Contents lists available at ScienceDirect

Quaternary Science Reviews

journal homepage: www.elsevier.com/locate/quascirev

ELSEVIER

The Late Pleistocene and Holocene chronocultural and anthracological
open-air sequence from Mukila (DRC)

Katharina V.M. Jungnickel ", Dirk Seidensticker”, Wannes Hubau “¢, Florias Mees,
Els Cornelissen “, Koen Bostoen ®

& Institute of Archaeological Sciences, Goethe University Frankfurt, Germany

Y Department of Archaeology, Ghent University, Belgium

¢ Service of Wood Biology, Royal Museum for Central Africa, Tervuren, Belgium

4 Department of Cultural Anthropology and History, Royal Museum for Central Africa, Tervuren, Belgium

¢ Department of Environment, Laboratory of Wood Technology (Woodlab), Ghent University, Belgium

f Service of Surface Environments and Collection Manag Royal Museum for Central Africa, Tervuren, Belgium
8 Department of Languages and Cultures, Ghent University, Belgium

ARTICLE INFO ABSTRACT

Handling editor: Giovanni Zanchetta Late Pleistocene and Early Holocene open-air archaeological sites have been assumed to be disturbed throughout
Central Africa because key sites located on the Kalahari Sand Belt and excavated in the 1970s documented
substantial artefact displacement. As a result, only cave sites have long been seen as suitable for presenting
reliable vertical chrono-cultural sequences, and minimal effort was made to investigate open-air sites in Central
Africa. This paper presents a multi-disciplinary approach combining archaeological, anthracological, and sedi-
ment granulometry data to test the vertical integrity of detailed excavations at the open-air site Mukila (DRC).
Refitting analysis shows only minor vertical displacement of lithics (6306 artefacts), pottery (1095 sherds) and
charcoal (447 fragments), along with a uniform soil particle size distribution throughout the profile. A chro-
nology of 16 radiocarbon dates confirms a continuous age-depth relationship at the site. These data reveal a
mostly intact stratigraphy spanning the last 40,000 years. We thus demonstrate that sites along the northern
edges of the Kalahari Sand Belt do not per se show vertical disturbance of charcoal and artefact distribution
despite uniform grain size distribution. We conclude that a multi-disciplinary approach is mandatory for studying
the integrity of archaeological sequences from Central African open-air sites.

1. Introduction 2015; Seidensticker et al., 2018). Isolated finds are reported near Ban-

dundu (Creppe, 1935; Vanderyst, 1950, Fig. 1A). Extensive surveys and

Archaeological knowledge of the Late Pleistocene and Early Holo-
cene in Central Africa (older than circa 2000 BCE) relies on very few
sites. Most well-studied Stone Age sites are located at the northern
fringes of the rainforest (Cornelissen, 1996, 2003; Lavachery, 1996,
1997, 2001; Lupo et al., 2021) and from the Congo Basin, lithics are
solely known from surface collections (Preup and Fiedler, 1984; Fiedler
and Preuf, 1985). On the western Batéké Plateau, at the southern
margin of the rainforest, some archaeological research was conducted
(de Bayle des Hermens and Lanfranchi, 1978; Dupré and Pingon, 1997;
Kouyoumontzakis et al., 1985; Lanfranchi and Pincon, 1988; Pincon,
1984, 1990, 1991a, 1991b), while the eastern part saw very little
engagement (van Moorsel, 1970; Cornelissen and Livingstone Smith,
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excavations (1950-1952) by Maurice Bequaert accrued a handful of
sites, most notably Dinga Kiitu (formerly Ndinga St. Pierre) and Mukila
(Fig. 1A) (Bequaert, 1953, 1955, 1956a, 1956b, 1956¢).

The principal, recurrently cited, reference sequence for the lithic
industries of the Late Pleistocene and Holocene in that region is Gombe
(Kinshasa, DRC; Fig. 1; Clark, 1971; Cahen, 1976; Cahen et al., 1983; de
Maret, 1990; de Maret and Stainier, 1999). An extensive refitting pro-
gram and chronometric dates revealed discrepancies in the site’s
integrity (Cahen, 1976, 1978). Refits of strictly contemporaneous lithic
artefacts crossed the established sequence of Holocene (Ndolian) and
Pleistocene (Djokocian/Kalinian) industries. The conclusions of these
studies indicate severe vertical disturbances of archaeological materials.
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Consequently, it was derived that no direct relationship was to be
established between a radiocarbon-dated charcoal sample and artefacts
at similar depths (Cahen et al., 1983). Cahen and Moeyersons (1977)
deduce that their observations “strongly suggest that this process of
redistribution has a general and systematic character in the entire area
covered by Kalahari-type sands in Central Africa” (cf. Fig. 1A), thereby
discouraging any investigations into open-air sites. This generalisation
led to stagnation and inevitably perpetuation and recycling of the same
state of knowledge (Taylor, 2011, 2016, 2022).

Contrary to this, one already existing example of good site integrity,
showing no vertical severe post-depositional disturbances, was observed
at Batéké (Plateau Teke) (Fig. 1A; Cahen and Mortelmans, 1973).
Archaeologically sterile layers of sands clearly separated Tshitolian
lithic artefacts from an ancient soil surface where a Lupemban core was
found. Consequently, the question arises whether the predominant
paradigm set by Cahen and Moeyersons (1977) holds true. This question
is substantial as open-air sites are more abundant than caves and could
potentially provide a wealth of archaeological information. In this
paper, we therefore focus on the site of Mukila, which yielded an
abundance of artefacts and charcoal and was excavated to a depth of 6

m, allowing a thorough investigation of site integrity.

The site of Mukila was first excavated by Maurice Bequaert in 1952
and is notable among the collections of the Royal Museum for Central
Africa (RMCA, Tervuren, Belgium) because of the co-occurrence of
lithics and pottery. The uniqueness of the 1952 collection and easy
accessibility of the site initiated a 2018 re-investigation (Seidensticker
et al., 2018), whose initial objective was to gain better resolution of the
transition from lithic industries to the first introduction of pottery south
of the equatorial rainforest. Insight into the lithic industries defining the
communities living in Central Africa prior to the introduction of pottery
is critical to comprehending any putative interactions between com-
munities of different subsistence. A crucial precondition regarding the
interpretative value of the results from Mukila is a rigorous assessment
of the integrity of the uncovered sequence, especially considering the
disturbances observed at Gombe (Cahen, 1976, 1978).

Hence, the objective of this paper is to test the site integrity at Mukila
by following a multi-disciplinary approach and analysing its lithics,
pottery, and botanical remains. With Bequaert’s field documentation
showing no lithological units and our 2018 excavation equally yielding
no discernible stratigraphic units, we developed a spatially informed
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Fig. 1. Map of Mukila in the broader region (A), the hilltop topography (B) and the location of Gite Il B(MUK1952) and MUK2018 (C) in reference to school buildings
(grey). Red quadrants (C) were used for the refit analysis. The extent of the Kalahari group in black (insert in A) after Haddon and McCarthy, 2005: 318.
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intra-site framework corresponding to a post-excavation stratigraphy
(Discamps et al., 2023), mainly relying on the species distribution of
botanical remains to create meaningful zoning within the stratigraphy.
We combine the artefacts and documentation from the collection of
1952 (Bequaert, 1956b, 1956¢) with a new excavation conducted in
2018 (Seidensticker et al., 2018), due to the older excavation providing
a larger lithic artefact inventory and the 2018 excavation being better
documented.

2. Regional setting

The village of Mukila is located some 250 km east of Kinshasa
(Figs. 1A) and 25 km south of the provincial capital Kenge. The site
‘Mukila Ecole’ is situated on a hilltop (480 m ASL), roughly 120 m above
the Wamba River (360 m ASL). The hill has a steep southern and eastern
slope and a gentler western slope towards the river (Fig. 1B). This
location is similar to other sites in the region, like the hilltop of
Mukambo, which was also investigated by Bequaert (Bequaert, 1955,
1956a, 1956b; Miller, 2001). These hills are remnants of the Batéké
Plateau that extend to the south and west of the Mukila area (Nieto--
Quintano et al., 2018), where a series of north-flowing rivers cross it.
The Batéké Plateau is a northern extension of the vast region covered by
Kalahari Group deposits (Fig. 1A), which reaches as far south as the
Orange River in South Africa (Thomas and Shaw, 1991: 6 Fig. 1.2; 8;
Haddon and McCarthy, 2005). In this northern area, the Série des Gres
Polymorphes, with assumed Paleogene age, is regarded as the equivalent
of the Kalahari Group (Cahen and Lepersonne, 1952). This formation is
overlain by Série des Sables Ocre deposits, attributed to the Neogene
(ibid.) and interpreted as having formed by low-energy fluviatile sedi-
mentation in an arid environment (De Ploey et al., 1968).

