
Vol.:(0123456789)

Archaeological and Anthropological Sciences           (2025) 17:11  
https://doi.org/10.1007/s12520-024-02130-1

RESEARCH

Reconstructing ancient Southern African mitochondrial genomes 
at Faraoskop

Alan G. Morris1 · Tasneem Salie2 · Alissa Mittnik3,4 · George Rebello5 · Chiara Barbieri6,7,8 · John Parkington9 · 
Johannes Krause3 · Raj Ramesar2

Received: 2 January 2023 / Accepted: 27 November 2024 
© The Author(s) 2024

Abstract
Twelve human skeletons, approximately 2000 years old, were recovered from the Faraoskop archaeological site in the 
Western Cape Province, South Africa (Manhire 1993). Several of the skeletons were well enough preserved to determine 
the osteological profiles (sex, age and stature etc.). Additionally, paleopathological and traumatic changes were observed 
on some of these skeletal remains. Given suggested context that these human remains were drawn from a single mortuary 
event, this paper investigates the possibility of familial relationships between the individuals by establishing maternal pro-
files from mitochondrial DNA. The mitochondrial DNA analysis resulted in the identification of four full genomes from the 
Faraoskop (FK) individuals and the two Khoesan pastoralist individuals chosen as reference samples for the analysis. Three 
other FK individuals provided partial genomes which could be assigned to incomplete haplotypes. Five individuals could not 
be sequenced due to poor DNA preservation. Molecular sex could be confirmed for five FK and two reference individuals, 
adding to the sex assessment from osteological data. All but one of the mitochondrial haplotypes were L0d1 or L0d2 which 
is consistent with mtDNA from living Khoesan populations in southern Africa. One individual (FK1) was L0f1, a haplotype 
which is not present southern African Khoesan, but is currently centred in Uganda and Tanzania. It is occasionally found 
amongst southern African Bantu speakers which suggests that the presence of L0f1 is a remnant of an earlier distribution 
which is now lost. The three L0 mitochondrial haplotypes from the six Faraoskop individuals (L0d1, L0d2, and L0f) suggest 
a diversity of maternal lineages compatible with the diversity of Khoesan groups but given the simultaneity of the burial, it 
is tempting to suggest that those with similar maternal haplotypes were closely related.
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Introduction

South Africa has an extensive hominid fossil history, 
which goes back more than two million years. Contempo-
rary indigenous populations from Southern Africa display 
a high genetic diversity, and harbour early divergent line-
ages (Wang et al. 2020; Schlebusch et al. 2020; Al-Hindi 
et al. 2022). However, there is little direct archaeologi-
cal information that can demonstrate the development of 
this diversity in the deep time scale of human occupa-
tion. Analysis of human skeletal remains from the early 
and middle Holocene have shown that skeletal and den-
tal morphology have changed, (Stynder et al. 2007; Irish 
et al 2014; Cameron et al 2021), but very little is known 
about the genetic history that accompanied these changes. 
Only in relatively recent time has ancient DNA (aDNA) 
become available for individuals found in archaeological 
contexts from Africa. The difficult preservation condi-
tions and the overall paucity of ancient human remains 
have been hampering the retrieval of reliable aDNA in the 
early years (Vicente and Schlebusch 2020). Mitochondrial 
DNA (mtDNA) is a valuable resource for ancient DNA 
studies. Before the advent of automated genomic analysis 
(Reich 2019), mtDNA was seen as the golden standard 
of genetic research because both the abundance of mito-
chondria in the cell and the ease of retrieving the relatively 
short mtDNA sequences in the laboratory (Pakendorf and 
Stoneking 2005). The analysis of mitochondrial genomes 
remains valuable especially in studies where maternal 
gene flow between small groups is of interest (Merheb 
et al 2019, Diallo et al. 2022). In one of the first African 
aDNA studies, Morris et al. (2014) described the first com-
plete ancient mitochondrial genome from a pre-pastoral 
inhabitant of St Helena Bay in the Western Cape Prov-
ince of South Africa. This ancient mitochondrial genome 
was identified as a new L0d2c lineage, which is closely 
related to contemporary indigenous San speakers (specifi-
cally the Juǀʼhoan speakers of the Kx’a language family 
(Barbieri et al. 2013). Further mtDNA genomes from other 
ancient South African skeletons have now been published 
including one from the Faraoskop site itself (Skoglund 
et al. 2017), a child from the pastoralist site of Kasteel-
berg (Skoglund et al. 2017) and three Later Stone Age 
foragers from coastal KwaZulu-Natal (Schlebusch et al. 
2017). Their haplogroups belong to major branches of the 
mtDNA phylogeny which are still found predominantly in 
southern Africa: these are L0d1 and L0d2, frequent in con-
temporary San hunter gatherers and in neighboring Khoe-
speaking pastoralist and hunter gatherer groups, and L3e, 
an ubiquitous sub-Saharan lineage most frequently found 
in Bantu speaking groups and in Central Africa (Soares 
et al. 2012).

We present here seven additional reconstructed ancient 
African mitochondrial genomes from Southern Africa. 
The aim of this study is to add molecular data to the bio-
anthropology of the unique deposition site of Faraoskop. 
The objectives are threefold: 1) to add to the general body 
of published ancient DNA results from southern Africa; 
2) to provide complementary genetic sex determination 
for individuals who have been identified as a specific sex 
through morphology, and to include other individuals who 
are too poorly preserved for osteological observation; and 
3) to explore the genetic relationships for a set of individu-
als who are almost certainly from one community drawn 
from a precise moment in time in the Later Stone Age 
of South Africa. The genetic profiles from the maternally 
inherited mtDNA genomes will give a further contextual-
ization of the relationship between these individuals and 
the surrounding genetic landscape of people living today 
in different regions of sub-Saharan Africa.

