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Supplementary Materials 

Supplementary Text 

Text S1. Ethical statement 
This is an ethical statement regarding ancient individuals from Kindoki and Ngongo Mbata 
site in the Democratic Republic of the Congo (DRC). The KongoKing research project was 
conducted in the DRC authorized by the “Arrêté ministériel n°0115/CAB/MIN/JSCA/2012” 
dated August 8, 2012. Each year a separate document was signed between the KongoKing 
project mission Director and the Minister for Culture to authorize exportation for scientific 
study of artifacts and ecofacts. Furthermore, at the local village level, all surveys and 
excavations had to be accepted by the local community, often paying out a “droit de 
passage” to the land owner(s). Each time an ancient burial was encountered during the 
fieldwork, further work could be carried out only by organizing with the local specialized man 
the ritual to appease the dead spirit(s). At the end of any burial excavation, before filling up, 
another ceremony was conducted to thank the cooperation of the deceased person leading 
to not having had any incident. 

Text S2. Archaeological information on newly reported 
individuals  
Here we describe the archaeological sites at which our ancient individuals were found. 

Lukenya Hill, GvJm 202, Kenya 
Lukenya Hill is an Archaean Basement gneiss inselberg located in southern Kenya (−1.465°, 
37.067°), in the Athi-Kapiti Plains east of the Central Rift Valley and just outside the current 
extent of Nairobi. The Lukenya inselberg has several dozen excavated archaeological sites 
including rockshelters with Middle and Later Stone Age components (69) as well as open-air 
Pastoral Neolithic sites (70, 71) as well as rock-art occurrences and remains of historic to 
recent Maasai meat-feasting rituals.  

Several major Neolithic sites are located at elevations of between 1600-1700m on Lukenya 
Hill, including GvJm44 which yielded charcoal radiocarbon dates of 3290±145, (GX5348) 
(71). Along with finds of “Nderit” pottery styles better known from 5000-4000 BP in Lake 
Turkana of northern Kenya, Lukenya Hill has been considered a major loci for the earliest 
occurrences of the Pastoral Neolithic in southern Kenya (25). An additional major Pastoral 
Neolithic (PN) site is GvJm184, which yielded slightly later dates of 2716-1735 cal BP (71, 
72). GvJm184 has yielded typical Savanna Pastoral Neolithic (SPN) pottery styles as well as 
remains of domesticated cattle, sheep and goat.  

The site of GvJm202 is a rockshelter site including several human burials located nearby to 
the PN site of GvJm184, and so the burials were believed to be attributed to the Pastoral 



 

 

Neolithic phase (72). Excavations found remains of at least 6 individuals consisting of 5 
adults and 1 sub-adult (73, 74). A sample from Skeleton C (labeled in original excavations) 
and two samples of loose human remains from Context 11 and Context 1 were sampled for 
aDNA. Samples from Skeleton C and the loose remains yielded aDNA sequences. 

The loose remains were labeled in this study “LUK001” and the Skeleton C sample labeled 
in this study “LUK003” with dates of 3610–3460 cal BP and 3635–3475 cal BP., respectively.  
Given that these were very temporally close date ranges with similar genetic composition, 
both individuals are given the population label “Kenya_LukenyaHill_3500BP”. LUK001 was 
found to be a male and LUK003 was found to be female (contra osteological indicators that 
were ambiguous-to-slightly-male, see (73, 74)). With the exception of two individuals from 
PretteJohns Gully individual dated to ~4200 BP and presumed to be associated with an 
early movement of herders (4), the Lukenya individuals here represent the oldest examples 
of the migration event(s) responsible for the more pronounced expansion of herding 
detected all across Kenya and Tanzania (3, 4).  

Hyrax Hill, GrJj25, Kenya 
Hyrax Hill is a major multi-component archaeological site and National Monument on the 
northeast shore of Lake Nakuru, Central Rift Valley, southern Kenya. Hyrax Hill has three 
major locales, of which two (Hyrax Hill I and Hyrax Hill II) have seen major excavations.  
Based on archaeological materials and pottery styles, primary deposits at the site belong to 
the Savanna Pastoral Neolithic (SPN) and Iron Age phases (75). Excavations by Mary 
Leakey from 1937-1938 revealed Neolithic and Iron Age village deposits which included hut 
and pit structures. The Neolithic component of the site included one of the largest formal 
cemeteries known for the Late Holocene of southern Kenya, containing over 18 burials 
within a central mound. Burials were shallow but otherwise variable, sometimes containing 
secondary burials and sometimes with multiple individuals apparently in a single pit. Large 
flat stones were placed over burial pits with stone circles resembling very small cairn-type 
features (75). According to the original report, nine individuals thought to be women were 
buried with large grinding stones or “platters”.   

