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a b s t r a c t

This paper provides a preliminary chronostratigraphic and palaeoenvironmental framework for the Late
Pleistocene archaeological sequence at Melikane Rockshelter in mountainous eastern Lesotho. Renewed
excavations at Melikane form part of a larger project investigating marginal landscape use by Late Pleis-
tocene foragers in southern Africa. Geoarchaeological work undertaken at the site supports in-field
observations that Melikane experienced regular, often intensive, input of groundwater via fissures in the
shelter’s rear wall. This strong hydrogeological connection resulted in episodic disturbances of the sedi-
mentary sequence, exacerbated by other processes such as bioturbation. Despite this taphonomic
complexity, a robust chronology for Melikane has been developed, based on tightly cross-correlated
accelerator mass spectrometry (AMS) 14C with acid-base-wet oxidation stepped-combustion (ABOx-SC)
pretreatment and single-grain optically stimulated luminescence (OSL) dating. The results show that
human occupation of Melikane was strongly pulsed, with episodes of Late Pleistocene occupation
at w80, w60, w50, w46e38 and w24 ka. At least three additional occupational pulses occurred in the
Holocene at w9 ka, w3 ka and in the second millennium AD, but these are dealt with only briefly in this
paper. Implications of the Late Pleistocene pulsing for the colonisation of high elevations by early modern
humans in Africa ahead of dispersals into challenging landscapes beyond the continent are discussed.

� 2011 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

Research on Late PleistoceneAfricans is broadening in scope from
an emphasis on modern human cognitive origins to more compre-
hensive reconstructions of human lifeways. Recent calls to abandon
behavioural modernity as an unhelpful concept emphasise its
analytical imprecision and the mounting evidence that even the
‘smoking gun’ ofmodern humanbehavioure extrasomatic symbolic
storage e can transcend biological boundaries (e.g. McBrearty and
Brooks, 2000; Deacon and Wurz, 2001; Barham, 2002, 2007;
Gamble, 2007; McBrearty, 2007; Zilhão, 2007; Zilhão et al., 2010;
Shea, 2011). The search is made more elusive by the global rarity of
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artefacts with unambiguous symbolic content before the burst of
decoration and artwork in cold Upper Palaeolithic Eurasia (Wobst,
1990; Henshilwood and Marean, 2003). As a more productive
alternative, Shea (2011) promotes investigating human behavioural
variability and the adaptive strategies that underpinned it.

In Late Pleistocene Africa, as elsewhere in the Palaeolithic world,
one of the most prominent sources of human variability was the
continent’s great ecological diversity (Barham and Mitchell, 2008).
This is particularly high in southern Africa, a region that has
produced some of the most intriguing glimpses of Middle Stone
Age (MSA) symbolic expression and technological complexity
(d’Errico et al., 2001, 2005, 2008; Henshilwood et al., 2001a, 2002,
2009; Parkington et al., 2005; Lombard, 2005a,b, 2009, 2011;
Marean et al., 2007; Backwell et al., 2008; Jacobs et al., 2008a;
Mackay and Welz, 2008; Brown et al., 2009; Jacobs and Roberts,
2009; Villa et al., 2009, 2010; Wadley et al., 2009; Jerardino and
Marean, 2010; Lombard and Phillipson, 2010; Lombard et al.,
2010; Texier et al., 2010). Partitioned by eleven terrestrial biomes
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(Rutherford and Westfall, 1994) that fluctuated dramatically
through the Late Pleistocene, the subcontinent’s complex bioge-
ography would have demanded a great deal of adaptive flexibility
from MSA and early Later Stone Age (LSA) populations.

However, despite this variability, most research on Late Pleis-
tocene lifeways in southern Africa has focused on a single ecozone:
the Fynbos Biome of the southern and western Cape coasts. One of
only two biomes endemic to South Africa, this highly idiosyncratic
environment is characterised by tremendous biodiversity (Cowling,
1992; Cowling and Proches, 2005). Further, a combination of ocean
current upwelling and coastal geomorphology make southern
Africa’s shorelines some of the most productive in the world
(Branch et al., 1992), and there is abundant evidence that MSA
populations made good use of them (e.g. Inskeep, 1972; Volman,
1978; Schweitzer, 1979; Brink and Deacon, 1982; Singer and
Wymer, 1982; Thackeray, 1988; Deacon, 1989, 1995; Klein et al.,
1999, 2004; Henshilwood et al., 2001b; Parkington, 2003, 2006,
2010; von den Driesch, 2004; Marean et al., 2007; Avery et al.,
2008; Jerardino and Marean, 2010; Marean, 2010, 2011; Sealy and
Galimberti, 2011). The resource productivity and stability
provided by Cape ecology almost certainly influenced Pleistocene
forager groups who exploited them, from demographic processes
to socioeconomic organisation (Deacon, 1989; Parkington, 2010;
Marean, 2011). Models of MSA lifeways derived from sites in the
Cape are, therefore, unlikely to be appropriate for reconstructing
Pleistocene human adaptations in other locales (Mitchell, 2008).

Fortunately, intensified research at a number of deep sequences
outside the Cape is beginning to fill out the picture (e.g. Wadley,
1996, 1997, 2001, 2004a, 2006, 2007; Clark, 1997a,b, 1999;
Robbins et al., 2000a,b; Grün and Beaumont, 2001; Bird et al., 2003;
Mohapi, 2007; Soriano et al., 2007; Backwell et al., 2008; Jacobs and
Roberts, 2008; Wadley and Mohapi, 2008; Jacobs et al., 2008a,b;
Lombard and Phillipson, 2010; Lombard et al., 2010; Vogelsang
et al., 2010). This paper continues in this vein by exploring Late
Pleistocene human adaptations to southern African environments
with substantially lower ecological productivity and predictability
than that afforded in the Cape coastal forelands, or what Gamble
(1993) has termed ‘hard habitats’. These efforts form the core of
a project entitled, Adaptations to Marginal Environments in the
Middle Stone Age (or AMEMSA), which targets two regions with
very different ecological resource structures: the inland, high-
altitude grasslands of eastern Lesotho and the coastal desert of
Namaqualand in South Africa’s Northern Cape Province. In both
regions, research involves performing targeted excavations of
rockshelters with deep Upper Pleistocene archaeological
sequences. Attempts are underway to reconstruct landscape use by
Late Pleistocene foragers by integrating archaeological and palae-
oenvironmental data from these excavated sequences with data
from the open-air lithic scatters (Lesotho and Namaqualand) and
shell middens (Namaqualand) that abound in the surrounding
areas. This paper deals exclusively with the Lesotho component of
the project; preliminary results from Namaqualand are presented
in Dewar and Stewart (this volume).

