E9) will provide further datasets through 

the use of an additional methodological spectrum. These include modelling of population 

dynamics and regional climatic conditions on the basis of already available data, 

investigation of faunal assemblages, but also a philosophical reflection addressing 

concepts such as materiality and agency in archaeology and anthropology. The timeline 

group (F2, F5 and F6) covers the chronological framework of the CRC and supports the 

hypotheses and research aims of the CRC with dating methods such as 14C, optically 

stimulated luminescence dating and palaeomagnetic dating.  

 

  

1.3.1 Research by project A1 in Southwestern Ethiopia 

Project A1 “Out of Africa – Late Pleistocene Rock Shelter Stratigraphies and 

Palaeoenvironments in Northeast Africa” covers study areas in the Eastern Egyptian 

Desert and in Ethiopia. Under the direction of the principal investigators Prof. Dr. Olaf 

Bubenzer, Dr. Karin Kindermann and Dr. Ralf Vogelsang the following major research 

objectives were set for both research areas:  

1) investigation of key stratigraphies at rockshelters and their surroundings to establish 

a chronological framework, 

2) reconstructing different Pleistocene landscape settings in the research areas with help 

of archaeological sediments, which offer the possibility for a reconstruction of the 

environmental and cultural history, 

3) identification of implications on the dispersal/migration of Homo sapiens. 

 

Archaeological and geomorphological research in Egypt focused on archaeological 

layers from Sodmein Cave, with oldest layers of about 130 ka, and on Sodmein Playa 

basin, comprise of surface concentrations of Middle Stone Age (MSA) artifacts 

associated with Pleistocene lacustrine deposits (Kindermann et al. 2013, Kindermann et 

al. 2018, Henselowsky et al. 2022).   

Since the first funding phase of the SFB 806 in 2009, the stratigraphies at the Mochena 

Borago Rockshelter on Mount Damota in the southwestern Ethiopian Highlands has 
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been a main focus. Through a cooperation with the Southwest Ethiopia Archaeological 

Project, under the direction of Steven Brandt (University of Florida), with Elisabeth 

Hildebrand (Stony Brook University, New York) and their team, 2 m of stratified Late 

Pleistocene and Holocene sediment deposits and cultural remains were investigated 

(Gutherz et al. 2002, Fisher 2010, Brandt et al. 2012). Stone artifact assemblages 

comprise of obsidian MSA and LSA artifacts.  

The depositional processes that developed a very complex and inhomogeneous 

stratigraphy in Mochena Borago occurred in multiple phases and composed of geogenic 

and anthropogenic deposits. The cultural remains in the main trench were dated to the 

Late Pleistocene with an age of 36 and > 50 ka and the Holocene occupational layer are 

dated back a calibrated age of ∼ 8 ka cal BP (Brandt et al. 2017). A chronostratigraphic 

hiatus of ∼ 30 ka between the two epochs, which is also identified at other sites in 

Ethiopia (see chapter 1.2), leaves unanswered questions about the settlement history 

and environmental changes in the area. Multiple episodes of water saturation which lead 

to major erosion processes have been suggested in the development of the gap, that 

encompasses the hyper-arid period of the LGM (Brandt et al. 2012, Brandt et al. 2017). 

So far cultural occupation at Mochena Borago has only been recorded during periods 

with intermediate humid conditions, which means that this site does not provide robust 

evidence for the use of the region as a refugium during extremely dry periods, such as 

during MIS 2. First test excavations in 2015 at the new site Sodicho Rockshelter, 

revealed parts of a stratigraphy that has the potential to preserve a comparable multi-

layered deposit with cultural remains of hunter-gatherer communities.  

 

 

1.4 Aims and objectives of this thesis  

The main aims of this doctoral thesis are an understanding of prehistoric human-

environment interactions in the southwestern Ethiopian Highlands during the Late 

Pleistocene and Holocene. Furthermore, this study attempts to close chronological gaps 

and to verify and challenge the current state of research for the mentioned time periods. 

For this purpose, a variety of geoscientific methods are applied at different spatial and 

temporal scales. The addressed main aims include objectives that are proposed by 

Project A1 - Late Pleistocene Rock Shelter Stratigraphies and Palaeoenvironments in 

Northeast Africa, of the CRC 806, concerning the establishment of a geo- and archaeo-

chronological framework in the study area. 
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1. Recent relations of the hydrological system are also applicable for the past 

The actual hydrological system and the location of archaeological sites provide suitable 

insights into ancient morphodynamics, and their influence on prehistoric human mobility, 

as well as the accessibility of past obsidian raw material sources in the southwestern 

Ethiopian Highlands. 

 

Objective 1.1.: Investigation of the current hydrological system and geomorphological 

processes that relate to erosion and the human influence 

Complex relief and mountainous formations, given in the Ethiopian Highlands, are driven 

by tectonic and climatological processes as well as morphodynamic changes. Excessive 

erosion processes, like gully erosion and badland formation are very common 

phenomena (Billi and Dramis 2003, Mukai 2017). Human impact and the intensification 

of agriculture and cattle farming which is often connected to the removal of the natural 

vegetation cover, are further causes on today’s soil erosion and morphodynamic 

transformations (Fryirs and Brierley 2012, Castillo and Gómez 2016). For this study high 

resolution satellite imagery and digital elevation models (DEM) were used to investigate 

the current landscape dynamics and the actual hydrological system. In this context the 

three following research areas are being focused on: the volcanic mountains Damota 

and Sodicho, and the banks of the Bisare River, a tributary of the Bilate River. 

Hydrological data such as the catchment area and the stream networks are 

reconstructed with the modelling tool ArcHydro in ArcMap. The temporal classification is 

based on radiocarbon dating of selected drilling cores from the swampy, upper Bisare 

catchment. 

 

Objective 1.2.: Implications for prehistoric settlement activity by combining GIS based 

mapping with systematic survey of archaeological open-air sites and obsidian raw 

material exposure 

Well-preserved archaeological and terrestrial palaeoenvironmental archives that allow 

an understanding of the interaction between prehistoric settlement activity and 

palaeoenvironmental conditions are still rare. So far, within the study area, prehistoric 

settlement activities are documented by cultural finds within the Mochena Borago 

Rockshelter on Mount Damota, including oldest MSA artifacts dating > 50 ka (Brandt et 

al. 2012, Brandt et al. 2017). Most of the obsidian raw material used for stone tool 

production came from the outcrops of the Baantu area, located about 20 km from the 

site (Brandt et al. 2017). Furthermore, MSA and LSA surface artifacts occurrences are 

found on the flanks of Mount Damota (Vogelsang and Wendt 2018). According to studies 

by Benito-Calvo et al. (2007) surface finds of archaeological artifacts and the occurrence 
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of obsidian raw material qualify the region around the Bisare River as suitable for 

geoarchaeological investigations. For the area at Mount Sodicho, no comparable 

observations have yet been made so far. 

To investigate the interplay between past hydrological conditions, prehistoric settlement 

activity and raw material availability, geomorphological–hydrological datasets are 

combined with mapped locations of archaeological sites, and raw material outcrops. This 

method aims to understand the effect of the hydrological system on present accessibility 

of obsidian raw material sources and the visibility and preservation of archaeological 

sites, in general. 

 

 

2. The sediment stratigraphy of Sodicho Rockshelter holds crucial information 

about site formation processes in a volcanic rockshelter and prehistoric human 

activity  

The Ethiopian Highlands hold important archaeological records in caves and rockshelter 

covering human occupation phases of the Late Pleistocene and Holocene (Brandt et al. 

2012, Tribolo et al. 2017). The well-studied key stratigraphy of the Mochena Borago 

offers insights into complex site formation processes within a tropical rockshelter and 

into the past of prehistoric hunter-gatherer during > 50 ka to ∼ 36 ka (Brandt et al. 2017). 

Nevertheless, a major chronostratigraphic gap of about 30 ka within the sediment 

records leave unanswered questions. The Sodicho Rockshelter has the potential to be 

a further important site in this area. Comparable sediment accumulation processes could 

give information about regional palaeoenvironmental shifts and human settlement 

phases. 

 

Objective 2.1.: Understanding site formation processes in volcanic rockshelters in the 

tropical highlands  

The development of archaeological stratigraphies within caves and rockshelter depends 

on dynamic depositional processes, environmental changes and the conditions within 

the shelter (Goldberg and Sherwood 2006, Mentzer et al. 2017). In tropical regions, 

humidity and the influence of changing moisture conditions have a major effect on 

deposits. At the Sodicho Rockshelter, the human impact is an additional factor, which 

influences site formation and post-depositional processes. A variety of 

geoarchaeological methods will be used to determine the complex sediment 

composition, to distinguish geogenic, biogenic and anthropogenic sediment deposition 

and alteration processes, and to determine the pace of shifting conditions. 
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Objective 2.2.: Identifying the human context and human behavior at the site  

At prehistoric archaeological sites evidence of human behavior is often limited to the 

discovery of lithic artifacts (Cornelissen 2013). In the Horn of Africa further findings that 

represent human presence are given, but the archaeological sequences are often short 

and discontinuous (Tribolo et al. 2017), which leads to missing information about the 

transition between African prehistory, such as the Middle Stone Age (MSA) and Later 

Stone Age (LSA) (Leplongeon et al. 2021). The determination of the sediment 

composition in Sodicho is followed by an in-depth study of the human impact on the 

deposits, considering microstratigraphic changes. Attention will also be given to the 

micromorphological investigations on human behavior, with emphasis on the 

reconstruction of human fire activity and indication for site maintenance. 

 

Objective 2.3.: Establishing a comprehensive radiocarbon chronology 

Several archaeological sites in Ethiopia that have preserved prehistoric cultural material 

share a major chronostratigraphic gap of roughly 17.5 to 33 ka, thus spanning certain 

parts of the MIS 2 (Tribolo et al. 2017). This includes for instance Mochena Borago with 

a hiatus from ∼ 38 to ∼ 7,6 ka (Brandt et al. 2012, 2017), and Goda Buticha from ∼ 25 

to ∼ 7.5 ka (Pleurdeau et al. 2014, Tribolo et al. 2017). First test excavations at Sodicho 

yielded sediment deposits that have the potential to be comparable in thickness and age 

to Mochena Borago. Radiocarbon dating and a first calculated age-depth model will be 

used to get chronological control of the stratigraphy and to diminish the major 

chronological gap that is known for the Horn of Africa.  

 

 

3. The geoarchaeological research contributes to the Mountain Refugium 

Hypothesis  

There is still an ongoing discussion on the effect of short and long termed climatic events 

that had a major impact on past African environment and therefore on prehistoric humans 

(Foerster et al. 2015, Trauth et al. 2019). In many studies, the adaptation of the 

prehistoric hunter-gatherer to harsh environmental conditions is linked to a retreat into 

an environmental refugia (Basell 2008, Stewart and Stringer 2012). The Ethiopian 

Highlands are proposed as one such potential environmental refugium during cold and 

hyper-arid phases, such as during the MIS 4 and MIS 2, when smaller groups were 

forced to abandon the lowlands and moved up into higher mountain ranges (Brandt et 

al. 2017).  
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Objective 3.1.: Identifying regional palaeoenvironmental signals within the 

sedimentological record at Sodicho 

In course of this study, the results on sediment deposition and alteration processes will 

be linked to local and supraregional environmental signals (e.g., shifting moisture 

conditions, volcanic eruptions, natural bush fire) to identify possible differences in the 

deposits, that could mirror long-term climatic trends or even short-term events. The 

determination of possible proxies for the degree of weathering - changes in moisture and 

dryness - will be investigated using sedimentological, geochemical and 

micromorphological investigations.  

 

Objective 3.2.: Implications for prehistoric human occupation and cultural adaptation to 

a changing environment   

Evidence of prehistoric human settlement in the Ethiopian Highlands can be found in 

archaeological open-air sites or within rockshelter stratigraphies. The Mochena Borago 

Rockshelter is the only well studied and securely radiocarbon dated site (Brandt et al. 

2012, Brandt et al. 2017) within close vicinity of the Sodicho Rockshelter. In order to 

identify the environmental circumstances driving human migration (testing the Mountain 

Refugium Hypothesis), the detected depositional processes of Sodicho are compared 

with information on regional settlement history and past climate events.  

 

 

4. The geoarchaeological research results are applicable to other archaeological 

research sites at tropical caves and rockshelters 

Rockshelters and caves often provide a record of repeated human occupation and a 

geo-archive of past environmental and climatic changes (Woodward and Goldberg 

2001). Differences in depositional conditions are based on parent rock, climatic and 

environmental conditions, and biogenic impact. It is particularly evident in a tropical 

regime, where sediment and soils are often exposed to highly fluctuating moisture 

conditions, which can alter the deposits. 

 

Objective 4.1.: Linking and highlighting the results in comparison to other important 

geoarchaeological research sites   

The Sodicho Rockshelter is a promising site, that persevered archaeological information 

about prehistoric hunter-gatherer occupation and the past environment. Due to 

discontinuous, short stratigraphies, as well as major chronostratigraphic gaps, there is a 

lack of comprehensive evidence on the way of life of East African hunter-gatherers and 

the environment in which they moved. The new geoarchaeological research results shall 
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be linked to other rockshelter sites, in order to highlight the importance of the data and 

to identify the extent spatial and temporal transferability. Sodicho could act as a new 

potential key site for geoarchaeological research at difficult archaeological stratigraphies, 

and at the same time be a prime example of research approaches and methodological 

practices in tropical rockshelters. Thereby, it can be determined which combination of 

methods shall be applied for the different scale levels. 

 

1.5 Research design and applied methodology 

The research design of this doctoral research comprises of an interdisciplinary 

geoarchaeological approach that is based on the initial research questions formulated 

by Project A1 from the CRC 806 (see chapter 1.3). It addresses the former mentioned 

hypotheses and formulated objectives of this thesis. This combines a variety of 

geoscientific field and laboratory investigations, computer methods and the cultural-

historical context, which is clarified by archaeological investigations. The following 

design represents a workflow with important steps and applied methodology based on 

the understanding of different scales of geoarchaeological investigation (Fig. 1.4). While 

the regional landscape scale focuses on the investigation of the research area from a 

distance, with help of satellite-derived GIS analysis, further sedimentological and 

geochemical methods zoom into the sediment stratigraphy at the Sodicho Rockshelter. 

Supporting studies and external palaeoenvironmental records are consulted for the 

verification of the results and the correlation of the data. The main aim of this study will 

be the reconstruction of the human environment-interaction, palaeoenvironmental 

changes and the impact of prehistoric human occupation in the southwestern Ethiopian 

Highlands.  