Capping burials with shallow mounds and large stone slabs, and the heterogeneous style of 
burials, bear close similarities to the earlier Pastoral Neolithic traditions documented from 
5000-4000 BP around Lake Turkana (76). Recovery of sedge beads and pestles, and 
obsidian blades associated with the burials is also comparable to the burial goods at the 
mortuary site of Njoro River Cave dated to c. 3100 BP around 20km west of Hyrax Hill. 
These two packages of mortuary characteristics are associated with the Nderit and 
Elmenteitan pastoralist traditions respectively, showing considerable overlap and 
interrelation between these archaeological entities that is now known from genetic results 
(4).  SPN contexts at Hyrax Hill had not previously been radiocarbon dated, and common 
speculation was that site dated to around 2000 BP (73, 74).  A second burial area at Hyrax 
Hill consists of a double burial in a stone cairn associated with pit features thought to be Iron 
Age cattle enclosures. Additional excavations have taken place at the site, but have not yet 
been published.  

The individual samples for this aDNA study all come from the SPN burial grounds excavated 
by Mary Leakey. The only individual to yield high aDNA coverage was found to be male and 



 

 

was directly dated to 2365-2305 calBP, confirming estimates for the age of the site and its 
cultural attribution as Pastoral Neolithic.   

Molo Cave, GoJi3, Kenya 
Molo Cave is an archaeological occurrence in the Mau Escarpment around 50km west of 
Lake Nakuru in the Central Rift Valley of southern Kenya. The remains of three individuals 
were salvaged by Mary D. Leakey and deposited in the National Museums of Kenya, but 
there is very little archaeological or accession data to speculate on its cultural affiliation or 
context (77). It has been believed to likely date to the Pastoral Neolithic period (73). aDNA 
was recovered from two of the three individuals from this site, yielding dates of 1415-1320 
calBP (MOL001) and 2110-1990 calBP (MOL003), confirming a likely Pastoral Neolithic 
attribution. The genetic composition of MOL003 strongly associates it with other Pastoral 
Neolithic samples, and MOL001 is somewhat intermediate between PN and Pastoral Iron 
Age samples. Coupled with its late date, it is possible MOL001 reflects admixture between 
PN and PIA populations at this later time.  

Nyarindi Rockshelter, GqJc13, Kenya 
Nyarindi is a rockshelter site along the southeast of Lake Victoria, Nyanza, Kenya. The site 
was informally excavated between 1939 and 1941 by a British deacon (surname Owen) (78). 
Deacon Owen did appear to record stratigraphic levels to some degree, but reported only on 
the early “Smithfield” levels at the lowest part of the archaeological sequence, which seem to 
be an Early Stone Age component. The upper layers are poorly recorded, however Owen 
recovered the remains of possibly five individuals, mostly in the form of mandibles and 
cranial fragments, with only a few post cranial fragments. The only artifacts from the upper 
portions of the excavations are a few pottery sherds and quartz stone tools. The quartz tools 
are non-descript but likely derive from Later Stone Age industries, and the pottery is typical 
Late Iron Age roulette decorated styles. 

Two of the individuals (labeled here NYA002 and NYA003) of the three sampled by this 
study yielded genomic data. These were found to be a female and male respectively. A 
direct date on NYA002 came out to 3555-3375 calBP. Given this date and the genetic 
affiliation with other eastern African hunter-gatherer samples in this study and previously 
reported, it is most likely this individual is related to the Kansyore fisher-forager traditions of 
Lake Victoria. Pottery collected from the site must therefore post-date the burials by over 
2000 years. As is expected, these individuals cluster with other hunter-gatherer samples 
from around Lake Victoria, including the Kenya_Kakapel_3900BP sample (4).  

Kakapel, Kenya 
The Kakapel (also called Kakapeli) Rockshelter site is a granitic tor within the Chelelemuk 
Hills south of Mount Elgon in North Teso, Busia County, of western Kenya. Iron Age rock art 
is visible within an overhang that is approximately 5m deep and 4-10m tall along the 
southern edge of the pluton. The area surrounding the rock art has extensive evidence for 
prehistoric occupation, and is where archaeological excavations have been focused. 
Kakapel is currently a protected site managed by the Trust for African Rock-Art (TARA) and 
the National Museums of Kenya and is surrounded by mixed-open forest and small patches 



 

 

of pasture where cattle are occasionally left to graze. The entirety of the region surrounding 
the site is under agricultural cultivation, primarily for corn.  