The Lesotho component centres on re-excavations at the large
sandstone rockshelters ofMelikane and Sehonghong. Both siteswere
initially excavated in the early 1970s by Patrick Carter (1976, 1978;
Carter and Vogel, 1974; Carter et al., 1988) as part of his pioneering
archaeological reconnaissance of Lesotho. Sehonghong’s LSA levels
were revisited by Peter Mitchell (1993, 1994, 1995, 1996a,b,c;
Mitchell and Vogel, 1994; Mitchell and Plug, 2008; Plug andMitchell
2008). Melikane, by contrast, received only cursory treatment in
Carter’s (1978) doctoral work and in few publications since. These
sites are particularly valuable because substantial portions of their
MSA sequences sit stratigraphically above the Howiesons Poort (HP)
and include rare MSA/LSA transitional industries. They thus offer
excellent opportunities to explore the trajectory of change from the
widespread burst of innovation seen in the HP, through the hetero-
geneous assemblages ofMarine Isotope Stage (MIS) 3, to the first full-
blown microlithic industries of early MIS 2. Their inland, high-
altitude setting offers much scope for drawing interesting compari-
sons with sites in more equable environments to explore MSA
adaptive diversity. This has important implications both for southern
African and global prehistory because these sequences span the
period when modern humans dispersed from Africa to successfully
colonise a range of similarly difficult environments, from Papua New
Guinea’s highlands (Fairbairn et al., 2006; Summerhayes et al., 2010)
to Borneo’s rainforests (Barker et al., 2007) to Australia’s deserts
(O’Connell and Allen, 2004). Investigations in highland Lesotho may
thus help resolve when and how our species developed the adaptive
plasticity (cf. Barker et al., 2007) necessary to inhabit such
ecosystems.

This paper establishes a chronostratigraphic framework for
Melikane by presenting the preliminary results of radiometric dating
programmes and a suite of geoarchaeological analyses. The radio-
metric results include cross-correlated accelerator mass spectrom-
etry (AMS) 14C and single-grain optically stimulated luminescence
(OSL) ages. By employing rigorous laboratory protocols, including
OSL measurements on individual quartz grains (Jacobs et al., 2006a,
b) and acid-base-wet oxidation stepped-combustion (ABOx-SC)
pretreatment for 14C samples in excess of w25 ka (Bird et al., 1999;
Brock et al., 2010), a robust preliminary chronology for Melikane is
constructed despite taphonomic obstacles. A multi-parameter geo-
archaeological approach is employed using sedimentological,
geochemical, mineral magnetic and micromorphological analyses.
The use of such an approach affords a deeper understanding of the
often complex, polygenetic syn- and post-depositional processes
that have acted to form the site stratigraphy. Integrating these geo-
archaeological techniques provides a powerful tool with which to
interrogate the Melikane sequence and reconstruct Late Pleistocene
environmental and behavioural processes, well illustrated with
recent work at other southern African rockshelters (Goldberg, 2000;
Goldberg et al., 2009; Karkanas and Goldberg, 2010).

2. Geographic, climatic and ecological context

Melikane Rockshelter (29� 570S; 28� 440 E) is located in the
Qacha’s Nek District of eastern Lesotho (Fig. 1). The shelter faces
northeast and is situated on the south side of the east-west flowing
Melikane River, w70 m above the valley floor at an elevation of
1860 m a.s.l. (Fig. 2). The Melikane River is a tributary of the Senqu
(Orange), which drains the western side of the uKhahlamba-
Drakensberg escarpment, and the rockshelter is situated w4.5 km
upstream from the Senqu/Melikane confluence. Highland Lesotho
is a mountainous plateau bounded on all sides by prominent scarps
except for an opening to the southwest through which flows the
Senqu River (Moore and Blenkinsop, 2006). The highest peaks
(>3000 m) are concentrated along the plateau immediately behind
the uKhahlamba-Drakensberg escarpment, which forms the border
with KwaZulu-Natal, South Africa. At 3482 m, Thabana Ntlenyana
near the Sani Pass is Africa’s highest summit south of Mount Kili-
manjaro (Tanzania). The mountain ranges to the west of the
uKhahlamba-Drakensberg escarpment (i.e. entirely within
Lesotho) are termed the Maloti.

The Drakensberg-Maloti mountain complex is composed of
massive (�1400 m thick) amygdaloidal flood basalts of Lower
Jurassic age above w1900 m a.s.l. capping a series of Karoo sedi-
ments e the Beaufort and Stormberg Groups (Duncan and Marsh,
2006; Schlüter, 2006). The latter consists of three sedimentary
strata: the Molteno, Elliot and Clarens Formations (Schlüter, 2006).
The Clarens Formation (or Cave Sandstones) directly underlies the



Fig. 2. Melikane: a north-facing rockshelter situated w70 m above the Melikane River.

Fig. 1. Map of Lesotho with locations of Melikane and Sehonghong Rockshelters.
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basalts and outcrop as cliffs up to 150 m high within which
hundreds of rockshelters and overhangs, including Melikane and
Sehonghong, have formed due to the differential erosion of inter-
stratified sandstone and marl beds (Visser, 1989; Donahue and
Adovasio, 1990). Intense fluvial erosion and cryoclastic processes
have created the rugged, heavily dissected and deeply incised
topography so characteristic of the Lesotho Highlands.

Lesotho lies in southern Africa’s summer rainfall zone, receiving
over 75% of its rainfall between October and March. The highlands
experience cool to warm summers with daily thunderstorms and
cold, dry winters often with frost. Rainfall and temperatures vary
tremendously with altitude and locality. In general, precipitation in
Lesotho decreases from north to south and from east to west
because of the pronounced orographic rain-shadow cast by the
uKhahlamba-Drakensberg escarpment. Thus while estimates of
mean annual precipitation for the escarpment typically exceed
1500 mm (Killick, 1963; Schulze, 1979; but see Nel and Sumner,
2008), a mean of only 578 mm has been recorded for Sehong-
hong, which is 24 km north of Melikane and at a similar altitude
(w1870m) (Bawden and Carroll,1968). Rainfall in the highlands can
also vary substantially year to year (Jacot Guillarmod, 1971). Snow
can fall anytime of year, but especially betweenMay and September
after which it may persist on southern slopes for up to six months.
Frost occurs w150 days a year (Harper, 1969; Grab, 1997).