 

1.5.1 Fieldwork 

As part of the third phase of the CRC 806, two final fieldwork and excavation campaigns 

were conducted at the Sodicho Rockshelter during 2017 and 2018. A first 

geoarchaeological survey took place in November 2017 within the Sodicho Rockshelter 

itself and the close surroundings by a geomorphological mapping the location of raw 

material outcrops and scatter finds at Mt. Sodicho. Rock samples were examined and 

described in the field to investigate the mineralogical composition of the rockshelter 

bedrock and lithological changes at Mt. Sodicho.  
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Figure 1.4 Research design of this doctoral research, highlighting major methods, research aims 

and supportive investigations (own design). 
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Stratigraphic description of the sediment layers at the excavation site was done 

according to the description of sediment texture, sediment color (Munsell Soil Color 

Charts©) and special characteristics. Bulk sediment samples, in a two 2 cm resolution, 

were taken from two excavation profiles for sedimentological and geochemical analyses, 

and phytolith investigations. During a second, shorter field stay in November 2018, 

further bulk sediment samples were taken from the lowest excavated stratigraphic layers. 

In addition, micromorphological monoliths were extracted and 20 bulk sediment samples 

were taken from each sediment unit within two excavated profiles for black carbon 

analyses. After the completion of the excavation, a short raw material survey was 

undertaken to the area of Fulasa and Chebe, east of the Wagebeta Caldera complex.  

 

1.5.2 Previous fieldwork of the CRC 806 

Previous to this study, geoarchaeological research trips to the study area took place in 

context of the CRC 806 studies from 2012 onwards and sample material was collected, 

that was incorporated into this study. Percussion drilling cores were obtained in the basin 

of the Bisare River area during the field campaigns of 2014 and 2015 (see chapter 1.5.6). 

At Sodicho Rockshelter, the main site itself, the excavated archaeological material 

(especially the lithic artifacts) has been documented since the first excavations in 2015. 

Charcoal and seed samples have been taken from the excavation site, for radiocarbon 

analysis (see chapter 1.5.6). In addition, 6 of the 10 micromorphological monoliths were 

already sampled in 2016 (see chapter 1.5.4). 

 

1.5.3 GIS-Methods 

Geographical Information Systems (GIS methods) were used for geomorphological and 

hydrological mapping of the study area in the southwestern Ethiopian Highlands, and to 

incorporate information from field survey data, such as mapped geomorphological 

information or archaeological findings. The base “maps” for all analyses were extracted 

digital elevation models (DEM) covering the different study areas. The DEM was 

generated using high-resolution panchromatic satellite images of Pléiades 1A satellites 

(by Astrium Services/Spot Image, Airbus Defence and Space) with a 2 m resolution. 

ASTER GDEM data (by METI and NASA), with a resolution of 30 m was used to fill the 

gaps between the study areas of choice. Within the image analysis software ENVI (5.3 

by Harris Geospatial Solutions) two satellite images of one area were manually fitted 

together, by setting tie points, in order to create a panchromatic image. The 

geomorphological surface data (terrestrial analyses) were determined by the GIS-
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software ArcGIS 10.6 by ESRI. In order to reconstruct the hydrological system, the 

modelling tool set of ArcHydro (ESRI) was used. Again, the DEM functioned as a base 

map and features such as flow directions, flow accumulation, surface runoff, and 

catchment areas were calculated. In order to create visual maps, such as those used in 

introductions, additional Natural Earth raster map data was used to produce illustrative 

geomorphological maps. The raster data for introductory maps featuring lithological 

properties of the surface geology were provided by USGS.  

 

1.5.4 Laboratory investigations 

Bulk sediment samples were determined with a 2 cm resolution at two columns at two 

excavation profiles. Exceptions were difficult areas around bigger rocks, increasing the 

sample thickness to 4 cm. All samples were analyzed at the Institute of Geography at 

the University of Cologne, Germany. Pre-treatments include drying all samples at 40 °C 

in the drying chamber and sieving to less than 2 mm. A part of the material was grinded 

and homogenized for geochemical analysis with a zircon ball mill. A simple overview of 

the methods applied to individual sediment samples is provided in the tables A1 to A5 in 

Appendix A. 

 

a) Micromorphology 

Micromorphology is a method to analyze unconsolidated sediment and soil samples 

(Stoops 2021). The sampling of undisturbed sediment blocks was conducted at four 

excavation squares (F35 North, F35 West, G35 South, J29 South), during the 

excavations in 2016 and 2018 (Fig. 1.3). The micromorphological monoliths were taken 

from all sediment layers, also covering the layer boundary, to enable a gapless sampling. 

The removed sample were secured with commercially gypsum bandages. Thin sections 

preparation was performed at the thin section laboratory of Mr. Dipl. -Ing. Beckmann, 

Schwülper-Lagesbüttel. The impregnation of the sediment monoliths in a vacuum as well 

as the preparation of the < 30 µm thick, uncovered thin sections followed the instructions 

of Beckmann (1997). The observation and description of the thin sections followed the 

guidelines and terminology of Stoops (2021). A first microscopic examination was carried 

out with a polarizing microscope BH-2 (Olympus, Hamburg, Germany). For further 

detailed observations, the polarizing microscope Axiolab (Zeiss, Oberkochen, Germany) 

was used in polarized light (PPL), between crossed polarizers (XPL), and under oblique 

incident light (OIL). During the microscopic analyses the thin sections were covered with 

oil to enhance the feature contrast. Digital images were performed by using the digital 

image capture software Axiovision (Zeiss, Oberkochen, Germany). In order to document 
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the overall composition, the thin sections were flatbed scanned with help of a CanoScan 

9000F (Canon) (Arpin et al. 2002), under PPL and XPL, and using black and red 

backgrounds. Additional information about each thin section and its position in the 

stratigraphy can be found in Appendix B.  

 

 

Figure 1.5 Strategy used to collect the micromorphological samples at the Sodicho Rockshelter. 
(A) Sample blocks SOD_2 to SOD_5 (from the top) at profile F35, SOD_5 was lost during the 
sampling process; (B) Sample block SOD_1 at profile J29; (C) Sample block SOD_II at profile 
F35, supported in gypsum (Photos by R. Vogelsang, 2016 (A-B); E. Hensel, 2018 (C)). 

 

b) Granulometry 

The grain size distribution was determined with a Laser Diffraction Particle Size Analyser 

(Beckmann Coulter LS13 320, Beckmann Coulter, Inc.) in which a suspension is laser 

scanned. The sediment particles refract the light waves and the resulting scattering 

provides information about the diameter. All ungrounded samples were pre-treated with 

hydrogen peroxide (H2O2, 15 %) to remove organic opal and washed with demineralized 

water, after the reaction has subsided. In order to prevent an aggregate formation 

coagulation sodium pyro-phosphate (Na4P2O7, 46 g/l) was added and the samples 

placed in a horizontal shaker for 12 hours before the measurement. In a second run, 

focusing on the silicate composition of the sediment, a selection of samples (comp. 

appendix A) were additionally treated with HCl (10 %) following the dissolution of the 

organic material in order to dissolve carbonates from the sediment. In this step, the 

A B 

C 
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carbonates are dissolved from the sediment. Subsequently, these samples were also 

washed and dispersed with Na4P2O7. The Fraunhofer optical mode was chosen during 

the measurement and the calculation of grain size parameters are based on Folk and 

Ward (1957). The results were statistically evaluated with the GRADISTAT software 

version 8 (Blott and Pye 2001). 

 

c) Sediment color 

Since the sediment color is an important soil and sediment characteristic for composition, 

soil forming processes and past conditions, a spectral analysis was chosen, besides a 

soil characterization with the Munsell Soil Color Chart in the field. The measurement was 

performed with a bench-top spectrophotometer CM-5 from (Konica Minolta, Inc., Japan), 

in the laboratories of the Geological Institute at the University of Aachen. The sample 

material is placed into a quartz glass petri dish and measured without any further 

preparation (Eckmeier and Gerlach 2012). The wavelength of the reflected light of the 

sediment particles are measured in the visible range (VIS) from 360 to 740 nm. The 

results are given in an Excel file provided by the SpectraMagic ® NX CM-S100w color 

management software. The analysis provides wavelength, the Munsell color values 

(Hue, Chroma, Value) and color coordinates of the visible light. This includes the CIELab 

(International Commission on Illumination -L*a*b*). The value is pronounced with the L*, 

and the color dimensions with a* (green to red) and b* (blue to yellow) (Markl 2008, 

Eckmeier and Gerlach 2012).  

 

The Redness Index (RI), which reflects iron oxides or pedogenetic induced haematite, 

are calculated with the help of the CIElab values according to Barrón and Torrent (1986), 

using the following formula:  𝑅𝐼 =  𝑎∗(𝑎∗2+𝑏∗2)121010𝑏∗𝐿∗6 . 

 

 

d) Magnetic susceptibility (MS) 

The mass specific magnetic susceptibility (MS) describes magnetizability iron-bearing 

minerals in rock, sediment, and soil when exposed to a magnetic field (Dearing 1999, 

Fassbinder 2007). The measurement provides information pedogenic processes (e.g. 

palaeosoils), heat induces sediment transformations or the development of magnetite 

(Fe3O4), by iron-reducing soil bacteria. In the best case, it enables a reconstruction of 

transport, deposition and formation processes within sedimentary sequences (Dearing 

1999, Goldberg and Macphail 2006). In an archaeological context, enhanced magnetic 
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susceptibility vales allow an assumption of heated resp. burned sediment (French 2015). 

The double determination of the samples was performed with a Bartington MS2 Magnetic 

Susceptibility System with a MS2k sensor and measured twice under laboratory 

conditions. The sieved sample material is weight into a plastic vessel (10m3) provided by 

Bartington, slightly compacted, and afterwards measured with a low frequency (0.46 Hz) 

followed by high frequency (4.6 Hz) (Dearing 1999, Bartington Instruments Ltd. 2015). A 

calibrations sample (Si = 3.104 x 10-5, at 22 °C) prevents deviations. 

 

e) Carbon content 

In order to estimate the organic content in the sediment and the C/N ratio samples were 

homogenized and measured with a Vario EL Cube (Elementar Analysensysteme GmbH, 

Hanau, Germany). For the determination of total carbon content (TC) and the total 

nitrogen content (N) 20 mg of the homogenized sample material were weighed into tin 

boats and measured with blanks, and equipment/ laboratory standards. In a second 

procedure, that focuses on the total organically bounded carbon (TOC), only a selection 

of the samples was weight into silver boats. The samples were then dried on a hot plate 

(120-140 °C) and the substrate pipetted with hydrochloride acid (HCl, 10 %) at regular 

intervals, on the day of the measurement. As soon as the substrate no longer reacts, the 

boats can be folded in tin foil and placed in the elemental analyzer. The two 

measurement procedures are carried out in the “CN operation mode” with helium (He) 

as carrier gas. The results are exported into Excel and given as percentage. 

 

f) Major and trace element composition 

The elemental concentration and composition within the sediment samples was 

estimated with a portable X-ray fluorescence (pXRF) analyzer (Niton™ XL3t, Thermo 

Scientific™) under laboratory conditions, i.e dried and homogenized sediment is pressed 

into small pellets and measured three times in a custom-fit transportable test stand. For 

the measurement, the samples were placed on a 4 μm thin barium foil, and analyzed in 

the Mineral mode with four filters (Main= 50 kV, Low = 15 to 20 kV, High = 50 kV, Light 

= 8 kV) for 40 sec each. Each measurement must be stopped manually for 160 sec. The 

measurement results are downloaded from the device via the NTD software, converted 

into Excel and given in the unit CPS/ua.  

Using a handheld is very time efficient, but nevertheless not all elements, such as 

phosphorus, can be measured accurately (Hunt and Speakman, 2015). Therefore, a 

selection of the samples (tab. A1–A5) was measured at the Institute of Physical 

Geography and Geoecology at the RWTH Aachen. Here the homogenizes samples were 

pressed to tablets and measured twice with a SPECTRO XEPOS energy dispersive X-
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ray fluorescence (ED-XRF, SPECTRO Analytical Instruments GmbH). In addition to the 

element composition (%), the contained oxides (%) were also recorded during the 

measurement and exported into an Excel file. From this information, further indices could 

be calculated, such as the chemical index of alteration (CIA), calculated according to 

Nesbitt and Young (1982): 𝐶𝐼𝐴 = 𝐴𝑙2𝑂3𝐴𝑙2𝑂3 + 𝑁𝐴2𝑂 + 𝐾2𝑂 + 𝐶𝑎𝑂 

 

 

g) Ammonium oxalate extractable Fe, Mn, Al, and Si 

The determination of amorphous pedogenic oxides such as Iron (Fe), Manganese (Mn), 

Aluminum (Al), and Silicon (Si) was performed by using acidified ammonium oxalate, a 

moderate acidic reaction, following the instructions of Tamm (1932) and Schwertmann 

(1969). For the analysis 20 reference samples (comp. appendix A) were selected from 

all sediment units. For each sample, 0.5 g of dry fine sediment (< 2 mm) was mixed with 

50 ml of extraction solution, consisting of 28.42 g of NH4-oxalate (2C2O4 x H2O) and 

18.01 g of the anhydrous oxalic acid (H2C2O4), admixed with 1 l of ultrapure water. In the 

following the samples were shaken for two hours, under completely dark conditions, then 

centrifuged (5 min, 4000 rotations/per min), and afterwards filtered with qualitative filters.  

While opal and crystalline iron oxides are not dissolved, active non-crystalline oxides, 

organically bonded oxides and Fe, Al and Si from allophane and allophane-like 

components are dissolved and can be determined in the extract (Rennert 2019). The 

extracts were measured in an Inductively Coupled Plasma Optical Emission 

Spectrometry (ICP-OES) (Thermo XSeries 2, Accela Pump). The results are given in mg 

metal/kg of sediment based on the sample weight: 

 𝐹𝑒𝑂 =  𝑎 ∗ 𝑏𝑐  

a = content of iron in the extract in mg/l 

b = dilution in ml (usually 100 ml) 

c = soil weight in g (usually 0.5 - 1 g) 
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1.5.5 Chronology - Age depth model 

A classical model to estimate the calendar ages of deposits in a certain depth is a reliable 

and well used tool in the study of drilling cores. The age-depth model for Sodicho 

Rockshelter was established by using the clam2.3.5 package in the RStudio software 

(Version 1.3.959) according to the code by Blaauw (2010). For this semi-automatically 

process the uncalibrated 14C ages (section 1.5.6 b), with their first standard deviation 

errors distributions were included and modelled with a linear interpolation. The 

developed model will be used to provide an overview of changes in sediment 

accumulation rates. In an initial attempt, sedimentological and geochemical results will 

be plotted against the ages to illustrate climatic and environmental changes over time. 

 

1.5.6 Supportive investigations  

Intensive interaction with cooperating research in the disciplines of archaeology, 

archaeobotany, geology and mineralogy made it possible to expand insights in the 

context of cultural remains, the palaeoenvironment, and the creation of a chronology. 