There was no record of excavations at the Kakapel Rockshelter site (except some sub-
surface testing mentioned by Dr. Odak previously) until 2012 when a National Museums of 
Kenya(NMK) team initiated testing with a single 1x1 trench located near the rock art 
panel(Trench I).In 2015, the NMK returned for more extensive excavations including opening 
two new trenches (Trench II and Trench III). The NMK encountered human remains in both 
units (at ~35cm below surface in Trench II and ~1m below surface in Trench III). The 
individual (Burial 2) in Trench II was well preserved with almost all elements present, 
whereas the individual in Trench III (Burial 1) exhibited in-situ taphonomic crushing that 
destroyed much of the axial skeleton. Petrous bone from the Burial 1 individual, a tooth and 
right first metacarpal from the Burial 2 individual and one isolated tooth from a third individual 
found near Burial 2 were selected for aDNA sampling.  
 
Kenya_Kakapel_3900BP 

This individual (Burial 1) was in a primary, articulated burial in a shallow pit in Trench III. The 
body was flexed on its left side, oriented south-southeast to north-northwest and facing west. 
The skeleton was highly fragmentary and incomplete. Three iridescent perforated shell 
fragments were recovered near the face, with 25 disc beads made from various raw 
materials (including ostrich and land snail) were recovered near the legs. Contexts 
surrounding the burial contained pottery attributed to the Kansyore fisher-forager traditions 
around Lake Victoria.  
 
Skeletal morphology suggests a male individual (confirmed by aDNA analyses) who likely 
died between 20-30 years old. The third molars had erupted and finished development, but 
were lightly worn. Dental health was otherwise good.This individual was directly dated to 
3974–3831 cal. BP (3584±28 bp, SUERC-86057). These dates are consistent with 
associated material culture suggesting a connection with Kansyore fisher-forager traditions 
that existed around Lake Victoria through the Holocene. Isotopic analyses of tooth enamel 
from the individual yielded a delta 15N/14N of 7.76 and a delta 13C/12C of -15.7, far lower 
than the -4 to -8 values from fauna from the same levels. While the individual appears to 
have had a major protein component of the diet, he was either consuming other faunas that 
grazed on C3 plants or had a diet largely based in direct C3 plant consumption. 
 
Kenya_Kakapel_300BP 
 
This well-preserved individual (Burial 2) was in a primary burial in Trench II. The body was 
semi-flexed on their left side, oriented southeast-northwest with the head facing south-
southwest.There was no evidence of a burial pit, although the remains were placed between 
large pieces of roof fall.This individual was directly dated to 309-145 cal. BP. Skeletal 
morphology is consistent with a female individual (confirmed by aDNA) who died in middle 
adulthood. Complete fusion of the sphenooccipital synchondrosis and medial clavicle 
indicate an age over 30, while age estimates from the pubic symphyses, pelvic auricular 
surfaces and first rib suggest an age range of mid 30s-50s (79, 80). Stature estimates based 
on the complete right humerus, radius, ulna, femur, and fibula range between 153.5 ± 
4.25cm and 158.0 ± 5.05cm, with a mean of 156 cm or about 5’1.5 (81).  



 

 

Kenya_Kakapel_900BP  
This individual is represented by an upper right lateral incisor found in the Burial 2 fill but that 
did not belong to that individual. The tooth was directly dated to 910-736 cal. BP. An upper 
right canine, potentially from the same individual, was recovered from a greater depth. While 
this individual cannot be attributed to any clear material culture, the radiocarbon date places 
it within the middle-to-late phases of the Iron Age, probably with the Roulette pottery 
traditions of the African Great Lakes region for this time.  

Munsa, Uganda 
Munsa is one of several sites with earthworks in western Uganda first reported in the colonial 
period (82). The earthworks comprise systems of ditches, commonly up to 4 meters deep 
and often encircling one or more hills and dated to approximately 500 calBP. The function of 
the earthworks is uncertain (83). Those at Munsa, which surround a flat-topped rocky hill, 
were first mapped by Lanning (84). Excavations at the center of the site in the 1990s (34) 
uncovered numerous grain-storage and other pits, some with burials, as well as an iron-
smelting furnace (85), numerous potsherds, bones of cattle and other animals, and 
occasional iron artifacts, glass beads, and grinding stones. Many of these features and 
artifacts date to the centuries immediately prior to the construction of the earthworks, which 
are linked to oral traditions of an ancient kingdom (86, 87).  

Individual H.s.#7, analysed here, was recovered from Context 250 (a pit fill) in Unit 
101E/84N at Munsa A, i.e. on top of the hill at the center of the earthworks. The skeleton 
was found in a bell-shaped pit that was likely used originally for grain storage. The 
articulated skeleton is that of a woman aged around 35 – 50, and our genetic analysis 
confirmed the female sex. The skeleton was laid out on a NW-SE axis, extended, lying on 
her back with the head looking left (north). There was an iron bangle associated with the 
body. The pit contained another female human skeleton, with a few associated glass beads, 
lower down that had been disturbed when H.s.#7 was interred. Also in the pit were charcoal, 
sherds, grindstone fragments, a few pieces of iron slag, and animal bones, as well as an 
almost whole pot and large quern at the same level as H.s.#7. 
  