The human skeletons described in this study were recov-
ered from a rock shelter on the Faraoskop Hill in the Western 
Cape Province of South Africa. The site lies near the town of 
Graafwater at 32°07′31″S and 18°36′52″E. The rock shelter 
faces west, overlooking the coastal plain and is protected 
by a rocky outcrop. The rock shelter is approximately 5 m 
wide and 8 m high and is obscured by a wall constructed 
by the local landowner in 1984. Previously, the Faraoskop 
skeletons, which form the basis of the present investiga-
tion, were studied to determine diet and dental caries (Sealy 
et al. 1992). The discovery of marine shells in the Faraoskop 
deposits, which is about 35 km from the coast, is evidence 
of contact with the ocean; however, the skeletons have δ13C 
values which suggest a low intake of marine food for these 
individuals (Sealy et al. 1992; Gray et al. (n.d.) this volume). 
The archaeology of the Faraoskop shelter indicates that the 
site was occupied by Later Stone Age (LSA) foragers rather 
than pastoralists (Manhire 1993).

The excavated skeletons along with those previously 
discovered by the local landowner represent an exceptional 
depositional context for the region: a group of individuals 
buried together as the result of what may have been a single 
death event. Other multiple burials from the LSA in southern 
Africa either cannot be confirmed as being contemporaneous 
or involve only two or at most four individuals (Pfeiffer et al. 
2020). The case for contemporaneity at Faraoskop is based 
on three lines of evidence: radiocarbon dating; evidence of 
violence at death; and what appears to be a single burial 
horizon.

Six of the Faraoskop individuals, including three skel-
etons from the farmer’s finds and three skeletons excavated 
by the Archaeology Department at UCT in 1988, were 
radiocarbon dated soon after excavation and in 2014 five 
more skeletons were dated. Overall, the dates suggest that 
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the burial event happened shortly before or around the turn 
of the first millennium CE.

Parkington & Dlamini (2015) and Dlamini and Morris 
(2024) have noted that up to six (50%) of the individual 
skeletons showed perimortem cranial injuries. It is theoreti-
cally possible that half of the individuals died from separate 
violent interpersonal trauma over separate years, but this is 
extremely unlikely. The simplest explanation is that the buri-
als at Faraoskop consist of several people who were attacked 
and suffered cranial trauma in one violent event.

Only five of the skeletons were excavated under archaeo-
logical control (Manhire 1993) and much of the site had 
been disturbed through the actions of the local landowner, 
through continued prehistoric occupation of the site after 
the burial events and by animal bioturbation. Despite that, 
the re-examination of the original descriptive field notes 
and photographic record of the excavation make it clear that 
none of the excavated five burials can be separated from the 
other four. The individuals were in articulated alignment but 
crammed together in a confined space indicating a single 
burial. Although there were no records of the original place-
ment of the bones removed by the landowner, the presence 
of at least one cranial element from the farmer’s collection 
matching one of the excavated skeletons strongly suggests 
that the unexcavated remains were in a context continuous 
with the excavated sequence. Taken together, the evidence 

from dating, violent death and burial association is over-
whelmingly in support of a single burial event.

Manhire (1993) provided an anthropometric analysis 
which identified a minimum number of individuals of ten 
adults and two sub-adults, based on the morphological anal-
ysis of Alder (1988). During the cleaning and reconstruction 
of the samples for this study, it was noted that UCT 390 
consisted of a cranium and post-cranial bones of two differ-
ent individuals. The cranium of UCT 390 was subsequently 
assigned to the post-cranial bones of UCT 391 which had 
been accessioned without a cranium.

Samples from two additional individuals who do not 
belong to the Faraoskop site have been included as refer-
ences for genetic analysis. These are from early pastoralist 
sites: UCT 437 from Kasteelberg (Smith 2006) and UCT 
582 from Voelvlei 1 (Morris et al. 2005). These two indi-
viduals form a Later Stone Age outgroup of Khoe pastoral-
ists for comparison. Table 1 provides basic demographic 
data for all fourteen skeletons described.

Methodology

We present here genetic results obtained as part of a screen-
ing for preservation of authentic ancient DNA in a collec-
tion of LSA South African human skeletal remains. Beyond 
assessment of authenticity and quality of the data, this 

Table 1   Summary of the age, 
morphological sex and bone 
sample type for the individuals 
in this study

Skeletal ID UCT ID Age Sex (morphology) Sample Type

FK 1 UCT 385 adult Undetermined Right femur
FK 2 UCT 386 40 – 50 yrs Male Right femur

RUM3/premolar
FK 3 UCT387/UCT 392 30—40 yrs Male RUM3

Right pelvis
FK 4 UCT 388 6 −8 yrs Undetermined/

juvenile
Right Radius

FK 5 UCT389/UCT 397 35—45 yrs Undetermined LLM2
Left Humerus

FK 6 UCT 390 (cranium) /UCT 391 20—25 yrs Female RUM3
Right femur

FK 7 UCT 390
(post-cranial)