Temperature data are less precise, but again there are strong
correlations with altitude. The Senqu River Valley and its tributaries
are substantially warmer than the alpine zone, with mean annual
temperatures ofw13 �C (Mucina and Rutherford, 2006) in contrast
to w6 �C for the latter (Grab, 1997). The valleys can have marked
temperature inversions (Fuggle, 1971; Mitchell, 1992), however,
and diurnal temperature fluctuations are acute (van Zinderen
Bakker and Werger, 1974). Vegetation in highland Lesotho is also
strongly differentiated by altitude. Mucina and Rutherford (2006)
distinguish three main units: Senqu Montane Shrubland (w1600
to 1900 m), Lesotho Highland Basalt Grassland (w1900 to 2900 m)
and Drakensberg Afroalpine Heathland (>2900 m).

3. Melikane Rockshelter: previous research,
geomorphological setting and archaeological context

3.1. Previous research

Carter (1976, 1978; Carter and Vogel, 1974) originally excavated
Melikane in 1974, extracting a total of 36m3 of deposit from a trench
12 m2 in area. Bedrock was reached at a depth of w2.6 m. He exca-
vated in arbitrary 10 cm spits, crosscutting the site’s natural stratig-
raphy and amalgamating distinct depositional events. Seven broad
stratigraphic unitsweredistinguished,whichCarterdesignated, from
surface to bedrock, Layers 1e7. Although never fully analysed, Meli-
kane’s rich MSA lithic assemblage was drawn upon by Carter (1978)
to augment his interpretations of assemblages from other sites, with
particular importance given to the conspicuous HP industry
encountered in his Layer 6. A suite of 12 charcoal samples used for
conventional 14C dating from Carter’s 1974 excavation resulted in
ages ranging from the late Holocene (1440 � 40 BP) to mid-MIS 3
(>42.3 ka) (Carter, 1978; Vogel et al., 1986), though the earliest ages
were recognised as infinite. Carter’s ages demonstrated that the bulk
of Melikane’s deposits date to the Late Pleistocene, with ages of
w20 ka obtained only 60 cm from the surface.

3.2. Introduction to the sedimentary sequence

The layers comprising Melikane’sw2.6 m stratigraphic sequence
exhibit striking contrasts in colour and composition. This heteroge-
neity appears to be chiefly governed bymarked variations in both the
geomorphological mechanisms that delivered sediment to the rock-
shelter and the intensity of human activity within it. Of particular
note is the contrast between very coarse units containing tabular
sandstone, and fine-grained, charcoal-rich silt and clay layers.

Many of the physical characteristics of the sedimentary sequence
are diagnostic of chemical and physical modification. The sediments
are commonly mottled with diffuse interfaces often recorded
between adjacent lithological units. This is consistent with the
presence of two fissures in the rear shelter wall that currently allow
water ingress during peak precipitation events (Fig. 3). Melikane
Rockshelter is thus connected to a very active hydrogeological
system. Groundwater percolating through the sediments can
dissolve highly mobile minerals such as calcium carbonate (CaCO3).
These diagenetic processes can often dominate in cave or rockshelter
environments, causing the blurring of interfaces and the loss, or
partial loss, of elements of the stratigraphy (e.g. dissolution of CaCo3-
rich ash). Also consistent with the periodic ingress of water is the
presence in the stratigraphic sequence of rounded to sub-rounded
gravels. The plateau area immediately above the shelter may have
served as a source of much of this coarse, allogenic material, which
was sporadically delivered to the site through the larger of the two
fissures at the rear of the shelter (Fig. 3).

Individual stratigraphic contexts observed at Melikane can be
differentiated into 30 layers (Fig. 4). All of these layers contain
cultural material, analyses of which are in progress. The lowermost
layers (30e27) contain very large blade and flake industries made
predominantly on hornfels and dolerite. These earliest assemblages
appear broadly similar to MSA 2a (Volman, 1984) forms at Klasies
River (Singer and Wymer, 1982; Wurz, 2002) and other sites. Layer
26 witnesses a major shift in lithic raw materials from coarse- to
fine-grained cryptocrystalline silicates (CCS, locally known as
opalines), which dominate all overlying (MSA and LSA) assem-
blages. Layers 25e22 contain HP industries in which, unlike many
other HP occurrences in southern Africa, bladelets overwhelmingly
dominate and backed segments are rare. Unretouched and unifacial
points increase markedly in Layers 21 and 20, probably signalling
a late MSA-like industry broadly similar to that at Sibudu Cave in
KwaZulu-Natal (Wadley and Jacobs, 2004, 2006). Blades and bla-
delets again dominate in Layers 19e11, with rarer occurrences of
Levallois flakes and points and various scrapers. In the upper MSA
levels (Layers 10e6) the lithics are extremely informal; flakes,
chunky debris (shatter) and irregular cores dominate over other
forms, with rare blades and bladelets also present. Layers 5e3
contain extremely informal lithic industries with abundant bipolar
cores and pièces esquillées that are likely transitional between the
MSA and LSA. The lower spits of Layer 2 contain abundant micro-
liths that may represent a terminal Pleistocene Robberg occurrence.
Finally, the uppermost layers (upper 2, and 1) contain an informal
post-Classic Wilton stone tool industry consisting of a variety of
scraper forms and notched pieces, well-preserved bone food
remains, ostrich eggshell beads, pottery, ochre fragments, rare
grindstones and, in Layer 1, historic artefacts.

4. Materials and methods

4.1. Excavation

Carter's trench atMelikanewas re-opened in 2007, and a suite of
OSL samples was taken to improve and extend the site’s chronology
(Jacobs and Roberts, 2008; Jacobs et al., 2008a). Encouraged by the
results (discussed below), re-excavation at Melikane was initiated
the following year using a single context recording system and
a multi-disciplinary approach. The new 2 � 3 m excavation was
positioned 1 m east of Carter’s trench (Fig. 5) in order to use his
exposed sections as reference guides. Aligning the grid to Carter’s,



Fig. 4. West section wall of AMEMSA trench. Facies refers to sedimentary characteristics and not to temporal classification.

Fig. 3. Position of AMEMSA and Carter trenches relative to large fissures in Melikane Rockshelter’s rear wall. Note: Carter backfill only partially removed.
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his coordinate system was adopted. A second excavation season in
April 2009 reached bedrock.