The Mukila hill has been mapped as having deposits of the Série des
Gres Polymorphes at its summit, lacking the overlying Série des Sables
Ocre deposits that do occur on most of the neighbouring hills, as well as
on the plateau from which they are derived (unpublished geological
map, sheet Popokabaka S6/16, scale 1/200.000; RMCA archives).
Around the hill of Mukila, the Cretaceous deposits that underlie the
sandstones of the Série des Gres Polymorphes are exposed by erosion.
Environmentally, the area is situated on the southern margins of the
equatorial rainforest and shows a mosaic-like pattern of dense vegeta-
tion within the valleys of the main rivers. Mukila lies within a tropical
savannah climate (Koppen-Geiger: Aw; Peel et al., 2007), and the
modern vegetation is that of mosaic forest/savanna neighboured by
closed evergreen lowland forest in the river valley (Mayaux et al., 2003).

3. Materials and methods
3.1. New excavation in 2018

The trench MUK 2018/1000/30 (hereafter MUK2018) covered a 1.5
on 4.5 m surface and was excavated to 3.6 m below the surface. The
trench (Fig. 1C) was subdivided into three squares (1-3), each sub-
divided into four 75 x 75 cm quadrants (a-d) and excavated in spits of
20 cm depth, with a total of 126 units. For safety and practicability, for
every three spits (60 cm), two quadrants at the southern end of the
excavated area were left standing and used as steps (Fig. S1). The
maximum depth of 3.6 m was only reached at the northern profile in
quadrants 1 a/b and extended by coring another 3 m to 6.6 m below the
surface (Seidensticker et al., 2018, 26-27). All sediments were
dry-sieved for small finds through a mesh size of 4 mm, and all paleo-
environmental remains, such as charcoal fragments, were systematically
sampled.

3.2. Re-examination of the 1952 collection

In 1952, Maurice Bequaert excavated multiple sites in and around
the town of Mukila (Bequaert, 1956b, 1956c¢). The most extensive

excavation is at the local school (‘Mukila Ecole’), where an
eleven-by-thirteen-metre large trench (Gite II B) was excavated up to
nearly 7 m below the surface. The trench was subdivided into thirteen
alphabetically labelled units (Fig. 1C; Fig. S2; S3). While depths of finds
were recorded in the field and the excavation proceeded in steps, there
are no records of controlled spits. All documentation from Maurice
Bequaert’s fieldwork is archived at the RMCA and consists of notebooks
and loose pages containing geodetic measurements, sketches, and pho-
tographs (Fig. S2; S3). The photographs allowed the exact position of the
trench to be relocated at the site ‘Mukila Ecole’. With the help of those
images and through interviews with local inhabitants, we could accu-
rately determine the angle from which the photos had been taken and
consequently retrace the location of trench ‘Gite II B’ (hereafter
MUK1952). The trench outline and the school buildings are visible in the
photographs, and large printouts referenced the position on-site. A new
panorama (Fig. S2) helped digitally reference the old and new photos.
Measuring the distance between the buildings, we located a
still-existing, prominent palm tree visible in the images from 70 years
ago. On-site, those points of reference helped triangulate a position for a
new trench close to the palm tree near Bequaert’s trench without cutting
into the area of his infill. We reproduced the geodetic survey conducted
by Bequaert in 1952 and referenced it to our geodetic survey from 2018.
By doing so, we could adequately georeference the MUK1952 excavation
(Fig. 1C).

Besides the documentation, the RMCA collection contains nearly
3000 objects from the 1952 Mukila Ecole excavation, mainly lithics,
about 500 ceramic sherds, and eight charcoal samples. The ceramics and
lithics from the collection were depth-referred based on Bequaert’s
documentation and inscriptions on the objects. Each excavation unit has
a unique RMCA inventory number, resulting in 767 entities containing
at least one object. While the largest entity comprises 309 objects
(InvNo. 62389), about 70 % of all units only include one object. All
objects had been labelled with a museum inventory number, and larger
pieces often retain the field labelling of the site’s name, trench, square,
excavation date and depth. Except for the inventory number, the
handwriting on the pieces matches the one in Bequaert’s notebooks.

While the depth of finds was recorded in two modes in the field,
either within or without parentheses, we could reconstruct the depth
below the surface by cross-referencing multiple objects with both types
of notations (Fig. S4) and Bequaert’s field notes. This corresponds to 3%
of all inventoried items, and in each case, the value in parentheses is
always higher than that without parentheses. The values differ by zero to
9 cm in four cases, whereas another four show a 47 or 52 cm difference
between the depth values in parentheses and those without. A recon-
struction of Bequaert’s old excavation reference point based on geore-
ferencing his geodetic measurements showed that Bequaert consistently
used a single point northeast of this trench and between both school
buildings as a station for his theodolite (Fig. S2). The depth values of his
multi-day geodetic survey match those noted in an overview map of the
trench (Fig. S3), indicating that the station was coherently used to re-
cord depths. On our topographic mapping of the site from 2018, the
location of the datum point from 1952 is around 50 cm higher than the
reconstructed location of square M, thus further corroborating the field
notes. As the depth values in parentheses are systematically higher than
those without parentheses, in all cases where both notations were
recorded, we consider all depths in parentheses (71% of all inventory
items) resulting from measurements using the datum, while those
without parentheses (26% of all inventory units) correspond to the
surface at the time. Thus, in cases where only depth below the datum is
recorded, values are deduced by 42 cm, referring to a small record card
showing a generalised profile of the northern wall of M (Fig. S5). The
depth recorded by Bequaert was allotted to the 20 cm spits of MUK2018
to compare the inventories from both excavations.

While the extent of the trench MUK1952 was barely visible on the
modern surface (Fig. S2), systematic levelling revealed that square M of
MUK1952 lies, on average, about 10 cm lower than the surface at square
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1 in MUK2018. Interpolation of our levelling revealed that the datum
from 1952 was located around 30 cm higher than the surface at
MUK2018. The area of MUKI1952 saw substantial post-excavation
earthworks, especially the excavation of latrines in the old backfill
(Fig. S2). Thus, the precise difference in surface levels between
MUK1952 and MUK2018 cannot be reconstructed. Consequently, all
depths below the surface reference the respective excavation, keeping in
mind that the surface of MUK1952 has been slightly lower than that of
MUK2018. Despite the historical nature of the 1952 fieldwork, the
detailed examination of the available collection and documentation
revealed that this type of data can be reconstructed and made accessible.

3.3. Charcoal analysis

Paleoenvironmental remains from the 2018 excavation were care-
fully washed on a sieve with a mesh size of 1 mm, oven-dried at 40 °C for
48 h and stored in plastic boxes per square and per spit. Fruit-derived
charcoal remains were separated from wood-derived charcoal frag-
ments using a stereomicroscope. Endocarp and wood-derived charcoal
collections were weighed on an analytical balance (Sartorius) with 0.1
mg precision for each square and spit. As the total sieved volume for
each square and each spit is known, fruit- and wood-derived charcoal
abundance was expressed as mg charcoal per litre sediment (mg 171).
Fruit-derived charcoal fragments were further examined using a ste-
reomicroscope and compared to a reference collection of fruits available
at the RMCA. As in many archaeological excavations in Central Africa
(Oas et al., 2015), most fruit remains were identified as oil palm endo-
carp (Elaeis guineensis) and some as endocarp of Canarium schweinfurthii.
At least twenty wood-derived charcoal fragments from each spit were
randomly selected for wood-anatomical examination using standard
methods (Hubau et al., 2012). Each charcoal fragment was broken
carefully by hand to expose fresh and clean observation planes of the
three primary wood-anatomical surfaces (transversal, radial and
tangential) (Fig. S6). Each observation plane was then mounted on a
coded microscope glass using Plaxtin plastilene. The surfaces were
inspected using an Olympus BX60 reflected light microscope with 100x,
200x and 500x magnification. During the microscopic inspection,
charcoal fragments were grouped into charcoal types, of which each
type generally represents a group of lookalike tree species mostly
belonging to a single genus (Hubau et al., 2015).

During microscopic inspection, charcoal types were described by
applying the numbered anatomical features defined by the International
Association of Wood Anatomists (JAWA Committee, 1989) and used for
the online InsideWood database (Hubau et al., 2012; IAWA Committee,
1989; Inside Wood Database, 2016; Wheeler, 2011). This produces a
string of numbered features for each charcoal type. Finally, for each
charcoal type, the string of anatomical features was used for preliminary
identification on the InsideWood database, which returns a group of
possible species for each charcoal type. This preliminary identification
was used to confirm that each charcoal type is unique, representing a
different (group of) species. Each distinctly different charcoal type
received a number, starting with the first type found in the uppermost
spit. To illustrate that each charcoal type has a different set of wood
anatomical features, anatomical descriptions of the five most abundant
charcoal types were refined to identify the type down to genus level
using InsideWood. Scanning Electron Microscope (SEM) images of these
charcoal types are shown in Fig. S6. Full anatomical descriptions using
IAWA features are presented in Tab. S1 (IAWA Committee, 1989).
Strings of numbered anatomical features used on InsideWood for genus
identification are given in Tab. S2.