 

a) Analysis of artifact typology 

The durability of lithic raw material makes knapped lithic artifacts one of the most 

important archaeological finds regarding prehistoric human behavior. At Sodicho, all 

archaeological finds (e.g., lithic artifacts, charcoal, seeds) were single plotted using a 

Leica TS02 total station during the excavations, individually bagged, and assigned a 

unique identification number. The analyses of these artifacts include the observation and 

description of tools, flakes (debitage), and residual, the identification of chosen raw 

material, as well as the reconstruction of manufacturing and typo-technological 

development.  

 

b) Radiometric dating  

To establish a reliable chronology (chapter III) via radiocarbon dating, several samples 

were collected during the excavations 2015-2018 at the Sodicho Rockshelter. A total of 

28 samples of seeds and charcoal were analyzed at the radiocarbon AMS lab Beta 

Analytics Limited, Florida, USA. Additionally, two charcoal and one soot sample were 

measured at the Center of Accelerator Mass Spectrometry (AMS) of the University of 

Cologne, Germany. At both laboratories the inorganic carbon and humid acids were 

removed with an acid and alkali (AAA) pre-treatment. The conventional radiocarbon ages 
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where calibrated with Calib8.10, by applying the most recent calibration curve 

IntCal20.14C (Reimer et al. 2020). 

 

In order to obtain a chronological orientation/ framework within a fluvial sequence in the 

basin of the Bisare River swamps, two out of eleven percussion drilling cores were 

sampled and tested for radiocarbon dating. A plant sample and a sediment sample were 

taken and analyzed at the Radiocarbon AMS laboratory of the University of Cologne. 

The radiocarbon samples were then calibrated with OxCal v.4.2.3 by applying the 

calibration curve IntCal13 (Ramsey et al. 2013, Reimer et al. 2013). 

 

c) Black Carbon content and quality 

For the chemical analyses of fire residue within the sediment deposits of Sodicho, the 

black carbon (BC) content and composition were determined by oxidation of BC to 

benzene polycarboxylic acids (BPCA). 20 samples were taken from two squares F35 

and G35, dried (40° C), sieved (> 2 mm), milled and then prepared according to the 

instructions of Glaser et al. (1998) and Brodowski et al. (2005). The samples were 

measured with a gas chromatograph equipped with a flame ionization detector (FID; 

Packard 6890 gas chromatograph, Hewlett Packard GmbH, Waldbronn, Germany), and 

an HP-5 capillary column (30 m x 0.32 mm i.d., 0.25 mm film thickness, Macherey-Nagel, 

Düren, Germany). For each sample a threshold of 5 mg organic carbon was maintained 

and the ratio of B5CA/B6CA was used as a proxy for changes in combustion 

temperatures (Schneider et al. 2010, Wolf et al. 2013).  

 

d) Phytolith ratio 

Opal phytoliths are inorganic silicate bodies, that develop in plant cells and tissue. Plant 

roots take up monociliate acid (H4SiO4) through polymerization. For this preliminary 

qualitative analysis, 15‒20 g bulk sediment of 15 samples were chosen. In each sample, 

300 phytoliths with the morphotypes elongate (ELO_ENT), blocky (BLO) and acute 

bulbosus (ACU_BUL) were counted. The ratio of burned (clear, transparent) to unburned 

(brownish, black core) phytoliths were noted. This ratio is suggested to be a further 

indication for possible fire intensity/ combustions temperature. In this research, detailed 

quantitative analysis of the phytolith morphotypes was not included, since a comparison 

with recent phytoliths from the Southwest Ethiopian Highlands are needed.  
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1.6 Thesis structure 

This thesis includes three peer-review publications concerning geoarchaeological 

research at the Sodicho Rockshelter and in the surrounding area, in different spatial and 

chronological scales. With each chapter an attempt is made to narrow down the spatial 

scale of research, according to the research design (Fig. 1.4), beginning with the analysis 

of regional satellite images, proceeding with the formation processes of the site’s 

stratigraphy, and reaching the finest microscopic changes within the sedimentary layers. 

The order of the included publications is arranged by the date of publication and 

submission, respectively. The following short overviews describe the primary focus of 

each chapter. 

The first chapter I of this doctoral thesis introduces the research aims, the design of this 

dissertation, and the different scales that are used in this geoarchaeological research. In 

addition, an introduction to the research area, and its geological, geomorphological and 

climatological setting is presented. Furthermore, the state of the geoarchaeological, 

archaeological and palaeoclimatological research in southwestern Ethiopia is described. 

Chapter II focuses on the research about the distribution of mapped archaeological sites 

and obsidian raw material outcrops and its relations with the hydrological systems within 

the catchment around Mt. Sodicho, Mt. Damota, and of the Bisare River catchment. The 

publication gives a first introduction into the broader study area and presents the results 

of geomorphological–hydrological analyses and structured field survey with help of GIS-

mapping. In addition, three radiocarbon dates built the chronological framework.  

In chapter III the spatial scale is narrowed down to the excavated stratigraphy at the 

Sodicho Rockshelter. It is focusing on site formation processes, palaeoenvironmental 

changes and settlement phases of Late Pleistocene and Holocene hunter-gatherers 

during the last 27 ka years. This chapter presents the first results of sedimentological, 

geochemical analyses, a preliminary chronological frame via radiocarbon dating, and the 

first insights into the analyses of archaeological finds. With the help a classical age-depth 

model anthropogenic and environmental proxies were established that provide an insight 

into occupation phases that were interrupted by local environmental changes that 

correspond to lacustrine records of southwestern Ethiopia and supraregional climatic 

shifts. 

Based on the knowledge about site formation processes, the radiocarbon chronology 

and the initial palaeoenvironmental implications, further results of the geoarchaeological 

research at the Sodicho Rockshelter are presented and discussed in chapter IV. Within 

this study micromorphological observations were used to verifies the information about 

sediment deposition and post-depositional alteration and to quantify microscopic signs 
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for human behavior. By comparing the observations with black carbon analysis and a 

qualitative ratio of burnt and unburnt phytoliths, behavioral patterns such as human fire 

activity can be determined. For a deeper insight into the weathering state of the sediment 

an acidic ammonium oxalate extraction was used. These results contribute to an 

understanding of the influence of changing moisture conditions on a rockshelter 

stratigraphy and the preservation of information. 

Chapter V discusses the key findings and interpretations of the previous chapters by 

relating to the working hypothesis of this thesis. It also highlights the significance of the 

new results in the context of the geoarchaeological research field. 

This final chapter VI concludes this doctoral research by highlighting the significance of 

the geoarchaeological results. The agenda for further research at the Sodicho 

Rockshelter and other possible sites in the research area is discussed in a subchapter. 

 

 

1.7 Setting of the study area 

1.7.1 Present geological and geomorphological setting 

Ethiopia is a country of many different landscapes and offers the contrast between high 

elevated plateaus, a rift fault system and extensive depressions. The research area is 

located in the southwestern Ethiopian Highlands, an elevated region in the Southern 

Ethiopian Plateau (SEP), close to the border of the western central and southern Main 

Ethiopian Rift (MER) (Fig. 1.6). Here the mountain ranges can reach heights of ∼ 2000–

3000 m above sea level (a.s.l.). Today, tectonic and residual landforms characterize the 

study area; extinct volcanic cones alternate with caldera complexes, steep slopes, 

gorges, prominent fault systems, and natural basins. A prominent feature in the north of 

the study area is the Wagebeta Caldera complex, a series of three almost circular 

depressions with steep slopes, that date back to 3.6 to 4.2 Ma. They are the origin of 

Pliocene volcanic activity that is connected to tectonic stress of the late development of 

the MER system (WoldeGabriel et al. 1992). The calderas are aligned above the Goba-

Bonga lineament, a west-east transverse depression, that crosses the western central 

and southern Main Ethiopian Rift (MER) (WoldeGabriel et al. 1990, Abbate et al. 2015). 

To the south of these formations several volcanic domes and lavas characterize the 

landscape. They consist predominantly of fine-grained basalt, light colored rhyolite and 

trachyte, ignimbrite, and welded tuff (Chernet 2011, Abbate et al. 2015).  
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Figure 1.6 Location of the study area (red square) within the Southwestern Ethiopian Highlands 

(Raster map data by Natural Earth).  

 

Most of Ethiopia's lakes are centered along the NW-SW trending Ethiopian Rift System, 

which are fed by rivers draining in from the highlands (Ayenew and GebreEgziabher 

2015). Within the study area the western permanent streams flow into the Omo basin, of 

the north-south running Omo River, which flows into Lake Turkana (WoldeGabriel et al. 

1992). River systems to the east flow directly in Lake Abaya or join the Bilate River, a 

major river, which is a tributary river to Lake Abaya itself (Corti et al. 2013). In general, 

the soil development on the southwestern Plateau is influenced by rising topography, 

increasing rainfall and dropping temperatures. Although the formation of deep soils is 

favored in the hilly terrain, these are often only moderately fertile (Yeshitela and Bekele 

2002). Soil erosion, river erosion and gully formation are very common degradation 

processes in the study area, that expose bedrock and common soil types, such as 
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Chromic Luvisols (LVcr) [clay rich, nutrient-holding capacity, with red faint], Umbric 

Nitisol (NTum) [mixture of clay and iron coatings, phosphate-fixing capacity], Haplic 

Vertisols (VRha) [clayey soils, common shrink and swell processes, because of 

montmorillonite] (IUSS Working Group WRB, 2014). Where the top soil has been 

removed by erosion or gully incising has been advanced, badland-type morphology 

develops (Billi 2015). 

 

1.7.2 Research site description 

This study focuses on a study region in the southwestern Ethiopian Highlands, around 

320 km from the capital Addis Ababa, and in particular on an area that belongs to the 

administrative zone of KembataTembaro and Wolayita, which are part of the southern 

situated regional state Southern Nations, Nationalities, and Peoples' Region (SNNPR).  

 

 

Figure 1.7 Map of the study area with locations of research sites discussed in the following 
chapters (DEM data by ASTER GDEM and Natural Earth raster map data). 
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Sodicho Rockshelter on Mount Sodicho  

The Sodicho Rockshelter, the main archaeological site of this doctoral research, lies on 

the southwestern flanks of the trachytic Mount Sodicho (Fig. 1.7). The mountain itself 

has an irregular dome structure with greyish to yellowish trachyte cropping out. At the 

western mountain flank rhyolite lava and welded tuff are common, and basaltic material 

was exposed only at the western foot of Mt. Sodicho. A hydrological system with episodic 

and permanent streams did incise into the mountain (Fig. 1.8 B). From the flat and wide 

summit of the mountain, with a height of about 2100 m a.s.l., the basin of the Omo River 

can be seen to the southwest, the edges of the Wagebeta Caldera complex to the north, 

and a series of further volcanic formations in close distance (Fig. 1.8 C). The prominent 

features of the summit of Mount Damota rise in about 40 km to the southeast. Housing 

units and agriculturally utilized areas are situated on the perimeter of the mountain (Fig. 

1.8 F). The majority of the vegetation has been cleared for the cultivation of food crops, 

and what is left of presumed natural forests is only present in patches on steeper slopes 

or has been replaced by eucalyptus trees. One consequence of the deforestation is 

erosion along the slopes and the resulting increase in soil degradation.  

 

       

    

Figure 1.8 Continue on next page. 

C 
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Figure 1.8 Photos of the surrounding area of Mt. Sodicho. (A) View of the entrance area of 
Sodicho Rockshelter within the outcropping trachytic bedrock; (B) The surroundings of Mt. 
Sodicho are characterized by permanent and episodic streams; (C) Mt. Sodicho is part of a series 
of silicic domes, as seen on the photo; (D) Clearing at the slopes and movement of livestock 
promotes degradation and runoff; (E) View from the northern summit of Mount Sodicho, towards 
the flanks of the Wagebeta calderas; (F) Round huts and flat-roofed huts are found on the 
mountain slopes which are used for cultivation (Photos by E. Hensel, 2017). 

 

The Sodicho Rockshelter is situated at an elevation of about 1930 m a.s.l., below steep 

rock walls and its opening is facing the south (1.8. A). Looking into the landscape from a 

narrow ridge directly in front of the rockshelter entrance, the Omo River basin and the 

outline of Mt. Damota can be identified. Inside, the rockshelter walls show signs for a 

heavy influence of moisture (Fig. 1.9), such as dark staining along the walls and cracks 

in the ceiling, drip holes and shallow water pools.  

 

 

Figure 1.9 Panoramic view into the Sodicho Rockshelter. Dark staining of the rock surface is 
caused by the exposure to moist conditions (Photo by C. Schepers, 2018; mod. after Hensel et 
al. 2021). 

 

 

 

 

E F 
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Mount Damota 

The Mount Damota, dormant igneous volcanic mountain, is situated northern of the city 

Sodo (Fig. 1.10 A). With a summit in 2908 m a.s.l., several prominent landscape features 

are visible, such as the lower relief topography of the Main Ethiopian Rift to the east, with 

several rift valley lakes in the north and the Lake Abaya to the south (Brandt et al. 2012). 

Visible rivers are the Bilate River, and Omo River basin. Lithological, Mt. Damota can be 

classified as a greenish grey trachyte that overlies rhyolitic to trachytic lava and 

ignimbrites of the pyroclastic Nazret Group (Chernet 2011, Brandt et al. 2012, Corti et 

al. 2013). Furthermore, the mountain is characterized by rocky outcrops, deep gorges, 

and steep slopes (Abbate et al. 2015). Often, natural vegetation can only be found in the 

topographic features just mentioned, because agriculture, cattle farming and extensive 

erosion in the recent past had a major influence (Fig. 1.10 B). Nevertheless, this study 

area offers variation in vegetation and faunal habitats within the vertical ecozones 

(Vogelsang and Wendt 2018). The mouth of the archaeological key site Mochena Borago 

is located on the southwester flank of the mountain below a seasonally active waterfall 

(Brandt et al. 2012).  

 

     

Figure 1.10 Photos in the close surroundings of Mt. Damota. (A) View to the summit of Mt. 
Damota, taken from the streets of Sodo (Photo by E. Hensel). (B) Most of the natural vegetation 
cover had been replaced by cultivated land along the flanks of Mt. Damota (Photo by S. Meyer). 

 

Bisare River 

The third study area is located at the upper catchment of the Bisare Rriver. The river 

basin lies at the margins of the Ethiopian Rift valley, about 10 km east of Mt. Damota 

and 35 km northwest of Lake Abaya. The catchment is situated in the Hobitcha caldera, 

a south-east facing horseshoe, which is associated with Quaternary rhyolitic volcanism. 

Rhyolitic lava flow and pyroclastic products are outcropping at the edges of the caldera 

(Corti et al. 2013). Alluvial sediment, glacis and valley fills including interbedded volcanic 

rocks are common, and are incised by gullies and gorges (Fig. 1.11 A). Moreover, the 
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extensive gully erosion and the formation of badlands is a common phenomenon in 

depressions (Benito-Calvo et al. 2007). Bisare is a western tributary of the Bilate River, 

a north south running stream, that flows into the northern part of Lake Abaya. Swampy 

areas are located in the upper part of the catchment (Fig. 1.11 B).  