Excavation proceeded stratigraphically, separating contexts
according to colour, texture and inclusions. If a stratigraphic unit
exceeded 5 cm in thickness, which occurred frequently at Melikane,
arbitrary 5 cm spits were used until encountering a new stratum.
Sediments from the upper levels were sieved using 1.5 mm mesh,
until the high moisture content necessitated a switch to 3 mm
mesh. All materials recovered were sorted on-site, with bucket
flotation used for targeted recovery of botanical remains from
deposits with substantial organic components.
4.2. Geoarchaeology

4.2.1. Field logging and sampling
A vertical column (Fig. 4) of bulk sediment samples (n¼ 22) was

taken at 10 cm intervals through the sequence for preliminary
sedimentological analyses. A series of 13 intact sediment blocks for
micromorphological analyses were also removed, 11 from Carter’s
eastern and northern profiles (squares Q5 and Q6) and two from
AMEMSA’s western profile (square T5). The blocks were removed in
modified 150� 50� 80mm aluminium foil tins, wrapped in plastic
film and sealed for transport.

4.2.2. Particle size analysis, loss-on-ignition and magnetic
susceptibility

Particle size data were ascertained on bulk samples of the
<2 mm (0.04e2000 mm) sediment fraction using a Malvern Mas-
tersizer 2000 laser diffraction analyser fittedwith a hydro-dispersal
unit. Samples were soaked in a solution of 5% sodium hexameta-
phosphate dissolved in de-ionised water for 8 h to defloculate any
very fine-grained aggregates. Samples were measured three times,
and data averaged before analysis.

Loss-on-ignition analyses were carried out in accordance with
Heiri et al. (2001). Samples of <2 mm were first oven dried at
105 �C, followed by a first combustion at 550 �C to remove organic
carbon then a second burn at 950 �C to drive off carbonates. Final
calculations were undertaken as a percent of the dry weight.

Mass specific magnetic susceptibility (clf) measurements were
carried out using a Bartington MS2 system, after procedures out-
lined in Dearing (1999). Measurements were taken at low
drip line

Fig. 5. Plan view of Melikane Rockshelter with excavation grid and pos
frequency (0.46 kHz) e the standard measure of the concentration
of magnetic minerals in a sample. To calculate the dimensionless
magnetic susceptibility value (k), the average reading of two
control measurements was subtracted from the averaged
measurement of the sample. In order to calculate mass specific
magnetic susceptibility (clf) the value (k) was divided by the mass
of the sample (g).

4.2.3. Micromorphological analysis
Samples were taken from three of the four main facies types at

Melikane e Facies A, C and D e to allow their preliminary charac-
terisation. Facies describe sediments with similar modes of depo-
sition (see below). It was not possible to sample Facies B since this
consists of large angular roof-fall within an extremely loose sedi-
ment matrix. Three intact blocks (samples <101>, <117> and
<136>) covering layers considered representative of Facies A and D
in the field were removed from the eastern and northern profiles of
Carter’s trench. A fourth sample (<121>) was removed from Facies
C (Layer 8) in the AMEMSA trench.

The blocks were air-dried before impregnation with crystic
polymer resin under vacuum, and four 7 � 13 mm slides prepared
to a thickness of w30 mm by J. Boreham at Earthslides. Preliminary
micromorphological analysis was undertaken using a Leica Wild
M40 wide-view microscope at magnifications of x4 to x35, and
a Leitz Laborlux 12 Pol microscope for magnifications of between
x40 and x400, under plane polarised light (PPL), crossed polarised
light (XPL) and oblique incident light (OIL). Standard micromor-
phological description was undertaken following Courty et al.
(1989) and Stoops (2003).
4.3. Dating

4.3.1. AMS 14C dating
Six charcoal samples were carefully collected from Layers 1e5

and 45 samples from Layers 6e20 of the AMEMSA trench. Layer 20
was the deepest level sampled because an OSL sample obtained by
Jacobs et al. (2008a) from the equivalent level in Carter’s trench
(Carter’s upper Layer 6) produced an age ofw50 ka, indicating that
Layer 20 and the underlying strata are beyond the range of 14C
dating. It is well known that standard chemical pretreatment of
charcoal samples may not remove all contaminants and, in
AMEMSA 
excavation

Carter 
excavation

ST R Q P

5
6
7
8
9

N0 5 10 m

itions of the 2008/2009 AMEMSA trench and Carter’s 1974 trench.
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particular, younger contaminants in older samples with low 14C
activity ratios may give rise to artificially young 14C ages (Aitken,
1990). A systematic study by Wheeler (2010) showed that
contamination of charcoal samples from Melikane is problematic
and that rigorous chemical pretreatment is required to obtain
accurate ages, especially for older samples. Only 14 of the 45
samples from Layers 6e20 survived the standard acid-base-acid
(ABA) pretreatment chemistry, indicating that the charcoal con-
tained little elemental carbon. Even fewer samples would likely
survive the more aggressive ABOx-SC pretreatment (Bird et al.,
1999; Brock et al., 2010).

As a result, standard ABA pretreatment was used for samples
thought to be younger thanw25 ka, and ABOx-SC pretreatment for
the remaining, older samples. All sample pretreatments and anal-
yses were conducted at the Oxford Radiocarbon Accelerator Unit
(ORAU), using the protocols described by Brock et al. (2010).
Bayesian modelling was applied to the ABOx-SC 14C ages, which
were calibrated using the IntCal09 data set and OxCal 4.1 (Bronk
Ramsey, 2009; Reimer et al., 2009). A correction of 56 � 24 years
was applied to account for the 14C reservoir offset between the
northern and southern hemispheres (McCormac et al., 2004), and
four OSL ages (samples MLK4, MLK5, MLK6 and MLK8) were
included in the Bayesian model to further constrain the 14C chro-
nology. The 14C ages reported previously by Carter (1978) and Vogel
et al. (1986) were calibrated to facilitate comparison with the new
chronology, but they were not included in the Bayesian model.

4.3.2. Single-grain OSL dating
Ages obtained by OSL dating represent estimates of the time

elapsed since the dated mineral grains were last exposed to
sunlight. By measuring grains individually, those with aberrant
OSL properties can be identified and discarded from the data set,
and grains with bright and well-behaved signals can be selected
for determination of the burial dose (the so-called ‘equivalent
dose’, De). The latter is divided by the environmental dose rate to
calculate the OSL age (Jacobs and Roberts, 2007). With single-
grain analysis, it is also possible to assess the adequacy of pre-
depositional exposure of sediment grains to sunlight and to
directly check the stratigraphic integrity of archaeological deposits
for possible effects of post-depositional disturbance (e.g. mixing
by anthropogenic or other processes) (Roberts et al., 1998; Jacobs
et al., 2006a, 2008a; David et al., 2007; Jacobs and Roberts, 2007;
Jacobs, 2010; Lombard et al., 2010). Owing to the inherent benefits
of single-grain analysis, this approach was used to construct an
OSL-based chronology for the archaeological sequence at
Melikane.