30 – 40 yrs Undetermined Tibia

FK 8 UCT 393 2—3 yrs Undetermined/
juvenile

Foot Phalanx

FK 9 UCT 394 45 – 55 yrs Male Right femur
Tooth

FK 10 UCT 395 25–30 yrs Female Left femur
FK 11 UCT 396 35 – 45 yrs Female Left femur
FK 12 UCT 398 40 – 50 yrs Undetermined Right humerus
Kasteelberg UCT 437  ± 4 yrs Undetermined/

juvenile
Right femur
RLM1

Voelvlei 1 UCT 582 30–40 yrs Female Right Femur
Tooth
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approach allows for sex identification and reconstruction 
of the mitochondrial genomes of the skeletal remains, sup-
plementing the archaeological and osteological evaluations. 
Sufficient endogenous DNA content for cost-efficient deep 
shotgun sequencing was observed for two of the samples 
(Table 2), FK 2 (UCT 386) of the Faraoskop series, and 
the comparative individual UCT 437, and subsequent whole 
genome analysis on these was completed as part of a sepa-
rate study (Skoglund et al 2017). Considering the difficulty 
of obtaining any authentic aDNA from the African conti-
nent, especially without skeletal elements that have been 
shown to have exceptional nuclear DNA preservation, i.e. 
the petrous bone and ossicles (Pinhasi et al. 2015; Sirak 
et al. 2020), targeted enrichment approaches, such as for the 
complete mtDNA genome, provide a good middle-ground to 
obtain data for genetic genealogical analysis. Furthermore, 
the mtDNA sequences for southern African populations 

are well understood and comparisons with data from living 
populations can be fruitful.

In order to reduce the risk of additional contamination 
of the skeletal remains, DNA extraction was performed in a 
dedicated ancient DNA facility at the University of Tübin-
gen, Germany. A total of 17 samples from Faraoskop were 
collected for this study, plus two samples each from the two 
pastoralist reference individuals. The preferred sample type, 
a section from the distal end of the femur, was removed. 
If the femur was unavailable, a cortical sample was taken 
from another long bone. Additionally, a tooth sample was 
collected for all individuals where available.

To determine whether DNA was preserved in these 
remains, several sections of bone or teeth from the vari-
ous individuals were examined. Bone powder was obtained 
from 14 of the samples and dental powder from the internal 
root canal of 7 tooth samples. DNA was extracted using an 

Table 2   Results of the shotgun sequencing

Skeletal ID UCT ID # of Raw 
Reads prior 
Clip & Merge

# reads after 
Clip&Merge 
prior mapping

# mapped 
quality-filtered 
reads prior 
RMDup

# mapped 
quality-filtered 
reads after 
RMDup

Endoge-
nous DNA 
(%)

G-to-A 1st 
Base 3'-end

C-to-T 1st 
Base 5'-end

average 
fragment 
length

FK 1 UCT385 1,742,232 811,667 3,764 3,749 0.465 0.3805 0.3676 40.13
FK 2 UCT386

femur
2,662,186 1,370,551 3 3 0 0 0 30.33

FK 2 UCT386
tooth

3,242,274 1,503,374 400,692 399,943 26.963 0.3651 0.3845 42.55

FK 3 UCT387 3,290,192 1,576,669 75 75 0.005 0.2143 0.2857 34.65
FK 3 UCT392 112 58 0 0 n/a n/a n/a n/a
FK 4 UCT388 2,695,144 1,330,894 82 82 0.007 0.2941 0.1875 38.82
FK 5 UCT389 1,886,246 889,071 138 138 0.016 0.3889 0.2174 37.64
FK 5 UCT397 1,423,282 667,597 31 31 0.005 0 0 38.9
FK 6 UCT390

tooth
3,659,870 1,770,228 5,337 5,325 0.319 0.4019 0.4266 40.89

FK 6 UCT391 1,680,608 825,825 1,111 1,110 0.142 0.3693 0.4157 46.69
FK 7 UCT390

tibia
1,996,588 707,052 1,231 1,202 0.175 0.3101 0.3892 37.96

FK 8 UCT393 1,506,250 785,688 509 506 0.078 0.2047 0.3226 57.3
FK 9 UCT394

femur
4,202,558 1,912,983 30,090 29,918 1.579 0.2787 0.2869 42.82

FK 9 UCT394
tooth

18,358,138 7,881,312 5,687 5,655 0.072 0.2603 0.299 39.11

FK 10 UCT395 1,181,310 552,591 2,364 2,351 0.43 0.3402 0.3208 42.3
FK 11 UCT396 1,978,194 914,968 17,895 17,776 1.963 0.3251 0.3196 41.06
FK 12 UCT398 2,538,046 1,025,293 66 66 0.007 0 0 36.48
Kasteelberg UCT437

femur
2,706,796 1,214,084 61,421 61,179 5.073 0.2485 0.2567 44.33

Kasteelberg UCT437
tooth

1,553,022 745,009 10,574 10,512 1.499 0.3114 0.3367 51.9

Voelvlei 1 UCT582
femur

1,230,680 583,576 8,368 8,322 1.448 0.2472 0.2673 49.52

Voelvlei 1 UCT582
tooth

2,166 954 29 29 3.04 0.3333 0.4615 40.72
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established protocol (Dabeny et al. 2013) with modifica-
tions as described in Andrades-Valtueña et al. 2017. The 
extracted DNA was converted to double-indexed libraries 
(Meyer and Kircher 2010; Kircher et al. 2012) in prepara-
tion for sequencing. Negative controls were included during 
extraction and library preparation.

Subsets of the DNA libraries were prepared for shotgun 
sequencing on the Illumina Platform. Shotgun sequencing 
allows one to make inferences about the preservation of the 
sample, the endogenous DNA present and the sex of indi-
viduals. The libraries were also enriched for mitochondrial 
DNA, using present-day human mitochondrial amplifica-
tion product as the probe (Maricic et al. 2010). Paired-end 
sequencing was carried out on the Illumina HiSeq2500 plat-
form for 2 × 101 + 2 × 8 cycles.

