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Summary  

It is becoming increasingly clear that not only did environmental changes play an important 

role in human evolution, but human behavior in turn has impacted ecosystems and 

landscape evolution since the late Pleistocene. In this thesis, I have investigated physical 

paleoenvironments and detected behavioral footprints left by Middle Stone Age (MSA) 

and middle Upper Paleolithic foragers that lived along the shores of Lake Malawi and in 

Lower Austria. Geoarchaeological analyses, combining field observations with 

micromorphology, cathodoluminescence microscopy, Micro X-ray Fluorescence, and 

Micro Fourier Transform Infrared Spectroscopy, were the backbone of this dissertation, 

providing context to multiscale ecological results from stable isotope analysis, phytoliths, 

palynology, and chronometric data from radiocarbon dating and optically stimulated 

luminescence. Such innovative approach enabled me to reconstruct site formation 

processes and assess the impacts of human behaviors on local and regional environments. 

At Grub-Kranawetberg (Lower Austria), I was able to link the production of 

combustion-related waste materials by hunter-gatherer activities with soil formation 

processes, which may have had long-lasting effects on the Late Pleistocene local 

environment. In the Karonga area (Malawi), where I conducted most of my PhD research, 

I revealed several aspects of interaction between the local MSA foragers and their dynamic 

landscapes. My work has helped recognize that late MSA activity and tool production 

occurred in locally more open riparian environments within a regional vegetation 

dominated by miombo and evergreen gallery forest. Additionally, I showed that MSA 

hunter-gatherers exploited the confluence of river and wetland areas at the margins of Lake 

Malawi, which likely served as important corridors for the dispersal of biota. My work 

contributed to detecting impacts of burning by MSA hunter-gatherers on vegetation 

structures and sedimentation in the region, as early as 80 thousand years ago, by comparing 

data from the archaeological investigations and lake core records. These findings not only 

proved it possible to uncover ecosystem changes caused by human activity deep in time, 

but also emphasize the importance of fire in early forager lives in tropical environments. 

Investigating late Pleistocene open-air sites in Malawi and at Grub-Kranawetberg, I have 

used the environmental contexts and impacts of human activity to reveal aspects of past 

human behavior. 
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Zusammenfassung 

Es hat sich gezeigt, dass bereits seit dem späten Pleistozän nicht nur die Umwelt den 

Mensch in seiner Evolution beeinflusst hat, sondern dass auch umgekehrt der Mensch 

Einfluss auf die Landschaftsentwicklung und Evolutionsökologie gehabt hat. In meiner 

Arbeit habe ich untersucht, welche Spuren Menschen in der Mittleren Steinzeit am 

Malawisee und der jüngeren Altsteinzeit in Niederösterreich diesbezüglich hinterlassen 

haben. Zu diesem Zweck habe ich mich geoarchäologischer Methoden bedient, der 

Mikromorphologie, Kathodolumineszenz, mikro- Fourier-Transform-

Infrarotspektroskopie und der Röntgenfluoreszenz, die zudem auch den Kontext für 

andere Analysen gestellt haben, die auf unterschiedlichen Skalen die lokale Ökologie 

anhand von Isotopen-Untersuchungen, Palynologie, Phytolithen-Analysen sowie für 

chronometrische Datierungen anhand der Radiokarbonmethode und der Optisch-

Stimulierten-Lumineszenz rekonstruiert haben. Dieser innovative Ansatz hat mir erlaubt 

die Genese der untersuchten Fundplätze zu rekonstruieren sowie auch wie das Verhalten 

der Menschen an diesen Fundplätze die lokale und regionale Umwelt beeinflusst hat.  

In meiner Arbeit an der Fundstelle Grub-Kranawetberg (Niederösterreich) ist es 

mir gelungen die Ablagerung von Feuer-Abfallprodukte durch den Menschen mit der 

lokalen Bodenbildungen in Verbindung zu setzen sowie ihre potenzielle lange Auswirkung 

auf diese. Der Hauptteil meiner Doktorarbeit habe ich in dem Karonga Distrikt (Malawi) 

durchgeführt und auch hier ist es mir gelungen vielfache Interaktion zwischen lokalen 

Menschengruppen und ihrer dynamischen Umwelt während der Mittleren Steinzeit Afrikas 

zu rekonstruieren.  

Die Untersuchungsergebnisse zeigen, dass die menschlichen Aktivitäten und die 

Anfertigung von Stein-Werkzeugen in offenen Bereichen in Flussnähe stattfanden, 

während die Region selbst aber generell dicht bewaldet war. Zusätzlich hat meine Arbeit 

gezeigt, dass Jäger-Sammler die Einmündungsbereiche von Flüssen in den Feuchtgebiete 

entlang des Ufers des Malawisees aufsuchten, wo eine große Artenvielfalt Menschen 

vermutlich angezogen hat. Weiterhin hat meine Arbeit mit dazu beigetragen frühe 

Auswirkungen der menschlichen Nutzung von Feuer auf die Zusammensetzung der 
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lokalen Vegetation und auf Sedimentationsprozesse zu entdecken, dieses konnten wir 

schon vor 80 tausend Jahre vor heute festhalten. Dies wurde ermöglicht durch den 

Vergleich der archäologischen Ergebnisse in Karonga mit Daten aus Bohrkernen aus dem 

Malawisee. Diese Erkenntnisse zeigen, dass es möglich ist, auch in tiefer Vergangenheit 

Änderungen im Ökosystem durch menschliche Aktivität aufzudecken. Außerdem wurde 

die Bedeutung von Feuernutzung in frühen Jäger-Sammlergruppen in den Tropen hiermit 

hervorgehoben. Mit meinen Untersuchungen an Freilandfundstellen in Malawi und 

Niederösterreich, habe ich örtliche Umweltbedingungen und unbeabsichtigte 

Auswirkungen von menschlicher Aktivität benutzt, um neue Aspekte über unsere 

Vorfahren ans Licht zu bringen.  
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òSome things are worth remembering, and some things are not. That´s 

all I meant.ó 

òAnd you can say which is which?ó 

òNo, I canËt. But piling rocks on top of rocks might not be the ticket. 

Maybe we should admire people the most for living in this jungle without 

leaving one mark on it.ó 

From The Lacuna by Barbara Kingsolver. 
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Geoarchaeological Investigations of Late Pleistocene 

Environments and Impacts of Prehistoric Foragers on 

Ecosystems in Northern Malawi and Austria 

 

Introduction 

 
Background 

This doctoral thesis focuses on questions of site formation at open-air sites and the physical 

environments of hunter-gatherers. Four of the five papers present collaborative work on 

hunter-gatherer behavior and environments in northern Malawi and the fifth, paper B, is a 

small-scale micromorphological study of an Upper Paleolithic cultural layer in Lower 

Austria. The term ògeoarchaeologyó generally refers to the application of techniques from 

the geosciences to investigate artifact contexts and anthropogenic sediments and 

landscapes (Canti, 2001). The central geoarchaeological technique used in this thesis is 

micromorphology. Micromorphological sample collection was always preceded by detailed 

field observations and documentation, and thin section analysis with petrographic and 

stereo microscopes was supplemented by cathodoluminescence microscopy, stable isotope 

analysis, radiocarbon dating, micro-X-ray fluorescence (µ-XRF), and micro-Fourier 

transform infrared spectroscopy (µ-FTIR), the latter two techniques performed by Susan 

Mentzer. A close collaboration existed throughout the project with landscape 

geoarchaeologist David Wright, allowing for an uninterrupted flow between the different 

scales of analysis and interpretation.  

The investigated archaeological contexts in the Karonga area of northern Malawi 

(papers A, C, D, and E) consist of geogenic deposits which contain lithic artifacts of the 

Middle Stone Age (MSA). MSA assemblages are found in Africa from ~315 to 20 thousand 

years ago [ka] and are associated with an increase in technological complexity among 

hunter-gatherers, as well as developments in abstract thinking and symbolism (Richter et 

al., 2017; Brooks et al., 2018; Scerri et al., 2018). At present, most of the MSA archaeological 
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record comes from a few select regions, such as the southern coast of South Africa and the 

northern part of the East African Rift System (Mackay, Stewart and Chase, 2014; Wadley, 

2015; Scerri, 2017; Tryon, 2019), whereas other parts of Africa remain poorly studied. The 

country of Malawi, situated within the southern Rift Valley in the important connecting 

area between eastern and southern Africa, represents one of these understudied regions 

(Mercader et al., 2009; Bicho et al., 2016; Thompson et al., 2018).  

MSA assemblages in the Karonga area are Late Pleistocene in age as they have been 

dated to between ~70 and ~20 ka (Fig. 1). The open-air sites are located within remnants 

of a once vast alluvial fan landscape stretching along the shores of Lake Malawi (colored 

dark red on the geological map, see Fig. 2). These alluvial fan sediments, known as the 

Chitimwe Bed Formation, have long been recognized as hosting an abundance of MSA 

and LSA lithic artifacts which are exposed on eroded surfaces, in stream cuts, and in 

archaeological excavations (Dixey, 1930; Clark, 1966; Thompson et al., 2012; Wright et al., 

2017; Nightingale et al., 2019). Dr. Jessica Thompson started investigations in the area in 

2010 with a team of researchers and initiated the Malawi Earlier-Middle Stone Age Project 

(MEMSAP). MEMSAP has taken a landscape approach to be able to build a sequence of 

regional MSA behavior and environmental conditions, which would not have been possible 

when considering only a single locality. This has included surveys and test pitting in the 

Chitimwe Beds (Thompson et al., 2014, 2018, 2021), and more detailed archaeological 

excavations at specific localities such as Chaminade-I (CHA-I), Chaminade-II (CHA-II), 

Mwanganda´s Village (MGD), Bruce (BRU), and several others (Fig. 2) (Thompson et al., 

2012; Wright et al., 2014, 2017; Nightingale et al., 2019).  

 

Fig. 1. Timeline showing the age ranges (thousand years [ka] BP) of in situ archaeological assemblages 
published with micromorphological data (more sites have been reported in other publications, e.g., in 
Thompson et al., [2012, 2021]). For complete OSL ages of Bruce, see Thompson et al. (2021) and Schilt et 
al. (2022), for Chaminade-II, see Wright et al. (2017), for Chaminade-I, see Nightingale et al. (2019), for 
Grub-Kranawetberg (AH4), see Zöller et al. (2013), and for Mwanganda´s Village area I (MGD-I), see 
Thompson et al. (2012). 
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Fig. 2. Digitized geological map (J. Thompson) over Google Earth map showing remnants of Chitimwe 
alluvial fan (red) along the shores of lake Malawi. These deposits are rich in archaeological remains and 
have been focus of investigations by the Malawi Earlier-Middle Stone Age Project (MEMSAP). Site 
locations from which samples for micromorphology were collected before and during the doctoral research 
project are Mwanganda´s Village (MGD), Bruce (BRU), Chaminade-I (CHA-I), Chaminade-II (CHA-II), 
Airport Site (APS), Sadala South (SS), Malema (MA), Ngara (NGA), White Whale (WW), and Vinthukutu 
(VIN). Micromorphological studies of the first four sites, indicated in boldface on the map, have been 
published and are incorporated in the papers of this thesis. Recent alluvium is colored light gray, Plio-
Pleistocene Chiwondo Beds dark gray, Dinosaur beds yellow, Sungwa Beds blue. Basement rocks of the 
Ubendian Belt (biotite gneiss with amphibolite dykes) are shown in purple. Biotite gneiss, granulites, and 
schists (Ubendian Belt) are shown in green.  
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Fig. 3. Map showing potential modern vegetation of the northern Lake Malawi region with the location of 
two main lake cores (Scholz et al., 2006, 2011; Cohen et al., 2007; Beuning et al., 2011; Lyons et al., 2015). 
Karonga is situated in an area with North Zambezian woodland (Code: Wn), Miombo woodland on hills 
and rocky outcrops (Wmr), and patches of edaphic grassland on drainage-impeded or seasonally flooded 
soils and freshwater swamp (g/X). Modified after Fig. 2 in Yost et al. (2018), which uses GIS data from 
Potential Natural Vegetation Map of Eastern Africa Version 2.0  (van Breugel et al., 2015). 