Ten samples were collected from the eastern wall of square Q6
in Carter’s trench for single-grain OSL dating (the sample locations
and associations with Carter’s and the AMEMSA Layers are shown
in Fig. 10). Together, the OSL samples span the entire archaeological
sequence. The section wall was cleaned to remove any grains
exposed to sunlight during excavation, and sediments for OSL
dating were collected in dim red torch-light beneath an opaque
(black) tarpaulin, using a trowel to scrape material from the unit of
interest into black plastic bags. Additional samples of sediment
were also collected at each location for water content determina-
tion and laboratory measurements of radioactivity. Field
measurements of the dose rate due to gamma rays were made
using a portable gamma-ray spectrometer, which takes account of
any spatial heterogeneity in the gamma radiation field around each
sample.

The sample preparation procedures, measurement conditions
and analytical methods used to determine the De values for indi-
vidual grains (180e212 mm in diameter) of Melikane quartz, and the
corresponding environmental dose rates, have been established
previously and described by Jacobs et al. (2008a). The same
procedures were used in this study to obtain OSL ages for nine of
the ten samples, but not enough quartz grains were extracted from
sample MLK7 for measurement and analysis.

5. Results

5.1. Geoarchaeology of the Melikane sedimentary sequence

Detailed sediment logging in the field showed that the
sequence, though highly variable, could be divided into four main
facies describing sediments with similar modes of deposition. The
division of the sequence into facies facilitates interpretation and
allows for broad-scale changes in sediment history to be traced
throughout the profile. These facies may relate to both natural
environmental change (i.e. climate-driven) and anthropogenic
environmental change (i.e. relating to human activity at the site).
The results of the sedimentology are presented in Fig. 6.

5.1.1. Facies A
This facies is represented by four samples from Layers 4 and 10.

Matrix colour (Munsell notation) varies from 10YR 6/6 brownish
yellow to 10YR 5/4 yellowish brown. Coarsematerial dominates the
facies, with rounded to sub-rounded, medium to large sandstone
clasts (and occasional cobble-sized material) held in a silty sand
matrix. The clasts are commonly imbricated in a northerly direc-
tion, towards the mouth of the shelter and away from the rear
wall. The grain size peaks are the highest recorded in the
profile. Although the coarse component exhibits a wide size range,
there is a tendency towards moderate sorting in the medium gravel
range. The organic carbon and carbonate content is consistently
low, with three samples generating the lowest values for these two
parameters. Magnetic susceptibility (clf) values for this facies are
also low.

Micromorphological analyses (samples <101> and <117>)
reveal that the sediment matrix consists of very fine to medium
quartz sand (60e300 mm) and yellow fine silt. The quartz sand is
very similar in size and shape (roundness) to the sand that forms
the gravel sandstone clasts (2e40 mm) and the host bedrock from
which they derive (Fig. 7a). The rare, sand-sized rounded dolerite
clasts are also potential products of bedrock weathering as dolerite
dykes outcrop locally within the sandstones. Anthropogenic
inclusions, such as sub-rounded fragments of burnt bone (Fig. 7b)
and blocky charcoal (somewith preserved cell structure), are found
in variable abundance.

5.1.2. Facies B
Facies B (Layers 9 and 12) is a coarse, gravel-dominated unit of

horizontally-aligned, tabular sandstone slabs and gravel clasts. The
colour varies from 10YR 2/2 very dark brown to 7.5YR 5/6 strong
brown. The organic carbon content is relatively high, probably
through contamination from the overlying charcoal-rich layers
(Layers 8 and 11). A subtle peak in clf may reflect reworking of
burnt material washed down into the interstitial spaces between
the coarse fraction.

Facies B was not sampled for micromorphological analysis
owing to the coarse nature of the material.

5.1.3. Facies C
Facies C is divided into two sub-facies: C1 and C2. The former is

characterised by dark (occasionally humic), charcoal-rich, sandy
silts ranging in colour from 7.5YR 2.5/1 black to 10YR 4/2 dark
greyish brown. Layers 15 and 16 are very mottled with a strong
brown (7.5YR 5/6) colouration. Tabular sandstone cobbles, fine
to medium sandstone clasts, and anthropogenic inclusions



Fig. 7. Microphotos from Facies A and D. a) Sub-rounded limestone clasts (Ss) typical of Facies A showing similarity between quartz in clasts and in fine matrix. Note bone fragment
(B). Sample <117> (XPL). b) Fragments of bone and lithics in Facies A. <117> (PPL). c) Clay coating in Facies D, showing shift between dusty clay (D) and limpid clay (L). <101> (PPL).
d) Calcitic hypocoatings to voids (H) overlying limpid clay coatings (L). <101> (XPL).
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Fig. 6. Results of the particle size, loss-on-ignition and magnetic susceptibility analyses of the vertical sediment column taken from AMEMSA trench square S6.
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(e.g. lithics) are commonly encountered. Grain size data reveal
significant intra-facies variation. Layer 19, for example, has a high
sand content (>70%), whilst Layer 15 has one of the lowest
frequencies of sand-sized material (w46%). There is a strong
tendency towards high values of organic carbon, exceeded only by
Facies D at the top of the profile. Similarly, carbonate values are the
highest obtained throughout the sampled section. Magnetic
susceptibility values for the facies range from moderate to high.

C2 is a thick layer of burnt material (Layer 8) within and above
roof-fall (Layer 9). The colour is 7.5YR 6/8 reddish yellow to 7.5YR
2.5/1 black, and the unit consists primarily of charcoal and ash-rich
silt with occasional to moderate medium to large sandstone clasts.
Grain size data show that the layer is relatively fine, with high
Fig. 8. Microphotos from Layer 8, Facies C. Sample <121>. a) Slide scan showing interleavi
plant structures (Si). Note inclusions of lithics (Li) as well as blocks of sandstone (Ss). b) Ch
phytoliths and silica structures of leaves (PPL). d) Calcitic nodules formed through the recryst
bone (PPL).
concentrations of silt and comparatively low quantities of sand and
clay. This sub-facies is extremely rich in charcoal and organic
material. Analysis of this layer generated moderate magnetic
values, but marks the midway point in an up-profile trend of
increasing magnetic values. Organic carbon and carbonate values
are moderate to high.