The charcoal-type abundance data was used to separate statistically
different spits using constrained hierarchical clustering with the chclust
command of the Rioja package in R (Juggins, 2012). Based on the
Mantel statistic, we defined the optimum number of depth zones (Bor-
card et al., 2011). Charcoal types were clustered similarly, and we used
both chclust objects in the tabasco function to produce an ordered

community table (Oksanen et al., 2018).
3.4. Radiocarbon dating

Clustering analysis of the spits resulted in seven different depth
zones. For each zone, one charcoal fragment was selected for radio-
carbon dating. We selected a fragment from charcoal types with clear
anatomy and no fragments in an adjacent zone (just above or below the
zone of interest). We selected oil palm endocarps for radiocarbon dating
in the first two zones. Four zones received two or three radiocarbon
dates. In total, 13 fragments were selected for radiocarbon dating in
MUK2018 (Table 1).

The museum collections also contained eight wood-derived charcoal
samples collected by M. Bequaert in 1952. Two samples had proper
contextualisation because the depth was noted in parentheses on a piece
of paper adjoining the original sample container, indicating that they are
in relation to a reference point Bequaert used (see section 3.2.). These
two fragments were also selected for radiocarbon dating (Table 1).
Finally, to further test the representativeness of charcoal radiocarbon
dates for dating the age of pottery, we also directly radiocarbon dated a
pottery fragment from MUK1952 by scraping off flakes of soot from the
outside of a sherd. As such, we selected a total of 16 samples for
radiocarbon dating (13 from MUK2018 and 3 from MUK1952) (Table 1).
Radiocarbon dating was performed at the Royal Institute for Cultural
Heritage radiocarbon dating laboratory (IRPA/KIK) using accelerator
mass spectrometry (AMS) in a mini carbon dating system (MICADAS).
For each radiocarbon date, the posterior probabilities for all calendar
years were then calculated with the calibrate function in the rcarbon
package in R (Bevan and Crema, 2022), using the SHcal20 calibration
curve (Hogg et al., 2020).

3.5. Lithic refitting

Lithic refitting is to conjoin artefacts that are part of the same deb-
itage (reduction by knapping) process and are, therefore, contempora-
neous (Cahen, 1976; Cahen and Keeley, 1980; Romagnoli and Vaquero,
2019). There are, depending on various factors, different types of refits.
Direct breaks of one flake into multiple segments (Aneinanderpassungen;
Cziesla, 1990) are most common and can be caused by force emitted
during knapping or post-depositional influences. The excavation
method has to be considered for specific breakage types. In a direct flake
break, a flake’s proximal and distal parts can usually be joined again.
The broken line is relatively straight; one might see where excavation
tools applied force. Direct refits with a more uneven break-line, showing
lips and other signs of kinetic force, hint at an occurrence during deb-
itage (Hahn, 1989; Floss, 2012). Sequential refits (rejoining artefacts
ventral to dorsal, thus reconstructing their reduction sequence) are most
reliable for determining contemporaneity (Aufeinanderpassungen; Czie-
sla, 1990). They represent the reduction sequence of the nodule and
temporal proximity during debitage. If sequential refits are found in long
horizontal distances, surface movement can be considered. If sequential
refits occur vertically over great length, it can hint at post-depositional
vertical disturbances of the stratigraphy due to geomorphological or
bioturbation events. Refitting creates spatial connections between the
artefacts of the same refit set. Visualised as refit lines, these spatial
connections allow to evaluate the impact of taphonomic processes on
the spatial preservation of the site (Cziesla, 1990; Morrow, 1996; Villa,
1982). Refit analysis was performed for the vertical columns of
MUK2018 square 1 and MUK1952 square M (Fig. 1). The macroscopi-
cally distinguishable raw material types (Fig. S7) were well-suited for a
lithic refitting study. Refits were performed for pieces 2 cm and larger, as
refit success rates in relation to time investment drop significantly for
pieces smaller than 2 cm (Laughlin and Kelly, 2010).
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Table 1
Calibration of AMS Radiocarbon dates from Mukila (calibrated using SHCal 20 curve cf. Hogg et al., 2020).
LABNR C14AGE C14STD D13C SHCal20 EXCAVATION SQUARE DEPTH MATERIAL
RICH-26655 587 22 —26.98 1325-1344 CE (10.3%) MUK2018 3c 40-60 Elaeis guineensis endocarp
1391-1434 CE (85.1%)
RICH-26658 367 22 —25.48 1484-1635 CE (95.4%) MUK2018 2¢ 40-60 Elaeis guineensis endocarp
RICH-33107 413 24 —25.5 1452-1512 CE (59.8%) MUK1952 J ~66 Soot
1548-1563 CE (3.2%)
1574-1624 CE (32.4%)
RICH-26656 1992 23 —29.46 45-11 BCE (16.2%) MUK2018 2a 60-80 Elaeis guineensis
17-118 CE (79.3%)
RICH-27381 3430 26 —2291 1868-1850 BCE (2.5%) MUK2018 2b 60-80 Charcoal
1771-1614 BCE (91.4%)
1560-1548 BCE (1.6%)
RICH-27380 2176 25 —23.83 350-312 BCE (14.8%) MUK2018 1b 80-100 Charcoal
195-90 BCE (76.4%)
83-65 BCE (4.2%)
RICH-27410 3311 26 —23.01 1621-1558 BCE (33.7%) MUK2018 1c 100-120 Charcoal
1550-1492 BCE (52.6%)
1483-1450 BCE (9.1%)
RICH-30594 4581 34 —21.3 3483-3475 BCE (0.9%) MUK1952 F-J ~144 Charcoal
3372-3098 BCE (94.6%)
RICH-26654 3347 25 —28.14 1681-1657 BCE (2.1%) MUK2018 1b 140-160 Charcoal
1642-1502 BCE (93.3%)
RICH-26657 4501 26 —26.69 3342-3018 BCE (95.4%) MUK2018 1c 160-180 Charcoal
RICH-30596 10103 59 9890-9355 BCE (95.4%) MUK2018 la 220-240 Charcoal
RICH-27374 10098 33 —26.77 9815-9657 BCE (43.6%) MUK2018 1d 280-300 Charcoal
9643-9551 BCE (21.3%)
9542-9373 BCE (30.6%)
RICH-26653 12329 41 —27.4 12.856-12.761 BCE (11.1%) MUK2018 la 300-320 Charcoal
12.506-12.125 BCE (84.3%)
RICH-27379 12268 37 —24.95 12.368-12.097 BCE (94.5%) MUK2018 1b 340-360 Charcoal
RICH-30595 32724 339 —24.8 36.443-34.315 BCE (95.4%) MUK1952 M ~445 Charcoal
RICH-33715 37203 653 —26.4 40.528-39.101 BCE (95.4%) MUK2018 1b 640-660 Charcoal
3.6. Pottery analysis reasonable vessel units were thus defined based on the macroscopic

fabric, shape and decoration of the sherds (Jesse, 2003: 81).
The ceramics found in MUK2018 were systematically refitted to
obtain vessel units, the basis for subsequent inventory study. Due to
heavy fragmentation and low direct sherd joining rates (Fig. 5C),
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Fig. 2. Charcoal analysis of MUK2018. (A) Abundance of total charcoal mass per spit is expressed as charcoal weight per litre sediment (mg 171). Dark grey parts of
the histogram represent wood-derived charcoal, and light-grey bars represent charcoal from oil palm endocarp. (B) Abundance of charcoal types per spit. The heat
map represents charcoal abundance, with the darkest red representing the maximum number of charcoal fragments per type and spit and the lightest yellow rep-
resenting the minimum number of charcoal fragments. The dendrograms result from constrained hierarchical clustering of spits (vertical dendrogram) and charcoal
types (horizontal dendrogram). Based on the Mantel statistic, we found seven different depth zones, coded with Latin numbers I-VII and visualised throughout the
graph with solid black horizontal lines. Charcoal types are indicated by their number between the heat map and the horizontal dendrogram (only odd numbers are
displayed). (C) Age probability distribution of radiocarbon dates (in kyr BCE/CE). Radiocarbon-dated charcoal types are indicated with a star in panels A and B.
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3.7. Grain size analysis

The grain size distribution was determined for 11 samples (Fig. 6B),
each representing a 20 cm interval, collected every 60 cm between
depths of 40-660 cm. Grain size analysis consisted of wet sieving at 63
pm, followed by dry sieving of the >63 pm fraction and applying the
pipette method for the <63 pm fraction (van Reeuwijk, 2002).

4. Results
4.1. Charcoal analysis and radiocarbon dating

Clustering of charcoal types from MUK2018 revealed a sequence of
seven discrete zones (Fig. 2), five of which are characterised by an
enunciated peak in charcoal mass. Distinctly different radiocarbon dates
confirm the stratigraphy in charcoal mass and composition. Each of the
five most abundant charcoal types identified down to genus level
(Fig. S6; Tab. S1; Tab. S2) is dominant in one zone.

Zone I (40-60 cm) is characterised by a diverse composition of 15
charcoal types, with the dominating one being type 11 (22 fragments).
Relatively abundant are types 1, 2 and 12 (each six fragments). This
zone is also characterised by numerous charred endocarps, exclusively
from oil palm (Elaeis guineensis). Two radiocarbon dates on palm endo-
carps place this zone within the 13th to early 16th century CE (RICH-
26655, RICH-26658) (Fig. 2C). A date on soot from the outside of a sherd
found in MUK1952 dates to the mid-15th to early 17th century CE
(RICH-33107). This date is directly connected to the pottery and its use.
Type 11 was identified as cfr. Vitex spp. (Verbenaceae family). We refer
to Table S1 for a complete anatomical description and Fig. S6 for
Scanning Electron Micrographs (SEM). A diagnostic feature in this type
is the semi-ring-porous vessel pattern (Fig. S6).