Not enough material for direct dating of H.s. #7 was available to us. An AMS date on 
charcoal from the same context as the lower burial (#13) resulted in a weighted average of 
955 +/- 40 bp. There is also an AMS date on charcoal from a context above H.s.#7, probably 
around the very top of the fill of the pit of 485 +/- 45 bp . Collagen from H.s. #13 yielded an 
AMS date of 345 +/- 45 bp, although based on low amounts of collagen. This collagen date 
of 345 bp is younger than that of the charcoal date from much higher in the pit fill of 485 bp, 
with a small overlap at the sigma-2 range the late 15th century AD.  It is possible that 
charcoal was added to the pit fill that came from an older context elsewhere on the site. 
Given also dates from pits nearby, we estimate the date of H.s. #7 therefore to the 14th – 
16th century AD, approximately contemporary with the construction of the earthworks. 

Matangai Turu Northwest, the DRC 
The rock shelter site of Matangai Turu Northwest is located at 800 m above sea level in the 
Ituri rainforest, the DRC (88). This 7 metre high granite shelter lies 95 m from the Andeilu 
river and was known to have been recently occupied by Efe foragers when it was excavated 



 

 

in the late 1990s by Julio Mercader and colleagues (88). The team excavated a partial 
human skeleton during these excavations from Level 5, directly dated to the Late Holocene 
(813 ± 35 14C years BP; 1218-1277 AD calibrated age (1 sigma) (UtCNr 5074). The skeleton 
was associated with lithics identified as ‘Late Stone Age’ type, animal bone and shell 
remains from wild taxa, fruit endocarps from forest trees, and phytoliths from tropical forest 
plants. Phytolith analysis indicated that the habitat was dense tropical forest, without 
evidence of domesticated food(89). Overall, this individual was considered to be heavily 
reliance on foraging, while tooth health, modifications, as well as stature were used to 
tentatively suggest that this individual came from a population with  a “pygmy” phenotype 
(88).  Intriguingly, however, associated findings of Late Iron Age ceramics and an iron burial 
good hinted at the possibility of affiliation with Nilotic, central Sudanic farming populations 
(88, 90). 
 

Kindoki, the DRC 
Kindoki was excavated between 2012 and 2014 under the direction of B. Clist as part of the 
KongoKing project (2012-2016, ERC Starting Grant n° 284126) led by K. Bostoen at Ghent 
University, Belgium. The site (-5.086°,15.129°) is located in the current-day Congo Central 
province of the DRC, 95km southwest of Kinshasa and 10km northwest of Kisantu (91, 92). 
The excavations on the large hilltop – some 537 m2 in total – were focused on the Late Iron 
Age and on historical domestic layers and pits related to the Congo kingdom. The Iron Age 
sequence with 16 14C dates starts with Kindoki ware whose producers settled on the hilltop 
from circa calAD 1300 to 1450 (93), i.e. before the arrival of the Portuguese at the Congo 
mouth on the Atlantic Coast in 1482. Slightly later, a continuous occupation extends from the 
late 15th century to the early 19th century. The higher number of artifacts during the 17th-19th 
centuries combined with the presence of a cemetery of 11 tombs suggests that Kindoki was 
only then the center of Mbanza Nsundi, the capital of the Kongo kingdom’s Nsundi province. 
According to oral traditions, the Kongo kingdom would have been founded in the 13th century 
(94). In 1491, the Kongo king Nzinga a Nkuwu, was the first to convert to Christianity and to 
become João I of Kongo, followed a few weeks later by his son Mvemba a Nzinga, 
becoming Afonso. In 1495, Afonso was exiled to Mbanza Nsundi together with Portuguese 
missionaries. The town then turned into a centre of local Christianity. After his enthronement 
in 1509 as king Afonso I, he developed Christianity into a royal cult to which Kongo nobles 
adhered.  

The Kindoki cemetery was excavated in 2012 (tombs 9 and 13) and 2013 (tombs 1-2, 4-8, 
11-12) (91, 92). It is interpreted as being the burial site for governors of the Nsundi province 
and their close relatives from the second half of the 17th century to the first half of the 19th 
century. The 11 tombs were constructed in close proximity to each other and oriented north-
east/south-west at 220°, most of them in a similar way: a rectangular pit dug down to circa 
2m, a rectangular surface demarcation of stones either lying flat or on their side, a topping 
pavement with more or less well-dressed stones, and a covering cairn of stones of various 
sizes and shapes on top of the rectangular structure. Where identifiable, the deceased were 
deposited on their back, in an extended position. According to the full skeletal analysis (95, 
96), parietal bones were only preserved in five tombs: 1, 7, 8, 9 and 11. DNA results for 
KIN003, KIN004 and KIN002 come respectively from tombs 9, 1 and 8.  