The thin section from Layer 8 (<121>) contains micro-strata
diagnostic of well-stratified combustion material (Fig. 8a). There
are two main groups of organic remains: charred organic material
(Fig. 8b), and ash containing articulated phytoliths and extensive
silica plant structures preserving entire structures of leaves and
stems (Fig. 8c). The intact nature of these structures indicates
a primary depositional context; mechanical disturbance during
ng of charred organic material (Ch) and ashy layers of articulated phytoliths and silica
arred organic material and blocks of charcoal with cell structure (PPL). c) Articulated
allisation of ash (Ca) and cross-section of twig charcoal (Ch) (PPL). e) Partially-dissolved



Table 1
New Melikane 14C dates with ABA pretreatment (McCormac et al., 2004; Bronk Ramsey, 2009; Reimer et al., 2009).

AMEMSA Layer Context/spit Square Sample code 14C BP Cal BP (68.2%) ka Cal BP (95.4%) ka

1 2/1 S7 SW OxA-22965 254 � 22
2 2/2 S7 OxA-22968 270 � 22
2 2/3 S7 NW OxA-22966 3047 � 27 3.25e3.08 3.33e3.07
3 4/1 S5 OxA-22967 207 � 22
3 4/2 S5 NW OxA-22837 445 � 22
5 7(6e8)/1 S5 SE OxA-23028 20000 � 190 24.2e23.6 24.4e23.3
5 6e8/2 T5 NE OxA-22838 3112 � 25 3.34e3.24 3.37e3.16
6 9/75e80 S5 OxA-22963 333 � 23
6 9/80e85 T5 OxA-23040 32040 � 370 37.0e35.6 37.6e35.2
7 10/90e95 T5 OxA-23032 35400 � 900 41.4e39.4 42.1e38.6
8 11/85e90 S6 OxA-22964 35600 � 450 41.3e40.2 41.7e39.5
8 11/90e95 T7 OxA-22839 34190 � 390 39.7e38.6 40.5e38.0
8 11/95e100 S6 OxA-23029 34200 � 750 40.4e38.4 41.1e37.2
9 12/100e105 S5 OxA-22791 33950 � 700 40.0e37.8 40.7e36.9
10 18/110e115 T7 OxA-22792 34000 � 700 40.1e37.9 40.8e37.0
12 15A T7 OxA-23030 33200 � 1200 39.4e36.5 41.1e35.3
14 17/160e165 S7 OxA-23031 34150 � 650 40.2e38.4 40.9e37.3
19 20/180e185 T7 OxA-22794 37900 � 750 43.0e41.8 43.8e41.4
20 21 S6 OxA-22793 42600 � 1600 47.7e44.6 49.6e44.1
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re-deposition would have fragmented these structures. Wood
charcoal is present in the form of small blocks and cross sections of
twigs, along with charred parenchymous tissue and numerous
silicified stem fragments (J. Morales pers. comm., 2011). Also
present are phosphatic infillings to void spaces, irregular calcitic
nodules (Fig. 8d) and partially-dissolved bone fragments (Fig. 8e).

5.1.4. Facies D
Facies D has also been divided into two sub-facies: D1 and D2.

These sub-facies are combinations of anthropogenic material
mixed with either colluvial sediments (D1) or host bedrock
attrition material (D2). D1 is represented by two samples from
Layer 5 forming a variable unit of 10YR 3/4 dark yellowish brown
to 7.5YR 4/6 strong brown, fine to medium, rounded to sub-
rounded clasts in a sandy silt matrix, with occasional lenses of
organic-rich material. Particle size data reveal a fining-up
sequence, with an increase in silt and concomitant decrease in
sand. At the base of Layer 5 organic carbon values are high,
declining to a lower, but still relatively high, level at the top.
Table 2
Input and output data of theMelikane Rockshelter Bayesianmodel (McCormac et al., 2004
14C determinations in bold, OSL determinations in bold and italics.

AMEMSA layers (Phases) Gaps/boundaries Unmodelled (cal BP)

From To % (1s) Fro

End 5/6
Layer 6 OxA-23039 38387 37194 68.2 386

Bdy. Transition 6/7
Layer 7 OxA-23041 43454 40697 68.2 450

Bdy. Transition 7/8
Layer 8 MLK 8 44300 38300 68.2 473

OxA-23035 41896 40730 68.2 425
OxA-23033 42239 41035 68.2 429
Bdy. Transition 8/9

Layer 9 OxA-23034 42426 41637 68.2 428
Bdy. Transition 9/10
Bdy. Gap 9 to 14

Layer 14 MLK 6 49700 42100 68.2 535
OxA-23036 42698 41713 68.2 432
Bdy. Trans. 14/15
Bdy. Gap 14 to 17

Layer 16 MLK 5 57000 50600 68.2 602
Bdy. Transition 16/17
Bdy. Gap 16 to 22

Layer 22 MLK 4 51900 48100 68.2 538
Bdy. Start Layer 22
Carbonate levels are moderate to high and uniform between the
two samples. Magnetic susceptibility values are moderate and
decrease upwards.

D2 comprises coarse, sub-angular to sub-rounded sandstone
fragments intermixed with dark, charcoal- and lithic-rich material.
Colour ranges from 7.5YR 5/6 strong brown to 10YR 2/1 black.
Sediments of this facies often possess a mottled colouration and
commonly fine upwards (e.g. Layer 14). Grain size data indicate
a wide size-range trending towards moderate to high levels of
either silt or sand. Loss-on-ignition data reveal moderate values of
both organic carbon and carbonates, and moderate magnetic
susceptibility values with the exception of one notable peak in
Layer 7.

Micromorphologically, the layers of Facies D (samples <101>
and <136>) primarily comprise organic sandy silt with a minor
clay component, common sub-rounded sandstone clasts and
angular CCS lithics (2 mme3 cm). The sediment has a spongy
structure, with frequent channels with clay coatings. These coat-
ings are dusty at the edges of the void, becoming laminated towards
; Jacobs et al., 2008a; Bronk Ramsey, 2009; Reimer et al., 2009;Wheeler, 2010). Note:

Modelled (cal BP)

m To % (2s) From To % (1s) From To % (2s)

38421 36657 68.2 38836 34459 95.4
52 36725 95.4 38599 37530 68.2 38810 36846 95.4

40430 38081 68.2 41308 37428 95.4
62 39052 95.4 41373 39991 68.2 41644 39032 95.4

41653 40719 68.2 41968 39883 95.4
00 35300 95.4 41870 40970 68.2 42200 40400 95.4
14 39895 95.4 41765 41097 68.2 42064 40638 95.4
41 40273 95.4 41790 41137 68.2 42099 40708 95.4

42012 41383 68.2 42345 41035 95.4
59 41261 95.4 42197 41620 68.2 42517 41340 95.4

42441 41731 68.2 42917 41422 95.4
42905 42033 68.2 43550 41697 95.4

00 38300 95.4 43840 42138 68.2 45558 41758 95.4
97 41230 95.4 43177 42273 68.2 43895 41961 95.4

44402 42353 68.3 46848 41992 95.4
48344 44313 68.2 50152 43009 95.4

00 47400 95.4 49448 45800 68.2 51208 44168 95.4
50186 46457 68.3 51961 44709 95.4
51329 47660 68.1 53067 45897 95.4

00 46200 95.4 51862 48271 68.2 53705 46561 95.4
52817 48293 68.4 55103 46756 95.4
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Fig. 9. Bayesian model of the Melikane 14C chronology (McCormac et al., 2004; Jacobs
et al., 2008a; Bronk Ramsey, 2009; Reimer et al., 2009; Wheeler, 2010).
the centre (Fig. 7c). Blocky charcoal fragments are common
throughout, with pore spaces frequently infilled with silty clay. The
sandstone clasts and CCS fragments are stained with amorphous
iron. There are rare sparitic calcite coatings to voids in areas over-
lying limpid clay coatings (Fig. 7d).