 

     

Figure 1.11 Photos of significant features at the Bisare River catchment. (A) Degraded areas have 
been formed by gully erosion and extensive badland formation. (B) Swampy area in the western 
part of the upper Bisare catchment (Photos by O. Bubenzer, mod. after Hensel et al. 2019). 

 

1.7.3 Past geological processes  

Today, Ethiopia’s characteristic landscape with the prominent Rift Valley and countless 

relics of past volcanic activity and faulting processes speaks for a complex geological 

and geomorphological development. The geological development of Ethiopia already 

dates back to mantle plum action during the Proterozoic (comp. Abbate et al. 2015). For 

a detailed review of the literature dealing with East African passive margin processes 

and the formation of the Main Ethiopian Rift, the reader is referred to Abbate et al. (2015). 

The Southern Ethiopian Plateau is connected to the formation processes of the Main 

Ethiopian Rift, which can be divided into the Northern MER, Central MER and Southern 

MER, according to temporal differences of rifting and faulting processes (WoldeGabriel 

et al. 1990, Corti et al. 2013).  

The study area lies marginal in a transition zone between the Central MER and the 

Southern MER. Findings of Plateau Flood Basalts, with the oldest ages of about 45 to 

35 Ma, suggesting a pre-rift, initial volcanism since the Late Eocene (Chernet 2011, 

Abbate et al. 2015). With the onset of the main rifting processes, extensive volcanic 

activity and uplift in the Mio-Pliocene (∼ 9–2 Ma) promoted the eruption of acidic 

pyroclastic rocks (ignimbrites) known as the of Nazret Group (Chernet 2011, Corti et al. 

2013). During the late phase of the main rifting the transverse Goba-Bonga lineament 

developed, crossing the MER from east to west into the Somali Plateau. This was 
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associated with further vulcanism on both sides of the MER. The huge complex of the 

Bale Mountains, with elevations of about 4300 m, are a probable sign for this volcanism 

on the Somali Plateau (Abbate et al. 2015). As for the Southern Ethiopian Plateau and 

the study area, the Wagebeta Caldera complex and silicic domes are associated with 

volcanic activity from 4.2 to 3.6 Ma (WoldeGabriel et al. 1990). Late Pliocene (∼ 2.9 Ma) 

trachytic lava flows formed Mount Damota, and are suggested to have continued into the 

Quaternary (WoldeGabriel et al. 1990, Chernet 2011, Corti et al. 2013). Although this 

has not been investigated by geological surveys, it can be assumed that the trachytic 

Mount Sodicho was also formed in the same time range of the late development of the 

rift system. Except for the prominent silicic domes, the lower elevated structure is 

covered by Pleistocene alluvial and occasional lacustrine sediments (Corti et al. 2013). 

Interbedded within these lacustrine deposits are basalt flows and pyroclastic material 

derived from volcanic centers, such as the Hobitcha (or Obitcha) caldera. This 

horseshoe-shaped caldera is situated southeast of Mount Damota and a rhyolitic flow 

within the caldera provided an estimated age of ∼ 1.57 Ma, corresponding to Quaternary 

volcanic activity (Chernet 2011, Corti et al. 2013).  

 

1.7.4 Climatic setting 

Ethiopia's landscape, with its diverse topography, causes a variability in temperatures 

and precipitation within the country's borders (Fazzini et al. 2015). This means that there 

are extremely dry and hot areas, such as in the Danakil Desert with temperatures that 

can reach 50 °C, and tropical mountain regions like the Bale Mountains with 

temperatures that fall below 7 °C (Gasse 2000, Nyssen et al. 2015). Due to its close 

proximity to the equator, the African Tropical Rain Belt (TRB = Intertropical Convergence 

Zone ITCZ), which shifts annually, has a major influence (Fazzini et al. 2015, Nicholson 

2018). The movement is connected to the sun zenith position, resulting in a maximum 

solar heating (=insolation) (Gasse 2000). In addition, moisture availability in eastern 

Africa is connected the atmospheric walker circulation and changes in sea surface 

temperatures of the Indian Ocean (Griffith 1972, Tierney et al. 2008, Segele et al. 2009, 

Viste and Sorteberg 2013). In this case convective systems form, which are influenced 

by the summer monsoon that interacts with the dry northeastern “Harmattan” wind 

system (Viste and Sorteberg 2013, Nicholson 2018). Further studies document that 

changes in SST of the Indian Ocean and Atlantic Ocean are correlating with variations 

in the walker circulations (WC), which are also believed to be associated with the 

occurrence of the El Niño Southern Oscillation phenomenon (Nicholson 2018). 

Consequently, Ethiopia experiences a bimodal precipitation pattern per year. In total, an 
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amount of more than 2000 mm of annual rainfall can be reached in the highlands, which 

is a high average in precipitation in the Horn of Africa. The mean annual rainfall is 

significantly higher at sites in the highlands due to orographic effects (Griffith 1972, 

Gasse 2000, Viste and Sorteberg 2013). Generally, the months June/July to September 

are the boreal summer rainy season, called “Kiremt” (also known as Kirmet, or Kermit), 

which brings 55–95 % of annual rainfall to parts of Ethiopia (Segele and Lamb 2005, 

Berhanu et al. 2013, Belay et al. 2021). During the beginning of this phase the TRB is in 

its most northern position (16°N to 20°N) and low-level convergences cause increased 

precipitation (Nyssen et al. 2015, Nicholson 2018). Studies by Segele and Lamb (2005) 

showed that a delayed Kiremt is connected to warm SSTs of the Indian Ocean and also 

the Arabic Sea. On the other hand, an early onset of the heavy rainy season is connected 

to warm SSTs of the equatorial central and eastern Pacific Ocean. The second weaker, 

less voluminous rainy season “Belg” (‘little rains’) with ∼ 32 % of mean annual rainfall, 

follows a dry season which spans the months November to February (Nyssen et al. 2015, 

Belay et al. 2021). During a dry season, the region can experience an average of less 

than 50 mm of rainfall per month (Brandt et al. 2012, Nyssen et al. 2015, Hildebrand et 

al. 2019).  

Within the study area, temperatures are consistent on average throughout the year (Fig. 

1.12). A difference between the two wet phases is not clearly indicated because of the 

high intensity of rainfall. After all the tropical Highlands are called “water towers” of 

Ethiopia (Griffith 1972, Viste and Sorteberg 2013). 

 

 

Figure 1.12 Climate chart of Maisai, at Mt. Sodicho (A), and Sodo, at Mt. Damota (B), showing 
monthly mean temperature ([°C]) and average monthly precipitation (based on an observation 
period from 1990-2019). The charts are based on the interpolated datasets of the Climatic 
Research Unit (CRU) Time-Series (TS) Version 4.04 and were derived from ClimateCharts.net 
(Zepner et al. 2021). 
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During the Quaternary the climate of southwestern Ethiopia was characterized by 

fluctuating wet and dry conditions (Gasse 2000, Foerster et al. 2012, Trauth et al. 2019, 

Schaebitz et al. 2021). According to the studies by Kaboth-Bahr et al. (2021) about the 

synthesis of terrestrial and marine proxy records, there is also the influence of the Walker 

Circulation (WC). The results pronounce the tight link between the WC and the 

phenomenon of the palaeo-ENSO (El Niño-Southern Oscillation) variability during the 

last ∼ 620 ka. This process created a pronounced east-west dipole with differences in 

surface and tropospheric temperatures, resulting in humid conditions on one side of the 

continent and arid conditions on the other side (Kaboth-Bahr et al. 2021). These 

circumstances are still applicable for today’s climate.  

Combined study results on geochemical proxies (such as K/Zr record) from the Chew 

Bahir sediment record, that cover the last ∼ 200 ka, verified that the humid/arid 

alternations were paced in a 20 ka rhythm, and that this is influenced by shifts in orbital-

controlled insolation intensity in the tropics. The last mentioned is further influenced by 

variations of the orbital force’s eccentricity and precession. The study also revealed that 

the climate fluctuations increased the frequency since ∼ 60 ka, with a trend to drier 

conditions (Schaebitz et al. 2021). Still a rather moist phase from 45 to 35 ka BP, was 

detected within the sediment record, followed by cold and arid conditions of Marin 

Isotope Stage 2 (MIS 2, ∼ 29–12 ka BP). A desiccation of the former palaeolake Chew 

Bahir verified extreme arid conditions during the Last Glacial Maximum (LGM, ∼ 21 ± 2 

ka) (Foerster et al. 2012, Foerster et al. 2015, Trauth et al. 2019). With the onset of the 

Early Holocene African Humid Period (AHP, ∼ 15 to 5 ka) the humid conditions increased 

again. However, arid phases, such as Older Dryas stadial (OD, ∼ 14 ka) and the Younger 

Dryas event (YD, 12.8–11.6 ka) could be detected with further shorter dry spells (∼ 10.5, ∼ 9.5, 8.15–7.8 and ∼ 7 ka) during the transition from the Late Pleistocene to the 

Holocene. Apart from short humid events ∼ 3, ∼ 2.2, and 1.3 ka, that are indicated in the 

sediment record, the Holocene progressed with an increase in arid conditions (Foerster 

et al. 2012, Foerster et al. 2015). 

 

1.7.5 Vegetation  

Ethiopia's natural vegetation is very heterogeneous due to its topographical and climatic 

diversity (Billi 2015). Also, the natural forest cover has been declining, connected to the 

severe influence of human cultivation and deforestation, still various endemic and 

indigenous plants can be found (Yeshitela and Bekele 2002). The present vegetation of 

the study area consists of patchy forests that alternate with open forest areas, bush lands 
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and grasslands. Following the descriptions of potential vegetation of Friis et al. (2010), 

the study sites fall mainly into the mid altitude zone (woyna dega) and the lowland zone 

(kola), while the summit of Mt. Damota reaches up into the highland zone (dega) (Brandt 

et al. 2012, Vogelsang and Wendt 2018).  

The potential vegetation type of the higher regions, surrounding Mt. Damota and Mt. 

Sodicho is represented by dry evergreen Afromontane forest and grassland complex 

(type DAF), where extensive grassland, shrubs, and small to large size trees are to be 

found (Fig. 1.13). The potential vegetation types south of Mt. Sodicho and the riverine 

vegetation along the Omo River, can be identified as small to moderate sized woodland 

and wooded grassland, characterized by the common species of the genera Combretum 

and Terminalia (Combretaceae) (type CTW). The third common potential vegetation type 

can be found in lower altitude regions, such as around the study area at the Bisare River 

basin. This vegetation type (type ACB) is very diverse, and includes mainly different 

subtypes of woodland, grassland and scrubland, which are well adapted to slightly drier 

conditions (Friis et al. 2010). 

 

 

Figure 1.13 Map of potential vegetation for the study area (A). Map of pot. vegetation covering 
Ethiopia and northern Kenya (data from Friis et al. 2010; raster data and tools from 
//vegetationmap4africa.org (van Breugel et al. 2015)).   

A 
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2.1 Supplement material 

This supplementary material is available at the CRC 806-Database under the DOI: 

10.5880/SFB806.49. The original data table below contains an overview of GIS datasets 

corresponding to the following open access publication: 

 

Hensel, E. A., Bödeker, O., Bubenzer, O., and Vogelsang, R. (2019). Combining 

geomorphological–hydrological analyses and the location of settlement and raw material 

sites – a case study on understanding prehistoric human settlement activity in the 

southwestern Ethiopia Highlands. E&G Quaternary Science Journal 68, 201–213,        

doi: https://doi.org/10.5194/egqsj-68-201-2019. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.5194/egqsj-68-201-2019
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Supplementary data of Hensel et al. 2019, E&G Quaternary Sci. J. 

 

This data corresponds to the article and shall be quoted as such using the provided DOI: 
Hensel, E. A., Bödeker, O., Bubenzer, O., and Vogelsang, R. (2019). Combining 
geomorphological–hydrological analyses and the location of settlement and raw material 
sites – a case study on understanding prehistoric human settlement activity in the 
southwestern Ethiopia Highlands. E&G Quaternary Science Journal 68, 201–213,        
doi: https://doi.org/10.5194/egqsj-68-201-2019. 

CRC806-Database, DOI: 10.5880/SFB806.49 

 

GIS file Description 

Bisare_cat Calculated catchment grid of the Bisare River; derived from 
generated digital elevation models. 

Bisare_gul Mapped areas with degraded areas (mainly gully erosion) at 
the Bisare River. 

Bisare_orm Mapped obsidian raw material outcrop in the catchment area 
of the Bisare River. 

Bisare_swa Mapped dimension of swamp on the Bisare River. 

Chebe_orm Mapped obsidian raw material outcrop. 

FulusaKebele_orm Mapped obsidian raw material outcrop. 

MtDamota_cat Calculated catchment grid of Mount Damota; derived from 
generated digital elevation models. 

MtDamota_cat_dr Calculated drainage network within the catchment of Mount 
Damota. 

MtSodicho_cat Calculated catchment grid of Mount Sodicho; derived from 
generated digital elevation models. 

MtSodicho_cat_dr Calculated drainage network within the catchment of Mount 
Sodicho. 

MtSodicho_ormA Mapped obsidian raw material (fluvially transported). 

MtSodicho_ormB Mapped obsidian raw material (fluvially transported). 

 

https://doi.org/10.5194/egqsj-68-201-2019
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3.1 Supplement material 

 

This supplementary material is published as part of the following open access 

publication: 

 

Hensel, E. A., Vogelsang, R., Noack, T., and Bubenzer, O. (2021). Stratigraphy and 

Chronology of Sodicho Rockshelter – A new sedimentological record of past 

environmental changes and human settlement phases in Southwestern Ethiopia. 

Frontiers in Earth Science 8(640). doi: https://doi.org/10.3389/feart.2020.611700. 
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4.1 Supplement material 

 

This supplementary material is published as part of the following open access publication 

as Table S1: Electronic Supplement: Overview of micromorphological results: 

 

Hensel, E. A., Kehl, M., Wöstehoff, L., Neumann, K., Vogelsang, R., Bubenzer, O. 

(2022). A Multi-Method Approach for Deciphering Rockshelter Microstratigraphies—The 

Role of the Sodicho Rockshelter (SW Ethiopia) as a Geoarchaeological Archive. 