 

 

Tomb 9, a 35-40 years old man of 1.61m estimated height (95, 96), with 1 musket on his left 
side, 2 iron bracelets, 18 wound Venetian glass beads with floral inlays. Charcoal found on 
his right side was dated by Beta-333285: 190+/-30  bp, 1665-1950 calAD. Combination of 
artifacts and 14C gives this more precise chronology: 1690-1725 (musket), 1725–1850 
(beads), 1665–1817 (14C; 66 % probability) (91, 97–99). The new 14C date on bone is OxA-
37354: 172 ± 20 bp, 1672-1950 calAD (36% probability: 1672-1744; 40% probability: 1796-
1895), confirming the former one on charcoal. 

Tomb 1 contained a 30-35 years old man (95, 96) buried without any associated artifact. 
Specific wear on several teeth points to a regular use of a smoking pipe, probably in clay. 
OxA-37355 is the first 14C date obtained for this grave: 241 ± 20 bp, 1650–1799 calAD (67% 
probability: 1735-1799). 

Tomb 8, an adult of circa 40 years old, osteologically determined as female with 1.57m 
estimated height (95, 96) buried with 1,140 wound red-on-white glass beads, 14 wound 
pentagonal blue glass beads, 1 wound round white glass bead, 1 wound round blue glass 
bead, 3 internally silvered blown glass beads, 1 copper bead, 32 crotal bells, 660 Pusula 
depauperata sea shell beads, 1 Tympanotonus fuscatus radula mangrove shell, 1 iron 
anklet, 1 iron necklace, 1 copper chain, 1 gold chain, and large parts of a shroud (91, 97, 
99). According to the glass beads types, the burial dates to 1825–1845. The new 14C date is 
OxA-37353: 217 ± 20 bp, 1656–1805 calAD (76% probability: 1727-1805), which is 
considerably older. 

While the molecular sex is male, several pieces of archaeological evidence are more typical 
for the burial of a female, first and foremost the measurements carried out on the mandible, 
the teeth and the long bones (95, 96). Moreover, the funeral material of Kindoki graves 4, 5, 
6, 7 and 12 containing swords (as well as four graves in Ngongo Mbata’s church cemetery, 
see below) is notably different from that of Kindoki tombs 8 and 11 with hundreds of glass 
and shell beads, sometimes associated with thick iron anklets (see also several graves in 
two cemeteries at Ngongo Mbata and the Kulumbimbi church burial in Mbanza Kongo). The 
first type of tombs has commonly been identified as male, the second type as female in line 
with ethnographical studies from the 19th and early 20th century.  

Ngongo Mbata, the DRC 

Ngongo Mbata was excavated between 2012 and 2015 (total of 847,5 m2) under the 
direction of B. Clist as part of the KongoKing project (2012-2016, ERC Starting Grant n° 
284126) led by K. Bostoen at Ghent University, Belgium. The site (-05.806°, 015.124°) is 
located in the Kongo Central province of the DRC, 14 km north-east of Kimpangu and some 
8 km from the Angolan border located to its south (100, 101). The 18 14C dates obtained 
point towards human presence during the Late Stone Age and Late Iron Age, i.e. the hunter-
gatherers around 9,000-8,000 bp and a settlement probably starting in the 16th century AD. 
According to the historical records available (i.e. chronicles and maps), Ngongo Mbata was 
the main and most affluent center of the Kongo kingdom’s Mbata province in the 17th 
century. It developed to the second largest town in the kingdom because it was an important 
marketplace on a long-distance trade route connecting it to the kingdom’s capital and the 
Atlantic coast. It was a centrally located thoroughfare in-between the ocean harbors in the 
west and the Kwango River valley in the east. At its apogee, Ngongo Mbata covered 50 
hectares, at least. Along with Kongo people of different descents, it hosted Europeans of 
diverse origins (Portuguese, Spanish, German, Dutch), mostly merchants but also clergy. 
Ngongo Mbata is unique in that it had a stone church dated by excavations to the second 
quarter of the 17th century. Such stone churches were then only found in Mbanza Kongo, the 
Kongo kingdom’s central capital in northern Angola and in the Portuguese territories south of 
it. In the DRC, the Ngongo Mbata church is the oldest surviving one.  