 

Today, the Karonga District is situated within the Zambezian Phytogeographic 

Zone (Fig. 3), and characterized by miombo woodlands composed of a mosaic of 

Brachystegia trees and variable distributions of savanna grasses, hydromorphic grasses, and 

evergreen taxa (White et al., 1983; Mercader et al., 2011). The climate is a tropical wet and 

dry climate or equatorial savanna (category Aw in the Köppen-Geiger climate classification 
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system) with hot, rainy summers and cool, dry winters (Kottek et al. 2006). Most of the 

Lake Malawi catchment has only a single rainy season, from November to April or May, 

because of its location on the southern margin of the Intertropical Convergence Zone. The 

tropical climate has stronger impacts on the sedimentary and archaeological record than in 

most environments in the temperate zones. Uninterrupted biological activity and intense 

chemical and physical weathering of sediments due to heat and moisture changes transform 

deposits considerably. This creates a wide range of soil formation processes and 

groundwater effects that may change the color of sediments, merge different deposits, and 

produce new minerals and precipitates. Some aspects of pedogenesis and site formation 

can only be viewed and distinguished in thin section, such as different types of clay 

illuviation, microstructures produced by soil fauna, certain redoximorphic features, and the 

formation of carbonate- and iron-manganese nodules (Fe-Mn nodules). Micromorphology 

has proven an extremely useful tool in reconstructing complex formation histories of 

profiles containing buried paleosols and over-thickened soil horizons, as well as profiles 

impacted by groundwater fluctuations and termite activity. For example, micromorphology 

allowed for differentiation between Fe-Mn nodules forming within the soil, redeposited 

nodules (e.g., as gravel), and nodule concentrations representing buried lag deposits. In 

combination with cathodoluminescence, micromorphology was also used to reveal the 

dissolution of siliceous minerals and their replacement by calcite, a critical process in the 

formation of nodular calcrete horizons.  

A different study included in this thesis is from an Upper Paleolithic site in Lower 

Austria, located in primary aeolian loess deposits. The occupation of the site overlaps with 

the late MSA occurrences in the Karonga area (Fig. 1). Micromorphological examination 

of the main find layer and the bordering underlying and overlying sediments exposed 

anthropogenic and natural site formation processes, including climatic aspects as observed 

from cryogenic features in the loess deposits. Perhaps most interestingly, soil formation in 

the main cultural layer was attributed to the substantial input of waste materials from 

hunter-gatherer activity, and potential effects on the local vegetation are considered.  
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Evolution of the project 

The title of this doctoral project originally read as follows: òA geoarchaeological 

investigation of Middle Stone Age human response to environmental change on the shores 

of Lake Malawió. Knowledge of the chronology and environmental contexts of MSA 

hunter-gatherers in northern Malawi was fragmentary before the beginning of this project, 

and because of new findings made by MEMSAP and this project, the research focus slightly 

shifted. When I was writing up the geoarchaeological project for the acquisition of funding 

from the German Research Foundation (DFG), it was expected that at least some of the 

sediments and archaeological sites in the Karonga area would date to the end of the 

Chibanian (Middle Pleistocene). Earlier investigations, first and foremost by Clark and 

Haynes in the 1960s (1970), had not been able to firmly date the sites but a Chibanian age 

was suggested for Mwanganda´s Village, based on aspects of the lithic assemblage and the 

belief that the site had formed in a paleosol within the Chiwondo Beds, a formation 

attributed to the Pliocene or Early Pleistocene (Dixey, 1927; Stephens, 1963; Clark, 

Stephens and Coryndon, 1966; Clark and Haynes, 1970). More recently, at the beginning 

of the 21. century, studies of core records from Lake Malawi showed that lakeshores had 

transgressed and regressed hundreds of meters in elevation through time, and that before 

~85 ka, extreme arid periods of near-desiccation of the lake occurred (Scholz et al., 2006; 

Cohen et al., 2007; Lyons et al., 2015). Therefore, the suggested age of the site would have 

implied a temporal overlap between the formation of archaeological assemblages and 

prolonged (>10 ka) periods of megadrought. One of the original research goals was to 

investigate whether MSA foragers occupied the reduced lakeshores during periods of 

megadrought, or whether they abandoned the area. Basell (2008) and Beuning et al. (2011) 

had argued that during periods of  prolonged aridity and tropical heat, MSA populations 

retreated to local refugia - such as the coastal areas of  the African Rift Valley lakes ð where 

they became fragmented and isolated from one another. An important question we 

intended to address in this project was therefore whether severe climatic fluctuations acted 

as a driving force behind demographic and behavioral changes during the Pleistocene 

(Basell, 2008; Blome et al., 2012).  
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However, extensive dating of the sediments and soils by MEMSAP has shown that 

the MSA from the Karonga area post-dates 92 ka, with the archaeological record becoming 

more evident after 70 ka (Thompson et al., 2021). Therefore, MSA activity arises only after 

the last megadrought and coincides with more stable climatic conditions starting around 

85 ka and lasting until today. The relatively high lake levels, attributed to overall wetter 

conditions, may be a major reason why the region developed an abundant MSA record. 

Since climatic and environmental fluctuations have been more subtle after 85 ka than 

during the preceding millennia, the question of òhuman responseó changed its meaning. 

Instead of investigating human responses to extreme climatic changes and megadroughts, 

we became interested in local, site-scale differences in physical environments within the 

larger regional context of human activity in the Karonga area.  

By integrating ecological proxies with field observations and microscopic data from 

the (paleo)pedological and sedimentary record, we reconstructed several site formation 

histories and were able to integrate behavioral and environmental aspects of MSA activity. 

Examples of this type of collaborative work are the publications A, C, and E on the sites 

of Chaminade-II, Chaminade-I, Mwanganda´s Village, and Bruce (Wright et al., 2017; 

Nightingale et al., 2019, Schilt et al., 2022).  

With regards to hunter-gatherer responses to their environment, paper D, led by 

Thompson, Wright, and Ivory (2021) has shown the flip side of the coin by exposing long-

lasting effects of human behavior on the ecosystem. Thompson et al. (2021) were able to 

demonstrate the impacts of increased anthropogenic burning on plant communities and 

sedimentation after ~85 ka. A different kind of small-scale environmental response to 

human occupation emerged from a micromorphological study outside of Malawi (paper 

B). At the Upper Paleolithic site of Grub-Kranawetberg in Lower Austria, the main 

archaeological find horizon showed characteristics of an immature soil, which had formed 

within loess deposits as a side-effect of human occupation and the dispersal of combustion 

derived materials. To incorporate a study from a geographical area outside of Malawi and 

include the recursive relationship between hunter-gatherers and their environment, the title 

of this thesis now reads as follows: òGeoarchaeological investigations of Late Pleistocene 
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physical environments and impacts of prehistoric foragers on ecosystems in northern 

Malawi and Austriaó.  
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Summary of the objectives  

Geoarchaeological investigations of open-air sites in the Karonga district evolved around 

the following central question: òWhich types of environments attracted Late Pleistocene hunter-

gatherer activity in the Karonga area?ó. The reconstruction of paleoenvironments would allow 

us to consider any underlying factors leading to the archaeological signal and make 

interpretations about why foragers may have chosen certain physical environments for 

their activities. The first step we undertook towards answering the central question was the 

construction of a detailed and chronologically robust model of site formation and 

landscape development in the Karonga area, for which we used geoarchaeological, 

ecological, and chronometric methods. After generating site-scale datasets we were able to 

move to the second step, which consisted of linking Late Pleistocene human activity as 

evidenced by intact MSA artifact assemblages with physical environments, including the 

sedimentary environment, paleosols, and vegetation. Ultimately, we compared the on-site 

evidence with semi-local to regional records, both from the sites themselves (e.g., 

palynology) as well as from lake core records. 

Each paper in this thesis addresses more specific research questions, depending on 

the archaeology and history of site formation of the individual site localities. However, the 

basic approach was always the same and consisted of (1) the reconstruction of site 

formation processes, (2) the reconstruction of on-site palaeoenvironments (with dates on 

sediments or soil precipitates wherever possible), and (3) the integration of site-scale 

microarchaeological data with regional environmental proxies. Micromorphology, the 

central technique for this thesis, was used for the reconstruction of site formation processes 

and artifact contexts, to optimize the application of coupled carbon and oxygen stable 

isotope analysis and radiocarbon dating on carbonate nodules, and to provide contextual 

information for optically stimulated luminescence dating. 

The projected outcome of this thesis was the publication of site-scale datasets, 

consisting of sedimentary, micromorphological, ecological, and chronometric data 

combined with local to regional proxy data from pollen and phytolith samples collected at 

the archaeological sites, and compared with basin-wide datasets from lake core records. 



 
 

16 
 

The integrated data of these studies shed new light on human paleoenvironments and 

demonstrate benefits of detailed, multi-scale analyses of open-air tropical sites.  
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Results and Discussion 

This chapter provides brief discussions of the five papers following three overarching 

themes which place the research into a broader perspective. Papers B and D fall under the 

first theme, (I) Prehistoric Human Footprints ð the Impact of Human Activity on the Environmental 

Record, which addresses evidence of impacts of human activity on the ecosystem, in 

particular the effects of prehistoric forager behaviors on soil formation, vegetation, and 

sedimentation.  

The second theme, (II) Site Formation Processes in Alluvial Fan Deposits with Lateritic 

Soils discusses the open-air MSA sites of Chaminade-II (paper A) and Chaminade-I (paper 

C) in northern Malawi. Both works present multi-disciplinary approaches to reconstructing 

human behavior and environments at stratified open-air sites. Micromorphology was 

essential to understanding site formation processes as well as providing context to the 

ecological data and OSL ages.  

The last theme, (III) Where the Alluvial Fan meets the Lagoon, provides a review of the 

fifth paper (E). Here, we present data from two sites located on the fringes of the alluvial 

fan landscape, Mwanganda´s Village and Bruce. Due to the presence of lagoonal clay 

deposits and calcrete formation, we were able to employ stable isotope analysis and 

radiocarbon dating on pedogenic carbonate nodules in addition to micromorphology to 

help firmly date and reconstruct physical environments at the sites.  

 

(I) Prehistoric Human Footprints ï the Impact of Human Activity on the 

Environmental Record (Papers B and D) 

It is widely accepted that climate and environment have been essential to human adaptation 

during prehistory. The effects of human occupation on natural habitats are best known 

from agricultural and industrial times. However, integrated evidence from archaeology, 

ecology, and the earth sciences has started to reveal an entanglement of humans with the 

evolution of their ecosystems, reaching far beyond the beginnings of agriculture and urban 

landscapes (Sullivan, Bird and Perry, 2017).  
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One example of an effect of human activity on the ecosystem is the formation of 

anthropogenic soils. For instance, hortic anthrosols, resulting from slash-and-burn 

cultivation, are well known from pre-Colombian Amazonia (Arroyo-Kalin, 2012; Glaser 

and Birk, 2012) and Urban Dark Earth soils commonly formed in European towns during 

Roman to early Medieval times. Micromorphology has been used intensively to identify the 

activities and processes leading to the formation of such macroscopically homogenized 

dark layers (Macphail, Galinié and Verhaeghe, 2003; Devos et al., 2011; Macphail, 2013). 

Not entirely different from this phenomenon though less dark and homogenized is the 

archaeological horizon that formed during Upper Paleolithic occupations at Grub-

Kranawetberg. This Gravettian site is located on a flat crest overlooking the Morava River 

valley in Lower Austria (Fig. 4). Archaeological horizons such as found here are a recurrent 

feature at open-air loess sites in Central and Eastern Europe and are usually recognized in 

the field as dark layers - contrasting with the light-colored loess - with high concentrations 

of artifacts as well as other anthropogenic features including hearths, remains of dwelling 

structures, and bone accumulations. Microscopic studies of these layers can disclose a 

wealth of additional information about the nature of the human occupation, site formation 

processes, and paleoenvironments.  