Geosciences 12(2), 92. doi: https://doi.org/10.3390/geosciences12020092 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: 

For a better resolution, the reader is advised to access the online material at 

https://www.mdpi.com/article/10.3390/geosciences12020092/s1. 
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Chapter V 

 

5. Synoptic Discussion 

This doctoral research bridges geoarchaeological investigations at the archaeological 

site Sodicho Rockshelter, and the geomorphological circumstances in its surroundings 

with evidence for the palaeoenvironmental and palaeoclimatological shifts in the 

southwestern Ethiopian Highlands. While considering different temporal and spatial 

scales, geoarchaeological research is able to investigate large-scale palaeolandscape 

changes. Even microscopic features within a sedimentary sequence can be examined, 

while addressing geological, geomorphological and archaeological research questions 

(Goldberg and Macphail 2006, French 2015, Siart et al. 2018). Within the following 

synthesis, the results and interpretations of the three peer-reviewed publications from 

chapter II to IV are combined and discussed, considering the objectives of the doctoral 

study, formulated in chapter I. In this study, the different scales of geoarchaeological 

research are considered (Fig. 5.1), starting with the local scale, which takes a closer look 

at site formation at the Sodicho Rockshelter, to reconstruct the human impact, the 

depositional development, and disturbances of the stratigraphy.  

Further analyses were focused on a regional landscape scale, by combining satellite-

based GIS evaluations of the hydrological system with mapped archaeological sites and 

lithic raw material sources. Based on the current geomorphological circumstances 

investigated, the question was raised whether it is possible to make assumptions about 

the past landscape dynamics, the impact on the accessibility of obsidian raw material 

sources and therefore human settlement history. By combining all these interpretations, 

connections are created that yield first implications for a supraregional scale, that allows 

to reconstruct palaeoenvironmental changes and contributes to the Mountain Refugium 

Hypothesis in the Ethiopian Highlands. 

Considering the new results from Sodicho Rockshelter, this multi-method approach 

serves as a case study for tackling difficult sedimentary stratigraphies in tropical regions. 

It will be discussed to what extent (spatially and temporally) the results from Sodicho are 

transferable to other sites in the tropical highlands of Ethiopia as well as to rockshelters 

in general. It will also be pointed out which methodological approach can be used for 

different spatial and temporal scales, to ascertain the geoarchaeological context of a site 

by using a certain amount of significant and conclusive methods. 
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Figure 5.1 Flow chart showing the different spatial scales of applied geoarchaeological methods 
and the major scientific outcome of this research.  

 

5.1 Local scale: Understanding site formation and human impact  

To reconstruct the development of a sediment stratigraphy at an archaeological site 

several aspects have to be considered, such as geogenic and biogenic site formation 

processes and post-depositional disturbances, as well as past human impact. The 

formulated research objectives 2.1 to 2.3 relate to the understanding of the site formation 

(2.1), identifying the human context (2.2) and establishing a reliable chronological 

framework (2.3). It should be noted that for this investigation of the deposits at Sodicho 

Rockshelter, the local scale is applied, which includes the microscale. In this way, results 

of the sediment elemental composition can be combined with micromorphological 

investigations and macroscopic archaeological data. 

A combination of sedimentological and geochemical analyses, micromorphological 

investigations, and the contribution of supporting studies have provided insights into the 

type and composition of the deposits and the site formation of the Sodicho Rockshelter. 

So far, as the stratigraphy has been excavated, 9 sediment units were identified. With 
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help of micromorphological analyses further subunits were defined. It is important to 

mention that these subunits were identified within the micromorphological thin sections 

and are not applicable within the entire stratigraphy. 

A reliable chronological framework was established, via radiocarbon dating on mainly 

charcoal samples, which originate from cultural units. The upper units were dated           

between ∼ 1800 and ∼ 2100 cal BP (Unit III) and ∼ 4300 and ∼ 4800 cal BP (Unit V). 

The lower units date between ∼ 13,500 and ∼ 27,000 cal BP (Unit VII and IX) and cover 

therefore parts of the arid Last Glacial Maximum (LGM, ∼ 21 ± 2 ka) (Hensel et al. 2021). 

A calculated age-depth model was plotted against elemental ratios, which illustrated 

changes in elemental composition of the sediments and therefore shifts of the sediment 

source and indications for paleoenvironmental changes during the last 27 ka. 

With help of the macroscopic field study, micromorphological investigations, 

geochemical and sedimentological analyses, as well as the archaeological evidence, the 

following main depositional and post-depositional processes can be suggested. The 

most common type of autochthonous clastic fine sediment in rockshelters originate from 

the weathered rock surface on the rockshelter walls or the ceiling (Birndorfer et al. 2022). 

At the entrance, a part of the rockshelters that is under stronger influence of the natural 

elements, larger bedrock fragments and coarse blocks are often found (Mentzer et al. 

2017).  

At Sodicho Rockshelter disintegration of trachytic rock from the rockshelter ceiling and 

walls are very common in all units. Under today’s tropical conditions, as prevailing in the 

southwestern Ethiopian Highlands, the influence of moisture is averagely very high 

(compare climate chart Fig. 1.12). Seepage water probably entered the cave through 

fissures and cracks and at the same time transported fine sediment and eroded the 

bedrock further. This means, that fine geogenic sediment originates from both eroded 

autochthonous trachytic bedrock and allochthonous fine soil particles, which developed 

above the rockshelter on the relatively flat hilltop. Similar circumstances with rock 

fragments and reworked soil particles in the groundmass were observed at the tropical 

rockshelter Beli-lena (Sri Lanka) via micromorphological investigations (Kourampas et 

al. 2009).  

If we now consider to increase the local scale to a regional scale and compare the 

observations with a phase of increased precipitation such as the African Humid Period, 

the influence of increased moisture should also be visible in the sedimentological and 

geochemical properties of rockshelter deposits. The geogenic deposits of the reddish 

and archaeological sterile Unit VI from Sodicho, which were chronologically dated to the 

AHP, using radiocarbon dating (Hensel et al. 2021), are particularly recognizable for this 

case. The unit is characterized by sudden variations in grain size and elemental ratios, 
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such as Al/Ti, K/Rb and the CIA index (Hensel et al. 2021). Especially the Fe (and FeO2) 

values and the high abundance of limpid clay coatings, which were identified within the 

micromorphological samples, reflect increased weathering between 17 and 4.7 ka cal 

BP. Micromorphological studies have suggested that there is evidence for waterlogging, 

i.e. the relatively prolonged rainfall caused a large accumulation of water which could not 

drain quickly enough. This resulted in the formation of shallow water pools, which can be 

identified by graded bedding of silt and clay particles and redoximorphic pedofeatures. 

Micromorphologically, an enhanced impact of the reworking process, as a result of sheet 

wash, was also detected for this phase (Hensel et al. 2022). Within the deposits at the 

site Beli-lena, observations of episodic clay translocation correlate with increased 

drainage, which therefore indicates increased rainfall (Kourampas et al. 2009). At 

Sodicho this is indicated by an increase of more developed clay (like kaolinite) in Unit VI, 

which implies an increased weathering rate under humid conditions. According to these 

observations at Sodicho, it could be possible to use the clay mineral formation and the 

derived weathering state as an environmental proxy. 

However, there are two objections that need to be considered. First, individual clay layers 

that would by identified as “episodes” are not observed in the Unit V. This is due to 

reworking, and observed shrink and swell processes. A further fact is, that clay is found 

in certain amounts in every unit of Sodicho’s stratigraphy. Secondly, in a case with less 

disturbed and well micro stratified sediment, an accurate representation of wet/ dry 

climatic cyclicity would still be difficult. As these fine cycles are limited by the 

chronological context of the fine sediments, a much denser sampling pattern for dating 

would be needed (Kourampas et al. 2009).  

At Sodicho predominant geogenic units, which are archaeologically sterile, consist of the 

mentioned fine sediment, trachytic clasts and boulders. Furthermore, tephra represents 

a large part of allochthonous sediment, which was introduced into the shelter by aeolian 

transport and reworked by the influence of water. Multi-layered tephra units stand out by 

their pale coloration in the stratigraphy, with volcanic glass as predominant coarse 

material, and distinct boundary in certain areas. These sudden changes in the 

stratigraphy speak for a rapid deposition. The lower layers of the tephra units, often show 

a high homogeneity of sharp-edged volcanic glasses, indicating that the sediment in 

these layers has not been redeposited. The fact that layers of the tephra show signs of 

disturbance and reworking by water, indicates that postdepositional changes have 

occurred, and that the circumstances within the shelter changed.  

At this stage of research, the volcanic source for the deposits and direction from which 

the distal tephra was blown into the rockshelter cannot be defined, yet the thickness of 

the tephra deposits (especially ash of subunit IVC) indicates an eruptive event in 
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proximity. While larger particles distribute closer to the eruptive center, the distal tephra 

is able to be transported further away, over hundreds to thousands square kilometers 

(Antos and Zobel 2005, Lane and Woodward 2017). However, based on the thickness 

of the homogeneous volcanic ash layers (max. 5 cm), it can be assumed that the deposits 

occurred comparable thick, if not even more intense outside of the rockshelter, with 

exception at the steep slopes at Mt. Sodicho. Fine charcoal fragments within the subunit 

IVB indicate an origin by vegetation fire. It can be assumed that the tephra was not hot 

enough to ignite the vegetation, but rather hot gas clouds or lava flow at the source 

volcano. This observation again supports the hypothesis of a volcanic eruption in near 

vicinity. It can be assumed that this was followed by drastic changes to the landscape, 

and affected flora and fauna. If the tephra was not partly washed out or completely 

eroded due to precipitation, a fine surface crust could have formed at the rather shallow 

slopes of the mountain. This could have restricted water permeability and thus severely 

limited growth of smaller plants (Tarasenko et al. 2019). Evidence of crust formation is 

found within micromorphological thin section (e.g., SOD_1-2). These circumstances 

could have made the region uninhabitable for a certain period of time and forced humans 

to abandon the area to ensure their survival, i.e. food security, access to clean water, 

and shelter. In addition, fine volcanic ash particles in the air pose direct health hazards 

because of possible particles that are respirable (< 4 μm diameter) and finer grained 

volcanic aerosol particles (∼ 0.2–0.5 μm), which can enter the lungs (Mather et al. 2003, 

Horwell 2007). It cannot be clarified whether the inhabitants left the region long before a 

volcanic eruption, or were still in the area at the time of the approaching ash cloud. 

Roughly five settlement layers were detected with help of radiocarbon chronology. This 

observation is consistent with the results of the examined sediment samples. The 

anthropogenically influenced units were particularly well identified by macroscopic 

archaeological evidence, such as stone artifacts, charcoal, and evidence for fire use 

(Hensel et al. 2021). According to the sedimentological and geochemical analyses, these 

units are characterized by elevated values of manganese, phosphorus, TOC and distinct 

measurements of magnetic susceptibility and black carbon. Micromorphological 

observations revealed impacts such as fire activity, site maintenance, trampling and 

dumping (Hensel et al. 2022). The calculated accumulation rates of the age-depth-model 

(Hensel et al. 2021) showed the settlement layers accumulated relatively quickly, 

compared to the other sediment layers.  

It is possible to understand Late Pleistocene and Holocene patterns of hunter-gatherer 

behavior for this study site, through the connection between the archaeological findings 

and the geoarchaeological results. During times of intensive use of the rockshelter, the 

deposits display local anthropogenic impact and human behavior. The last mentioned 
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includes observed combustion features and the introduction of lithic raw material for tool 

production. Another possible influence by humans inside the rock shelter is not limited 

to the contribution of site formation and post depositional disturbance, but also the impact 

on the shelter itself. In this case, a thermoclastic effect is created by the heat generated 

by the human fires. Hints for the phenomenon of wall disintegration was observed in the 

deposits in the tropical rockshelter Beli-lena (Kourampas et al. 2009).  

Due to the limited excavation trench in Sodicho, it is not yet possible to make a statement 

on the spatial organization within the rockshelter. It is also not possible to determine 

whether the observed behavioral patterns have changed drastically over time, since the 

excavations did not reach the bedrock (Hensel et al. 2021). At this point of research, it is 

not possible to distinguish human behavioral zones for specific activities within Sodicho. 

In additions studies, e.g. Burns and Raber (2010), revealed that activity zones in smaller 

rockshelters overlap. Nevertheless, our study shows that the area of the excavation 

(north-eastern part of the rockshelter) is marked by fire activity and evidence of site 

maintenance. Lithic tool maintenance can be identified from the stone tool assemblage. 

The Late Pleistocene assemblage (13.5 to 27 ka cal BP) consists mainly of uniform 

obsidian artefacts and the LSA assemblage in the upper part (Unit III and Unit V) of a 

variation of microlithic stone tools (Hensel et al. 2021). The production of ceramic objects 

is only found in the upper anthropogenic units I and III. A strong biogenic influence can 

be neglected, as it is limited to microscopic features of bioturbation (passage features 

and biogenic pores) and small-scale botanical remains in the upper part of the 

stratigraphy (Hensel et al. 2022). 

 

In summary, our research at the Sodicho Rockshelter shows that the combined use of 

sedimentological, geochemical, micromorphological analyses revealed a very complex 

sediment composition, influenced by several autochthonous and allochthonous 

processes as well as biogenic and anthropogenic impacts. By implementing the results 

of cooperative studies (see subchapter 1.5.6) such as archaeology, it was possible to 

determine site formation and prehistoric human behavior. This means that through the 

exclusive application, or focus on a local spatial scale essential geoarchaeological 

information were gained. However, in some cases, it is often necessary to include larger 

spatial scales, such as the inclusion of regional or even supraregional 

palaeoenvironmental data to understand certain variations in depositional processes. 

 

 



Chapter V 

133 
 

5.2 Regional scale: Reconstructing past environmental signals, and 

regional settlement activity 

Present landscape dynamics cannot be fully understood without the knowledge of past 

processes. Past morphodynamics have had an impact on the environment and human 

occupation in particular places. Two research objectives of chapter 1.4, which were 

addressed in the publication of chapter II, relate to the reconstruction of the recent 

hydrological system, via satellite imagery and geoinformations systems, to identify 

regional geomorphological processes (objective 1.1). Furthermore, the data was being 

compared to mapped archaeological survey data from the study areas, to imply the 

impact of the past hydrological system and to understand prehistoric settlement activity 

(objective 1.2). On the basis of the satellite imagery supported by geoinformation 

systems, it became apparent that the study area has a very active hydrological system 

(Hensel et al. 2019). This means that the system is very sensitive to external influences, 

such as fluctuations in water availability, caused by precipitation changes. This was 

observed in the formation of recent swamps at the Bisare River catchment, caused by 

sediment accumulation and damming of the stream during intensive erosion and active 

gullying. Within our study we assume for today’s dynamics, that stronger gully erosion, 

land degradation, and badland formation is activated during wetter climatic phases. 

Studies by Fryirs and Brierley (2012), showed that processes like shallow landslides, soil 

erosion, and gullying are increased without native vegetation cover to support the 

system.  