5.2. Dating the Melikane sedimentary sequence

5.2.1. AMS 14C dating results
This section presents the results for the <25 ka ABA pretreated

14C samples (68.2% probability) from the uppermost levels, and the
six samples from Layers 6e9 and 14 that survived ABOx-SC
pretreatment and were modelled using Bayesian statistics.

The 14C ages for the uppermost levels (Layers 1e6) suffer from
chronological inversions (Table 1). This suggests that these levels
were subjected to intensive post-depositional disturbance, prob-
ably at least in part by bioturbation. Four of these dates fall within
the last few centuries, further hindering the development of
a robust chronology due to difficulties in calibrating such recent
ages (Tans et al., 1979). Despite these uncertainties, the uppermost
ages do appear to cluster into three phases: recent, w3.2 ka cal BP
and w23 ka cal BP. These may be representative of the broad
chronology of these layers prior to post-depositional modification.

The ages obtained for the MSA levels, from the base of Layer 6
downwards to Layer 14, are stratigraphically more coherent
(Table 1). With the exception of the uppermost ABOx-SC age from
Layer 6 (OxA-23039), all unmodelled ages are statistically similar at
w42 ka cal BP. This gives rise to a shallow gradient of age versus
depth when Bayesian modelling is applied (Table 2, Fig. 9). An age
of 38.6e37.5 ka cal BP (OxA-23039) was obtained for Layer 6 and
ages of 41.4e40.0 ka cal BP (OxA-23041) to 43.2e42.3 ka cal BP
(OxA-23036) for Layers 7e14. The span of modelled ABOx-SC 14C
ages at Melikane suggests one pulse of occupation in the later part
of the MSA w43 to 38 ka, during which time a large proportion
(w80 cm) of the MSA sequence was deposited.

5.2.2. OSL dating results
The De values and dose rate information are presented in

Table 3, together with the OSL ages for the nine samples fromwhich
sufficient quartz grains could be extracted for analysis. Several
features of the OSL data are noteworthy.

For each sample, the De values are spread more widely than can
be explained solely on the basis of their measurement uncer-
tainties. Such ‘overdispersion’ is typical for quartz, and over-
dispersion estimates of less than 20% are generally considered
representative of well-bleached quartz grains that have remained
undisturbed since burial (Olley et al., 2004; Galbraith et al., 2005;
Jacobs et al., 2008a). The De overdispersion values for the Melikane
samples range between 9 � 3% and 70 � 5% (Table 3). Three of the
samples (MLK1, MLK3 and MLK4) collected from the lowest part of
the sedimentary sequence (Layers 19e30) have overdispersion
values smaller than, or consistent with, 20%. The lack of evidence
for post-depositional disturbance is consistent with the macro and
micro-sedimentological observations of these layers. For these
three samples, therefore, the central age model (Galbraith et al.,
1999) was used to calculate the weighted mean burial doses for
purposes of age determination.

The De distributions of the other six samples could be mathe-
maticallyfittedbyeither twoor threediscrete componentsusing the
finite mixture model (Roberts et al., 2000; David et al., 2007; Jacobs
et al., 2008b). One of these samples (MLK2) was collected from the
lowest part of the sedimentary sequence, and showed evidence for
only a small degree of post-depositional mixing: w3% of the grains
have intruded from younger levels. By contrast, the remaining five
samples (MLK5-10), all of which were collected from above the
lowest discrete roof-fall layer (Layer 18), show evidence for more
extensive mixing, with the intrusion of younger and/or older grains
sometimeafter initial sedimentdeposition. For these samples, large-
scale and continuous turnover of sediments can be discounted,
because almost no De values close to zero were obtained, and
because the De distributions consist of discrete components,
whereas a continuum of De values would have resulted from
extensiveandongoingmixing. Themajority (56e66%)ofDe values in
these samples are captured by a single component (Table 3) that
most likely represents the depositional age of the associated arte-
facts. The weighted mean De values of the main components were
used to calculate the ages of these six samples.

The minor De components in samples MLK5-10 include younger
and/older grains. In the middle part of the sequence (Layers 18e7),
most of the intrusive grains (w30%) are derived from the older,
underlying layers, whereas younger intrusive grains are relatively
more important in the upper part of the sequence (Layers 6e1). It is



Table 3
Dose rate data, De values and OSL ages for nine sediment samples from Melikane. Note: data shown in bold are believed to be representative of the depositional age of the
sediments.

Sample
code

Moisture
content (%)

Dose rates (Gy/ka) Total dose
rated,e

De (Gy)f Age
model

Proportion
(%)

Number
of grainsg

Overdisp.
(%)h

OSL age
(ka)i

Betaa Gammab Cosmicc

MLK10 12 � 2 1.20 � 0.08 0.78 � 0.02 0.09 2.11 � 0.11 6.7 � 0.4 FMM1 29.3 112/1900 70 � 5 3.2 � 0.3
18.3 ± 1.0 FMM2 55.6 8.7 ± 0.7
47.9 � 5.4 FMM3 15.1 22.7 � 2.9

MLK9 13 � 2 1.31 � 0.08 0.93 � 0.02 0.09 2.36 � 0.13 37.2 � 1.4 FMM1 19.6 189/1000 41 � 3 15.7 � 1.1
64.0 ± 1.7 FMM2 61.8 27.1 ± 1.8

108.4 � 5.5 FMM3 18.6 45.9 � 3.6
MLK8 19 � 5 1.05 � 0.09 1.07 � 0.02 0.09 2.24 � 0.14 51.0 � 4.5 FMM1 5.4 215/900 26 � 2 22.8 � 2.5