After demultiplexing, resulting sequencing reads were 
processed using EAGER, a computational pipeline devel-
oped for aDNA (Peltzer et al. 2016) that merges paired-end 
reads (default parameters) and maps reads utilizing BWA 
(v0.6.1) (Li and Durbin 2009) against a user-specified ref-
erence genome. The shotgun data was mapped against the 
UCSC genome browser’s human genome reference GRCh37/
hg19, resulting in 3 to 399,943 quality-filtered unique reads 
per sample. We failed to retrieve the expected amount of 
raw sequencing reads for the samples UCT392 and UCT582 
tooth, likely due to a pipetting error during generation of the 
DNA libraries (Table 2).

The molecular genetic sex determination was performed 
on the shotgun sequence data by comparing the number of 
reads mapping to the X chromosomes and to the Y chro-
mosome as well as the autosomes (Skoglund et al. 2013; 
Mittnik et al. 2016).

The data from mitochondrial capture were mapped to the 
revised Cambridge reference sequence (rCRS) (Andrews 
et  al. 1999) using the circular mapper implemented in 
EAGER.

To confirm the authenticity of the human ancient DNA 
we used mapdamage 2.0 (Jónsson et al. 2013) to estimate 
deamination pattern typical of ancient DNA, by observing 
typical patterns of C to T base misincorporation caused by 
deamination of cytosine to uracil towards 5’ read ends, and 
G to A misincorporations towards 3’ read ends (Sawyer et al. 
2012). The damage patterns of our samples are illustrated 
in Fig. 1. We observe in all libraries for which enough reads 
were sequenced expected frequencies of misincorporation of 
at least 0.15 at either end except in UCT397 and UCT398. 
Fragment length is also indicative of sample age and is typi-
cally between 30 and 100 bp in ancient DNA samples. The 
DNA fragments presented here are between around 30 bp 
– 70 bp (Tables 2 and 3), which confirms the authenticity 
of the ancient sample (Jónsson et al. 2013). The software 
Schmutzi was used to estimate modern contamination in 
the mtDNA-capture data and confirm the integrity of the 

endogenous aDNA, as well as generate consensus sequences 
(Renaud et al 2015).

The mtDNA sequences were aligned together with a 
reference dataset of 710 mtDNA sequences (Barbieri et al. 
2013, 2014b; Behar et al. 2008; Brucato et al. 2018; Chan 
et al. 2015; Gonder et al. 2007; Oliveira et al. 2018; Rito 
et al. 2013; Schlebusch et al. 2017; Uren et al. 2016), from 
the three haplogroups retrieved L0f, L0d1 and L0d2, using 
the software MUSCLE (https://​www.​ebi.​ac.​uk/​Tools/​msa/​
muscle/). The alignment was visually inspected and the two 
polyC sections were trimmed (as prone to sequencing and 
alignment errors). Haplogroups were assigned using Hap-
logrep3 v.3.2.1 (Schönherr et al. 2023) with the rCRS, the 
Phylotree 17.2 phylogeny and default settings. Comparative 
analyses were conducted separately for the three haplo-
group using R and packages ape (Paradis et al. 2004), pegas 
(Paradis 2010) and ggplot2 (Wickham 2016) for network 
visualization. Networks were built using a selection of the 
sequences closer to our newly sequenced data. Pairwise 
genetic distances between sequences (Kimura's 2-parameters 
distance) are calculated with the function dist.dna.

Results

A total of 14 newly sequenced individuals were included in 
this study; 12 from the Faraoskop site, and UCT 437 and 
UCT 582. Kasteelberg (UCT 437) and FK2 (UCT 386) have 
been published previously (Skoglund et al. 2017), but the 
data presented here are a re-analysis using the same meth-
odology as the other individuals.

Sex determination

The Faraoskop skeletal assemblage was previously exam-
ined and the morphological sex assessment was performed 
by evaluating defined metric criteria of the pelvic bone and 
the cranium (Ubelaker 1978). Morphological methods have 
proved useful in the assessment of sex in adult skeletons, 
although they are less reliable for juveniles and incomplete 
skeletons. The molecular determination of sex often relies 
on sex specific marker loci such as the amelogenin gene (e.g. 
Gibbon et al. 2009), focusing on the dissimilarity between 
the X-linked amelogenin gene and the amelogenin on the 
Y-chromosome, but prone to error due to allelic dropout and 
contamination (Kim et al. 2013). In this paper we used shot-
gun sequencing data to reliably identify chromosomal sex 
simply by considering Ry, the ratio of the sequences aligning 
to the X and the Y chromosomes (Skoglund et al. 2013), or 
Rx, the ratio of reads aligning to the X chromosome and the 
autosomes (Mittnik et al. 2016). The molecular genetic sex 
determination was then compared to the morphological sex 
identification. The reliability of genetic sex determination is 

https://www.ebi.ac.uk/Tools/msa/muscle/
https://www.ebi.ac.uk/Tools/msa/muscle/
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dependent on sequence coverage in the analysis and uncer-
tainty in the assignment is reflected when the ranges of Ry 
and Rx do not fully fall within the ranges consistent with the 
expectation for XX or XY (Table 3).

Table 2 summarises the genetic data derived from shot-
gun sequencing of the skeletal remains from Faraoskop and 
Table 3 the sex identification derived from this data. Of the 
14 individuals under consideration, seven individuals could 
not be sexed morphologically, four because the skeletons 
were too incomplete, and three because the individuals were 
immature at death and the sexually dimorphic features had 
not yet developed.