Zone II (60-100 cm) is characterised by an even more diverse
composition of 19 charcoal types. Dominant charcoal taxa are type 24
(36 fragments), type 25 (19 fragments) and type 23 (13 fragments). The
upper part of the zone especially carries an exceptional abundance of oil
palm endocarps. Two radiocarbon dates place the zone in the 4th cen-
tury BCE to 2nd century CE (RICH-26656 and RICH-27380) (Fig. 2C).
Another radiocarbon date (RICH-27381) is much older, falling within
the age range of Zone III. This mismatch might be due to post-
depositional redistribution of some fragments, but this is the sole
occurrence in a total of 16 radiocarbon dates. Type 24 is identified as cfr.
Julbernardia spp. (Fabaceae family) (Fig. S6; Tab. S1).

Zone III (100-140 cm) is almost entirely dominated by a single
charcoal type (type 29; 43 fragments) and contains no more oil palm
endocarps. Radiocarbon dating indicates that the entire zone dates to
the 17th to 15th century BCE (RICH-26654, RICH-27410) (Fig. 2C).
Type 29 is identified as cfr. Copaifera spp. (Fabaceae family) (Fig. S6;
Tab. S1).

Zone IV (140-200 cm) is primarily dominated by type 36 (42 sam-
ples), with type 34 (16 fragments), type 35 (5 fragments) and type 37 (5
fragments) also being abundant. This zone is characterised by a very
distinct peak in charcoal abundance (160-180 cm, Fig. 2A) and dates to
the 34th to 31st century BCE (RICH-26657) (Fig. 2C). Type 36 is iden-
tified as cfr. Guibourtia spp. (Fabaceae family) (Fig. S12; Tab. S1). A
diagnostic feature of this type is the prominent presence of tangential
lines of intercellular canals of traumatic origin (Fig. S6).

Zone V (200-240 cm) contains very few charcoal fragments,
belonging to only three charcoal types. It dates to the second half of the
9th millennium BCE (RICH-30596) (Fig. 2C).

Zone VI (240-300 cm) is again characterised by a substantial number
of charcoal types (9), dominated by type 48 (22 fragments) and type 49
(9 fragments). A discrete charcoal peak was uncovered in the lower part
of the zone (280-300 cm). Like Zone V, this zone also dates to the 9th
millennium BCE (RICH-27374) (Fig. 2C). Zones V and VI probably
belong to the same period. Type 48 is identified as cfr. Gilbertiodendron
spp. (Fabaceae family) (Fig. S6; Tab. S1).

Zone VII (300-360 cm) contains seven charcoal types and is domi-
nated by type 50 (10 fragments). Interestingly, this zone also includes
two endocarp fragments of Canarium schweinfurthii. Two concurrent
radiocarbon dates, one from the upper part of the zone (RICH-26653)
and one from the lower part (RICH-27379), date to the first half of the
13th millennium BCE (Fig. 2C).

The overall sequence of radiocarbon dates is based on 13 dates
derived from our new excavation in 2018 and amended by three equally
novel AMS dates that were done on legacy material from the 1952
excavation, showing an excellent stratigraphic order. Noteworthy is that
two of the three dates on legacy material, one on legacy charcoals
(RICH-30594) and one on soot from the exterior surface of a potsherd
(RICH-33107), correspond to the 2018 dates from a similar depth. The
date around the 37th to 35th millennium BCE (RICH-30595) on charcoal
from the 1952 collection material has no equivalent among the 2018
charcoal samples, yet it is equally in good stratigraphic order (Fig. 2).
Dates from the spits above are considerably younger (RICH-27379), and
the date from the lowest level (RICH-37203) is significantly older. These
novel radiocarbon dates from Mukila (Table 1) tentatively reconfirm a
chronological gap during the late Pleistocene that has been previously
identified and discussed (Cahen et al., 1983; Cornelissen, 2002, 2023).
While there is still potential in bridging the chronological gap with
organic material retrieved from the coring between 360 and 660 cm in
2018, we do not estimate the wider picture to change, as just 80 cm of
sediment between 360 cm (RICH-27379) and 440 cm (RICH-30595)
span more than 20.000 years (Fig. 3A). The potential of the site was
tested up to 660 cm (RICH-33715) by including dates on material from
the coring in 2018 and another from the excavation in 1952. So far, all
currently available dates reconfirm the widely observed late Pleistocene
gap event.

4.2. Lithic inventory from 2018 excavation

The excavation at Mukila Ecole (MUK2018) revealed no clearly
distinguishable archaeological horizons. The sediment comprises mini-
mally varying colours of yellow-brown, slightly loamy sand (Fig. 6; S1).
Without clearly separated visible sediment layers, analyses are based on
the number of finds within the quadrant and artificial spits (Discamps
et al., 2023). Extensive typo-technological analysis will be published
elsewhere; the lithic industry is here strictly considered for its potential
to assess site integrity by looking at find density (Table 2), size distri-
butions (Fig. 3), raw material characteristics (Fig. S7) and refits (Fig. 4;
S8). The excavation brought forth 7120 lithic artefacts. The number of
artefacts decreases horizontally from square 1 to 3 and vertically down
to roughly 300 cm below the surface, where it increases again in square
1 (Fig. 3C). While the upper 40 cm show numbers as high as 1500 pieces
per quadrant (Table 2), they hold high percentages of debris not
attributed to controlled, systematic tool-knapping (Whittaker, 1994)
and, thus, are likely the result of the lithic sources being used in the
construction of the church and the adjacent school buildings during the
early 20th century. Furthermore, the upper 40 cm were mixed with
modern materials such as plastic objects and glass fragments, therefore
viewed as disturbed.

The total lithics in square 1 (a-d) count 4793, and the spits below 60
cm show no apparent signs of disturbance, such as bioturbation or pits
(Fig. S1). The lithics from <60 to 660 cm amount to 381 objects, and
90% are smaller than 2 cm (Fig. 3C). Larger diagnostic pieces include
flakes, retouched pieces, hammerstones, blanks and angular debris. The
tools include scrapers, a point, a biface, blades and borers (Fig. S9).
Flakes larger than 2 cm consist of an even mixture of end-struck and
side-struck. A finely retouched bifacial point was found at 360 cm
(Fig. S9:15). However, the low number of larger flakes and absence of
cores in square 1 do not permit analysis of the temporal evolution of
technological features.

A maximum of eight zones are visible within the lithic distribution in
square 1 (Table 2).
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Fig. 3. Radiocarbon chronology (A) and distribution of lithics (total amount per spit) from MUK1952, square M (B) and MUK2018, square 1 (C). Shades of blue

represent lithic artefact size distribution.

0-60 cm: The upper 40 cm are disturbed throughout the squares and
quadrants. The recovered stones are of local material; however, few
display traces of debitage. Although a small number of flakes, flake
fragments, bladelets and angular debris exist, especially at 40 cm, the
first two spits are also admixed with modern materials like glass and
plastic fragments, as well as mortar equivalent to the one in the build-
ings. Additionally, rounded pieces occur consistently throughout the
quadrants, making post-depositional movement in these two spits very
likely. Interviews with the local community revealed that the church and
school buildings (Fig. 1C) were constructed in the 1930s. The quadrants
la and 1b are disturbed by a 2016 water pipe dugout (Table 2; Fig. S1),
whereas 1c and 1d at 60 cm are undisturbed but only count five lithics
(angular debris < 2 cm). A coin from 1947 was found at 20 cm, and the
60 cm spit is radiocarbon-dated to the 16th century CE (Table 1).

>60-100 cm: The spit at 60-80 cm below the surface falls to the first
century CE, constituting a chronological gap of 1500 years from the
above spit (Fig. 3; Table 1). Mostly chips and few flakes occur between
60 and 100 cm (1b/100 cortical quartz flake, Fig. $9:10; 1d/100 side-
struck silcrete flake). Below 80 cm, the artefact count drops drastically
(Table 2). The spits date from the mid-first century CE (RICH-26656) to
the fourth century BCE (RICH-27380).

>100-160 cm: There is a complete lack of stone implements at 140
cm in all quadrants (Table 2). Quadrant a is empty from 100 to 160 cm,
while b holds one artefact at 160 cm (hammerstone, Fig. $9:17).
Quadrants c is equally empty, while d only provides three objects
smaller than 2 cm (2 chips <1 c¢m, angular debris <2 cm). The spits at
120 and 160 cm date to the mid-2nd millennium BCE (RICH-26654,
RICH-27410).