 

 

Four cemeteries have been identified at Ngongo Mbata. Cemetery n°1, within the walls of 
the early 17th century stone church, was excavated in 1938 (102) and 2014 (101), and 
consists at least of 38 burials dating back to the 17th and 18th centuries. Cemetery n°2, 
located some 200 meters south-west of the church, contained at least four tombs, all very 
close one to the other. The only tomb studied is certainly younger than 1692 as evidenced 
by a 20 reis Portuguese coin minted between 1692 and 1699, which was found alongside 
three crucifixes. The tomb probably dates back to the early 18th century (101). Cemetery n°3, 
found to the south-west of the church on the southern side of a large plaza set up to the west 
of the church entrance, consisted of at least three tombs widely spaced, each marked by a 
pavement of large stones set over a tomb dug down to a depth of about 1.6m (101). Tomb 1 
contained an adult male whose well-preserved skeleton was chosen for DNA identification. 
Cemetery n°4 was found while excavating large pits to the south of the church extending 
under a more recent house, probably a priest’s residence (101). Three burials were 
identified, one set up in a refuse pit whose filling started after circa 1630 AD when the church 
was built.  

Tomb 1, cemetery n°3, a man of circa 20 years of age and 1.7m estimated height (95). The 
rectangular pit was dug to 1.6m deep. The deceased lay on his back in an east-west 
position, as in all other burials studied at Ngongo Mbata, with two small glass beads near the 
neck (99, 101). According to Christian customs of that time, the eastward orientation of his 
head suggests that he was a priest. After starting filling the burial, stone blocks were set up 
at a depth of 1,4m, i.e. on top of the body. Specific wear on several teeth points to the 
regular use of a smoking pipe, probably in clay. OxA-37363 is the first 14C date obtained for 
this grave: 211 ± 21, 1657–1809 calAD (74% probability: 1724-1809). 

Xaro, Botswana 
Xaro is located on a former island silted to form a peninsular in the Okavango River 
Panhandle some 40km northwest of Nqoma. The site was excavated by Wilmsen and 
Denbow (1983) and subsequently by Wilmsen and Thebe. The pottery has distinctive 
single/multiple-row fingernail and stylus punctate motifs, multiple bands filled with incised or 
comb-stamped lines, as well as rhomboidal incised motifs; these motifs are identical to those 
found in the lower, Divuyu, levels of Nqoma securely dated to the 7th-8th centuries as well 
as at Ruuga some 230km upstream in Namibia firmly dated (by charcoal in sherds) to the 
6th-7th centuries (103).  
 
Not enough charcoal was recovered from Xaro to attempt reliable radiocarbon dating; 
however, seriation of Xaro pottery motifs confirms that the Divuyu-Ruuga date range also 
applies to Xaro.  The site has been subject to periodic inundation which has destroyed all 
organic matter, including bones, so little can be said about subsistence. This inundation also 
contaminated charcoal to the extent that reliable radiocarbon dating is not possible, but the 
Divuyu levels at Nqoma are well dated to the 7th-8th centuries and Ruuga is securely dated 
by charcoal in sherds to the 6th-7th centuries. Seriation of the pottery confirms that this date 
range also applies to Xaro. Unlike at Nqoma, Xaro has no stone tools or other artifacts that 
would indicate an earlier hunter-gatherer component, and the site is considered to be related 
to early farmer occupations. 
 
Two burials were excavated at Xaro located outside of the residential area of the site. Both 
were individual burials of adults found in flexed positions. As is typical for Iron Age burials, 
the individuals were interred with pottery, which matched the typical Early Iron Age styles 
found throughout the deposits at Xaro. The individual sampled for this analysis was an older 



 

 

adult (likely 40-50 years old); the skull has morphological and craniometrical characteristics 
described as similar to both recent Khoisan and  Bantu-speaking peoples of southern Africa. 
 
Isotopic analyses of the Xaro individuals revealed very low δ13C from samples of bone 
collagen (between -16.6 and -16.9) (104). The strong C3 values of the Xaro individuals 
compared to other Early Iron Age populations was interpreted as evidence for a substantial 
contribution of freshwater fish to the diet, which presents C3/C4 ratios similar to diets of C3 
pathway plants (104). Given the sites location along the Okavango River, this hypothesis 
seems probably and the strong freshwater fish signature likely indicates that an aquatic 
carbon reservoir effect would impact the accuracy of any direct dates on human bone from 
the site. 

Nqoma, Botswana 
Nqoma is an open-air site on a low plateau of the Tsodilo Hills in northwestern Botswana 
some 50km west of the Okavango Delta. The Hills are composed of almost unlimited 
quantities of red specular haematite and sparkly micaceous schist; both minerals are highly 
valued as cosmetics for which hard rock adit mining was carried out on a massive scale, 
most intensively during the period AD 750-1025 (105). Nqoma was excavated by Denbow 
and Wilmsen from 1979-1980 and in 1985 with testing in several areas of the site covering 
roughly 100 by 200 sq. m (106, 107).  