 

Fig. 4. Location of Grub-Kranawetberg along the Morava River. Other sites indicated on the map are 
PƏedmost², Doln² Vřstonice, Pavlov, Krems, and Willendorf. SRTM basemap from Jarvis et al. (2008).  
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We used a small-scale, micromorphological study of the main archaeological layer 

at Grub-Kranawetberg to consider cultural horizons as complex representations of the 

interaction between human activity and natural processes (paper B). The archaeologically 

sterile loess deposits underlying and overlying the archaeological layer showed impacts of 

frost-action and redoximorphic processes, but no soil formation except for secondary 

calcite features and bioturbation in relation to the cultural layer. The cultural layer itself 

evidenced substantial anthropogenic input of organic and mineral origin with signs of 

trampling. The horizon has been bioturbated by a diverse soil fauna including mollusks 

and earthworms. However, signs of redeposition and erosion were absent, and the 

occupation surface appeared to be preserved. Human waste likely influenced the diversity 

and composition of the plant communities by enhancing nutrient availability and soil faunal 

activity. This cultural layer demonstrates that waste from hunter-gatherer activity modified 

local ecosystems already during the Late Pleistocene and that anthropogenic soils are not 

limited to agricultural economies and urbanization. 

Micromorphology as a technique was developed for the study of soils and urban 

dark earths, hortic anthrosols and cultural horizons are very suitable for analysis in thin 

section. However, other aspects of the environment may have been impacted by prehistoric 

foragers as well. The effects of human hunting on prey diversity are one example, but also 

the influence of anthropogenic burning on vegetation structures has received much 

attention. Vegetation modification resulting from the use of fire as landscape management 

tool has been documented as early as 50.000 years ago in Borneo (Hunt, Gilbertson and 

Rushworth, 2012). A recent study by Roebroeks et al. (2021) went even further back in 

time. Roebroeks et al. (2021) used well-preserved, fine-scale environmental records from 

two neighboring lake basins at Neumark-Nord to investigate the effect of intensive use of 

one of the two lake-shore sites by Neanderthals on vegetation structures for a period of 

~2000 years during the Last Interglacial. Their comparative data suggests that the more 

open vegetation at the archaeological site location is attributable to Neanderthal presence. 

In the fourth paper of this thesis (D, Thompson et al. 2021), we looked at a similar problem 

but across time, combining vegetation and charcoal records from lake cores with data from 

the archaeological sites which provided age-constraints of MSA human activity in the 

Karonga area and alluvial fan aggradation. Different from Neumark-Nord, the sedimentary 
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and climatic context in northern Malawi does not offer a fine stratigraphy suitable for high-

resolution dating. We were able to identify the earliest coupled evidence for human 

behavior and ecosystem transformation in the context of anthropogenic fire by linking the 

archaeology and geomorphology of the now extensively dated Stone Age landscape of the 

Karonga region to paleoenvironmental data spanning > 600 ka. The study of large-scale 

vegetation structures from lake core records revealed a vegetation turnover to increased 

human burning in the area after 85 ka, reflected by a less diverse, fire-tolerant vegetation 

regime. In addition, OSL ages of alluvial fan deposits at archaeological sites and test pits 

showed evidence of alluvial fan expansion after ~92 ka. The increase in alluvial fan 

sedimentation has been attributed to changes in seasonal burning as reduced tree-cover 

and soil stripping would have enhanced runoff and hillslope erosion. This may explain the 

close correlation between increased human habitation of the area and alluvial fan 

aggradation, resulting in multiple sites within lateritic soils in the Chitimwe Beds. In the 

supplementary text, detailed background is provided on the sediments and soils in the 

Karonga area and specifically the formation of carbonate nodules, which were sub-sampled 

for radiocarbon dating (appendix, pp. 213-220).  
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Fig. 5. Map of Map of the area west of Karonga town indicating the site locations of Bruce (BRU), 
Mwanganda´s Village (MGD), Chaminade-I (CHA-I), and Chaminade-II (CHA-II) (map produced with 
AW3D30 data).  

 

(II) Site Formation Processes in Alluvial Fan Deposits with Lateritic Soils 

(Papers A and C) 

Papers A and C address geoarchaeological challenges faced in the humid tropics. In these 

environments, the preservation of organic materials is limited, particularly in acidic 

sediments such as the alluvial fan deposits of the Chitimwe Formation, which have high 

amounts of quartz and feldspar. The only preserved archaeological finds are therefore 

lithics, which are eroding from the surface in many places and have been recovered in 

stratigraphy from multiple excavations and test pits. The high temperatures, seasonal 

rainfall, and uninterrupted biological activity typical for the area enhance processes of 

mixing and weathering, which may influence artifact distributions and transform the color, 

composition, and texture of sediments. Although the sites of Chaminade-I and Chaminade-

II (CHA-I and CHA-II) are only 100 meters apart (Fig. 5), the sediments, formation 

processes, and archaeology at the two sites are very distinct. Thin section analysis was used 

to study the origin of iron-manganese nodules and their relation to the artifacts as well as 
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the impacts of termite activity, long-term mineral weathering, and groundwater fluctuations 

on the sedimentary and archaeological record.  

 

 

Fig. 6. Close-up of Chaminade II East Profile. Fe-Mn nodules occur at the level of the bracket and the 
arrow indicates a lithic artifact.  

 

Paper A was published in a special issue of the Journal of Archaeological Science, edited 

by Mike Morley and Paul Goldberg. The journal issue brought together a series of papers 

under the topic of òGeoarchaeology in the Humid Tropics: Practice, Problems, Prospectsó. 

With the example of the site of CHA-II our work, headed by David Wright, presents an 

approach to interpreting MSA sequences from open-air sites in tropical environments, 

using sedimentology, micromorphology, OSL and phytolith analyses to examine the site 

taphonomy. Buried stone artifact assemblages at CHA-II were dated to between 47 and 30 

ka. Since termites are notorious for altering the archaeological record and are important 

for laterite formation, micromorphology focused on post-depositional modifications in the 

profiles. We wanted to investigate the concentration of coarse-grained sediment and 

artifacts in the lower parts of a profile (Fig. 6) because while on the one hand they may 
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reflect human littering on a buried ground surface, they may also result from natural 

processes. One hypothesis, proposed by Crossley (1986) for a profile he studied nearby 

Chaminade Secondary School, was carefully considered. The role of termites in the 

formation of sediments is well documented in stone lines, especially in Australia (Smith, 

Ward and Moffat, 2020). Fungus-growing Macrotermitinae are widespread in Africa and 

are known to remove materials from deep soil horizons towards the topsoil to construct 

their mounds and surface-galleries (Lee and Wood, 1971). Based on granulometric analyses 

of the sand sheets and termite mounds in the Chaminade area, Crossley (1986) had 

concluded that the vertical, upward transfer of selected sand grains (max. 4 mm) by 

Macrotermes falciger termites led to the accumulation of sand sheets with concentrated larger 

particles (e.g., gravel) and lithic artifacts in the lower reaches of the solum. At CHA-II, 

however, we found no indications for this. Instead, we found that Bt horizon 

overthickening and the formation of vertic features associated with soil formation and 

groundwater variability degraded the integrity of bedding features in the profile commonly 

found in alluvial deposits, making the deposits appear similar to biomantles to the naked 

eye. 

Also, the formation and movement within the soil of iron-manganese nodules 

received much attention. These are often reported to form as redoximorphic features in 

lower parts of the soil under the influence of groundwater fluctuations (Vepraskas, Wilding 

and Drees, 1993). At Chaminade however, the nodules formed within the upper, lateritic 

soil profile as pedogenic features. The incorporation of sands of different origin in the 

nodules during their formation provided clues for understanding potential post-

depositional movement of artifacts. The reconstruction of site formation at CHA-II is 

illustrated in Fig. 7. With the outlined multi-disciplinary approach, we were able to 

reconstruct a riparian environment for MSA human activity within a grassy woodland zone.  
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Fig. 7. Site formation model for Chaminade-II.  

 

Underscoring this interpretation of MSA hunter-gatherers seeking out riparian 

environments, our other Chaminade paper (paper C), headed by lithic specialist Sheila 

Nightingale (2019), placed human behavior in a forested riparian context surrounded by 

open woodland. The paper discusses two concentrations of lithic artifacts from the late 

MSA (~43-21 ka) at Chaminade-I, and the reasons for their lack of elaboration in 

technology. The flexible and generalized approach to stone tool production challenges the 

linear idea that complexity always increases over time. Toolstone is abundant throughout 

the Karonga area, and no pieces of clear exotic origin were found. It appears that reduction 

efforts were not focused on extracting as many flakes from one core as possible. Through 

refitting, Nightingale shows that MSA people were not only visiting riparian areas for 

toolstone, but spent time within the active riparian system. The artifact contexts and 

underlying and overlying deposits were studied in thin section, supplementing detailed field 

observations. Fig. 8 illustrates the most relevant processes, with Fe-Mn nodules deposited 

as gravel in the lower artifact context and pedogenic Fe-Mn nodules forming in place at 

the level of the upper artifact concentration, slightly moving downward due to vertic soil 

processes (shrink-swell) and bioturbation. As opposed to the irregular coarse sandy nodules 
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at CHA-II, the Fe-Mn nodules at CHA-I are rounded and composed of concentric bands, 

reflecting distinct phases of formation. The smal size and concentricity of the nodules is 

related to the finer texture of the source sediment and to vertic activity within the soil 

(Delvigne, 1998).  

 

Fig. 8. Scans of thin sections from the artifact contexts and bounding deposits with summarized 
observations and unit boundaries indicated. The lower three thin sections are 60 x 90 mm and the topmost 
is 51 x 76 mm.  

 

(III) Where the Alluvial Fan Meets the Lagoon (Paper E) 

Mwanganda´s Village (MGD) and Bruce (BRU) are located on the distal end of the alluvial 

fan. The site complexes, each with three archaeological excavation areas and multiple test 

pits, have deposits dated to between 1 and 58 ka. MSA lithic assemblages at MGD date to 

between 15 and 25 ka, and multiple assemblages at BRU date to between 31 and 51 ka (see 
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Figs. 1 and 5 for site locations). Both sites were investigated by Desmond Clark and 

colleagues in the 1960s but the chronometric and site formation data necessary for their 

interpretation were still lacking. MEMSAP located and reinvestigated the sites (Thompson, 

Welling and Gomani Chindebvu, 2013; Wright et al., 2014) and similar to the sites of 

Chaminade, samples were collected for OSL dating, micromorphology, palynology, and 

phytolith analysis. However, the stratigraphy was different from the locations on more 

proximal parts of the alluvial fan. At MGD and BRU, initial alluvial fan deposition has 

been interrupted by the ingression of lakeshore lagoonal water, as inferred from thick 

deposits of finely laminated silty clay. This wetland episode and its deposits determined the 

types of soil that formed later at the sites. The poor permeability of the lagoonal clay created 

a perched water table and allowed for the formation of stage 3 nodular calcrete horizons 

within mixed deposits in the top of the clay unit both at MGD and in parts of BRU 

(Machette, 1985; Wright, 1990). We took advantage of the occurrence of these nodular 

calcrete paleosols and collected nodule samples, following a protocol that allowed us to 

study carbonate nodules in thin section before further sub-sampling for stable isotope 

analysis and radiocarbon dating (Mentzer and Quade, 2013). This was essential for 

determining the mechanism responsible for the formation of the carbonate nodules, as 

only pedogenic carbonates form in clear connection with a stable ground surface, while for 

example the formation of groundwater carbonates is unconnected to soil formation, 

making the interpretation of radiocarbon dates and environmental proxies from such 

nodules more ambiguous and possibly unrelated to any phase or landform stability.  
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Fig. 9. Scatterplot of the Ǣ13CPC and Ǣ18OPC values (both presented relative to PDB) from carbonate nodules 
collected according to facies with the ranges of radiocarbon dates (cal BP) indicating the time of their 
formation, ante quem. The bar at the bottom on the x-axis shows the ranges of C3 and C4 vegetation, with 
more negative Ǣ13CPC values associated with denser tree cover. The original isotopic compositions in organic 
matter, before carbonate formation, are between Ĭ20Ą and Ĭ35Ą for plants following the C3 
photosynthetic pathway, and between Ĭ9Ą and Ĭ17Ą or plants following the C4 photosynthetic pathway 
(Cerling and Quade, 1993). Due to fractionation, pedogenic carbonates forming below C3 vegetation have 
values between -16Ą and -8Ą, and C4 vegetation, shown in yellow, has values between 0Ą and +4Ą. 
The values for C4 vegetation lie to the right from the shown ranges on the x-axis of the scatterplot (-7Ą to 
-11Ą Ǣ13C-PDB), and the distance has been truncated.  