Molecular sex determinations could confidently be 
made for seven of the individuals (FK1, FK2, FK6, FK9, 

FK11, UCT437, UCT582), while the estimation for four 
individuals held uncertainty (list FK 3,7,8,10 numbers) 
and was not possible at all for the remaining three (FK4, 
FK5 and FK 12; Table 3). FK8 had fewer than 1,000 map-
ping reads and the sex determination as XX is therefore 
not confident and should be considered to be uncertain. 
We caution that the sex determination using Rx is uncer-
tain for samples with fewer than 1,000 reads mapping to 
the human genome, and for fewer than 10,000 reads using 
Ry. Where both methods provided a sex estimation, they 
agreed in all but one case (FK1), where we accept the XY 
assignment with the Rx method due to the number of map-
ping reads falling below 10,000.

Fig. 1   Misincorporation plots 
for all samples with over 10 
quality-filtered mapped reads. 
Damage pattern shown for 
shotgun data (A) and mtDNA 
capture data (B). Left-hand 
side of plots shows C-to-T 
misincoporation frequency 
from the 5’-end of the read 
and right-hand side of the plots 
shows G-to-A misincorporation 
frequency from the 3’-end of 
the reads
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Table 3   Sex determination results

Sample Morphologi-
cal assign-
ment

Unique 
reads map-
ping to X

Unique 
reads map-
ping to Y

Skoglund et al 2013 method ( Ry) Mittnik et al 2016 method ( Rx)

Ry 95% Cl Assignment Rx 95% Cl Assignment

FK1
UCT385

Undeter-
mined

86 3 0.0337 −0.0038 to 
0.0712

consistent 
with XX 
but not XY 
(< 10,000 
reads)

0.4445 0.4147 to 
0.4744

XY

FK2 (femur)
UCT386

Male 0 0 Not assessable Not assessable

FK2 (tooth)
UCT386

Male 9706 917 0.0863 0.081–
0.0917

XY 0.4748 0.4526 to 
0.4970

XY

FK3
UCT387

Male 2 0 Not assessable 0.6227 0.4864 to 
0.7590

consistent 
with XY 
but not XX 
(< 1,000 
reads)

FK4
UCT388

Undeter-
mined/

juvenile

4 1 0.1789 −0.1506–
0.5506

not assigned Not assessable

FK5 (tooth)
UCT389

Undeter-
mined

8 2 0.1265 −0.0479–
0.4479

not assigned Not assessable

FK5 
(humerus)

UCT397

Undeter-
mined

1 0 Not assessable Not assessable

FK6 (tooth)
UCT390

Female 258 2 0.0054 −0.0029–
0.0183

consistent 
with XX 
but not XY 
(< 10,000 
reads)

0.9899 0.9253 to 
1.0545

XX

FK6
UCT391

Female 61 0 Not assessable 1.1084 1.0155 to 
1.2012

XX

FK7 (tibia)
UCT390

Undeter-
mined

33 1 0.029 −0.0274–
0.0862

not assigned 0.5495 0.4946 to 
0.6045

consistent 
with XY 
but not XX

FK8
UCT393

Undeter-
mined/

juvenile

27 0 Not assessable 1.1134 1.0245 to 
1.2022

XX (< 1,000 
reads)

FK9 (femur)
UCT394

Male 746 86 0.0106 0.0827–
0.1241

XY 0.4835 0.4574 to 
0.5096

XY

FK9 (tooth)
UCT394

Male 147 12 0.0209 0.0344–
0.1165

consistent 
with XY 
but not XX 
(< 10,000 
reads)

0.5115 0.4878 to 
0.5351

XY

FK10
UCT395

Female 99 1 0.0099 −0.0095–
0.0295

consistent 
with XX 
but not XY 
(< 10,000 
reads)

0.8526 0.7855 to 
0.9196

consistent 
with XX 
but not XY

FK11
UCT396

Female 832 5 0.0027 0.0008–
0.0112

XX 0.9268 0.8818 to 
0.9719

XX

FK12
UCT398

Undeter-
mined

4 0 Not assessable Not assessable

UCT437 
(femur)

Undeter-
mined/

juvenile

2817 20 0.0016 0.004–
0.0101

XX 0.9095 0.8648 to 
0.9543

XX
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Mitochondrial genome analysis

For 4 Faraoskop individuals (FK1, FK2, FK6, and FK8) and 
UCT 437 and 582 we could reconstruct the full mitochon-
drial genome with fewer than 4% of bases missing and no 
evidence of contamination (Table 4). For a further 2 individ-
uals (FK4 and FK5), partial mtDNA genomes with a missing 
rate of 23 to 33% could be recovered, providing sufficient 
coverage for haplogroup assignment and low contaminations 
estimates. FK9, for which we pooled the sequencing data 
from two skeletal samples, yielded enough coverage for a 
tentative haplogroup assignment (69% missingness), but not 
enough to assess contamination. DNA preservation was not 
sufficient to recover usable genomes for 5 individuals (FK3, 
FK7, FK10, FK11, FK12; Table 4). Haplogroup assignment 
showed the presence of haplogroups L0f, L0d1 and L0d2, all 
lineages of macro haplogroup L0, characteristically present 
in sub-Saharan African populations (Barbieri et al. 2013). 
The presence of diagnostic positions (especially outside the 
hypervariable region) is considered for assignment of down-
stream sub-haplogroups. Individual FK9 displays mutation 
719A associated with haplogroup L0d1 and 9111C associ-
ated with haplogroup L0d1b2b1. Individuals FK4 and FK5 
are assigned to L0d2 and possibly to sublineage L0d2a1 
according to the presence of further downstream mutations: 
individual FK4 harbours mutation 11854C for L0d2, and 
597 T, 8392A, 12234G and 12810G for L0d2a1; individual 
FK5 harbours mutations 7154G, 11854C, 15766G for L0d2 
and 597 T and 12810G for L0d2a1.