Excavations yielded abundant archaeological remains, including stone tools, metal artifacts, 
animal bones, macrobotanical remains, Zhizo glass beads, and marine shells from the 
Indian Ocean trade (106). Much of the archaeology was concentrated in a stratified midden 
deposit that varied from .5 to 1 meter in thickness, below which sediment was found to be 
largely sterile. Radiocarbon dates on charcoal across the site revealed a consistent 
sequence from 1200-750 BP (43). Analysis of the faunal remains revealed that herding of 
sheep and goat was present by c. 1400 BP, with an increasing emphasis on cattle herding 
becoming apparent after 1150 BP (43). Wild fauna and large proportions of fish remains and 
freshwater molluscs were present throughout the sequence, indicating a strong reliance on 
wild resources. The riparian component may also reflect exchange with groups living along 
the nearby Okavango River and/or Delta. Excavations also yielded a diverse plant diet 
including wild marula and mongongo nuts, as well as domesticated sorghum and pearl millet 
(104, 106).  

Three human burials were excavated at Nqoma, all originating in the north-eastern section of 
the site. Human burials at the site include an infant interred between two parallel stone 
slabs, and an adjacent burial of a young woman with features that suggested affinities to 
Khoisan populations (106). This latter burial was also laid in a flexed position along the left 
site with the body oriented westward such that the head was directly facing the infant burial 
(106). 

Below these burials was a previous burial of an older adult woman with skeletal features 
identified as “Bantu”, placed in an upright flexed position facing eastward (106). This 
individual from the earlier occupations of the Nqoma site was the one sampled for ancient 
DNA in this study. The burial included Nqoma style pottery. The burial had an intact 
elaborately decorated shallow ceramic bowl at her feet; this bowl was covered by two 



 

 

segments from much larger vessels. A radiocarbon date of c. 980 BP was obtained from 
associated charcoal. While isotopic data indicated a diet including a major C4 component 
(104), the presence of fish remains throughout the Nqoma midden raises similar questions to 
Xaro regarding reservoir effects, and so the associated radiocarbon date for this burial pit 
and related material culture provide the most reliable age estimation. 

Taukome, Botswana 
Taukome Hill is a basalt inselberg some 700km crow-fly kilometers southeast of Nqoma in 
the hardveld of eastern Botswana excavated by Denbow in 1979 (108). Its most prominent 
feature is a large midden about 70m in diameter and 1.5m in depth indicating an extended 
occupation history initially confirmed by uncorrected radiocarbon readings and later 
calibrated to ca. AD 670-880 at the bottom and ca. AD 980-1150 at the top (c. 1240-995 
BP).  
 
This sequence encompasses the Zhizo (called Taukome, after this site, in Botswana) and 
Toutswe facies continuum of the larger Shashe-Limpopo region in which the site is a 
westernmost location near the Kalahari margin. Zhizo is a major division of the Nkope 
Branch of the Eastern Stream Urwere Tradition (109); thus, Taukome-Toutswe wares are 
markedly different from the Western Stream Kalundu wares at Nqoma indicating they were 
made by distinctly different Bantu-speaking peoples. A few Zhizo beads were found in the 
upper levels as were typically Zhizo clay human figurines. Cattle and sheep/goats were 
prominent in the economy, constituting 82% of the fauna based on MNI. The presence of 
grain bins at the site also indicate that agriculture was important (108).  
 
Denbow excavated five burials including three adults and two juveniles within a kraal 
(livestock pen) feature at the site (42). The individual sampled here was an adult male, 
estimated to be around 40 years of age. Isotopic analyses of the Taukome burials 
demonstrated δ13C values between -7.4 and -8.2, and δ15N values between 9.5 and 10.3, 
largely consistent with the nearby Iron Age site of Kgaswe (42). Based on comparisons with 
isotopic signatures of fauna from these sites, it is likely that despite evidence for agriculture 
the isotopic signatures at Taukome can be explained through consumption of domesticated 
livestock (42).  



 

 

Supplementary Figures 

 

Figure S1. (A) PCA of present-day African and Levantine populations used in Fig. 2. (B) 
Admixture clustering analysis (K = 5) using all populations shown in PCA in Fig.2.  



 

 

 
Figure S2. Testing the genetic affinity against Ethiopia_4500BP within the ancient 
eastern African forager cluster via f4-statstistics. For groups/individuals in the ancient 
eastern African forager cluster, we tested against all populations shown on PCA using 
symmetric f4(ancient east African forager, Ethiopia_4500BP; X, Chimp) and plot 25 groups 
with top f4-value. f4-statistic tests with Z-score ≥ 3 are shown in red, and tests with 2 ≤ Z-
score < 3 are shown in blue.  