 

Stable carbon and oxygen isotopes were used to reconstruct aspects of vegetation 

and climate during soil formation (Fig. 9). Carbon stable isotopes can provide information 

on types of vegetation, as plants use different mechanisms for carbon fixation, making 

them suited for different habitats. The different mechanisms, C3, C4, and CAM, lead to 

different isotope signatures. In tropical environments, C3 plants are common in warm areas 

with abundant water, so that most trees, herbs and shrubs follow the C3 carbon fixation 

pathway, whereas grasses follow the C4 pathway. In pedogenic carbonate, the carbon 

isotope signal is enriched by about 14 permille, because of CO2 diffusion in the soil and 

equilibrium fractionation during carbonate precipitation. Oxygen stable isotopic 

compositions in pedogenic carbonate (Ǣ18OPC) derive from Ǣ18O of regional meteoric water 
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(Ǣ18OMW), which is related to temperature, precipitation regimes, and evaporation (Kowler, 

2007; Golubtsov et al., 2014). Enrichment of 18O in pedogenic carbonates occurs with 

isotopic fractionation during carbonate precipitation, which is determined by soil 

temperature (Zanchetta et al., 2000). 

Micromorphology was performed on 80 large thin sections (60 x 90 and 51 x 76 mm), and 

15 small thins sections (45 x 26 mm) of carbonate samples from pedogenic carbonates and 

groundwater-carbonate from Chiwondo Bed deposits (Fig. 10). Using this technique, I was 

able to demonstrate how mixing of coarse sands from the alluvial fan into the top portion 

of the lagoonal clays have created loamy textures, which do not reflect the original 

sedimentary environment, but early stages of soil formation. Mineral weathering was 

observed in calcrete horizons, where carbonate physically replaced siliceous minerals 

during of short-term conditions of extreme alkalinity (pH >9), especially evident when 

using cathodoluminescence (Fig. 10a).  

Thin section analysis of the sediments and textures in lateritic profiles of the alluvial fan at 

BRU indicates that the original clay and silt content of the alluvial fan sediments at BRU 

may have been negligible, and that their presence in the sediments today is primarily the 

result of chemical and physical weathering of feldspars and alkali granite, sandstone, and 

gneiss within the soil. This suggests that in granulometric or soil-chemical studies, the 

formation and modification of sediments and artifact concentrations by termites needs to 

be backed by a solid understanding of the mineral weathering processes active in the soil.  
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Fig. 10. Photomicrographs illustrating dissolution (a, b, c) and brecciation (d) of siliceous minerals (feldspar, 
clay and clay coatings, quartz) in pedogenic carbonate nodules (a-e) and groundwater carbonate (f). The 
upper left and lower right images are taken with cathodoluminescence, in which calcite appears red, and 
feldspars mostly green or yellow, and quartz mostly blue. While the calcite crystals in pedogenic carbonate 
(a) are small, micritic to (micro)sparitic, crystal sizes in groundwater carbonate are much larger, as seen in 
the rosette-shaped structures in (f). Image (b) was taken with plane polarized light, and (c-e) were taken 
with crossed-polarized light.  

 

While MSA foragers repeatedly visited BRU between ~51-31 ka, an in-situ terminal 

MSA occupation at MGD, dating to after 26 ka, is one of the latest intact MSA assemblages 

known from Africa (Barton et al. 2013; Barton et al. 2016; Bader et al. 2018). The 

environmental reconstruction at this site enabled us to demonstrate that the MSA 

exploitation of forested riparian environments perpetuated into the latest Pleistocene. Our 

findings revealed that MSA hunter-gatherers might have chosen MGD and BRU not only 

due to the presence of riparian environments but also because these localities were 

positioned at the confluence of river and wetland areas, which serve as important corridors 

for the dispersal of biota (Wantzen et al. 2008). Therefore, MGD and BRU likely offered 

a wider range of resources to MSA people crucial for foraging and tool production.  
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Outlook 

In geoarchaeology, we rarely get to study well-preserved anthropogenic materials and 

deposits such as in waterlogged or frozen contexts or, more commonly, in the protected 

environments of caves and rock shelters. Such sites are invaluable for our understanding 

of past human life. However, in many parts of the world there are no caves. More 

importantly, the study of open-air locations may offer different information on how people 

used the landscape, which we would miss if only certain types of archaeological site were 

investigated. My study at Grub-Kranawetberg targeted an occupation horizon in loess 

deposits which has acted as an anthropogenic soil. The location in central Europe and the 

cold conditions at the onset of the Last Glacial Maximum likely aided in the preservation 

of this archaeological site. In tropical environments, open-air sites can be found but do not 

usually preserve anthropogenic sediments. The alluvial fan landscape along the shores of 

Lake Malawi presents an environment where organic materials and anthropogenic deposits 

are lacking. Nevertheless, lithic artifact assemblages within the alluvial fan deposits show 

that the area was occupied by MSA hunter-gatherer populations over the course of tens of 

thousands of years and must have been of great significance to our Late Pleistocene 

ancestors. I was able to confirm the presence of stratified archaeological material across 

the Karonga region. By focusing on sites in different locations across a large alluvial fan 

remnant, I identified several processes that have impacted these stratified open-air sites, 

including changes in water table, the incursion of a lake lagoon onto the distal end of the 

alluvial fan, termite activity, lateritization, calcrete formation, and surface winnowing. 

Pedogenic and post-depositional processes clearly play a central role in the formation 

history of tropical, African open-air sites. A multi-proxy and high-resolution approach 

allowed me to identify these processes and directly assess their impact on the archaeological 

materials.  Even though sediments at different locations may at first look similar due to the 

iron oxide-rich lateritic soils that characterize the surficial deposits of the region, our work 

has shown that there is no one-size-fits-all formation model for archaeological sites in the 

Karonga region. Different formation histories and a complex set of variables may result in 

the preservation of a buried paleosol in one site and its absence in a neighboring area.  
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Despite the different settings of Chaminade I, Chaminade II , Bruce, and 

Mwangandaõs Village, all sites showed evidence for human exploitation of riparian and 

patchy environments, at times bordering marshy wetlands. These findings point toward a 

behavioral selection of these types of setting, possibly not just for the collection of raw 

material for stone tool production, but also for the extraction of food resources and for 

other activities. This study furthermore contributed to the discovery that the MSA humans 

of Karonga used fire as a means for managing and modifying the landscape surrounding 

the northern reaches of Lake Malawi. 

This work demonstrates that the combination of a tailored set of geoarchaeological 

analyses with ecological proxies can be effective in creating multi-scale landscape, 

environmental, and behavioral reconstructions, even in a dynamic tropical landscape with 

limited organic preservation. Our open-air sites were positioned in riparian and wetland-

adjacent physical environments, offering intact archaeological assemblages within contexts 

potentially preserving a wide variety of paleoenvironmental data that may be directly tied 

into the history of open-air hunter-gatherer occupations. Without disregarding the 

importance of exploring new environmental settings to increase our understanding of 

prehistoric forager activity throughout the landscape, future research in the tropics might 

target similar depositional environments. 
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ABSTRACT 

The Southern Montane Forest-Grassland mosaic ecosystem in the humid subtropics southern Rift 

Valley of Africa comprised the environmental context for a large area in which modern human 

evolution and dispersal occurred. Variable climatic conditions during the Late Pleistocene have 

ranged between humid and hyperarid, changing the character of the ecosystem and transforming 

it at different points in time into a barrier, a refuge, and a corridor between southern and eastern 

African populations. Alluvial fans presently blanket the areas adjacent to major river systems, 

which were key areas of prehistoric human habitation. These sets of variables have created 

conditions that are both challenging and advantageous to conduct archaeological research. Lateritic 

soil development has resulted in poor organic preservation and facilitated insect bioturbation, 

which has demanded an integrated micro-macro scale approach to building a reliable 

geochronology. An integrated field and analytical methodology has also been employed to identify 

the nature and degree of post-depositional movement in alluvial deposits, which preserve a wide 

range of spatial integrity levels in buried stone artifact assemblages between 47 and 30 ka in 

Karonga, northern Malawi. This paper describes the methodological advances taken toward 

understanding open-air Middle Stone Age archaeology in sub-tropical Africa, and explores the 

inferential potential for understanding Pleistocene human ecology in the important southern Rift 

Valley region. 

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY 

license (http://creativecommons.org/licenses/by/4.0/). 

Keywords: Middle Stone Age; Tropical African paleoenvironments; Micromorphology; Optically 

Stimulated Luminescence; Phytolith analysis; Site formation processes; Alluvial fans 

 

INTRODUCTION 

The Middle Stone Age (MSA) of Africa shows some of the earliest clear archaeological evidence 

for many behaviors that are either unique to or especially well developed in modern humans 

(d'Errico and Stringer, 2011; McBrearty and Brooks, 2000). As a typo-technological unit, the MSA 

is defined by the significant presence of prepared core technology, nascent forms of symbolic 

expression and the absence of large bifacial tools such as handaxes, spanning from ca. 285 

thousand years ago (ka) to ca. 20 ka (Conard, 2015; Sahle et al., 2014; Tryon and Faith, 2013). 

Much of the evidence for the MSA comes from more temperate parts of Africa, both in the 

http://creativecommons.org/licenses/by/4.0/


 
 

4 
 

southern (Brown et al., 2012; Henshilwood et al., 2011; Lombard, 2011; Porraz et al., 2013) and 

northern parts of the continent (d'Errico et al., 2009; Linstädter et al., 2012). This record is also 

heavily biased toward the long archives of human behavior that are found in cave or rock shelter 

sites. 

There is a need to advance methods to understand the depositional and taphonomic 

context for open-air MSA sites in tropical and subtropical ecosystems. New geoarchaeological 

approaches are tailored for these situations and have equipped researchers with tools to investigate 

the environmental backdrop of cultural diversifications by MSA people that were critical in 

defining the trajectory of Pleistocene human evolution. Herein, we present a multi-tiered approach 

to the interpretation of open-air MSA archaeological sites in alluvial settings in Karonga, northern 

Malawi, which draws from well-vetted techniques but combines them in novel ways. High-

resolution spatial analysis using 3- dimensional (3D) Geographical Information Systems (GIS) and 

refitting from piece-plotted archaeological excavations reveal whether archaeological deposits have 

been disturbed by secondary processes. Micromorphological data provide information about 

modes of deposition, pedogenesis and bioturbation, contextualizing their potential to alter the 

Optically Stimulated Luminescence (OSL) dosing environment used to estimate the ages of the 

sites. Integration of data from phytoliths allows for cross-referencing of macro- and micro-scale 

sedimentary environment observations, and developing terrestrial vegetation histories. Finally, by 

comparing data from archaeological contexts with a nearby high-resolution lacustrine 

paleoenvironmental record from Lake Malawi and adjacent regions, a model can be developed that 

explains human behavioral patterns in response to climatic changes throughout the Late 

Pleistocene. We describe these approaches to MSA sites in the tropics with specific reference to 

Chaminade II (CHA-II), which is typical of many archaeological sites in the Karonga District in 

its depositional context and artifactual composition. 

 

BACKGROUND 

The southern Rift Valley of Africa is a critical, yet little-explored geographic transition zone for 

understanding the evolution and diversification of MSA populations across Africa. Near the 

modern town of Karonga, Malawi (Fig. 1), pioneering research by Desmond Clark and Vance 

Haynes in the 1960s (Clark and Haynes,1970; Clark et al., 1970, 1966), followed by more intensive 

geoarchaeological investigations by Zefe Kaufulu (1983, 1990), demonstrated the high potential 

of the region's archaeological record to reveal information about the MSA in tropical and 
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subtropical ecosystems. However, the lack of absolute ages made it difficult to tie the human 

behavioral record to the significant paleoenvironmental changes the area experienced over the 

course of the Late Pleistocene (Cohen et al., 2007; Lane et al., 2013; Scholz et al., 2011, 2007). 

More recently, work by the Malawi Earlier-Middle Stone Age Project (MEMSAP) has revised 

interpretations of sites first studied by Clark and colleagues (Clark and Haynes, 1970; Clark et al., 

1970, 1966) describing the spatial-temporal distribution and attributes of artifactual assemblages 

and artifact raw material sources near Karonga (Thompson et al., 2014, 2012, 2013; Wright et al., 

2014; Zipkin et al., 2015). 