Further inspection of the mtDNA genomes aims at find-
ing possible relatedness between the target individuals and 
other living and ancient individuals included in our com-
parative dataset.

1)	 FK6, a female in her early 20 s, FK8, a child of 2–3 years 
of age, and FK4, a child of 6–7 years of age share the 
same haplogroup L0d2a1 and are possibly related. FK6 
has two additional private mutations at 15,061 and 
16,293. FK8 shares the same private mutation at 15,061. 
This individual has worse coverage and no read covering 

position 16,293 so we can’t say if the two individuals 
share fully identical haplotypes, but the one shared pri-
vate mutation is an indication that they might.

A third older male individual, FK5, could not be assigned 
to the same full haplogroup but shared the L0d2 sequence. 
The coverage for this individual is much worse, but 2 of 
the 6 defining mutations for L0d2a1 are there so that is 
the most likely haplogroup assignment. This individual 
is not covered at 15061 but is covered at 16293. The lat-
ter position does not carry the same private mutation as 
FK6 (evidence of absence) so we can exclude that these 
two individuals carry the identical haplotype. We can-
not exclude that FK8 and FK5 carry the same haplotype 
(absence of evidence at both positions), so there remains 
a distinct possibility that these three individuals share a 
common female ancestor.

2)	 FK2, an older male, provided a complete mitochondrial 
haplotype which has been assigned to the haplogroup 
L0d1b2b1b, indicating that his maternal ancestor was 
different from the other analysed individuals.

3)	 One individual, FK1, a male in his 20 s, has the entirely 
unrelated haplogroup L0f1, indicating that his maternal 
ancestor was also different from the other analysed indi-
viduals.

The two outgroup individuals, UCT 437 and 582, both 
aboriginal pastoralists, produced highly resolved genomic 
results, with the former assigned to a L0d1a1a haplotype, 
and the latter to a L0d2ala haplotype.

The newly generated mitochondrial genomes were 
compared with a panel of mitogenomes available for each 
macro haplogroup. Figure 2 shows the network of related-
ness between haplotypes, by displaying the closest link for 
L0d1 and L0d2, and all the available L0f mitogenomes. The 
L0f lineage of FK1 is rare, represented only sporadically 
in South Africa (Behar et al. 2008). It is more frequently 
found in Bantu-speaking groups in central and eastern Africa 

Table 3   (continued)

Sample Morphologi-
cal assign-
ment

Unique 
reads map-
ping to X

Unique 
reads map-
ping to Y

Skoglund et al 2013 method ( Ry) Mittnik et al 2016 method ( Rx)

Ry 95% Cl Assignment Rx 95% Cl Assignment

UCT437 
(tooth)

Undeter-
mined/

juvenile

510 2 0.0028 −0.0015–
0.0093

XX 1.0098 0.9640 to 
1.0555

XX

UCT582 
(femur)

Female 393 2 0.0036 −0.0019–
0.0121

XX 
(< 10,000 
reads)

0.9392 0.8940 to 
0.9845

XX

UCT582 
(tooth)

Female 3 0 Not assessable Not assessable
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(Rito et al. 2013). L0d1 is the most represented haplogroup 
in Southern African Khoesan groups (Barbieri et al. 2013, 
2014a). The Kastelbeerg individual UCT437 is located on 
a distinct branch, together with other individuals from the 
L0d1a1a sublineage, and loosely related to two Khoe and 
one San individuals. FK9 is represented as a merge of two 
low quality sample extractions (femur and tooth) which has 
resulted in an incomplete mitochondrial genome. It appears 
at the center of a starlike pattern possibly because of the lack 
of characteristic private mutations. Individual FK2 is located 
in this section of the network together with FK9 and other 
Khoe, San, Khomani and Bantu speakers. The network of 
relatedness for L0d2, reconstructed around our newly geno-
typed individuals, is tighter than the network reconstructed 
for L0d1. On the left of the figure, the L0d2 network is 
dominated by a single haplotype shared by a large number 
of Khoe and San individuals. Our Faraoskop individuals are 
located in a region of the network with a high presence of 
Khomani individuals, one or two mutations apart from each 
other. Voelvlei (UCT582) is also connected to this section 
of the network, yet a few mutations more distant from the 
Faraoskop individuals.

Discussion

Nearly all research on mitochondrial DNA in Southern 
Africa has been done making use of the extensive data set 
of DNA samples from living Bantu speaking agriculturalists, 
San hunter-gatherers and Khoekhoe pastoralists. Only very 
recently has mtDNA been extracted from ancient skeletal 
remains. Morris et al. (2014) published an L0d2c1c haplo-
type for a forager from St Helena Bay roughly contempora-
neous with the Faraoskop individuals. Ancient genetic data 
from seven individuals from the coastal region of KwaZulu-
Natal province in South Africa have also been examined 
(Schlebusch et al. 2017; Pfeiffer et al. 2019). Of these seven 
individuals, four are from archaeological contexts indicat-
ing prehistoric foragers and are directly comparable to the 
Faraoskop sample. Three of the KwaZulu-Natal individuals 
are also similar in time to Faraoskop – between 1900 and 
2300 years ago. When UCT 437 and 582, representing a 
Khoekhoe ‘outgroup’ in this study, are included, there are 
in total 7 ancient mitochondrial genomes available for com-
parison to the Faraoskop genomes (Table 4).