If we attempt to apply the observations of the current morphodynamic processes to the 

prehistoric past, the question arises whether the activity of the hydrological system and 

erosion processes had a comparable intensity in our study area during the Late 

Pleistocene and early Holocene? The geoarchaeological investigations of Sodicho have 

made it possible to identify past depositional processes under the influence of changing 

environmental conditions. These include, in particular, changes in the humidity of the 

sediment, which may indicate changes in the local precipitation. In this context, the  

60 cm thick sediment Unit VI is striking, as it is radiocarbon dated to the time of the AHP 

(∼ 15–5 ka cal BP). Based on the results of studies from palaeoclimatic records of Lake 

Chew Bahir by Fischer et al. (2021), a calculated Predictive Vegetation Model predicted 

an annual moisture increase of about 25–40 %, compared to today’s conditions. 

Unfortunately, little is known about erosional processes of the past in Eastern Africa. 

According to a study of fluvio-lacustrine deposits from the Baragoi palaeo-delta, 

Tanzania, rapid changes in erosion rates during the AHP indicate an increase in the 

probability of runoff (Garcin et al. 2017). At the Baragoi palaeo-delta, erosivity is 
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increased in the time range of arid-to-humid transition at 15 ka or 12 ka cal BP. The 

micromorphological investigations of Sodicho suggested that an increase in humidity did 

not last during the whole period of the AHP, but was rather interrupted by shorter dry 

phases (Hensel et al. 2022), which roughly coincided with the identified dry spells in the 

lacustrine record of Chew Bahir (Foerster et al. 2012, 2015). The investigations proof 

that Sodicho and the surrounding landscape were affected by increased precipitation, 

which has promoted the degradation processes. Vegetation models predict an 

expansion of forests and an overall denser vegetation in southern Ethiopia (Fischer et 

al. 2021). Since the sediment unit at Sodicho, that can be assigned to the AHP are 

archaeologically sterile, it can be assumed that the increasingly dense vegetation had a 

great influence on the abandonment of the region. In addition, during this phase, the 

lowlands became more attractive as the lake systems expanded (Fischer et al. 2021) 

 

This information in mind raises another question about the exposure of obsidian raw 

material through erosion processes, and whether increased availability has influenced 

human settlement in higher elevated regions such as our study area. The most dominant 

used raw material for stone tool production in Sodicho is a dark obsidian. 

Cryptocrystalline silices were used in smaller numbers and were only found within the 

Late Pleistocene units. Preliminary microprobe analysis showed that the raw material 

originates from the obsidian outcrops of the Bantuu region (Hensel et al. 2021). Studies 

from the nearby Mochena Borago proved that the same raw material outcrops were 

exploited, which is only 20 km southeast from the rockshelter (Brandt et al. 2017). Today, 

degradation processes such as gully erosion, sheet erosion and river erosion are 

widespread, especially pronounced at the southern part of the Bisare River. In our study 

Hensel et al. (2019), we suggest a relationship between widespread gully erosion, 

badland formation, and raw material availability. This means that this excessive form of 

soil erosion may have affected raw material outcrops. At Mt. Sodicho obsidian was 

observed as transported boulders or debris during a survey along the surrounding rivers 

and streams. Based on these observations, it can be assumed that erosion processes 

in the study area, especially on mountain slopes and river courses, have increased 

during wet periods such as the AHP. This may have further facilitated the exposure of 

already existing obsidian deposits.  

Today the increased human presence at the mountain slopes and tops strongly impacts 

the landscape and cannot be completely ignored when thinking about the past. The 

clearance of the vegetation cover and transformation into cropland for teff farming and 

cattle grazing also effects the ecosystem. Increased erosional processes and soil loss 

are the consequences. Today obsidian outcrops are also exposed by roadworks, as in 
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the area of Fulasa, which is in proximity of Sodicho Rockshelter (Fig. 5.2) (Hensel et al. 

2019). According to our study Hensel et al. (2019) we suggest that in the present time 

obsidian is exposed to the surface much more frequently due to higher runoff. 

Obsidian was collected and processed in the past because of its good knapping 

properties and sharp edges, which can be easily produced (Rapp 2009). According to 

our study and other studies in the region (Brandt et al. 2012, Brandt et al. 2017, 

Vogelsang and Wendt 2018), obsidian probably has been almost constantly available in 

sufficient quantities. In other cases, people would have relied on other sources of raw 

material, which would have been reflected in the lithic inventory at Mochena and 

Sodicho. 

 

     

Figure 5.2 (A) Road construction work along the steep mountainside exposed the obsidian raw 
material deposit of Fulasa. (B) Scattered obsidian, and obsidian gravels show signs for transport/ 
reworking (Photos by E. Hensel). 

 

Obsidian is also the most common raw material used by hunter-gatherers which 

occupied the rockshelter DEN12-A01 (Mount Dendi) (Schepers et al. 2020). Within this 

study it is discussed, that an abundance in micro-points and segments illustrate short-

termed stays of the inhabitants at the site and that foragers procured the raw material 

probably during their hunting trips (Vogelsang and Wendt 2018, Schepers et al. 2020). 

At the high elevated rockshelter site Fincha Habera, within the Bale Mountains, the 

prehistoric hunter-gatherer (cultural layers dated to 47‒31 ka cal BP) collected their raw 

material at ice-free ridge along glaciers, which were situated 500 to 700 m above the 

shelter (Ossendorf et al. 2019). Even if Sodicho Rockshelter is not as elevated as Fincha 

Habera and the raw material procurement was comparatively easy, a comparison of the 

studies shows how prehistoric humans relied on good quality raw material and what they 

undertook to obtain it. 

 

A B 



Chapter V 

136 
 

When all the observations are taken into consideration it is not easy to transfer the 

knowledge about modern morphodynamics into the past, since certain circumstances 

change over time and we cannot prove that mapped recent processes like the swamp 

formation, were active in the past. Due to today's human influence, we assume that 

obsidian raw material comes to the surface more frequently or even in larger quantities 

than in prehistory. Nevertheless, humans frequented this higher elevated area, because 

of sufficient water and food resources, shelter, and especially the access to obsidian raw 

material. 

 

5.3 Supraregional Scale: Implications for settlement history and 

adaptation to the environmental shifts 

In order to grasp large-scale palaeoclimatic changes, both spatial and temporal, it is 

necessary to link the obtained data of the local and regional scale from the study area 

with data from a supraregional scales. A key objective of this research was to understand 

the local climatic and environmental variability and to identify the signals based on the 

existing data. The geoarchaeological research results of this study give a first impression 

of the local environmental changes and human presence in the study area.  

The well-studied ∼ 293 m long composite sediment core from Chew Bahir basin, 

provides a continuous record for reconstructing the past 200,000 years of palaeoclimatic 

change in southwestern Ethiopia (Schaebitz et al. 2021). Therefore, a comparison with 

our observations from our study area, with this palaeoclimatic records is useful. Several 

studies showed that hydroclimatic conditions at the study area are correlated to orbital 

eccentricity and therefore changes of the orbital insolation (Foerster et al. 2012, Foerster 

et al. 2015, Schaebitz et al. 2021, Fischer et al. 2021). The resulting climatic fluctuations, 

which intensified from 60 ka, influenced geomorphodynamics, sediment input into the 

basin, and thus hydrological system (Schaebitz et al. 2021). According to chronometric 

dating of the core record, a mean accumulation rate from 0.47 mm/a was calculated, but 

it dropped to a rate of about 0.1 mm/a during the MIS 2, corresponding to reduced 

sediment supply during the drier Late Glacial Maximum (Roberts et al. 2021).  

With this context in mind, it is important to understand the push and pull factors for 

orographic mobility (Schaebitz et al. 2021), when it comes to the discussion about the 

refugial hypothesis, concerning the human retreat into the highlands of Ethiopia during 

harsher living conditions (Basell 2008, Brandt et al. 2012). The results of this study 

provide insights into the timing of relatively rapid environmental changes at the Sodicho 

Rockshelter, which must have forced early humans to adapt in the area.  
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As discussed above, the hunter-gatherer groups from Fincha Habera used to find their 

resources at the glaciers (Ossendorf et al. 2018). Even though there is a temporal offset 

between Fincha Habera and Sodicho, it illustrates the determination of prehistoric 

humans to cross rough terrain, in search of resources. The top of Mount Sodicho has an 

elevation of about 2000 m above sea level. This means that health risks such as high-

altitude hypoxia, which begins at elevations of ∼ 2500 m a.s.l, are not being considered 

for our study site (Aldenderfer 2006).  

 

It is important to understand that some environmental changes proceed quickly (e.g. 

atmospheric shifts) and some slowly (e.g., soil formation). This means that changes in 

different pace have different impacts on humans, including fast or slow changing 

conditions impacting expansion and migration. With the radiocarbon dating of the 

sediment units XI to VII, which also span partly over the timeframe of the LGM, Sodicho 

is the first site in Ethiopia to date settlement during this dry time period. Now, recent 

geochronological studies on ostrich eggshell samples from the upper Middle Awash 

study area (Oulen Dorwa basin) point to an occupation prior to and during the Last 

Glacial Maximum (Niespolo et al. 2021). In our microstratigraphic record we see a short 

but intense eruptive event (comp. Fig. A. 11) between two dated cultural layers. This 

shows that the occupation during the LGM was shortly interrupted and humans left the 

site because of this probably rapid event. Apart from this "short" interruption, our results 

show that harsher, dry conditions of the LGM could have led to the movement into the 

mountainous area. This means that the retreat and the following reoccupation can be 

related to more favorable ecological conditions and available resources (e.g., water, 

food, shelter, and raw material). 

The already mentioned study by Fischer et al. (2021), is discussing the human response 

to paleoenvironmental changes and the preferences for certain landscapes during the 

LGM, and also puts Sodicho Rockshelter in context of the results. The calculated 

vegetation model showed the vegetation during the LGM comprised of mainly grassland 

and further other vegetation types. This has probably led to the development of a mosaic 

of independent landscapes that people have been able to exploit. This hypothesis is 

consistent with the statement to human adaptation at Mochena Borago and Mt. Dendi. 

In these areas the humans exploited the diverse environment in different ecozones along 

the mountain flanks (Vogelsang and Wendt 2018, Schepers et al. 2020). According to 

Vogelsang (2021), the interior of Mochena Borago was big enough to have hold larger 

groups of hunter-gatherers, that could have occupied the site as a base camp for longer 

stays. The advantage in this complex habitat, also present on Mt. Dendi, was the 

accessibility of the mentioned resources in proximity and the advantage of short-distance 
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transport (e.g., obsidian raw material) (Vogelsang and Wendt 2018, Schepers et al. 

2020). Due to the vicinity of Sodicho Rockshelter to Mochena Borago, it is plausible that 

the ecological conditions were similar. 

With reference to the Mountain Refugium Hypothesis, it can be summarized that for the 

time frame investigated, major push factors for the migration were climatic and 

environmental driven. Pull factors were ecological stability, water, vegetation, animals, 

obsidian raw material and many others (Basell 2008). To what extent the migration was 

dependent on the individual human preferences and choices remains to be determined. 

Nevertheless, we assume that the region of the southwestern Ethiopian Highlands 

fulfilled the basic needs for a certain period of time, i.e. provided a variety of stable 

resources necessary for survival. 

 

5.4 Applicability of the multiscale study  

This thesis underlines this importance of geoarchaeological research to understand past 

human-environment interaction. In the Horn of Africa, and especially in Ethiopia, only 

very few sites have been investigated with help of a comprehensive, interdisciplinary 

research design, how it can be provided by geoarchaeology. 

The geoarchaeological investigations at Sodicho Rockshelter confirm the importance 

and multiproxy approach different spatial and temporal scales, based on the preservation 

of archaeological finds and the key results on site formation, postdepositional changes 

and human behavior in a tropical rockshelter. The combined results are especially 

powerful, when they are correlated with external data from palaeoclimatic records. In this 

way it could be possible to interpret observed features, as local palaeoenvironmental 

proxies. 

The applicability of the methodological approach can also be discussed in terms of 

potential costs. Of course, all scientific field and laboratory studies are quite cost-

effective, but our study shows that with sufficient bulk sediment samples and 

micromorphological samples, the geoarchaeological processes can be deciphered. Of 

course, a narrow and continuous sampling of sediment stratigraphy is important. 

The results of the research were linked to other research sites and especially to other 

rockshelter sites. Now the questions arise to what extent the chosen spatial and temporal 

scales are transferable for other sites. In this study, a set of basic methods was used for 

the investigation at each scale. 

The local scale, which for this study also included a microscale, allows to identify a large 

part of the information on sedimentological processes, geochemical components, and 

the human impact (comp. chapter 5.1). In this context basic sedimentological fieldwork 
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and laboratory methods, a variety of geochemical analyses and micromorphological 

investigations were chosen (comp. chapter 1.5). However, it is necessary to include a 

larger spatial scale in a certain extent, as for example in the inclusion of external 

palaeoenvironmental data on the African Humid Period.  

A similar concept also applies to the usage of the regional scale. The regional 

investigations placed the Sodicho Rockshelter in a broader spectrum and provided 

comparisons to surrounding phenomena. Geomorphological and archaeological 

surveys, and satellite data supported GIS analyses proven to be suitable. These new 

acquired insights into the regional morphodynamics were used for an interpretation of 

the observed features within the stratigraphy (local scale). In turn, the local microscale, 

such as the micromorphological identified rapid changes in deposition, can contribute to 

fill knowledge gaps in the regional scale, concerning fast environmental changes.  

In this study, the temporal scale has not been applied to the same extent as the spatial 

scale. Nevertheless, it has been shown that by exceeding to a continental or global scale, 

globally identifiable phenomena are recognizable in the sediment record of a rockshelter. 

This was achieved by comparing geochemical data from Sodicho, with major shifts of a 

palaeoclimatic record and orbital cycles.  

With the Sodicho’s location in the tropical highlands, this site immediately faces two 

challenges that hinders the investigations and complicate the evaluation of the 

observations. However, the study has shown that the diverse methodological approach 

and the different perspectives on the research questions were comprehensive and 

effective in dealing with difficult environments. Sediment stratigraphies often show poor 

preservation of organic materials under moist tropical conditions. This occurs very often 

at open air-sites or when the substrate is very acidic (Cordova 2019). Exactly these 

conditions are found in the acidic trachytic bedrock of Sodicho. To cope with this issue, 

Phytoliths that have an inorganic silicate body and resist decomposition, were analyzed 

(Kaczorek et al. 2018). The preliminary study provided first insights into the differentiation 

of human induced fire activity and natural vegetation fire, as well as preliminary evidence 

for past vegetation changes in the area. 

Geoarchaeologically interesting but also difficult to study are sites and especially 

stratigraphies in mountainous areas. With increased geomorphological dynamics, steep 

slopes and harsher terrain, the highlands do not seem inviting for human occupation. 

Nevertheless, this and other research from all around the globe (Rademaker et al. 2014, 

Chen et al. 2019, Ossendorf et al. 2019) showed that humans have been drawn to the 

highlands in the past. Increased weathering and erosional processes affect sediment 

deposits in these elevated archaeological sites and can prevent the preservation of 

important data about the past. In the course of this study, identified erosion processes 
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discordances in the stratigraphy had to be dealt with. However, by linking the onsite 

information on human and depositional circumstances with the observed processes in a 

wider landscape (and vice versa), “gaps” in the stratigraphy could be filled. 