Tropical and subtropical regions of Africa are located within the most productive biotic 

environments in the world (Grace et al., 2006), and, as such, present a unique cluster of 

opportunities and pitfalls for archaeological research. In addition to intensive and sustained 

agriculture and other land use practices that involve movement of sediment, bioturbation from 

termites (e.g., Crossley, 1986; McBrearty, 1990; Mercader et al., 2003), burrowing mammals and 

lizards, and fluvial winnowing (Schick, 1987; Yellen, 1996) all provide opportunity for disturbance 

of primary archaeological deposits. In addition, groundwater percolation (Schick, 1987; Sitzia et 

al., 2012; Stewart et al., 2012; Yellen, 1996), biomantle formation (òsoil upbuildingó; Ahr et al., 

2012; Araujo, 2013; Johnson et al., 2005; Phillips and Lorz, 2008; Van Nest, 2002) and pedogenic 

processes translocating minerals down the solum (Eren et al., 2014; Feathers, 2002; Gliganic et al., 

2012) have been identified as potential factors affecting site taphonomy. 

In northern Malawi, downwarping and fault-trough sedimentation during the Middle to 

Late Pleistocene (Betzler and Ring, 1995; Ebinger et al., 1993) in combination with variable climatic 

conditions (Crossley, 1984; Stone et al., 2011) activated alluvial fans and streams, which created 

riparian environments attractive to MSA people (Thompson et al., 2014, 2012; Wright et al., 2014). 

The remains of MSA activities in the Karonga region are embedded in remnants of an alluvial fan 

system known as the Chitimwe Beds (Clark and Haynes, 1970; Clark et al., 1970; Kaufulu, 1990; 

Wright et al., 2014). Alluvial fans can rapidly bury occupation surfaces and rework older deposits. 

Because many of the sediments have been subsequently modified through pedogenesis and 

bioturbation, artifacts can change their stratigraphic position and are often found in association 

with paleosols that formed at a later date. The materials and methods employed by MEMSAP were 

tailored to address these specific taphonomic conditions of the Karonga sites, which fall within an 

equatorial savanna with a dry winter (Aw) of the Köppen-Geiger classification system (Kottek et 

al., 2006). 
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Fig. 1. Location of sites mentioned in the text. Upper right: Tropical Africa extends across the predominantly green 

regions. Red box denotes East-Central Africa (image from Google Earth). Left: Boxed area showing the location of 

paleoclimatic proxies discussed in the text. (1) Mal05e2A (Scholz et al., 2011), (2) Mal05e1C (Scholz et al., 2011), (3) 

M98e1P (Gasse et al., 2002; Johnson et al., 2002), (4) M98e2P (Gasse et al., 2002; Johnson et al., 2002), (5) Lake 

Masoko (Garcin et al., 2006; Gibert et al., 2002), (6) MPU-11 and MPU-12 (Bonnefille and Chali_e, 2000; Vincens et 

al., 1993), (7) KH3 (Tierney et al., 2008), (8) KH4 (Tierney et al., 2008). Fault lines are black and the red polygon 

denotes the study area near Karonga. Lower right: Location of Chaminade-II (CHA-II) near the modern town of 

Karonga, fan deposits (red outlines, Chitimwe Beds) and mapped faults. (For interpretation of the references to color 

in this figure legend, the reader is referred to the web version of this article.) 

 

MATERIALS AND METHODS 

Landscape-scale geomorphology and site-scale sedimentology 

The focus of the geomorphologic, sedimentologic and pedologic investigation concentrated on 

the identification of source-to-sink processes and areas of sustained landform stability in which 

human activity would have been plausibly preserved. Archaeological surveys and test pitting were 

conducted across an alluvial fan west of the modern-day town of Karonga, Malawi, which resulted 

in the identification of CHA-II (Fig. 1). Recording of sedimentary lithofacies involved description 

of sorting, bedding features, particle sizes, inclusions, rounding properties, hardness, plasticity and 

unit boundaries. Pedologic recording accounted for relative degrees of weathering by recording 
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soil color, structure and the presence of authigenic and translocated minerals in the solum. 

Geomorphologic reconstruction of landform evolution was made by combining sedimentologic 

and pedologic analyses from numerous test units in combination with topographic maps. Sampling 

for OSL dating, micromorphology and phytolith analyses was performed to constrain 

environmental conditions within a dated context. 

Excavation and artifact analysis 

The CHA-II site (9.955Ě S, 33.892Ě E) was excavated in 2011 and 2012. A large eroded surface to 

the west of CHA-II contained 100,000s of artifacts in a series of drainage gullies that incise the 

Chitimwe Beds. CHA-II was mechanically excavated as a 4 x 50 m trench to a depth of 2 m, and 

then excavated by hand within a central 2 x 32 m area. The mechanically excavated sediments were 

placed in ten piles of 40 m3 each, sieved, and found to confirm an average artifact density of 1 per 

m3. The center trench was excavated in natural stratigraphic units and 1 x 1 m squares to a 

maximum total depth of 4.6 m, producing in total more than 10,000 stone artifacts. At the close 

of excavations, a geologic test pit was excavated at the southern end of the trench to a total depth 

of 6.6 m before the entire trench was backfilled. All artifacts, sedimentary units and samples were 

piece-plotted with a Nikon C-series 5ó total station, and all artifacts with a discernable long axis 

were recorded with one point at each end. 

Lithic artifacts were analyzed using complementary quantitative and qualitative methods 

on all plotted and sieved artifacts (sensu Mackay, 2008). When feasible, artifacts were also classified 

according to weathering stage (sensu Thompson et al., 2012), raw material, technological 

component (complete or fragmentary flakes and cores, flaking shatter, hammerstone, etc.), cortex 

cover and reduction method. Refits were sought to determine the extent of depositional reworking 

of the artifact assemblage, both horizontally and vertically. ArcGIS 10.2 was used to analyze the 

spatial relationships of artifacts of different sizes, raw materials, and rounding classes. The 

Optimized Hot Spot Analysis tool was used to identify clusters of artifacts within depositional 

units. Artifact orientation data were analyzed using Stereonet 9 to produce rose diagrams and 

establish if artifacts had preferred or random orientations in both the vertical and horizontal planes 

(McPherron, 2005). 

Micromorphology 

In 2012, seven block samples were collected from CHA-II for  micromorphological analysis. The 

samples were oven-dried at 60 ĚC and impregnated with resin under vacuum. The resin was 

prepared with seven volume units of unpromoted polyester resin (Viscovoss N 55S), three volume 
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units of styrene (styrene for synthesis) and 5-6 ml/l hardener (methyl ethyl ketone peroxide, 

MEKP). After hardening, the blocks were sliced with a rock saw into slabs from which 6 x 9 cm 

sized thin-sections of 30-µm were produced. Micromorphological descriptions were conducted 

following analysis using a petrographic microscope with plane polarized light (PPL), crossed 

polarized light (XPL), blue light fluorescence and incident light at magnifications of 20x to 500x 

following Courty et al. (1989) and Stoops (2003).  

A total of 90 microscopic Fourier transform infrared spectroscopic (m-FTIR) 

measurements were conducted directly on the thin sections using a Cary 610 FTIR microscope 

attached to a Cary 660 bench (Agilent Technologies). Spectra were collected in two modes: (1) 64 

co-added scans at 4 cm-1 resolution in transmission mode with backgrounds collected on epoxy 

resin over glass under typical ambient conditions and (2) 32 co-added scans at 4 cm-1 resolution 

using a germanium crystal attenuated total reflectance (Ge-ATR) objective with backgrounds on 

air. The transmission measurements allowed us to characterize the absorption peaks in the region 

of 4000-3500 cm-1 (Beauvais and Bertaux, 2002; Robin et al., 2013), while the Ge-ATR 

measurements provided peaks from 4000 to 570 cm-1. Clay-sized materials were identified to kaolin 

and smectite group minerals by comparing the peaks to reference spectra (Downs, 2006; Salisbury 

and Vergo, 1991; Van de Marel and Beutelspacher, 1976) with priority given to peaks in the OH-

stretching region. 

OSL geochronology 

Five sediment samples were collected from the profile of CHA-II  for OSL dating. Quartz grains 

with diameters of 180-250 µm were prepared using wet sieving, acid treatments (10% HCl, 10% 

H2O2 and 40% HF) and density separation and analyzed using a TL/OSL-DA-20 Risø reader. A 

dose recovery test following the Single Aliquot Regeneration (SAR) protocol (Murray and Wintle, 

2000, 2003) for the lowermost sample LM12-10 determined that the measured and regenerated 

dose ratios were within 10% for all the preheat temperatures applied (Fig. 2). Equivalent dose (De) 

values were then determined in the plateau region in which the measured De was independent of 

the preheat temperatures (Fig. 3). Dose rates (Dr) of the samples were estimated using a Canberra 

BEGe 5030 low-level high-resolution gamma spectrometer. OSL signals were measured based on 

aliquots composed of several tens of quartz grains (Small Aliquots, SA), and the final ages were 

derived using the Central Age Model (Galbraith and Roberts, 2012; Galbraith et al., 1999). 

Two samples, LM-3161 and LM-3162, were interpreted as potentially spurious due to high 

over-dispersion values generated in the SA OSL analysis (Arnold and Roberts, 2009) and were 
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therefore subjected to single-grain (SG) analysis. For SG dating, OSL signals in 1000 individual 

quartz grains from each sample were measured using a 10 mW Nd:YO4 solid-state, diode-pumped 

green laser (532 nm). The optical stimulation was carried out at a readout temperature of 125 ĚC 

for 2 s, and the photon detection was through a 7-mm Hoya U-340 filter. The single grain De 

values were obtained using the SAR protocol (Murray and Wintle, 2000), and the feldspar grains 

were identified using IR depletion ratio (Duller, 2003). The OSL ages of the samples, together with 

dosimetry data and over-dispersion values, are given in Tables 1 and 2 and Fig. 4. 

 

 

Fig. 2. Dose recovery test for LM12-10. 
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Fig. 3. Preheat plateau tests and equivalent dose (De) of LM12-10, LM12-11, LM12-12. 

 

 

 

Table 1. Equivalent dose, dose rate and Small Aliquot (SA) OSL ages of the samples. 

a Depths of the samples are the vertical distance from the modern ground surface. 

b Average water content of the samples during burial. 

c Data from high-resolution low level gamma spectrometer were converted to infinite matrix dose rates using 

conversion factors given in Olley et al. (1996). 

d Cosmic ray dose rates were calculated using the equations provided by Prescott and Hutton (1994). 

e Over-dispersion. 

f Central Age Model (CAM) ± 1Ǳ error (also calculated for De). 

 

 

 

 

Table 2. Equivalent dose and Single Grain (SG) OSL ages of the samples LM-3161 and LM-3162. 

* Cosmic ray dose rates were calculated using the equations provided by Prescott and Hutton (1994) and provided in 

Table 1. 

a Depths of the samples are the vertical distance from the modern ground surface. 

b Data from high-resolution low level gamma spectrometer were converted to infinite matrix dose rates using 

conversion factors given in Olley et al. (1996). 

c MAM = Minimum Age Model (Galbraith et al., 1999). 

d CAM = Central Age Model (Galbraith et al., 1999). 

e Over-dispersion. 

f Minimum Age Model, ± 1Ǳ error (4 parameters sensu Galbraith et al., 1999). 

g Central Age Model, ± 1Ǳ error (Galbraith et al., 1999). 

 

Local paleoenvironmental reconstruction 

Phytolith samples were taken as small sediment samples from the top to the base of the 

southeastern profile and then continuing down the same profile on the western side of the deep 

geological sondage. Sixteen sediment samples were processed for the purpose of creating a 
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vegetation landscape reconstruction. Extraction protocols were followed that were successfully 

employed on neighboring MSA sites (Mercader et al., 2013) and modern topsoils (Mercader et al., 

2011) from the Mozambican side of the lake.  