>160-300 cm: Below 160 cm, artefact counts increase in all quad-
rants. This part can be subdivided into three subsections (>160-200,
>200-240, >240-300 cm) with slowly rising artefact abundance. Find-

numbers remain below ten individual pieces per quadrant until 240 cm
(Table 2). Except for some implements (1a/180 blade, Fig. S9:2; 1b/180
borer, Fig. S9:13; 1¢/180 blade and hammerstone, Fig. S9:4,18; 1a/200
angular debris; 1¢/260 angular debris; 1d/260 flake; 1b/280 blade,
Fig. §9:1; 1d/300 flake; 1b/300 siret break, Fig. S9:7; 1¢/300 proximal
flake fragment and cortical flake, Fig. S9:9), all are chips and cortex
smaller than 2 cm. The 220 and 240 cm spits exclusively hold chips,
mostly below 1 cm in size. Quadrant 1d at 300 cm already introduces the
stark rise in artefact abundance seen below 300 cm. The spit at 180 cm
dates to the late 4th millennium BCE, while the spits >220-300 cm date
to the 10th millennium BCE (Table 1).

>300-360 cm: The picture drastically shifts below 300 cm, where
numbers per quadrant rise to more than sixty pieces, though still
constituted by a majority of chips (95% < 2 cm). There is a stark increase
of lithic abundance between 320 and 360 cm (Table 2), even though
only quadrants a and b were excavated. The pieces larger than 2 cm
comprise three flakes (Fig. S9:3,8), three angular debris, a borer
(Fig. S9:12), a scraper (Fig. S9:19), a Stage 2 biface (Fig. S9:14) and a
finely retouched (Stage 4) bifacial point (Fig. S9:15). The spits from
<300 to 360 cm are dated to the 13th millennium BCE (RICH-26653,
RICH-27379).

>360-660 cm: Below 360 cm, the sample size drops significantly
due to excavation strategies of coring in alternate quadrants. Nonethe-
less, at 400 cm, six larger pieces were retrieved (1b/400 four flakes,
Fig. §9:5,11; two angular debris); the rest of the finds are chips, angular
debris and cortex fragments smaller than 2 cm. Until 660 cm, numbers
do not exceed nine pieces per unit. A charcoal sample from 660 cm dates
to the mid-41st to 40th millennium BCE (RICH-33715).

Almost all lithics are made of silcrete sandstone. There are only two
small (<2 cm) quartz fragments (at 220 and 300 cm) and a quartz
cortical flake (160 cm, Fig. S9:10).
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Table 2

Number of lithic artefacts found within each quadrant of
MUK2018 square 1 attributed to the depth below the surface and
correlated to AMS dates. Yellow-to-red shading represents an
increase in artefact abundance, while grey shading represents
modern disturbances.

Age Depth la 1b 1c 1d

¢.1947 CE 20| 1032 533 1489 521
CI930CE _ 40| 232 128 222 141]
1325-1635CE _ 60| 65_ 44 _ ]
45BCE-118CE _____80[ 9 2 1
350-65BCE___ __100| 1 2 1 |
1621 - 1450 BCE 120 2

140
1681-1502BCE____160| 1 _ 0
3342 - 3018 BCE 180 1 1 2 1

2000 2 _1___2 __ _|
220 B 7 2 2
9890 - 9355 BCE 240 4 1 1 4 |

260 5 4 10 5

280 2 6 8 8
9815-9373BCE______300| 10 7 11 |23
12.856 - 12.125 BCE 320( 24 25

340 14
12.368-12.0978CE__ __ 360 [SON 28

380 1

400 9 6

420 2

440| 2

460 2

480

500

520( 1

540 1

560

580

600

620

640
40.528 - 39.101 BCE 660 2

One sequential and one direct refit were possible within square 1
(Fig. 4B). Many chips (<2 cm) resemble bigger artefacts in raw material
without direct refits. At 360 cm, a piece of angular debris of the same
raw material joins ventral to dorsal onto the Stage 2 biface (Fig. 59:15).
At 300 cm, two parts of a flake join (Fig. S9:6). All refit lines occur within
the same 20 cm spit (Fig. 4B; S8C).

4.3. Lithic refitting in 1952 inventory

Near Mukila’s school (‘Mukila Ecole’), Bequaert excavated an
eleven-by-thirteen-metre large trench (Gite II B), subdivided into mul-
tiple squares (Fig. 1C, Fig. S2). His publications refer to the individual
squares (Bequaert, 1956b: 35-37), but the spatial organisation of the
units was never published. Bequaert’s handwritten notes and photos of
the situation are archived at the RMCA and help to contextualise his
finds from Mukila (Fig. S3, S5). In 1952, his excavation of Gite II B
(MUK1952) uncovered ceramic finds to 50 cm below the surface and
lithic artefacts in distinct concentrations, starting at about 80 cm below
the surface. The deepest point was reached in square “M”, excavated to
680 cm below the surface. Bequaert noticed a considerable accumula-
tion of lithics in the northern units at 80-120 cm below the surface. At
125-150 cm beneath the surface, a second concentration appeared in

the northeastern units of the trench. Further down (190-210 cm), lithics
were encountered on the northwestern and eastern edges of the trench.
A fourth concentration was encountered between 300 and 380 cm below
the surface in the south-easternmost units. The fifth was found in the
central unit (M) between 450 and 540 cm below the surface (Fig. S10)
(Bequaert, 1956c). The central square M constituted a roughly
upside-down pyramid shape with a four-on-three metre base and
irregular steppings (Fig. S2; S3; S10) to approximately 7 m. It is visible in
the photographs and Bequaert’s sketches that steps were made irregu-
larly and with differing heights. Some steppings may have even been
made after areas were already excavated deeper. The excavator attrib-
uted most of the 2495 lithics with a depth value below the surface. The
documentation is rough but traceable; depth was mostly recorded, but
spit sizes and the exact size of each stepping are challenging to discern.

Though Bequaert did not record sieving activities, he still collected a
representative number of lithics of smaller dimensions, indicating that
no sub-sampling was conducted on-site. Of the 1513 artefacts within the
central column M, size distribution shows that 31% of objects are
smaller than 2 cm, the majority (68%) are between 2 and 8 cm, and less
than 1% are larger than 8 cm (Fig. 3). Of eleven artefacts larger than 8
cm, most could be considered hammer or grinding stones, and very few
are bigger flakes, blades, and points, angular debris or cores (Fig. S11).
Several raw material variations could be distinguished, though all
MUK1952 lithics are still made from locally occurring ‘gres polymorph’, a
silcrete sandstone formed by groundwater and mineralisation in sandy
strata (Thiry and Milnes, 2017). The formation process is similar in all
silcretes, and the local mineral composition leaves recognisable traces in
colour and granulation during formation. Most variations have notable
similarities, but minor differences can set them apart when closely
examined and compared with their depositional depth (Fig. S7).

The lithics of both excavations correspond exceptionally well to the
local polymorphic silcretes, also used in colonial buildings. A 2018
survey confirmed that the raw material used in ancient tools and modern
buildings occurs locally (Seidensticker et al., 2018: 27 Fig. 5). These
comparisons remain macroscopical (Tafelmaier et al., 2022) and have
not yet been chemically verified. As silcrete sandstone is widely
distributed in Central and Southern Africa, a more detailed differentia-
tion at the typological and geochemical levels is necessary to better
understand raw material procurement and selection. For decades, much
of the Central African raw material (gres polymorph) was deemed too
tricky to differentiate (Cornelissen, 2003). As examples from Southern
Africa show, contrary to common belief in Central African archaeology,
even silcrete polymorphic raw materials can be chemically distin-
guished. Sources of tools were individually identifiable by allowing the
distinguishing of specific silcrete outcrops and indicating long-distance
transport (Nash et al., 2013; Schmidt et al., 2021).

The central and deepest square M from MUK1952 was chosen for the
refit analysis, emitting lithics <2 ecm (Laughlin and Kelly, 2010). A total
of 62 lithics from M could be refitted, corresponding to 4.2% of its ar-
tefacts. No complete reduction sequence could be determined by refit-
ting column M. No refits occurred between different silcrete variations.
Some refits could be identified as modern breaks, as they occurred after
labelling or inventory numbers were applied to the pieces. Some breaks
happened post-excavation but before inventory numbers were applied.
Thus, it was not broken pre-depositionally or in situ. Several direct refits
of proximal and distal flake ends show medial pressure application
visible in breaks caused by modern excavation tools (Fig. S12:2-4). This
modern break represents recording errors common for excavations
before the 1970s/80s. This amounts to a total number of 22 artefacts
that were excluded from further study due to their modern breaks.

Direct refits (48%) and sequential refits (52%) occur in relatively
equal numbers among the remaining artefacts. The refit lines are largely
short-distance, with 82% occurring within a vertical span of fewer than
20 cm, often at the exact same depth. Three sequential refits between
180 and 260 cm (Fig. 4A) are from the same hypothetical nodule,
showing the same raw material and a distinct patina (Fig. S12:9,12).
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Fig. 4. Refits found among MUK1952 (A) and MUK2018 (B) lithics. For square M (MUK1952), 64 artefacts (4.2%) were refitted, and four artefacts (1%) could be
refitted in square 1 (MUK 2018). Each line represents refits of at least two pieces. These are subdivided into modern breaks (clearly in-/post-excavation), direct refits
(joining of proximal and distal ends of one artefact) and sequential refits (joining minimum of two artefacts ventral to dorsal). Refer to Fig. S8 for a comparison with

radiocarbon dates, botanical zones and lithic abundance.