The study verified that the different scales are mutually dependent to each other in order 

to address the defined objectives and to exploit the full potential of geoarchaeological 

investigation.  

 

 

5.5 Implementation of results into the context of the CRC 806 

Within 12 years, since the first funding period in 2009, the participating collaborators of 

“CRC 806 – Our Way to Europe” have collected important new results and fundamental 

insights into the cultural-environmental context of the dispersal of the anatomically 

modern humans (comp. Litt et al. 2021). Following the migration routes from the “source” 

in Africa to the “sink” in Central Europe, the focus was set to the main triggers of past 

climatic and environmental shifts, cultural development and transition, and population 

changes along the way.  

Investigations of regional model project A1, that deal with rockshelter stratigraphies and 

human adaptation to palaeoenvironmental changes, led to Eastern Egyptian Desert and 

the highlands of Ethiopia. As part of A1, this study focused on working in the Ethiopian 

Highlands, and therefore a region that can be seen as the starting point for the CRC 806 

research. In the past two funding phases the research in Ethiopia focused mainly on 

Mochena Borago (see chapter 1.3.1). The new site Sodicho Rockshelter was seen as a 

promising site with a comparable stratigraphic development and the potential to preserve 

useful information, that can be implemented into the framework of the CRC 806. The 

studies at the Sodicho Rockshelter provided new insights into the settlement history of 

the Ethiopian Highlands, contributed to the Mountain Refugium Hypothesis, and 

provided many more fundamental results on the investigation of sediment stratigraphies 

at tropical rockshelters (see chapters 5.1–5.3). Due to the limited excavation area, the 

cultural layers have only been dated to an age of about 27 ka. Therefore, there is still no 

chronological connection to Mochena Borago. Nevertheless, the similar depositional 

conditions for the two rockshelters can be compared.  

Project A3, which focused on palaeoenvironmental and palaeoclimate archives in 

Ethiopian lakes, acquired a substantial amount of proxy data within a ∼ 200 ka old record 

from Chew Bahir. Geochemical results from Sodicho show trends that are comparable 

to the most recent records. Thus, the results from Sodicho could be increased to a 

supraregional scale. In return project A3 has received information on the impact of 
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observed climatic and environmental changes on prehistoric humans in the 

southwestern highlands of Ethiopia.  

Together with project E7 sediment samples from Sodicho Rockshelter were used for a 

black carbon analyses, which yielded consistent results. With help of this interdisciplinary 

work temporal changes in BC contents and composition were observed, that could be 

identified as changes in fire activity within the stratigraphy.   

 

 

5.6 Critical review of this research: Limitations and future 

perspectives 

This doctoral research conducted at Sodicho Rockshelter has provided new insights into 

the human-environment interaction of the past 27 ka in the southwestern highlands of 

Ethiopia. The geoarchaeological studies allowed the reconstruction of the archaeological 

site development and the identification of geomorphological processes in its 

surroundings. Furthermore, the strength of a multiproxy approach in different spatial and 

temporal scales is highlighted. Considering past climatic and environmental changes, it 

has been possible to focus on the behavior of prehistoric humans. 

A critical consideration of the methodological approach at the main study site enables 

several possibilities to validate existing data, to answer open research questions and to 

improve the approach. Although the bulk sediment sampling of the excavated profiles 

was precise (mostly 2 cm steps), further sediment samples could be taken to verify the 

existing data. In particular, within future excavation squares, but also targeted samples 

from macroscopic pits, hearths and the volcanic tephra layers. The correlation of the 

sedimentological and geochemical data with the micromorphological investigation 

resulted in a precise understanding of the microstratigraphy development and single 

depositional processes, since all the units and the boundaries have been sampled. In 

the future, the micromorphological sampling strategy could be targeted to special 

anthropogenic features, such as hearth and pits, to get a better understanding of 

combustion material and pit infillings.  

Further studies on the micromorphological thin sections with the help of enhanced 

techniques, should be considered. This includes the usage of fluorescence microscopy 

(Stoops 2021) to study certain mineral accumulations or organic matter. A first 

mineralogical fingerprint analyses of the thin sections, using Raman spectroscopy, failed. 

For this reason, the methodology was not included in the introduction (comp. chapter 

1.5). The “desired” Raman scattering, stimulated by laser in visible near infrared light, 

was completely masked by fluorescence of the sample material. The sources of 
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fluorescence are not yet clear, but it could be autofluorescent phosphate minerals or free 

aluminum ions absorbed on clay (Stoops 2017, Stoops 2021). 

Numerous 14C dating of charcoal and seed samples have formed a robust 

chronostratigraphic framework that illustrated the settlement phases for Sodicho 

(Chapter 3). With the classical calculated age-depth model it is not possible to capture 

the variability of depositional conditions and accumulation fluctuations of the entire 

stratigraphy. By focusing on a specific sample of the excavation squares, the model must 

be seen as a simplification, that reflects a limited but no less profound view into the 

settlement history of Sodicho. A tephrochronology is not necessary for the upper tephra 

layer because of the radiocarbon dating. A detailed chemical investigation and a possible 

comparison with the geochemical fingerprint of documented volcanic eruptions (dated 

archives) could be interesting (Lane and Woodward 2017). Especially in context of the 

influence of volcanic fallouts on prehistoric human behavior/ mobility.  

The existing data on the ratio of light to dark phytoliths, obtained from the relative 

abundance of three common morphotypes, contributed to the understanding of the origin 

and transport (aeolian, fluvial, anthropogenic) into to the volcanic rockshelter (chapter 

IV). In addition, the combination of this method with other geochemical and 

micromorphological parameters enabled the reconstruction of prehistoric human fire 

activity at the site. Although the occurrence of special morphotypes such as TRAPEZOID 

is low, it is consistent with decreasing local temperatures during the LGM, according to 

the preliminary studies. Still, a detailed analysis of all morphotypes and a comparison 

with modern specimens is needed to establish an understanding of past vegetation 

changes relative to climatic shifts in the study area.  

The preliminary investigations of the lithic artifacts from Sodicho (chapter III), were 

constrained by the limited excavation area and depth. A lithic assemblage is one of the 

most important indicators for human behavior at an archaeological site, therefore further 

investigations are needed.  

The study of the hydrological system and the geomorphological processes (chapter II) 

at Mount Sodicho, Mount Damota and the Bisare River catchment has revealed a 

dynamic system that is driven by recent climatic influences. A transfer of present 

knowledge about the actual morphodynamics into to past was not straightforward. The 

need for the analyses of several fluvial and colluvial sediment archives would be needed, 

as done by the geochronological and sedimentological studies in NE Morocco by Bartz 

et al. (2015 and 2017) within the framework of the CRC 806. Additional extended 

geomorphological surveys could help in this regard, as well as the investigation of 

additional drilling cores, that were taken during the survey in 2012 to 2015. The sediment 
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records could be improved by a selection of sedimentological and geochronological 

observations. 

During the archaeological excavations the bedrock was not reached. Therefore, further 

explorations of deeper sediment layers are required. So far, the uncovered quadrants 

are very limited in their dimensions and consequently only a limited overview of the 

stratigraphy of Sodicho could be obtained. Also, the major site formation processes and 

post-depositional processes could be identified (Hensel et al. 2021), certain changes in 

layering or the erosion of units, which could indicate changes in local environmental 

conditions could remain hidden. The extensions of the excavation squares are needed 

to confirm our findings and to reach a temporal connection to the nearby Mochena 

Borago Rockshelter, as well. At this stage of research, there is a temporal gap of 10 ka 

between the two sites, with missing information about the time frames of MIS 2 and the 

beginning von MIS 3. With the help of further research, it could be possible to identify 

the overlap of occupation phases at both sites and to compare human behavior. In 

addition, the combined geoarchaeological archives would emphasize this area in the 

Ethiopian Highlands as one of the key regions for reconstructing regional settlement 

history and past human-environment interactions. The onset of sediment deposition 

within the Sodicho Rockshelter is not yet clear, nor is the thickness of the deposits. At 

Mochena Borago, non-destructive ground penetrating radar (GPR) and electrical 

resistivity tomography (ERT) surveys were carried out, which revealed the information 

on the thickness and progression of the sediment deposits within the rockshelter 

(Lanzarone et al. 2019). In the future a similar geophysical approach is possible for 

Sodicho. This would allow the determination of depositional thickness, sediment 

changes, surface shape of the bedrock and possibly the onset of human occupation. In 

addition, a comparison with the results of Mochena Borago might be possible in order to 

evaluate/ interpret depositional conditions under similar climatic circumstances within a 

volcanic rockshelter. The Sodicho Rockshelter is one of the few sites, that partly closes 

one major chronostratigraphic gap, that spans a time period covering the MIS 2 (Brandt 

et al. 2012, Tribolo et al. 2017), furthermore it is one of the first sites in eastern Africa to 

provide dated evidence for the habitation of the region during harsh climatic conditions, 

such as during the LGM (Hensel et al. 2021, Schaebitz et al. 2021). Thus, Sodicho is 

actively contributing to the Mountain Refugium Hypothesis, which deals with forced 

human migration to environmental refugia (Brandt et al. 2012, Stewart and Stringer 

2012). Still, further comparing research could link hunter-gatherer mobility in 

mountainous areas with the influence of past climatic shifts. A comparison with further 

archaeological sites from the Horn of Africa (Fig. 5.3) would allow to study the 

environmental influences on past human communications, the expansion of AMH during 
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the MIS 3, as well as innovations in Late Pleistocene stone tool technology (such as 

technological development from MSA to LSA).  

 

  

Figure 5.3 Map of the Horn of Africa showing the location of the main study site and important 
archaeological sites, situated in Ethiopia (DEM data by ASTER GDEM and Natural Earth raster 
map data) (modified from Hensel et al. 2021). 

 

All of this research results and future results from this study area, as well as the results 

from the collaborating projects of the CRC 806 (see chapter 1.1), which provided data 

on human mobility, can be used for further studies, especially with regard to a larger 

spatial scale (e.g., continental scale). This could include anthropological models, such 

as agent-based modelling of the dispersal routes of the AMH within and out of Africa. All 

considered there is still a need for further collaboration between the different disciplines 

in the field and also in the laboratory. This is not only about joint planning and execution 

of field visits, method scopes and laboratory work, but also the opportunity for equal 

cooperation and contribution to the research. This enables to address common research 

questions from different angles but can also overcome inadequate investigations and 

research bias.
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Chapter VI 

 

6. Conclusion 

 

The geoarchaeological investigations undertaken in the southwestern Ethiopian 

Highlands and presented in this thesis provided first insights into the stratigraphic 

development and occupation at the new and promising site Sodicho Rockshelter, during 

the Late Pleistocene and Holocene. Based on a variation of geoarchaeological field and 

laboratory methods [e.g., sedimentology, geochemistry, micromorphology] as well as the 

contribution of supportive investigations [e.g., archaeology, phytolith analyses, 

palaeoclimate data] detailed information concerning the archaeological site itself and the 

surroundings could be gained for the first time. The most important results obtained 

include information about site formation processes, post depositional disturbances, 

human behavior, current landscape dynamics, occupation history, palaeoenvironmental 

signals and prehistoric human environment-interaction (Hensel et al. 2021, Hensel et al. 

2022).   

Within nine sedimentological units at Sodicho, four main sediment agents were 

responsible for the development of a complex stratigraphy under changing climatic and 

environmental conditions. Archaeological data, and the sedimentological/ geochemical 

composition of the deposits clearly mark several human settlement phases during the 

last 27 ka years. Up to now, in the Horn of Africa, and especially in Ethiopia, sedimentary 

and archaeological records are short and discontinuous and major chronostratigraphic 

gaps in the stratification are common. One period of archaeological uncertainties 

correlates with the critical transition from the Middle Stone Age (MSA) to the Late Stone 

Age (LSA), a timeframe that corresponds with the MIS 2 (Tribolo et al. 2019). With the 

lower dated occupation phases between ∼ 13.5–18 ka cal BP (Unit VII) and ∼ 21–27 cal 

BP (Unit VII and IX), an occupation phase during climatic critical Last Glacial Maximum 

(LGM, ∼ 21 ± 2 ka) was determined. With this dating, Sodicho is given a unique position 

in science, as it is the only site in southwestern Ethiopia that shows that humans visited 

this area partly during this arid phase. In addition, this study highlights the Sodicho 

Rockshelter as the first site to provide initial evidence to partially reduce this 

chronostratigraphic gap. Although a transition between the MSA and LSA within the lithic 

material of Sodicho has not yet been identified, advanced geoarchaeological studies of 

this kind will help to fill major chronostratigraphic gaps. 
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Continuous and reliable terrestrial paleoenvironmental records are scarce in Ethiopia. 

However, in the recent years several sophisticated studies on lacustrine sediment 

records from Ethiopia and Kenya, provided useful data and predictive models for past 

varying environmental and climatic conditions for East Africa (e.g., Junginger and Trauth 

2013, Foerster et al. 2015, Gebru Kassa 2015, Trauth et al. 2019, Fischer et al. 2021, 

Schaebitz et al. 2021, Schaebitz et al. 2021b). By applying the geoarchaeological 

methods at Sodicho Rockshelter on multiple spatial and temporal scales, the results 

could be incorporated into the mentioned supraregional palaeoenvironmental and 

palaeoclimatic studies, thus providing information on the occupation phases of the south-

western Ethiopian Highlands. In exchange, supraregional data were used to determine 

palaeoclimatic proxies within the local sedimentological and geochemical record of 

Sodicho. At the same time, this provided deeper insights into weathering processes. The 

radiocarbon dating of Sodicho provided a comprehensive chronostratigraphic framework 

that clearly highlights the settlement phases. Only by calculating an age-depth model, 

was it possible to correlate the geochemical data against time. This enabled a modelling 

of the results in relation to regional paleoenvironmental changes. In the process, it was 

possible to recognize supraregional to global climatic dry events (e.g., 4.2 ka event, 

Heinrich event 1, LGM) (Hensel et al. 2021).  

While Mochena Borago was mainly occupied during rather humid phases (Brandt et al. 

2017), the observations at Sodicho Rockshelter point to the settlement phases of 

prehistoric hunter-gatherers also during arid to hyper-arid periods. This contributes to the 

Mountain Refugium Hypothesis (Brandt et al. 2012), when humans left dryer lowland 

habitats and retreaded to the highlands of Ethiopia, where they found an environmental 

refugium (Basell 2008). 

An absence of humans from the study region, can be suggested according to the 

evidence within the stratigraphy of Sodicho. The clayish sterile unit, which was dated to 

the AHP period constitutes the largest gab of occupation. Palaeoecological and 

palaeoclimatic data from Chew Bahir records indicate an expansion of forest and dense 

vegetation in southern Ethiopia (Fischer et al. 2021, Schaebitz et al. 2021). This probably 

resulted in a thicker vegetation cover in the highlands, which must have hindered 

humans to occupy the rockshelters, let alone hunting under limited visibility. 