To understand the relations between specific morphotypes and taxonomic identification, 

the inferential baseline was grounded on the statistical analysis of local phytoliths from plants and 

soils (Mercader et al., 2010, 2009) and supporting references (Albert et al., 2009; Barboni and 

Bremond, 2009; Bremond et al., 2008; Fernandez Honaine et al., 2009; Novello et al., 2012; 

Piperno and Pearsall, 1998; Runge, 1999; Twiss et al., 1969). Preservation was adequate for 

morphometric analysis and type identification, although marked dissolution was a concern in some 

samples. A total of 6089 discrete phytolith shapes were classified and grouped into 59 

morphotypes (Fig. 5). 

 

 

 

THE CHAMINADE-II SEQUENCE 

Lithology and site formation processes 

MSA artifacts at CHA-II were entrained in alluvial fan deposits, but sedimentation of the site 

changed through time, reflecting different ecological conditions commonly found in tropical 

Africa. Site formation processes were interpreted on the basis of microscale (Supplementary 

Online Material 1) and macro-scale analysis of sediments and pedofeatures (Fig. 6). 

Units 1 and 2 are interpreted as alluvial deposits based on the presence of horizontally 

laminated bedding features and well-rounded medium to coarse sandy channel sediments (Fig. 7a) 

in which an over-thickened Bt horizon developed during aggradation (Fig. 7b-c). These deposits 

are capped by either a lag channel or deflated or winnowed alluvial fan surface (Unit 3). Units 1 

and 2 are culturally sterile, and Unit 3 contains only sparse and heavily rounded artifacts within the 

same size grade as the surrounding clasts (Fig. 8). OSL ages dating to approximately 65 ka (LM-

3161) were assayed from Unit 1, but authigenic mineral formation associated with groundwater 

fluctuations and gleying of the sediments have likely compromised the Dr estimate as demonstrated 

by the results of the SG OSL analysis. SA OSL and SG OSL analyses from Unit 2 (LM-3162) do 

not provide reliable estimates of age of deposition of this unit based on the over-dispersion values 

obtained. 
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Within Unit 4, very poorly-sorted, coarse grained alluvial fan deposits have undergone 

multiple phases of Bt horizon formation, which also destroyed bedding structures that may have 

been present (Fig. 7d-e). Artifacts (mainly unweathered and some refitting) are concentrated in the 

upper 10 cm of the unit, which was deposited ca. 47 ka (LM12-10; Table 1), although authigenic 

iron-manganese (Fe-Mn) nodule formation would have altered the dosing environment and 

affected the Dr over the burial life of the sample. Additionally, multiple fluctuations in moisture 

initiated the shrinking and swelling of smectites present in the soils, resulting in pedoturbation and 

the formation of vertic features (Fig. 7f-g). Vertic processes led to the physical deformation of 

illuvial clay coatings, but Bt horizon formation continued, as evidenced by a later phase of coatings 

(Fig. 7h). At one point, Bt horizon formation ceased when the groundwater table rose significantly, 

which gleyed much of the lower profile and contributed to the formation of Fe-Mn nodules within 

the inactive Bt horizon. After the groundwater level fell, the uppermost of the nodules and large 

clasts (including artifacts) settled downwards forming a secondary deposit of nodules in the profile, 

which accommodated bulk volume changes from dewatering and winnowing of fine particulates. 

Following the lowering of the Fe-Mn nodule rich horizon, deposition of finer-grained, 

distal alluvial fan sediments recommenced prior to 30 ka (LM12-11; Table 1) and successive 

formation of Bt horizons continued with clay coatings forming around lower nodules (Fig 7i) and 

cementation from iron leaching and accumulation within the profile. Artifact counts are highest in 

the bottom 30 cm of Unit 5 and are virtually absent in sediments that accumulate thereafter. 

Following landform stability after 17 ka (LM12-12; Table 1), lateritic soil formation pedogenically 

weathered quartz grains, feldspars and smectite clays top-down in Unit 5, enriching the unit in 

kaolinite. Additionally, termite bioturbation, associated with the formation of the laterite, occurred 

downwards to the top of the iron-nodule concentration (Fig. 7j). 

Lithic analysis 

The lithic artifacts from CHA-II form a typo-technologically generalized MSA assemblage, but 

provide useful data for understanding site taphonomy and land use strategies over time. Analysis 

of a sample of 640 piece-plotted artifacts from an area of 8 m2 shows both dorsal and ventral sides 

of the artifacts were frequently coated in Fe-Mn precipitates, with only five artifacts demonstrating 

differential weathering on opposing sides. More detailed examination suggests that there may be 

two or more lenses of artifacts within this vertical concentration (Fig. 8, lower left). Vertical refits 

and conjoins are non-existent between designated sedimentary units. Within Unit 4 (Lower 

Concentration), five sets of conjoining/refitting artifacts were identified, along with eight similar 

sets in Unit 5 (Upper Concentration), found in discrete clusters (Fig. 9). Artifacts from CHA-II 
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are typically more square than elongated, so that within this sample only 125 had a maximum 

length:breadth ratio of Ó1.5, and thus a discernable long axis. Of these, neither the upper nor the 

lower lens shows a preferred orientation that would suggest winnowing (McPherron, 2005). 

Additionally, all artifacts are lying at angles <22Ě (most far flatter), indicating that they have not 

been post-depositionally reoriented by bioturbation (Bernatchez, 2010; Lenoble and Bertran, 

2004). In total, <1% of artifacts are retouched, and over 95% of cores retain some cortex coverage, 

with an average 44% cortex coverage on all cores. 
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Fig. 4. Radial plots of samples from CHA-II (a) Single grain (SG) analysis of LM-3161, Central Age Model (CAM) 

De ¼ 113 ± 31 Gy, Over-dispersion (OD) ¼ 69%, Minimum De ¼ 37 ± 22 Gy, CAM age ¼ 63 ± 18 ka, Minimum 

age ¼ 21 ± 12 ka; (b) Small aliquot (SA) analysis of LM-3161, CAM De ¼ 118 ± 9 Gy, OD ¼ 37%, Min De ¼ 96 ± 

13 Gy, CAM age ¼ 66 ± 7 ka, Minimum age ¼ 54 ± 8 ka; (c) LM-3162 (SG), CAM De ¼ 55 ± 6 Gy, OD ¼ 51%, 

Minimum De ¼ 27 ± 4 Gy, CAM age ¼ 27 ± 3 ka, Minimum age ¼ 13 ± 2 ka; (d) LM- 3162 (SA), CAM De ¼ 174 

± 19 Gy, OD ¼ 51%, Minimum De ¼ 75 ± 11 Gy, CAM age ¼ 85 ± 10 ka, Minimum age ¼ 37 ± 6 ka; (e) LM12-

10 (SA), CAM De ¼ 95 ± 8 Gy, CAM age ¼ 47 ± 4 ka; (f) LM12-11 (SA), De ¼ 72 ± 3 Gy, CAM age ¼ 30 ± 1 ka; 

(g) LM12-12 (SA), De ¼ 42 ± 1 Gy, CAM age ¼ 17 ± 1 ka. 

 

Phytolith analysis 

Phytolith data provide an additional environmental context for the depositional and artifactual 

data (Supplementary Online Material 2). Phytoliths from woody (arboreal) tissue average 86.2% 

(range: 61.5e100%) and therefore they constitute the dominant type analyzed from CHA-II. 

Overall, this is indicative of a generally moist arboreal domain; however, there are cyclical peaks 

and drops in the abundance of arboreal phytoliths that can be classed into four vegetation phases 

illustrating the alternation of three wet periods with two drier ones (Fig. 6). There was no evidence 

for mixing of phytolith taxa between the following phases: 

ôPhase 1õ is from Unit 1, and is likely much older than 47 ka and inferred to be ca. 65 ka 

based on SA OSL and SG OSL analyses with low confidence in the accuracy of this age estimate. 

The lower part of these sediments contains heavy arboreal representation, which transforms into 

fragmented woodland (arboreal phytoliths: 61.5%) in the upper part of Unit 1, where seasonal 

(panicoid) and wet-adapted (bambusoid) communities still abound (Poaceae phytoliths combined: 

>30%). This zone is interpreted as reflecting a wet woodland community. 

ôPhase 2õ also predates 47 ka, and it yields the highest levels of arboreal phytoliths from 

the entire series, with grasses being minimal or absent. Phytoliths from this zone are interpreted 

as reflecting a forest environment, and correspond to geologic Units 2 and 3. 

ôPhase 3õ records significant arboreal reduction starting at the stratigraphic level dated to 

47 ka through 30 ka, and covering the upper solum of geologic Unit 4, and lower 30 cm of Unit 

5. Phytoliths from the dry-adapted chloridoid clade peak at 58.6% for all Poaceae types. This zone 

is interpreted as signalling the presence of predominantly dry, grassy woodland. 

ôPhase 4õ postdates 30 ka and extends to <17 ka. Taxa analyzed from this zone indicate a 

return to arboreal dominance for the remainder of the stratigraphic column, albeit with small 

fluctuations in seasonal-grass types. This phase is inferred as reflecting dense woodland, which is 
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distinct from the present-day Zambezi woodland vegetation classification of the region (White, 

1983). 

 

 

Fig. 5. Phytolith morphotypes identified from CHA-II. (aem) globular granulates derived from dicot trees and shrubs 

(Mercader et al., 2009; Neumann et al., 2009; Runge, 1999); (neq) blocky derived from arboreal taxa (Mercader et al., 

2009); (rex) clayate granulates derived from arboreal taxa (Mercader et al., 2009); (y-ad) long saddles derived from 

Poaceae wet-adapted bambusoids (Mercader et al., 2010; Piperno and Pearsall, 1998); (ae) short saddles derived from 

xeric chloridoid grasses (Mercader et al., 2010; Twiss et al., 1969); (af-ah) towers derived from xeric chloridoid grasses 

(Mercader et al., 2010; Twiss et al., 1969); (ai-ao) lobates derived from tall, hydric, heliophyte panicoid grasses (Barboni 

and Bremond, 2009; Bremond et al., 2008; Mercader et al., 2010; Novello et al., 2012); (ap-aq) globular, ôridgedõ with 

echinoid appearance derived from the Mararantaceae family, forest-adapted taxa (de Albuquerque et al., 2013). 

 

Comparison of CHA-II to regional paleoclimatic datasets 

Terrestrial data sets present in CHA-II and other sites in the Karonga region correlate with regional 

climatic events documented in the Lake Malawi Drill Core and other regional proxies (Fig. 10). 

Terrigenous pollen consistently include miombo and bamboo forest species with some grasses 

throughout MIS3 (Beuning et al., 2011) with coeval supporting evidence coming from phytolith 

assemblages on the Mozambican side of the lake (Mercader et al., 2013). However, diatom 

assemblages reflect shallower water conditions between 47 and 32 ka (Stone et al., 2011), 
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concurrent with Phase 3 reductions in arboreal taxa from CHA-II. Regionally, the wettest 

conditions occur during the Early Holocene (Bonnefille and Chalie, 2000; Ivory et al., 2012; Stone 

et al., 2011; Tierney et al., 2008), which correlates with Phase 4 of the CHA-II phytolith sequence. 

Overall, the magnitude of lake level fluctuations during the last 60 ka in Lake Malawi was far less 

significant compared to nearby lakes Masoko and Tanganyika (Fig. 10), which may have made it a 

more attractive biome for persistent human habitation. 
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Fig. 6. South wall profile of CHA-II showing sedimentology, pedology, sampling locations and interpretation of 

phytolith taxa present. Sample 5052 (middle right) is shown in thin section in Fig. 7d-i and is stratigraphically associated 

with the densest artifact accumulations. 
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Fig. 7. Sedimentologic features of Chaminade-II through micromorphologic thin section. (a) Orthic nodules in Unit 

2 underneath the concentration of iron-manganese nodules (sample MEM-5050). PPL; (b) old deformed clay coating 

with kink-band fabric resulting from shrink and swell (MEM-3164B). XPL; (c) fresh clay coatings from a relatively 

recent phase of Bt formation (MEM-5050). XPL; (d) scan of MEM-5052 thin section showing the upper half of the 

iron-manganese nodule concentration (6 x 9 cm); (e) anorthic iron-manganese nodules with remnants of clay coatings 

[c] from a Bt horizon and a bioturbated zone [bi] in between nodules. PPL; (f) framed area at higher magnification 

showing open bioturbated material and remnants of clay coatings on a nodule. PPL; (g) scan of thin section (6 x 9 

cm) showing the lower half of the iron-manganese nodule concentration with orthic and anorthic nodules (MEM-

5052B); (h) dusty clay coatings from inside an iron nodule (upper frame in [g]). Earlier phase of Bt formation pre-

dating iron nodule formation; (i) iron-stained clay coatings from outside an iron nodule (lower frame in [g]), 

representing a later phase of Bt formation, post-dating iron nodule formation and deflation; (j) intergrain 

microaggregate microstructure, resulting from extensive termite activity in the laterite (MEM-5054). PPL. 