These three sequential refit lines transgress the boundaries of the
botanical zoning (Fig. S8D). Two directly refitted artefacts from that
same nodule were found at the same depth (Fig. 4A, direct refit), which
equally applies to a sequential refit from another nodule (Fig. S8B).
Thus, not all artefacts from 180 to 260 cm are equally disturbed. Of a
total of 9 artefacts in that interval, 55% were disturbed. Of the two
refitted sets with three artefacts (Fig. S8D), one (Fig. S12:12) does, and
the other (Fig. S12:10) does not transgress zones. Generally, the ma-
jority (82%) of all refits do not transgress botanical zone boundaries.
Additionally, we see no such disturbances between 320 and 380 cm
(Fig. 4A; S8B), where the majority of refits and a large number of
sequential refits (cf. Fig. S12:10 refit in Fig. 4A/S8 at 340 cm) occur.
There are no stratigraphic indicators as to why the refit length pat-
terns vary substantially at 180-260 cm compared to 320-380 cm (Fig. 4,
$8). The homogeneity of the sediment body (cf. Section 4.5) did not
allow for the differentiation of in-field layers in 2018, and the docu-
mentation from 1952 is equally void of lithological indicators.

4.4. Pottery description and refitting

The collection of ceramics from MUK1952 comprises 484 sherds,
while MUK2018 yielded 611 sherds (Fig. 5). Systematic sieving resulted
in 90 sherds per sqm in MUK2018 (6.75 sqm), compared to three sherds
per sqm in MUK1952 (~150 sqm). Bequaert regularly encountered
pottery to 80 cm below the surface (97 %, Fig. 5A). Six sherds (2 %) were
found below that, and the depth of four sherds (1 %) could not be
reconstructed. In MUK2018, most ceramics were found above 60 cm (96
%), and the spit from 40 to 60 cm held nearly half of all ceramics (46 %,

Fig. 5B). This spit dates to the 13th to early 16th century CE (RICH-
26655, RICH-26658). Refitting sherds to obtain vessel units showed
considerable horizontal but minimal vertical admixture (Fig. 5C), cor-
responding to the observed disturbances in the upper 60 cm. Both in-
ventories are highly fragmented, and undecorated wall fragments are
most abundant (MUK1952: 82 %; MUK2018: 95 %).

The Mukila ceramics exhibit considerable heterogeneity in terms of
macroscopic fabrics. Most sherds have either a light grey/beige or red-
dish surface colour, and macroscopically visible inclusions are often
heterogeneous mixtures of quartz particles with few organic remains.
Notably distinct fabrics contain slag (MUK1952 & MUK2018: 11 %) or
grog tempering (MUK1952: 5 %; MUK2018: 3 %). Fine ware with
whitish surface colour and no macroscopically discernible non-plastic
particles, similar to the pottery common to the Inner Congo Basin
(Seidensticker, 2016, 2021), rarely occur (MUK1952: 0.4 %; MUK2018:
3 %). Most noteworthy is a small group of sherds (MUK1952: 3 %) that
contain tiny silcrete chips, the raw material of the site’s lithics (Fig. S7:
C2, K, & N).

Only 10 % (MUK2018) to 15 % (MUK1952) of sherds show decora-
tion. Simple grooves or comb impressions prevail, and patterns are
horizontal or festoon-like. Decorations are solely placed below the rim
or on the shoulder. An equal number of sherds show diagnostic vessel
shapes (MUK1952: 13 %; MUK2018: 10 %). The most common types are
globular pots with everted rims, straight lips and convex shoulder parts
(Fig. S13; S14).

In summary, the ceramic inventory consists of undecorated or
sparsely decorated vessels with convex bellies and everted rims, often
lacking a distinct neck. The considerable lack of regional comparative
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Fig. 5. Vertical distribution of pottery finds in MUK1952 (A) and 2018 (B) as well as refits (C). A solid line marks two directly joined sherds, while a dotted line
marks cumulated sherds to a vessel unit (based on the macroscopic fabric, shape, and decoration of the sherds).

material impairs the definition of any specific type. Only the inventories
of other excavations conducted by Bequaert in 1952 in the vicinity of
Mukila yielded similar pottery, all of which still need to be dated, such as
Mukambo and Makongo, located south of Mukila. The inventories of all
three sites show similar fabrics and are dominated by globular pots with
short, everted rims (Fig. S14). Decorations consist of different versions
of grooves in zigzag or wavy motives and diagonal comb impressions,
surrounded by bands of horizontal grooves.

One of the novel radiocarbon dates from 60 cm below the surface at
Mukila dates to the late 15th to early 17th century CE (RICH-26658),
while the second date from that spit is slightly older (RICH-26655). A
third date, obtained from soot sticking to the outside of a sherd from
MUK1952 (RICH-33107), dates between the other two. Thus, the
ceramic inventory uncovered at MUKI1952 and MUK2018 can be
confidently dated from the 14th to early 17th century CE. The vessel
shapes and decoration system observed at Mukila is reminiscent of the
type B pottery of the Kongo Kingdom (Clist et al., 2018: 260-261
Fig. 19.17:8), formerly designated Groupe V by Mortelmans (1962a & b).
Only the orientation of the rim is slightly different. While vessels of type
B of the Kongo Kingdom pottery show horizontally flattened rims, all
rims observed at Mukila are usually everted. One vessel from the hilltop
of Mukambo showed the typically flattened rim of the type B pottery.
The available radiocarbon dates for this ceramic type cover the late 16th
to 18th century CE (Clist et al., 2018: 261).

Among the diagnostic pieces are bowls with plastic ledges on the
broadest diameter (Fig. S10:20). This type also occurs at Makongo
(Fig. S14:10-11). Another vessel unit with a pronounced carination
(Fig. S13:18) resembles a sherd from the site of Dundo airfield, in north-
eastern Angola (~500 km south-east of Mukila), dated to the end of the

7th to early 11th century CE (UCLA-716; Clark, 1968: 201 Pl. 2.2). The
closest site towards the east is Mashita Mbanza (de Maret, 1982: 84),
about 220 km eastwards of Mukila. It yielded only Later Iron Age pottery
dating to the 16th to 20th century CE (Pierot, 1987), and its inventory
consists of funnel beakers showing round bases, carinated walls and
quite long, slightly everted rims decorated with horizontal and vertical
parallel grooves or tracing (Cranshof et al., 2018: 194). None of the
pottery from Mukila resembles this type. The described characteristics of
the Mukila pottery are reminiscent of the Kongo Type B; the overall
vessel shapes, techniques, and decoration motives match, and only the
rims are shaped slightly differently.

4.5. Grain size distribution

Granulometric analysis revealed an extremely uniform grain size
distribution throughout the profile despite marginal shifts in colouration
(Fig. 6). The sediment has a loamy sand texture, with a very limited
range of silt and clay contents (5-9% silt, 6-11% clay), which are only
marginally higher in the lower half of the profile (Fig. 6B). In addition,
the size distribution of the sand fraction is highly uniform. As calculated
for the 20-63 to 355-500 pm fractions, the arithmetic mean varies
narrowly between ca. 167 and 179 pm, with a ca. 173 pm average. This
fine sand is consistently moderately sorted, with symmetrical distribu-
tion and mainly mesokurtic kurtosis. The granulometric characteristics
are quite similar to those for the Série des Sables Ocre deposits that were
analysed by De Ploey et al. (1968), except for an often much higher clay
content (commonly >20%). As argued by those authors, the relatively
poor degree of sorting is not clearly compatible with aeolian sedimen-
tation. The highly uniform grain size distribution in the Mukila profile
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Fig. 6. Munsell soil colours (A) and grain size distribution (B) in MUK2018. Soil colours 0-360 cm were determined on the archaeological profile, while colours
below were determined from soil samples collected during coring. While marginal colouration differences occur at various depths, it is important to stress that

sediment composition does not significantly change over more than 6 m.

records either excellent stability of sediment accumulation conditions
over the period recorded by the profile or must be attributed to
post-depositional processes that resulted in complete uniformisation.
The stability of the depositional environment is most compatible with a
short period of sediment accumulation, but radiocarbon dating indicates
that the deposits formed over 40000 years, with likely interruptions in
sedimentation. Post-depositional uniformisation by soil fauna, slope
processes, or human activity is incompatible with the seemingly un-
modified vertical sequences recorded by charcoal fragments and lithic
material unless the involved processes left relatively coarse-grained
components unaffected.

5. Discussion
5.1. Post-depositional disturbances in sites along the Kalahari Sand Belt

One of the primary reference sequences for the Pleistocene and Ho-
locene lithic industries in Central Africa has been the site of Gombe
(Cahen, 1976; Cahen et al., 1983; de Maret and Stainier, 1999; Taylor,
2011, 2022). Discrepancies in the chronometric dates from the 1970s
must be partially associated with a sampling method of ‘scattered” and
‘concentrated’ charred remains (Cahen et al., 1983, p. 444 Table 1A). An
extensive lithic refitting program aimed at reconstructing technological
behaviour (Cahen, 1976, 1978), but found that artefacts crossed the
established industries. The conclusions of massive vertical disturbances
of archaeological materials had severe implications for interpreting the
site’s integrity. It was concluded that no direct relationship was to be
established between a radiocarbon date and artefacts at the same level.