Fig. 2   Network showing phylo-
genetic connections between the 
haplotypes retrieved. Circle size 
is proportional to the number of 
individuals per haplotype. The 
newly analyzed data is high-
lighted with the ID numbers of 
the individuals. Only the closest 
sequences to individuals in 
L0d1 (Kimura's 2-parameters 
distance < 0.008) and L0d2 
(Kimura's 2-parameters dis-
tance < 0.005) are considered, to 
make the networks more read-
able. Individuals from published 
literature are associated to broad 
groups, highlighted by different 
shades of grey, but in colour 
online. The groups are based on 
geographic and/or ethnolinguis-
tic criteria
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L0d haplotypes are present in 12 of the 13 ancient skel-
etons in Table 5. The four individuals from KwaZulu-Natal 
are all L0d2 (Schlebusch et al. 2017). One shares a subdi-
vided lineage of L0d2c1 with the individual from St Helena 
Bay, and one other share a subdivided lineage of L0d2a1 
with UCT 582 and three individuals from Faraoskop. Of the 
ancient individuals, only UCT 437 shares an L0d1a haplo-
group with two of the Faraoskop individuals, but its subdi-
vided haplogroup of L0d1a1a is distinctive.

The L0 mitochondrial branch traces back its origin to 
the earliest split of the anatomically modern humans, which 
started to differentiate in further sub-branches around 
180,000 years ago (Rito et al. 2013, Chan et al. 2015, 2019, 
Soares et al. 2016). The geographic location of where the 
L0 first started to differentiate is speculated to have been in 
sub-Saharan Africa: either in southern Africa (Henn et al. 
2011; Rito et al. 2013; Soares et al. 2016), eastern Africa 
(Nielsen et al. 2017) or northern Botswana (Chan et al. 
2019). The great time depth for the L0 branch is supported 
by the fact that although only about 11% of modern Africans 
have this haplotype, the different sub-branches of L0 account 
for 50% of mtDNA diversity in all living humans (Rito et al. 
2013). The split between L0 and the L1-6 clades at around 
100,000 years ago is paralleled by the separation of Khoesan 
populations in the southern part of the continent from more 
northerly peoples (Rito et al. 2013), which is followed by 
the split between L0d and L0k lineages (Soares et al. 2016). 
Although Nielsen et al. (2017) continue to suggest an East 
African origin for both the L0 haplotype and descendant 
Khoesan populations, this is based on the earlier work by 

Tishkoff et al. (2007, 2009) which has been superseded by 
the more nuanced work of Rito et al. (2013) and Chan et al. 
(2015). Both these latter authors strongly support a south-
ern origin for the various subdivisions of the L0 haplotype 
and Rito et al. (2013) have gone so far to as to propose that 
when drought conditions around 115,000 years ago caused 
the reduction of the rainforest of central and eastern Africa, 
populations carrying the L0a, L0b and L0f variants were 
drawn north into East Africa leaving L0d and L0k popula-
tions confined to the southern coast refugia. This southern 
scenario was originally proposed on morphological data by 
Morris (2002). The more recent migration of Bantu speak-
ing agriculturalist could also have contributed by wiping out 
a pre-existing diversity of L0d lineages in other regions of 
sub-Saharan Africa (Schlebusch et al. 2013).

The L0d haplogroup clade is largely represented in south-
ern Africa and is assumed to have early roots going back at 
least 100,000 years (Schlebusch et al. 2013), perhaps around 
the same time as the appearance of the L1-6 clades. The sub-
division of L0d1 and L0d2 as separate clades was initially 
thought to have occurred somewhere between 40,000 and 
60,000 years ago (Schlebusch et al. 2013; Al-Hindi et al. 
2022). The L0d3b clade is found amongst the Sandawe of 
East Africa and this has been used to argue that L0d was 
present in the early history of L0 in East Africa with the 
Sandawe representing a remnant fragment of this original 
group. Although it is possible to hypothesise that there was 
an early divergence in East Africa, Rito et al. (2013) pro-
vide a different interpretation. Since L0d3a is entirely within 
southern Africa, they suggest that populations carrying 

Table 5   Comparison of mtDNA haplogroups for ancient individuals

Skeletal ID and UCT Number Age and Sex Mitochondrial
Haplotype

Source

L0d1 individuals
 UCT 437 (Kasteelberg) Juvenile female L0d1a1a This study
 FK 9—UCT 394 Adult male L0d1b2b1 This study
 FK 2—UCT 386 Older adult male L0d1b2b1b This study
L0d2 individuals
 DBN 3062 (Doonside) Adult female L0d2 Schlebusch et al. 2017
 FK 4—UCT 388 Juvenile male L0d2a1 This study
 FK 5—UCT 389/397 Older adult male L0d2 This study
 FK 6—UCT 390/391 Adult female L0d2a1 This study
 FK 8—UCT 393 Young child female L0d2a1 This study
 KZN Museum 2009/008 (Ballito Bay B) Adult male L0d2a1 Schlebusch et al. 2017
 UCT 582 (Voelvlei) Adult female L0d2a1a This study
 KZN Museum 2009/023 (Champaign Castle) Adult female L0d2a1a Schlebusch et al. 2017
 KZN Museum 2009/007 (Ballito Bay A) Juvenile L0d2c1 Schlebusch et al. 2017
 UCT 606 (St Helena Bay) Adult male L0d2c1c Morris et al. 2014
L0f individuals
 FK 1—UCT 385 Adult male L0f1 This study



	 Archaeological and Anthropological Sciences           (2025) 17:11    11   Page 12 of 15

L0d3a dispersed north into East Africa around 25,000 years 
ago and L0d3b was a divergence subsequent to that. This 
would suggest that click-languages were carried into East 
Africa relatively recently linked to a demographic post-gla-
cial expansion from the south, and idea originally proposed 
by Morris (2003).