 

 

DISCUSSION 
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The integrated paleoecological and archaeological reconstructions of CHA-II were designed to 

maximize the information potential of an open-air MSA site in tropical Africa. Preservation of 

organic remains is typically poor in tropical regions, and especially so in open-air settings, and 

CHA-II was no exception. However, by analyzing inorganic fossil remains of plants, sediments 

and artifacts, MSA environments and potential drivers of human behavior can be inferred on both 

a local and regional level. 

 

 

Fig. 8. CHA-II trench showing sedimentologic/pedologic units and locations of plotted finds (black points). Note 

that artifacts in the upper portion of Unit 5 were not piece-plotted, but that sieving showed they averaged <1/m3. A 

close-up of squares A16-B20 is shown at lower left, with only artifacts in the main concentration pictured for clarity. 

These have been divided into two possible lenses, with a separate rose diagram at lower right given for each. The 

points on the rose diagrams represent the plunge of the artifacts, while the roses themselves represent their 

orientations. 
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Fig. 9. Results of refitting program and GIS cluster analysis. Following Sisk and Shea (2008), òrefitsó are artifacts that 

were separated through the knapping process/conchoidal fracturing, while òconjoinsó are fragments of formerly 

whole flakes that fit back together. In both the Upper and Lower Concentrations, refitting and conjoining artifact sets 

occur predominantly within cluster of artifacts identified using the Optimized Hot Spot Analysis functionality in 

ArcGIS 10.2. This tool identifies spatially concentrated incidences (of artifacts), and identifies the likelihood that the 

spatial relationships within them reject the null hypothesis of a random distribution, at increasing confidence levels. 

 

Depositional and age models of CHA-II 

In tropical environments, where rainfall tends to be heavy and seasonal, alluvial fans are typically 

activated during a high precipitation event following a drought severe enough to devegetate large 

swaths of an upland region (e.g., Kumar Singh et al., 2001; Nott et al., 2001; Thomas, 2004; Waters 

et al., 2010). Tectonic activity can also catalyze alluvial fan formation, but in the absence of 

significant upwarping or solifluction alluvial fan formation normally occurs in tandem with variable 

precipitation (e.g., Bull, 1977; Harvey, 2002; Kumar et al., 2007; Ritter et al., 1995; Wang et al., 

2001). Erosional and depositional processes across alluvial fans are not uniform and sheetwash 

zones, channels and debris flows are distributed irregularly across landforms (see papers in Harvey 

et al., 2005 for a comprehensive review). 
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Based on the available evidence, sedimentation of CHA-II  occurred primarily as pulses of 

distal alluvial fan deposits, which were sometimes reworked and deposited by intermittently 

occurring fluvial systems (Fig. 11). Sediment packages were poorly sorted, well mixed and do not 

appear to vary appreciably over the 32m exposed length of the site. Clast sizes generally range 

between fine and coarse sand with pockets of sediments with higher gravel fraction. 

The potential for large-scale bioturbation at CHA-II is high, but the evidence suggests that 

such activity was localized. Groundwater fluctuations and lateritic processes facilitated the 

formation of the Fe-Mn nodule-rich lens that overprints bedding features from the upper portion 

of the sondage. Subsidence from water table depletion has been observed at CHA-II based on the 

uniform, undulating sediment packages observable in the profile (Fig. 8), but large accommodation 

zones for fine clasts to move downward do not appear to have formed. Conjoins and refits from 

Units 4 and 5 (Fig. 9) and clusters of chipped stone debris indicate that these are primary or 

minimally compressed archaeological deposits reflecting discrete activity areas. Furthermore, the 

micromorphology indicates that sediment mixing was restricted to distinct sedimentary zones and 

large-scale lateral movement of sediments decimeters from their primary depositional environment 

was not significant. 

In addition to being a tool for dating sediment deposition, OSL is commonly used as a 

tool to understand bioturbation and pedoturbation within archaeological contexts (e.g., Arnold 

and Roberts, 2009; Gliganic et al., 2012; Guérin et al., 2015). Because the sedimentary matrix 

reworking at CHA-II was localized, SA OSL was employed as the method of first resort. Recent 

studies demonstrate that if over-dispersion is within a threshold range of <40%, it is possible to 

obtain accurate age estimates from SA OSL analysis as long as the skewness values within a 

population of aliquots are low indicating a normal or log normal distribution (Alexanderson and 

Murray, 2007; Armitage and King, 2013; Arnold and Roberts, 2009; Forman, 2015; Rowan et al., 

2012). Radial plots of samples from CHA-II demonstrate a central tendency of the aliquots with 

the exceptions of LM-3161 and LM-3162 (Fig. 4), which show scattered De values indicating some 

sediment reworking, pedoturbation and non-solar resetting of sediments prior to deposition. 

Based on the combined evidence, one age is rejected (LM-3161) and two ages are considered highly 

uncertain (LM-3162 and LM12-10), however post-depositional effects did not significantly impact 

the accuracy of LM12-11 and LM12-12. 

The combined sedimentary, micromorphological, artifactual, phytolith, and OSL data infer 

a depositional model that is inconsistent with Crossley (1986) interpretation of site taphonomies 

from the Chitimwe Beds. Based on granulometric analyses of the sand sheets and termite mounds 
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in the Chaminade area, Crossley (1986) concluded that the vertical (upward) transfer of selected 

(medium to coarse) sand grains by Macrotermes falciger termites led to the accumulation of the sand 

sheets and concentration of larger particles and lithic artifacts in the lower reaches of the solum. 

Instead, we argue that Bt horizon overthickening and the formation of vertic features associated 

with soil formation and groundwater variability degraded the integrity of bedding features in the 

profile commonly found in alluvial deposits, making the deposits appear similar to biomantles to 

the naked eye.  

 

 

 

Fig. 10. Paleoclimatic proxy data from southeastern Africa. (a) Average insolation (w/m2) at the onset of the rainy 

season (October-December) at 10ĚS (Scholz et al., 2011); (b) Black line is the interpreted lake level based on synthesis 

of sediment core data (Scholz et al., 2011), red dotted line is a reconstructed lake level based on the diatom assemblage 

from the Lake Malawi Drill Cores (Stone et al., 2011), dashed lines after 50 ka represent age model uncertainty from 
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discovery of Toba Ash as reported in Lane et al. (2013); (c) Biogenic silica mass accumulation rate (mg SiO2/cm y2) 

from Lake Malawi (Johnson et al., 2002); (d) Magnetic susceptibility (x 10-5) from Lake Masoko (Garcin et al., 2006); 

(e) Gray line shows ǃppt from modern conditions (mm) from Lake Tanganyika, red line shows time-averaged linear 

trendline (Bonnefille and Chalié, 2000); (f) Ǣ13C of monocarboxylic fatty acids (C28) vs. VPDB from Lake Tanganyika 

(Tierney et al., 2008). Numbers on right margin correspond to proxy points identified in Fig. 1. (For interpretation of 

the references to color in this figure legend, the reader is referred to the web version of this article.) 

 

 

 

Fig. 11. Site formation model for Chaminade-II.  

 

Landscape and behavioral models of CHA-II 

Archaeological evidence from CHA-II records recurrent occupation associated with MSA foragers 

throughout the late MIS4 and entire MIS3 periods in the Karonga region. Diatom and geochemical 

proxy reconstructions of the Lake Malawi ecology indicate that site sedimentation occurs when 

the local environment fluctuates between mildly xeric and pluvial conditions (Finney et al.,1996; 

Gasse et al., 2002; Stone et al., 2011). The diatom assemblage from Lake Malawi following the 

eruption of Mount Toba (ca. 75 ka) and prior to 50 ka shows several prominent and rapid 

ecological changes (Lane et al., 2013; Stone et al., 2011), which broadly accord with the phytolith 

assemblage from Units 1 and 2 of CHA-II. Similarly, phytolith taxa from CHA-II connote the 

presence of dry, grassy woodland from this time, which are echoed in the reconstructed 
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paleoenvironments of the Mozambican highlands for the interval 50 to >42 ka (Mercader et al., 

2013: 330). Phytoliths entrained in Units 1e3 reflect the predominance of wet woodland to forest 

environments, indicative of a moist precipitation regime during periods of site sedimentation. 

Proportions of woody vegetation drop markedly in Unit 4, which was filled by alluvial fan deposits, 

and then increase again through Unit 5. Occurrences of the MSA in the area are inferred prior to 

47 ka by the presence of heavily-rolled artifacts in deposits associated with Unit 3 and the bottom 

of Unit 4. Human occupation at the site began in earnest after 47 ka and appears to have occurred 

during a period of profound landscape variability. Based on magnetic susceptibility of an assayed 

lake core at Lake Masoko (Fig. 10d), located 70 km to the north of CHA-II, the region experienced 

longer dry seasons and potentially stronger seasonality in precipitation compared to present 

conditions, but was dominated by Zambezian tree, open savannah vegetation (Garcin et al., 2006). 

Similarly, the environment at CHA-II became more open, which is supported by on-site grassy 

phytoliths and offsite diatom data from Lake Malawi reflecting higher alkalinity (Stone et al., 2011). 

After 30 ka, the phytolith spectra at CHA-II  reflect the presence of a dense woodland community, 

which is in agreement with pollen and biogenic silica data derived from the Lake Malawi sediment 

core (Beuning et al., 2011; Johnson et al., 2011; Stone et al., 2011) and Lake Masoko (Garcin et al., 

2006). 

The concentration of artifacts within Unit 5 is the product of repeated occupation of the 

same land surface as soil aggraded over an extended period of time concurrent with slow 

sedimentation of the landform prior to 30 ka as the climate transitioned to wetter conditions (Fig. 

11). Toolstone types and limited reduction of nodules indicate that toolstone availability was not 

a limiting factor. Rather, MSA foraging strategies incorporated regular visits to riparian zones for 

lithic raw material, which was processed and then transported outside the riparian areas for usage. 

Similar patterns of landscape utilization within diagenetically-altered alluvial fan sedimentary 

environments have been documented in the Kapthurin Formation (Tryon, 2010) and Mukogodo 

Hills (Pearl and Dickson, 2004) of Kenya and Jebel Gharbi in north-west Libya (Barich et al., 2006) 

possibly representing a generalized site taphonomy and behavioral strategy of MSA foragers 

operating in dynamic sedimentary and climatic environments. Artifacts entrained above the lower 

30 cm of Unit 5 are relatively rare and likely bioturbated within the sediments either through 

termite activity or entrainment in the alluvial fan. Some artifacts from the upper portions of Unit 

5, including some small pieces, can be characterized as Later Stone Age (LSA), whereas none from 

within the zone of artifact concentration can be assigned firmly to any typo-technological complex 
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other than the MSA. This adherence to cultural stratigraphy provides additional support for our 

interpretation of the site's formation (Fig. 11). 

The micro-scale data are corroborated by lithic orientation data at CHA-II, which show 

most artifacts as lying horizontally, and by the lack of mixing of small LSA elements into the 

sediments dated >30 ka. This demonstrates that MSA behavior at both site and landscape scales 

can still be discerned in tropical settings that have been subsequently affected by tectonic, 

authigenic, pedogenic and climatic changes since the times of original artifact deposition. 

 

CONCLUSION 

Archaeological research of MSA occupation of CHA-II located on an alluvial fan in northern 

Malawi integrated paleoclimatologic, sedimentologic and spatial datasets to better understand 

human habitation patterns within a tropical to subtropical ecosystem. The primary human 

occupation of the landform occurred between 47 and 30 ka, concentrated on slowly aggrading 

alluvial fan sediments within a grassy woodland zone that was drier than during preceding and 

following phases of sedimentation. Although this is the driest period reflected in diatom 

assemblages after 70 ka (Stone et al., 2011), the magnitude of ecological variability in Lake Malawi 

appears to have been far less than in surrounding basins at the same time (Bonnefille and Chalie, 

2000; Tierney et al., 2008). The evidence for repeated visits to the site and lack of conservation of 

toolstone suggests that this was a relatively attractive environment for MSA foragers. CHA-II 

demonstrates similar patterns in landform utilization to other MSA sites in the Karonga region 

(Thompson et al., 2012; Wright et al., 2014), on the Mozambican side of the lake (Bicho et al., (in 

press); Mercader et al., 2011, 2013) and elsewhere in Africa as cited above. 