Further examples of comparable stratigraphic contexts were
observed in similar conditions from the North-East of Angola and the
South-East in Katanga, including the Dinga Kiitu site (Bequaert, 1952,
1955, 1956a). Mixed and blurred stratigraphic contexts of the Late
Pleistocene into the Holocene were assumed to be related to the same
perturbation processes observed at Gombe. Thus, the standing conclu-
sion was that “the redistribution [of archaeological material] has a
general and systematic character in the entire area covered by

Kalahari-type sands in Central Africa” (Cahen and Moeyersons, 1977, p.
814). It discouraged archaeological research covering the Pleistocene
periods, particularly regarding the entire region’s Lupemban and Tshi-
tolian, and all previously identified industries were grouped into the
Post-Acheulean Complex (Cahen, 1978, pp. 21-22).

As a general hypothesis, it was assumed that objects were moving
down within the unconsolidated sands of the Kalahari Belt, and, thus,
concentrations of archaeological finds were disturbed through time.
Experiments studying subsurface movements and dispersion of artefacts
found that penetration can be driven by wetting-drying cycles due to
slight compressions of sediment beneath objects (Cahen and Moeyer-
sons, 1977; Moeyersons, 1978). This effect is dampened by increasing
depth, and thus general consolidation, and becomes negligible after a
certain depth. Potential differences in descending ‘velocities’ between
stone artefacts compared to charcoal concentrations are unknown. The
potential of anthracological charcoal analyses to provide stratigraphic
and environmental units by displaying species variability was not
explored during the Gombe reassessment in the 1970s.

5.2. Stratigraphic integrity at Mukila

Our integrated results (Fig. 7) underline that the sequence of
archaeological finds at Mukila is mainly undisturbed. We approached
our assessment of the site’s integrity based on multiple lines of
reasoning.

The phases observed within the newly obtained AMS radiocarbon
dates clearly show distinguishable groupings of dates falling into the
same period (Table 1; Fig. 2C; 3A; 7A). Chronological phases are sepa-
rated by 1500-2000 years on average, except for one larger recess
within the sequence from the 4th to 9th millennium BCE (Table 1).
Changes in the lithic artefact distribution largely correspond to shifts in
radiocarbon dates (Table 2).

Furthermore, the anthracological analysis shows seven distinct zones
with a different charcoal-type composition (Fig. 2B; 7B; Fig. S6).
Dominant charcoal types occur only within their respective zone,
corroborating the existence of discernible zones.
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Fig. 7. Summary of results from the excavation MUK2018 and the refitting of MUK1952: (A) Radiocarbon chronology. In light grey dates from MUK1952; (B)
Distribution of (encoded) charcoal types. Only types found more than five times within the entire assemblage are plotted. The complete list can be found in Fig. 2.
Dashed horizontal lines indicate significantly different depth zones found by constrained hierarchical clustering analysis on the charcoal type abundance data. They
have been extended to the other panels as stratigraphic units; (C) Refits found among the lithics in MUK1952 and MUK2018; (D) Granulometric analysis.

The vertical find distribution in MUK1952 and MUK2018 revealed
multiple peaks in lithic abundance (Fig. 3), with a clear extreme in lithic
abundance around 340-360 cm in both excavations. Artefact shatter
(<0.5 cm) exists in all spits of MUK2018, and we did not encounter any
correlation between the artefact size and its depth. One would imagine
the size distribution to be more sorted by depth if the occurring pattern
was solely the product of “sinking” artefacts in unconsolidated sand
(Cahen and Moeyersons, 1977; Moeyersons, 1978).

The lithic refitting results (Fig. 4A; 7C) show variations within the
sequence, with isolated, long-distant refits only observed between 180
and 260 cm below the surface. These longer vertical refit lines occur
among surprisingly few finds at this depth (Fig. 3B). In contrast, the
320-360 cm layers show considerably less vertical admixture amidst the
main concentrations of lithics (Fig. 3B). The vertical extent of 82% of
direct and sequential refit lines is below 20 cm on average and thus
highly supports good stratigraphical integrity.

The pedogenetic processes leading to this stratigraphy are yet to be
established. We do not consider erosion and subsequent colluvial
deposition as the driver of the observed admixtures between 180 and
260 cm. A working hypothesis in which sediments and finds would have
been collated by colluvial deposition from a higher part of the hill would
have to entail a significant proportion of horizontal distribution coupled
with a vertical component. Taking into account that the finds from
square M of MUK1952 originate from a unit of 12 sqm in size, the smaller
number of artefacts, and the limited number of refits (n = 9) found
between 180 and 260 cm, we conclude that the main driver of the
observed displacement in that part of the sequence was a process
working in the vertical axis exclusively. The experimental study dealing
with vertical displacements at the site of Gombe by Cahen and

Moeyersons (1977; Moeyersons, 1978) proposed vertical displacement
due to wetting-drying cycles. We hypothesise that the intensity of
wetting-drying cycles is coupled with the type of vegetation present at a
site. Changes in the intensity of vertical displacement through time
might, thus, reflect changes in vegetation cover and, subsequently, soil
saturation by rainwater.

Concerning the site formation processes at Mukila, we can only offer
hypotheses based on the available data. Especially challenging is the
reconciliation of the sediment data, showing a striking uniformity in
grain size (Fig. 7D), with all other data available from the site, which
display distinct zonation (Figs. 2-3, 7A-C). The homogeneity in the
granulometric data on its own would suggest that the sediments were
deposited over a short period, which is contradicted by the radiocarbon-
dating results (Table 1). A long period of sediment accumulation, of up
to 40000 years would imply exceptional stability of sedimentation
process and conditions. The disparity between sediment homogeneity
and zonation of the coarser charcoal and artefact fractions indicates that
these two components underwent different processes. A working hy-
pothesis is that the sediment matrix was reworked after deposition, e.g.
through bioturbation, while the same processes left all coarser compo-
nents largely unaffected. However, based on the available field data, this
hypothesis remains untested.

In summary, clear segments can be distinguished within the
archaeological, radiocarbon dating and anthracological sequences at
Mukila and show only confined vertical displacement of singular ob-
jects, while the majority of refits (82%) remain at the same depth. We
interpret these chronological and spatial aggregations to represent
multi-phased occupation sequences and subsequent soil consolidation at
the site. The exact site formation process is uncertain as the
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astonishingly uniform distribution of grain sizes (Fig. 7D) challenges
aeolian deposition.

The coherence in Mukila’s stratigraphy has an essential impact on
assessing the validity and representativeness of open-air sites. Moreover,
it also illustrates the potential of palaeoecological research using char-
coals as a stratigraphic proxy. While established palaeoecological
proxies such as stratified marine, freshwater or peat deposits are rare in
Central Africa (Nash et al., 2016; Hawthorne et al., 2023), charcoals are
omnipresent (Hubau et al., 2015; Hart et al., 1996; Vleminckx et al.,
2014; Hubau et al., 2015; Morin-Rivat et al., 2014) and easy to sample.
Hubau et al. (2015) demonstrated that even locations with no archae-
ological artefacts revealed remarkable site integrity, expressed in
distinct charcoal assemblages of separate types corroborated by radio-
carbon dating. Even in sandy environments like Mukila, charcoal anal-
ysis is a promising tool to assess the integrity of sites void of visible
lithological units and further unravel the Central African paleoenvir-
onment and archaeological contexts. While stratified open-air sites are
rare in Central Africa (Mercader and Marti, 2003; Peyrot et al., 2003;
Oslisly et al., 2006; Mesfin et al., 2021), the examination of Mukila
revealed that prior generalisations concerning vertical disturbances
(Cahen and Moeyersons, 1977) might not apply to all sites and could be
refuted by careful examination of post-excavation stratigraphies. While
critical evaluation of field layers is more commonly performed for cave
sites (Staurset and Coulson, 2014; Clarkson et al., 2017), our research
shows the equal importance of these analyses for open-air sites.

While research on open-air sites in wider Africa often focuses on
overall site-formation processes amidst clearly discernible sedimentary
bodies (Kent and Scholtz, 2003; Wright et al., 2017; Phillips et al.,
2023), few sites in Central Africa, contemporaneous to Mukila, regularly
depict distinct lithological units (Mercader and Marti, 2003; Mesfin
et al.,, 2021). The debate on post-excavation stratigraphies is new,
though Discamps et al. (2023) point out that revising stratigraphies after
excavation has been more common than acknowledged. Lithological
observations in the field are often re-evaluated during subsequent
analysis of artefacts, their distribution, typology, etc. In the case of
Mukila, a very uniform and homogenous sediment body did not lead to
apparent friction between artefact distribution and observable zoning.
Thus, all implications towards a revision of an observed stratigraphy are
absent. However, using charcoals and lithics, the identification of
meaningful zones was possible. This differs from previously presented
sites such as Gombe (Cahen, 1976; Cahen et al., 1983) in that Mukila
needed a post-excavation stratigraphic framework to be interpretable.
The implications of these results on the debate of post-excavation stra-
tigraphy are, at best, that sedimentology may not be the most essential
factor when reconstructing chronological phases at archaeological sites.
However, more importantly, the implications for the research on
open-air sites in Central Africa are much more severe in that this
example produces an antithesis to the prevalent picture of the uninter-
pretable nature of sandy open-air palaeolithic sites.