 

In summary, the results highlight Sodicho Rockshelter as a new prime example for 

geoarchaeological, multiscale research approaches in East Africa. The observed 

archaeological features and palaeoenvironmental circumstances are useful for the 

reconstruction of past processes and human impact at other sites. The 

multimethodological practice enabled interdisciplinary cooperation and allowed the 
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investigations to use various spatial and temporal scales. This is especially suitable for 

challenging research sites, that are lacking comprehensive archaeological and terrestrial 

palaeoenvironmental archives, in regions such as the tropical highlands of Ethiopia. 

Furthermore, the research design and the multi-method approach are applicable for 

further geoarchaeological studies that deal with problematic/ critical stratigraphies in high 

elevated mountainous areas. 

This research demonstrates that most of the basic geoarchaeological research questions 

that are asked at an archaeological study site or an archaeological important landscape, 

can to be answered with a multimethodological research design. The presented multi-

method approach represents a solid tool to tackle difficult stratigraphies and to contribute 

to the reconstruction of past human-environment interaction. But even with the fulfilment 

of research aims and objectives, new and interesting research questions arise that allow 

new paths of science to be taken. For where one study ends, a new one begins. The 

question now is: Where do we go from here? 
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Sample and method overview 

The following tables contain a brief summary of laboratory methodologies and their 

frequencies, performed on bulk sediment samples from the Sodicho Rockshelter. For the 

technical requirements and information on sample preparation, the reader is referred to 

Chapter 1.5. The following abbreviations are used in the table: 

 

Sqm   Excavation square 
 
Qsqm   Quarter square within excavation square 
 
Depth   field depth in m b.s.  
  
Sample ID  Major sample identification number 
 
GS H2O2  Grain size analyses with hydrochloric acid (HCl 10 %) 

pretreatment 
 
GS H2O2, HCl Grain size analyses with hydrogen peroxide (H2O2 15 %) and 

hydrochloric acid (HCl 10 %) pretreatment 
 
Spec CM-5   Sediment color determination with VIS spectrophotometer 

(Konica Minolta, CM-5) 
 
TC Total carbon content determination (Elementar Analysensysteme 

GmbH, vario EL cube) 
 
TOC Total organic carbon determination (pretreatment with HCl 10 %) 

(Elementar Analysensysteme GmbH, vario EL cube) 
 
MS Mass specific magnetic susceptibility measurement (Bartington 

MS2) 
 
XRF XL3t X-ray fluorescence determination (Thermo Scientific, handheld 

Niton™ XL3t XRF Analyzer)  
 
XRF Spectro  X-ray fluorescence determination (Spectro, SPECTRO XEPOS) 
 
Phy. Phytolith analyses, determination of ratio (analyzed at the 

University of Frankfurt) 
 
AO  Determination of active Fe, Si, Al, and Mn in an acidified 

ammonium oxalate extract  
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Table A 1: Summary of applied laboratory methods on the bulk sediment samples from profile 
F35 SW. Samples that were measured and included in the results of this doctoral thesis are 
marked with an X. 
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Table A 2: Summary of applied laboratory methods on the bulk sediment samples from profile 
F35 SW; continuation of table A 1. Samples that were measured and included in the results of 
this doctoral thesis are marked with an X.  

 

 

 

 



Appendix A  

CLXVIII 
 

Table A 3: Summary of applied laboratory methods on the bulk sediment samples from profile 
F35 SW; continuation of table A 1. Samples that were measured and included in the results of 
this doctoral thesis are marked with an X. 
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Table A 4: Summary of applied laboratory methods on the bulk sediment samples from profile 
G35 SE. Samples that were measured and included in the results of this doctoral thesis are 
marked with an X. 
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Table A 5: Summary of applied laboratory methods on the bulk sediment samples from profile 
G35 SW; continuation of table A 4. Samples that were measured and included in the results of 
this doctoral thesis are marked with an X. 
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Stratigraphic position of the micromorphological samples 

In the following the stratigraphic position of the micromorphological sample blocks and 

the thin sections analysed for this thesis are illustrated.  

 

Figure A. 1 Schematic illustration of the excavation profiles F35 west and north, G35 south and 
J29 south. Blue blocks refer to micromorphological sample blocks and thin sections are indicated 
as whitish squares (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_01 

 

Figure A. 2 Schematic illustration of the micromorphological sample block SOD_01, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_02 

 

Figure A. 3 Schematic illustration of the micromorphological sample block SOD_02, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_03 

 

Figure A. 4 Schematic illustration of the micromorphological sample block SOD_03, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_04 

 

Figure A. 5 Schematic illustration of the micromorphological sample block SOD_04, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_I-1 

 

Figure A. 6 Schematic illustration of the micromorphological sample block SOD_I-1, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_I-4 

 

Figure A. 7 Schematic illustration of the micromorphological sample block SOD_I-4, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_II-3 

 

Figure A. 8 Schematic illustration of the micromorphological sample block SOD_II-3, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_7 

 

Figure A. 9 Schematic illustration of the micromorphological sample block SOD_7, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample block SOD_6 

 

Figure A. 10 Schematic illustration of the micromorphological sample block SOD_6, and the 
position of the thin sections (mod. from Hensel et al. 2022). 
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Micromorphological sample blocks SOD_III and SOD_IV 

 

 

Figure A. 11 Schematic illustration of the micromorphological sample blocks SOD_III and 
SOD_IV, and the position of the thin sections (mod. from Hensel et al. 2022). 
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Database and supplementary material 

 

The raw GIS data sets that support the findings of the article Hensel et al. (2019), are 

available to access online at the CRC 806 Database: https://doi.org/10.5880/SFB806.49.  

 

 

The supplementary material that was published alongside the article Hensel et al. (2021), 

can be accessed online at: 

https://www.frontiersin.org/articles/10.3389/feart.2020.611700/full#supplementary-

material.  

The geoarchaeological raw data that support the findings are available to access online 

at the CRC 806 Database: https://doi.org/10.5880/SFB806.55. 

 

 

The supplementary material that was published alongside the article Hensel et al. (2022), 

can be accessed online at: 

https://www.mdpi.com/article/10.3390/geosciences12020092/s. 

 

 



Chapter Contribution  

CLXXXIII 
 

Chapter Contribution 

 

Chapter II: Hensel, E.A., Bödeker, O., Bubenzer, O., and Vogelsang, R. (2019). 
Combining geomorphological–hydrological analyses and the location of settlement and 
raw material sites – a case study on understanding prehistoric human settlement activity 
in the southwestern Ethiopia Highlands. E&G Quaternary Science Journal 68, 201–213. 
doi: https://doi.org/10.5194/egqsj-68-201-2019. 

[Contribution: 70 %]  

Fieldwork: 50 % 

Gathering GIS data: 80 % 

Evaluation and interpretation: 70 % 

Authoring the publication: 80 % 

 

Chapter III: Hensel E.A., Vogelsang R., Noack, T. and Bubenzer, O. (2021). Stratigraphy 
and Chronology of Sodicho Rockshelter – A New Sedimentological Record of Past 
Environmental Changes and Human Settlement Phases in Southwestern Ethiopia. 
Frontiers in Earth Science 8. doi: https://doi.org/10.3389/feart.2020.611700. 

       [Contribution: 77,5 %] 

   Fieldwork: 80 % 

   Gathering data in the lab: 80 % 

   Evaluation and interpretation: 70 % 

   Authoring the publication: 80 % 

 

Chapter IV: Hensel, E.A., Kehl, M., Wöstehoff, L., Neumann, K., Vogelsang, R., and 
Bubenzer, O. (2022). A Multi-Method Approach for Deciphering Rockshelter 
Microstratigraphies – The Role of the Sodicho Rockshelter (SW Ethiopia) as a 
Geoarchaeological Archive. Geosciences 12(2), 92. doi: 
https://doi.org/10.3390/geosciences12020092. 

 

[Contribution: 70 %] 

   Fieldwork: 90 % 

   Gathering data in the lab: 50 % 

   Evaluation and interpretation: 70 % 

   Authoring the publication: 70 % 

 

https://doi.org/10.5194/egqsj-68-201-2019


Curriculum vitae  

CLXXXIV 
 

Curriculum vitae  

 

 

Name    Elena Amelie Hensel 

Geburtsdatum   08.10.1986 in Neustadt an der Weinstraße 

Nationalität   deutsch 

Familienstand   ledig   

 

Berufserfahrung und studienbegleitende Arbeiten 

 

03/2022 - dato Geoarchäologin bei ARCHAEOnet GbR, Bonn 
 
01/2018 - 03/2021 Wissenschaftliche Mitarbeiterin, Geographisches Institut,  

(Sonderforschungsbereich 806), Universität zu Köln 

 

Lehre WS 2018/19, 2019/20, 2020/21, 2021/22: 
M.Sc. Seminar: Reconstructing Palaeoenvironments [gemeinsam 
mit Dr. Isabell Schmidt (2018-2022), Dr. Wei Chu (2019/20), Dr. 
Götz Ossendorf (2018/19) 

 
02/2017 - 12/2017 Wissenschaftliche Hilfskraft (WHK), Geographisches Institut,  

Universität zu Köln 

04/2016 - 10/2016 Wissenschaftliche Hilfskraft (WHK), Institut für Ur- und 
Frühgeschichte, Universität zu Köln 

 
04/2015 - 03/2016 Wissenschaftliche Hilfskraft (WHB), Institut für Ur- und 

Frühgeschichte, Forschungsstelle Afrika und 
Sonderforschungsbereich 806, Universität zu Köln 

 
11/2014 - 01/2015 Studentische Hilfskraft (SHK), Geographisches Institut,  

Universität zu Köln 

 

Bildungsweg 

 
01/2018 - dato Promotionsstudium der Physischen Geographie, Department 

Geowissenschaften, Universität zu Köln  
 

Sonderforschungsbereich 806 „Our Way to Europe“, Teilprojekt 
A1: „Out of Africa – Late Pleistocene Rock Shelter Stratigraphies 
and Palaeoenvironments in Northeast Africa” 
 

 Thema der Dissertation: Multiscale geoarchaeological 
investigation of rockshelter deposits using the example of Sodicho, 
Ethiopian Highlands 

 
 



Curriculum vitae  

CLXXXV 
 

10/2013 - 02/2016 Studium der Quartärforschung und Geoarchäologie (M. Sc.), 
Department Geowissenschaften, Universität zu Köln  
 
Thema der Masterarbeit: Geoarchäologische Untersuchungen zur 
Genese der Sedimentabfolge des Middle & Early Later Stone Age 
im Pockenbank Rock Shelter, Südwest Namibia  
 
   

10/2009 - 09/2013 Studium der Geowissenschaften (B. Sc.), Institut für 
Geowissenschaften, Johannes Gutenberg-Universität Mainz  
 
Thema der Bachelorarbeit: Isotopengeochemische 
Untersuchungen an mitteldevonischen Brachiopoden des 
Rheinischen Schiefergebirges  

        
09/2005 - 03/2008 Kurfürst-Ruprecht-Gymnasium, Neustadt a. d. Weinstraße  

Abschluss Abitur  

 

Förderungen und Programme 

 

09/2019 Travel Grant, der Graduate School of Geosciences (GSGS), 

Universität zu Köln 

 

09/2017 - 9/2018 Teilnehmerin des Cornelia Harte Mentoring MINT (CHM MINT) 

2017/2018, Universität zu Köln 

 

2/2017 - 06/2017 Stipendium in Form eines “GSGS start-up honours grants” von der 

Graduate School of Geosciences (GSGS), Universität zu Köln 

 

 

 

 

 

 

 

 

 

 

 

Brühl, den 21.08.2022 

  
(Elena Amelie Hensel ) 



Erklärung  

CLXXXVI 
 

Erklärung 

„Hiermit versichere ich an Eides statt, dass ich die vorliegende Dissertation selbstständig  

und ohne die Benutzung anderer als der angegebenen Hilfsmittel und Literatur 

angefertigt habe. Alle Stellen, die wörtlich oder sinngemäß aus veröffentlichten und nicht 

veröffentlichten Werken dem Wortlaut oder dem Sinn nach entnommen wurden, sind als 

solche kenntlich gemacht. Ich versichere an Eides statt, dass diese Dissertation noch 

keiner anderen Fakultät oder Universität zur Prüfung vorgelegen hat; dass sie - 

abgesehen von unten angegebenen Teilpublikationen und eingebundenen Artikeln und 

Manuskripten - noch nicht veröffentlicht worden ist sowie, dass ich eine Veröffentlichung 

der Dissertation vor Abschluss der Promotion nicht ohne Genehmigung des 

Promotionsausschusses vornehmen werde. Die Bestimmungen dieser Ordnung sind mir 

bekannt. Darüber hinaus erkläre ich hiermit, dass ich die Ordnung zur Sicherung guter 

wissenschaftlicher Praxis und zum Umgang mit wissenschaftlichem Fehlverhalten der 

Universität zu Köln gelesen und sie bei der Durchführung der Dissertation 

zugrundeliegenden Arbeiten und der schriftlich verfassten Dissertation beachtet habe 

und verpflichte mich hiermit, die dort genannten Vorgaben bei allen wissenschaftlichen 

Tätigkeiten zu beachten und umzusetzen. Ich versichere, dass die eingereichte 

elektronische Fassung der eingereichten Druckfassung vollständig entspricht.“ 

 

Teilpublikationen: 

1. Hensel, E. A., Bödeker, O., Bubenzer, O., and Vogelsang, R. (2019). Combining 
geomorphological–hydrological analyses and the location of settlement and raw material 
sites – a case study on understanding prehistoric human settlement activity in the 
southwestern Ethiopia Highlands. E&G Quaternary Science Journal 68, 201–213. doi: 
https://doi.org/10.5194/egqsj-68-201-2019 

 
2. Hensel E. A., Vogelsang R., Noack, T., and Bubenzer, O. (2021). Stratigraphy and 

Chronology of Sodicho Rockshelter – A New Sedimentological Record of Past 
Environmental Changes and Human Settlement Phases in Southwestern Ethiopia. 
Frontiers in Earth Science 8. doi: https://doi.org/10.3389/feart.2020.611700 

 

3. Hensel, E. A., Kehl, M., Wöstehoff, L., Neumann, K., Vogelsang, R., and Bubenzer, O. 
(2022). A Multi-Method Approach for Deciphering Rockshelter Microstratigraphies – The 
Role of the Sodicho Rockshelter (SW Ethiopia) as a Geoarchaeological Archive. 
Geosciences 12(2), 92. doi: https://doi.org/10.3390/geosciences12020092 

 

 

Brühl, den 21.08.2022                     

  
(Elena Amelie Hensel ) 

 

https://doi.org/10.5194/egqsj-68-201-2019