The taphonomic situation at CHA-II and other sites did not allow for the preservation of 

evidence for other human activities such as faunal resource exploitation or hearth construction. 

Much archaeology conducted in tropical ecosystems faces similar challenges due to generally poor 

preservation conditions in biomes with high, seasonal rainfall and rapid soil formation. 

Bioturbation from insects tends to be particularly severe due to the lack of cold conditions to 

seasonally limit tunnel construction activities. Laterite formation and highly acidic soils also 

degrade the integrity of organic deposits and buried A-horizons, as does redoximorphic weathering 

of sediments associated with fluctuating ground water levels. More specifically to the MSA, the 

lack of diversity in the material culture, particularly from open-air settings, limits behavioral 

interpretations (Sharon et al., 2014). 
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In spite of these limitations, archaeological studies of open-air MSA sites from tropical 

regions are critical for developing robust models explaining human behavioral evolution and 

diversity (Shea, 2011). Therefore, we advocate a multiproxy, multidisciplinary research strategy that 

can sufficiently tackle the challenges of working in tropical ecosystems and yield information 

needed to contribute to such discussions. This study shows that detailed information about MSA 

landscape use, lithic exploitation, and local environments can be reconstructed using multiple lines 

of evidence tailored to these challenging preservation conditions. Furthermore, regional 

paleoecological datasets augment site-scale archaeology and sedimentology, providing a broader 

context for deposition, soil formation and aspects of human behavior. 
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Supplementary Material for paper A: Wright et al. 2017 

Mentzer, S. M., Miller, C. E., Schilt, F. C. 

MICROMORPHOLOGICAL ATTRIBUTES OF CHAMINADE-II SAMPLES 

Sample MEM-3165 (Unit 1).  

This sample consists of massive, strongly gleyed sediments with a close porphyric coarse/fine-

related distribution (Fig. S1). The coarse fraction consists of coarse sand to very fine gravel. A 

general lack of microstructure can be attributed to liquefaction of peds and aggregates by 

waterlogging (Kwaad and Mücher 1994, Or 1996), as well as loading from deep burial. Therefore, 

the original soil structure is not preserved. Also, the original depositional fabric is not visible, 

except for broad trends in grain size. The sediments are a mixture of sand and clay, with minor 

amounts of silt. The clay fraction has three sources: 1) primary clay that derives from alluvial 

deposition; 2) in situ weathering of biotite and muscovite, as well as feldspar; 3) translocation from 

higher up in the soil profile. The primary clay is present in the groundmass of the sample. Clays 

that formed in place are concentrated in zones in and around biotite grains.  

The presence of clay translocation features suggests that this sample was formerly a Bt 

horizon of a soil. Translocation is evidenced by several phases of clay coating formation. From an 

early phase, significantly reworked (old) clay coatings, not associated with the present void system, 

are observed in the groundmass as papules. Some of these coatings exhibit a characteristic fabric, 

known as a òkink-band,ó that forms when Bt horizons are later impacted by vertic processes (Fig. 

S2; Kovda and Mermut 2010, Kühn et al. 2010, Stoops 2003). A second phase of old void coatings 

is observed around existing voids and some of these coatings also have a kink-band fabric. A third 

phase of clay coating formation, also around voids, post-dates the kink-band coatings. Some of 

these later coatings appear to be iron stained. Clay coatings are also present around sand grains, 

but it is difficult to determine their age relative to the void coatings. Clays in the matrix are striated, 

which is indicative of shrinking and swelling of clays (Blokhuis et al. 1990, Kovda and Mermut 

2010, Nettleton and Sleeman 1985).  

Micro-FTIR analysis: the clays are dominated by smectites  
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Fig. S1. Sample MEM-3165 from Unit 1. Impregnated block (left) and thin section (right), showing massive, gleyed 

sediment. 

 

 

Fig. S2. Old clay coatings in MEM-3165 are deformed, fragmented and exhibit a kink-band fabric as a result of vertic 

processes. XPL. 

 

Sample MEM-3164 (Unit 1-2) 
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MEM-3164 was collected from the transition between the pallid zone to the mottled zone, which 

is expressed in the field and in thin section by an abrupt increase in distinct redox masses (mottles) 

(Fig. S3). The sample exhibits close- to double-spaced very coarse sand to very fine gravel in a 

matrix of pale yellowish primary, authigenic and illuvial clay (Fig. S3). Although the sample was 

collected from the transition between Units 1 and 2, it appears more similar to MEM-3165 from 

Unit 1 than to MEM-5051, collected from the upper part of Unit 2. Many of the same features, 

including coatings with a kink-band fabric, are present (Fig. 6b). In this sample, the clay coatings 

around grains are associated with the oldest phase of clay coating formation (see description of 

sample MEM-3165). Despite severe bio- and pedoturbation, weak bedding is preserved (Fig. S4).  

Desiccation planes, forming a weakly developed subangular ped structure, crosscut the clay 

coatings associated with the formation of the Bt horizon. Ped formation therefore must have 

occurred after completion of the first phase of Bt formation and when soil hydrology changed to 

periodically saturated conditions. Planes and subangular ped microstructure are observed further 

up the sequence until the lower half of sample MEM-5052, as are the illuvial clay coatings. 

Redoximorphic features post-date the illuvial clay coatings (Bt pedogenic weathering) as well as 

the loss of the original soil structure.  

Micro-FTIR analysis: the clays are a mixture of smectites and kaolinite with positive identification 

of actively weathering mica as muscovite.  
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Fig. S3. Sample MEM-3164 from the transition of Unit 1 to Unit 2: in profile before sample collection (left) showing 

a clear change in redox; the impregnated block (middle, cracked through the middle during sampling); and the 

correlating thin sections (right). 

 

 

S4. Weak bedding in MEM-3164B, preserved despite extensive bio- and pedoturbation. XPL. 

Sample MEM-5051 (Unit 2) 
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This sample, collected from the upper part of Unit 2, contains a higher proportion of coarse 

mineral material (primarily subangular very fine gravel) in comparison to the lower samples. The 

coarse fraction includes more fragments of rounded quartzite, pointing to a potential change in 

sediment source and higher energy deposition. In MEM-3165 and MEM-3164, primary, 

authigenic, and illuvial clays are equally abundant. In contrast, the clay in this sample consists 

predominantly of illuvial clays associated with Bt horizon formation. Older illuvial clay coatings in 

this sample are more deformed relative to the samples lower down in the sequence. The sample 

contains more mica (muscovite) that is visibly in the process of weathering, especially inside 

distinct redox masses (Fig. S6).  

Micro-FTIR analysis: the clays are dominated by kaolinite (in illuvial clay coatings); smectites are 

rare but present. The relative abundance of these clays likely reflects the overall predominance of 

illuvial clay composed of kaolinite in this sample. 

 

Fig. S5. Sample MEM-5051 from the upper part of Unit 2, showing distinct redox masses and rounded pebbles in 

the impregnated block (left) and corresponding thin section (right).  



 
 

41 
 

 

Fig. S6. Weathering mica in MEM-5051. XPL 

 

Sample MEM-5050 (Unit 4) 

The sample shows fewer gleyed areas, is for a large part oxidized (red) and contains more 

manganese than the samples below (Fig. S7). Multiple phases of clay coatings are present. Some in 

situ forming (orthic) iron manganese nodules contain old clay coatings typical of a Bt horizon (Fig. 

S7 and Figs. 6a and 6c). These inclusions indicate that active Bt soil formation was interrupted 

during a period of high groundwater levels, which allowed iron-manganese nodules to form within 

the former Bt horizon. The exact burial depth at the time of this higher groundwater episode is 

unknown but the resumption of clay illuviation in MEM-5050 after nodule formation excludes the 

possibility of deep burial. Older clay coatings have kink-band fabric, but overall, there is less b-

fabric indicative of vertic movements.  

Micro-FTIR analysis: Kaolinite dominant. Smectite in some of the younger coatings.  
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Fig. S7. Sample MEM-5050 from the artifact-bearing Unit 4, showing the sample location in the field, below the iron-

nodule concentration (left); thin section (middle) showing dark, in-situ iron-manganese nodule formation, as well as 

slightly reworked anorthic nodules (small rounded nodule in upper right): micrograph 1 shows preserved clay coatings 

from a Bt horizon in the right 2/3 of the thin section, bordering open bioturbated material in the left third of the thin 

section. PPL; micrograph 2 shows an iron-manganese nodule forming in situ on top of a rounded, gravel-sized 

fragment of quartzite. PPL. 

 

Sample MEM-5052 (Units 4 and 5) 

This sample contains the contact between Units 4 and 5. The nodule zone spans this contact. The 

iron-manganese nodules increase in size upwards, although the grains within the nodules remain 

generally smaller in size than those in the sedimentary matrix, suggesting that the nodules are 

anorthic (formed elsewhere). The centers of some of the nodules are soft (as indicated by partial 

loss during thin sectioning) and contain portions of a soil that is texturally different from the soil 

surrounding the nodules, again indicating that these are anorthic features. The remnant soil 

material in the nodules contains dusty clay coatings and papules, as well as other iron nodules. As 

in sample MEM-5050, the clay coatings inside the nodules are indicative of Bt formation. 

Furthermore, the iron nodules are encased by clay coatings that formed during a second phase of 

Bt formation, which post-dates the formation and relocation of the nodules (Fig. S9). Bioturbation 

is indicated by areas with an intergrain microgranular microstructure (fine enaulic coarse/fine 

distribution, following Stoops 2003) indicative of termite activity, as well as a few root channels. 

These features increase in abundance upwards within the sample, such that the nodules at the top 

of the concentration are largely contained within bioturbated soil, although remnants of the 
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previously surrounding Bt material remains attached to the outer edges of the nodules (Fig. S8 and 

Figs. 6e and 6f). The increase in abundance of bioturbation features marks the transition from 

Unit 4 to Unit 5. 

Micro-FTIR analysis: the clays are kaolinite, including the clay coatings in the centers of the 

nodules. Smectites are rare. 

 

Fig. S8. Impregnated block of sample MEM-5052 (left) and the associated thin sections (middle), including the 

transition from Unit 4 to Unit 5 and sandy iron-manganese nodules. Micrograph 1 illustrates completely micro-

aggregated fine material from termite activity in the upper part of thin section MEM-5052A. PPL. Micrograph 2 shows 

intact clays from the former Bt with planer voids surrounding the nodules in the lower left but more loose micro-

aggregated material between the large nodules in the center and above (MEM-5052B). PPL.  
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Fig. S9. Small anorthic rounded iron-manganese nodule embedded in preserved Bt material in MEM-5052B.  

 

Samples MEM-5053 and MEM-5054 (Unit 5) 

These samples are entirely from depositional Unit 5, which exhibits microscopic features that are 

typical of the bioturbated zone of a laterite. In the field, this unit is structureless, with a gradual 

reduction in texture up the sequence. Although the original depositional fabrics associated with 

alluvial fan sedimentation are absent, we interpret the fining upwards sequence as an artifact of 

shifting fan energy.  

In thin section, this sample is characterized by an intergrain microaggregate microstructure, 

which is indicative of extensive termite activity (Jungerius et al. 1999, Lee and Wood 1971, 

McBrearty 1990). Mineral grains show evidence of extreme chemical weathering (Bisdom et al. 

1982, Islam et al. 2002, McFarlane 1991). 

Very fine gravel-sized (<4 mm) anorthic iron-manganese nodules are rare, but present in 

MEM-5053A and MEM-5053. These nodules are similar in size to other coarse materials within 

the sample. It is therefore possible that these nodules have become worked upwards from the 

main zone of nodules by termite activity (Araujo 2013, Lee and Wood 1971, McBrearty 1990).  




























































































































































































































































































































































































































































































