5.3. Latest LSA and early Iron Age

The Late Stone Age (LSA) is primarily defined for Eastern and
Southern Africa (Ambrose, 1998; Wadley, 1993). The South African
terminology was adopted for LSA lithic industries in Central Africa,
previously called Tshitolian (Lanfranchi, 1987; Miller, 2001). The
Pleistocene part of the LSA in Central Africa is relatively well described
at Shum Laka (Cornelissen, 1996, 2003; Lavachery, 1996, 1997, 2001).
In contrast, the younger LSA industries are understudied or disregarded
in favour of newly introduced ceramics and need to be studied better
(Lavachery, 1990). For the younger industries of the Central African
LSA, no general typological framework exists so far, and there is little
comparable material. In South Africa, “a Wilton Industry date [s from
the 6th to 4th millennium BCE] and a pre-ceramic post-classic Wilton
date [s to the turn of times]” (Wadley, 2000:90), thus defining the latest
LSA for Southern Africa.

For Central Africa, however, the general lack of sites makes “it [ ...]
problematic, if not impossible, to define a Late Stone Age in the Central
African rainforest” (Eggert, 2019:75). Tshitolian sites in the Republic of
the Congo and Gabon have been dated to the beginning of the Holocene
(Lanfranchi and Schwartz, 1990). The Tshitolian sites of Cauma, Dinga
Kiitu, Lobeja-Kabala, Mbalambala, Bena Tshitolo and Mukambo lie
dispersed in an area that stretches over the DRC and Angola (Miller,
1988, 2001). Besides Gombe (Cahen, 1976; Cahen et al., 1983) and an
undated site called ‘Plateau the Batéké’ east of Kinshasa (Cahen and
Mortelmans, 1973), open-air sites with long sequences (covering the
entire LSA) are very rare. Examples are Lopé 2 (Peyrot et al., 2003) and
Maboué 5 in Gabon (Oslisly et al., 2006; Mesfin et al., 2021), and
Njuinye in Equatorial Guinea (Mercader and Marti, 2003). Other lithic
sites, such as Bandundu in the DRC (Seidensticker et al., 2018), lie
roughly 200 km north of Mukila but are neither dated nor typologically
described. Moreover, sites with both contemporaneous latest LSA lithics
and Early Iron Age (EIA) pottery are even scarcer (Jungnickel, in prep.).
The site of Bwambé in south-eastern Cameroon yielded mainly pottery
dating into the 1st millennium BCE but also some lithics (Eggert et al.,
2006), whose exact correlations still need to be established (Jungnickel,
in prep.). The Tshitolian/LSA in Central Africa is considered to have
ended around the turn of time with the introduction of Iron Age tech-
nology (Miller, 2001). In some parts, hunter-gatherers supposedly took
refuge in more remote areas throughout a millennium (Miller, 1969).
Additionally, due to the disturbances at Gombe, Stone Age cave sites
were usually preferred for the study of temporal development
(Emphoux, 1970; van Noten, 1977; de Bayle des Hermens and Lan-
franchi, 1978; de Maret, 1986; Lavachery et al., 2010; Lupo et al., 2021;
Angue Zogo et al., 2022). In western Cameroon, Shum Laka revealed a
sequence consisting of an evolving LSA lithic industry and the gradual
pottery introduction from the 5th to the 2nd millennium BCE (Lav-
achery, 2001).

Due to its coherent stratigraphy and abundant lithic material, Mukila
(MUK2018 and MUK1952) provides unique new insights while
enlarging the body of archaeological sites in Central Africa. The site
presents lithics that span the Late Pleistocene and Holocene (LSA to Iron
Age) and asserts lithic production until the turn of time. Lithic produc-
tion at Mukila may have existed until pottery’s introduction in the Late
Iron Age (14th to 17th century CE). However, modern disturbances of
the upper 40 cm make it challenging to confirm that.

While the excavations at Mukila revealed considerably young lithics
dating to the last millennia BCE, they failed to uncover contemporary
ceramics. The closest site to Mukila with Early Iron Age pottery is
Gombe, about 200 km west (Fig. 1A; de Maret, 1982: 77-79; 1986:
127-128; 1990: 454 Fig. 4; de Maret and Stainier, 1999). With consid-
erable disturbances preventing more detailed analyses, thermolumi-
nescence dates on three sherds (OxTL-209a, OxTL-209¢c, OxTL-209d)
date into the 3rd to 5th century CE (Cahen, 1981: 131). The pottery from
Gombe shows some similarities to the Ngovo pottery of the Lower Congo
that dates into the 4th century BCE to 1st century CE (de Maret, 1986:
130; Seidensticker, 2021: 215-216 Fig. 99: 3-5, 10-12). The Gombe
pottery is also typologically similar to grog-tempered vessels from the ile
des Mimosas, dating to the 4th to 7th century CE (Lv-168; de Maret,
1982: 79; Eggert, 1984: 279-280 Figs. 8-9). To the southeast of Mukila,
a single radiocarbon date from the mine of Furi I, about 40 km east of
Dundo in north-eastern Angola (Fig. 1A), dates into the 1st to 4th cen-
tury CE (UCLA-170; Fergusson and Libby, 1963: 17). The charcoal was
presumably associated with Late Stone Age lithics (Late Tshitolian) and
pottery. Unfortunately, no further details on this site exist. The nearby
site of Dundo airfield yielded only younger material (Clark, 1968),
dating to the 7th to early 11th century CE (UCLA-716), that is partially
comparable to the finds in and around Mukila. Mashita Mbanza, dating
to the Late Iron Age (de Maret, 1982: 84; Pierot, 1987; Cranshof et al.,
2018: 194), is the closest site east of Mukila (Fig. 1A). Further north,
recent fieldwork in Kwango, Kwilu and Mai-Ndombe uncovered 140
new sites (Seidensticker et al., 2018; Matonda et al., 2019, 2021;
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Coutros et al., 2022, 2023). At multiple sites, pottery reminiscent of
Early Iron Age styles further west was identified (Matonda et al., 2019:
21-23; 2021: 27). The pottery inventory from Mukila only shows
characteristics linking it to the Late Iron Age Kongo Type B of the Lower
Congo and the contemporaneous pottery from Dundo Airfield in
north-eastern Angola. There are no indicators for the Mukila ceramic
inventory to date to the Early Iron Age. Though ceramics have existed
west and north of this region since the 1st millennium BCE, they
occurred at the site only in the later first millennium CE.

Mukila depicts a unique situation within the context of changing
lifestyles during the 1st millennium BCE in Central Africa. While the site
shows lithic production until the turn of time, there are no indicators for
contemporaneous ceramics. The regional overview shows a segmented
and mosaic-like situation in which pottery finds appear in the archae-
ological records of sites further to the west and north. Only future,
extended fieldwork at Mukila and its surroundings can verify how
representative this lack of Early Iron Age pottery is, as such sites may be
located more towards the river valley.

In the future, we must consider separate pathways for the distribu-
tion of individual cultural aspects, entailing only partial adaptation or
even rejection of material goods or cultural practices. Subsistence
practices and material culture must not be assumed to have spread as a
single culture complex (Miller, 1969; Robertson and Bradley, 2000;
Eggert, 2016), and different site types must be explored to clarify the
transition from the Late Stone Age to the Early Iron Age on a local level
before aiming at generalisations.

6. Conclusions

The combination of a reassessment of museum collections and the
analysis of recently excavated material at the site of Mukila provides an
archaeological and anthracological sequence spanning the late Pleisto-
cene and the entire Holocene. The lack of clearly differentiable sediment
layers and potential vertical admixture led to a multi-disciplinary
approach incorporating charcoal diversity to provide meaningful strat-
igraphic units. Distribution of lithic and pottery finds and radiometric
data respect the zones identified within the charcoal diversity. The
sequence at Mukila shows several phases of occupation, supported by
multiple radiocarbon dates. This does not support the hypothesis that
considerable disturbances of open-air sites dating into the late Pleisto-
cene and Holocene, as documented at Gombe, are a regionally recurrent
phenomenon. Our analysis rebuts any generalisations concerning dis-
turbances at open-air sites and urges a thorough re-evaluation of such
sites through a multi-disciplinary approach.

Additionally, our research indicates lithic tool production and use up
into the 1st millennium BCE, without any signs of pottery production or
use during that time. Thus, younger lithic layers at Mukila represent an
intriguing insight into the latest Late Stone Age, a considerably under-
researched topic in Central African archaeology. It is necessary to
evaluate the “end” of lithic use and production in the region to plausibly
explain the environment into which (early) pottery was introduced.
Open-air sites like Mukila can certainly support future research into the
latest Late Stone Age.
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