Barbieri et al. (2014a, b) have suggested that the history 
of Khoesan populations is more complex than previously 
believed and that there are both geographic and temporal 
patterns in the mitochondrial history in which Rito et al.’s 
(2013) proposal would make sense. The northwestern Khoe-
san populations (Kx’a language family speakers) would have 
been separated from the southern and south-central Kala-
hari groups around 35,000 years ago (Pickrell et al. 2012), 
and that the presence of L0k lineages is specific to north-
ern regions (Barbieri et al. 2013). More recent exchanges 
between these groups would have started around 5000 years 
ago (Uren et al. 2016). Chan et al. (2015) have gone fur-
ther in suggesting that the emergence of the major lineages 
L0d1a and b, L0d2a, L0d2b and L0d2d (three of which 
are represented in our small aDNA sample) are part of the 
active evolution of these haplotypes at the time of the Last 
Glacial Maximum between 21,000 and 17,000 years ago. 
Most lineages show a burst of branching events starting at 
25,000 years ago, after the time of climatic deterioration and 
aridification of the Central Kalahari area. Climatic changes 
would have pushed populations in search of more suitable 
environments and brought further lineage differentiation 
(Schlebusch et al. 2013; Barbieri et al. 2013). Some sub-lin-
eages, such as L0d2a, on the other hand, had a more recent 
significant expansion over the last 8,000 years. This is rein-
forced by Rito et al. (2013) who found that L0d underwent a 
demographic increase between 13,000 and 16,000 years ago. 
The idea of restricted population movement with subsequent 
genome diversification during the Last Glacial Maximum in 
the transKalahari region has been supported by Wang et al. 
(2020), Lipson et al. (2022) and Al-Hindi et al. (2022). This 
has echoed the explanation for distinct Khoesan morphology 
proposed by Morris (2002).

Very little has been written about the L0f clade except to 
note that it is a deep basal branch divergence that is presently 
centred in Uganda and Tanzania (Rito et al. 2013) and has 
been identified in an ancient individual at Fingura in Malawi 
(Lipson et al. 2022). The presence of an L0f1 individual 
at Faraoskop is therefore certainly of interest and at face 
value raises the question of how this haplotype is present 
amongst a group of L0d individuals in South Africa. Rito 
et al. (2013) have looked at the modern distribution of L0f1 
and note that it is found in some southern African Bantu 
speakers and when found in East Africa it is at the southern 
edge of the range for the haplotype. They suggest that L0f1 
might actually have had a southern origin but has been lost 
in Khoesan populations due to drift. If this is correct, then 

the presence of L0f1 is a remnant of the earlier distribution 
that was still present in the far south around 2000 years ago 
but has subsequently been lost.

This discussion of L0 haplotype variation in southern 
Africa suggests that any simple interpretation of a sequen-
tial development of haplogroups is unlikely to be correct and 
that the genetic history of Khoesan populations is not only 
deep rooted and fundamental to understanding the origin 
of modern humans but is also complex and needs to be bet-
ter understood in the local context of southern Africa. The 
presence of different L0 lineages in ancient archaeological 
sites, both associated to foragers and pastoralists, signals 
the ubiquitous presence of this branch in the early history 
of Khoe and San groups. The Faraoskop individuals in 
Table 5 demonstrate at least three female lines of mitochon-
drial inheritance in one group. Such female lineage diversity 
is not surprising because female exogamy is likely to have 
been practiced in small foraging groups to avoid inbreeding, 
but Lipson et al. (2022) suggest that such gene flow might 
be even more complex. In that study, genome analysis per-
formed on the FK2 and the St Helena Bay skeleton indicates 
that these two contemporaneous individuals were each the 
offspring of consanguineous unions at a first cousin level, 
according to homozygosity estimations. This might suggest 
that some groups may have been endogamous at least some 
of the time.

Conclusion

Substantial archaeological evidence indicates that the 12 
individuals excavated from the Rock Shelter at Faraoskop 
were buried there in a single event some 2000 years ago. The 
proximity and overlap of the bodies, the close correlation of 
multiple radiocarbon dates, combined with reported signs of 
violent death (Dlamini and Morris 2024) are all supportive 
of this interpretation.

The three L0 mitochondrial haplotypes from the six Fara-
oskop individuals (L0d1, L0d2, and L0f) suggest a diversity 
of maternal lineages compatible with the diversity of past 
and present time Khoesan groups. Given the simultaneity 
of the burial, it is tempting to suggest an overall relatedness 
for the individuals examined, at least for those with similar 
maternal haplotypes. Whole-genome data could elucidate 
potential relatedness beside the maternal lineages examined.

The comparison of the mitochondrial haplotypes from 
Faraoskop, the two individuals in the pastoralist outgroup 
and other published individuals suggests that the overall 
mitochondrial diversity in ancient South Africa is substan-
tial. With exception of the single L0f individual from Fara-
oskop, the other 12 cases of ancient mtDNA (Table 5) are all 
L0d variations. Similar haplotypes are present on both the 
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east and west coast of South Africa and within forager and 
pastoralist groups at the time of Faraoskop.

Future investigation of the nuclear genomes of these indi-
viduals, using optimized targeted enrichment approaches (Fu 
et al. 2013; Haak et al. 2015; Rohland et al. 2022), will ena-
ble deeper insights into the relationships among the studied 
individuals and broader connections in the genetic landscape 
of ancient Africa.

What is most important for understanding the genetic 
history of Khoesan peoples is that the analysis of so many 
individuals from one site provides a more focused picture 
than the published reports of single individuals elsewhere. 
If the Faraoskop sample is indeed the remains of a single 
mortality event, then this is a first window into the genetic 
dynamics of a single band of LSA foragers.
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