 

 

 
Figure S3. Testing additional genetic affinity to Dinka for ancient eastern African 
pastoralists based on a two-way admixture model of Ethiopia_4500BP and 
Levant_ChL . We calculated f4 statistics in form of (Chimpanzee, Dinka; 
Ethiopia_4500BP+Levant_ChL, ancient Eastern African Pastoralist) for (A) 
Kenya_LukenyaHill_3500BP, (B) Kenya_HyraxHill_2300BP, (C) Kenya_MoloCave_1500BP, 
(D) Tanzania_Luxmanda_3100BP. Positive F4 values suggests extra affinity to Dinka(above 
red dashed line), and negative F4 values suggests extra affinity with model. On x-axis, 
proportions of Ethiopia_4500BP-related ancestry range from 0 to 100% in increments of 
0.1%. The blue shade marks the range of ancient Ethiopian ancestry proportion estimated 
by qpAdm (±1SE). Dark gray and light gray represent ±3 and ±1 SE ranges, respectively. 
SEs were calculated by 5-centimorgan block jackknife method. 



 

 

 
Figure S4. Dating the introduction of ancient Levantine and Dinka ancestry into ancient 
eastern African pastoralists using DATES. Fitted Linkage Disequilibrium decay curves are 
shown in red. Bin size of 0.001 Morgans is used for estimation in DATES. Same color and 
bin size is applied to Fig. S6. We dated three combinations of 2-way admixture from three 
sources: Ethiopia_4500BP, Levant_ChL, Dinka, shown in different columns, for four target 
pastoralist groups shown in different rows. DATES-inferred admixture dates between 
Levant_ChL and two African group show rather reasonable consistent estimates ranging 
from 2000-7000 years ago. While the admixture date estimates between Dinka and 
Ethiopia_4500BP are off scale.  
 



 

 

 

 
Figure S5. f-statistics for ancient individuals from Kakapel site, Kenya. (A) Comparing 
genetic affinity of Kakapel_300BP to present-day Nilotic-/Bantu-speaking populations and 
published ancient East African Iron Age genomes. (B) Comparing genetic affinity of 
Kakapel_900BP to present-day Nilotic-/Bantu-speaking populations and published ancient 
eastern African Iron Age genomes. f4-statistic tests with Z-score ≥ 3 are shown in red, and 
tests with 2 ≤ Z-score < 3 are shown in blue.  
  



 

 

  
Figure S6. f-statistics for ancient individuals from the DR Congo. (A) Comparing the 
genetic affinity of historical individuals from the DR Congo to ancient Bantu-related groups 
and present-day Bantu-speaking groups.(B) Testing genetic symmetry between 
Tanzania_Pemba_600BP and main cluster of historical DR Congo genomes.  (C) Testing 
genetic symmetry between Bantu_Ovambo and the main cluster of historical DR Congo 
genomes (merged as a single genetic group – “Congo_KIN_NGO”). (D) Cladility f4 test 
between Congo_Kindoki_1500BP and the main cluster of historical DR Congo genomes. f4-
statistic tests with Z-score ≥ 3 are shown in red, and tests with 2 ≤ Z-score < 3 are shown in 
blue.	 
 



 

 



 

 

 
Figure S7. Dating the admixture between Bantu-related ancestry and southern African 
forager ancestry in ancient Botswana using DATES. In (A), for individuals from Xaro, 
Nqoma site, we dated four combinations of 2-way admixture from four sources: 
South_Africa_1200BP, South_Africa_2000BP, BantuSA_Ovambo and 
Tanzania_Luxmanda_3100BP, shown in different rows, in three ancient Botswana groups 
(one on grouped-level and the other two on individual-level) shown in different columns. The 
introduction of Bantu-related ancestry into southern African can be dated to on average of 
2,000±400 years ago. The introduction of eastern African pastoralists can be dated into on 
average of 2500±300 years ago, slightly earlier than the time estimates of incoming Bantu-
related ancestry in southern Africa. In (B), for individual Botswana_Taukome_1100BP from 
Taukome site, we dated the admixture between South_Africa_2000BP and 
BantuSA_Ovambo occured at 130±94 years ago before the death of this individual. 
 



 

 

 
Figure S8. Illustrating genetic variations using more PCs, related to Figure 2 and Fig 
S2. (A) PC1 versus PC3. (B) PC1 versus PC4. Full legend of modern populations has been 
shown in Fig S1. 



 

 

 
Figure S9. Distribution of mitochondrial and Y chromosome haplogroups in the 
ancient African genetic clusters. We show (A) the distribution of Y haplogroups in each 
genetic cluster, (B) distribution of mitochondrial haplogroups in each genetic cluster. The 
haplogroup information of every genetic cluster is detailed in Table S10. 
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