92.2 ± 2.8 FMM2 66.0 41.3 ± 3.0
135.4 � 6.5 FMM3 28.6 60.6 � 4.9

MLK6 19 � 5 1.41 � 0.10 0.91 � 0.02 0.09 2.45 � 0.16 61.8 � 4.8 FMM1 8.0 157/1000 29 � 2 25.2 � 2.6
112.7 ± 5.1 FMM2 61.4 45.9 ± 3.8
163.0 � 10.1 FMM3 30.6 66.5 � 6.2

MLK5 19 � 5 1.37 � 0.09 0.81 � 0.02 0.09 2.30 � 0.15 123.6 ± 8.1 FMM1 66.4 225/900 28 � 2 53.8 ± 3.2
186.9 � 24.9 FMM2 33.6 81.4 � 12.2

MLK4 19 � 2 1.15 � 0.03 0.69 � 0.04 0.08 1.95 � 0.05 97.4 ± 1.8 CAM 100 103/800 14 � 2 50.0 ± 1.9
MLK3 19 � 2 1.21 � 0.03 0.78 � 0.04 0.08 2.10 � 0.05 128.1 ± 3.0 CAM 100 64/1000 9 � 3 61.0 ± 2.5
MLK2 19 � 2 1.33 � 0.04 0.87 � 0.05 0.08 2.31 � 0.06 183.7 ± 3.8 FMM1 97 251/1000 25 � 2 79.5 ± 3.1

70.0 � 13.5 FMM2 3 30.3 � 5.9
MLK1 19 � 5 1.60 � 0.12 0.92 � 0.03 0.08 2.63 � 0.17 218.8 ± 7.3 CAM 100 40/1000 21 � 5 83.2 ± 6.2

a Measurements made on sub-samples of dried, homogenised and powdered samples by GM-25-5 beta counting. Dry dose rates calculated from these activities were
adjusted for the estimated long-term water content and for the effects of grain size and hydrofluoric acid etching on beta dose attenuation (Bell and Zimmerman, 1978;
Mejdahl, 1979).

b Measurements made using in situ gamma spectrometry. The measured (field) dose rates were adjusted for the water content. The field moisture contents ranged between
12 and 25%. Ages increase by w1% for each 1% increase in water content.

c Cosmic-ray dose rates have been calculated using the equations provided by Prescott and Hutton (1994), taking into account site latitude (�29.6 �S), longitude (28.8 �E)
and altitude (1850 m). We have also accounted for the density and thickness of overlying sandstone roof and sediment overburden, and for the cos2-F zenith angle
dependence of cosmic rays (Smith et al., 1997). Dry dose rates were also adjusted for water content (Readhead, 1987).

d Mean � total uncertainty (68% confidence interval), calculated as the quadratic sum of the random and systematic uncertainties.
e Includes an assumed internal alpha dose rate of 0.03 � 0.01 Gy/ka.
f Estimated from single grains of quartz using the Finite Mixture Model (FMM) or Central Age Model (CAM). See text for details.
g Number of individual grains used for De determination/total number of grains analysed.
h Overdispersion, the relative standard deviation of the De distribution after allowing for measurement uncertainties (Galbraith et al., 1999).
i Total uncertainty includes a systematic component of �2% for possible bias associated with laboratory beta-source calibration.
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important to recognise that the post-depositional movement of
sand-sized mineral grains does not necessarily imply that the
artefacts have also been displaced. For such samples, the time of
deposition of the majority of grains (determined from the main De
component) is considered to closely approximate the depositional
age of the artefacts. The ages so obtained (Table 3) are in correct
stratigraphic order and are also consistent with the ages obtained
from the undisturbed samples (MLK1, MLK3 and MLK4) and with
the independently derived 14C chronology for the site (see Section
6.2 below). For samples fitted by more than one De component, the
ages of the minor components are often similar to those obtained
from the major components of the overlying and/or underlying
samples, and with some of the 14C ages. The age clusters at w80,
w60, w50, w46e41, w27e23, w9 and w3 ka may correspond to
pulses of human occupation of the site.

6. Interpreting the Melikane sedimentary sequence

6.1. Depositional environments of Melikane

The results of the geoarchaeological analyses support the field-
based observations of the four primary facies. The facies are
discussedbelow in termsof reconstructing thedepositional andpost-
depositional environments represented in the Melikane sequence.

6.1.1. Facies A: moderately-sorted, rounded to sub-rounded medium
to large sandstone clasts e colluvial sedimentation

Facies A represents a unique depositional environment at Meli-
kane. Occurrences of this facies e Layers 3, 4, 6 and 10 e occur
exclusively in the upper half of the profile. The partially rolled and
abraded, rounded to sub-rounded sandstone gravel is consistent
with colluvial deposition, as allogenic material is transferred to the
site via the large fissure at the rear from sources immediately above
the shelter. As observed in thin section, the similarity in grain size
between the fine material and the constituents of the host bedrock
appears to indicate an autogenic origin for the former, perhaps
through a combination of dissolution of the carbonate bonds in the
sandstone and physical weathering of the shelter walls. An aeolian
component to the fine material cannot be ruled out, however, with
sedimentblown into theshelter fromasparsely vegetated landscape.

It is possible that occasional high-intensity precipitation events
occurring within otherwise semi-arid phases introduced this
coarse material to the site, resulting in extensive scouring of the
underlying units. Clarke et al. (2003, p. 199) note that “widespread
colluviation occurred [in southern Africa] during a semi-arid phase
associated with the Last Glacial Maximum” and this “colluvium is
formed when the climate in southern Africa is most arid” (Clarke
et al., 2003, p. 211). The peaks in mean particle size (Layers 10
and 4) support the presence of this dynamic environment as large
volumes of sand, as well as the coarse, imbricated gravel, washed
into the site through the fissure. Low organic carbon values could
support this arid environment hypothesis, with few or no pedo-
genic processes occurring in the catchment area. The aridity may be
corroborated by the low magnetic susceptibility values reflecting
a dynamic, unstable landscape.

Inclusions of sub-rounded burnt bone and charcoal observed in
the thin sections, along with macroscopic faunal material and rol-
led lithics, reveal intermixing of anthropogenic material with
natural sediments, consistent with the scouring of underlying
sediments.
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6.1.2. Facies B: tabular sandstone blocks and coarse angular to
sub-angular gravel e roof-fall, bedrock attrition

The coarse angular material that dominates Facies B is indicative
of a highly dynamic environment wherein host bedrock breaks
down onto the rockshelter floor to become incorporated as auto-
genic fill. Unlike Facies A, this material shows no signs of significant
rolling or abrasion reflecting the proximal source from inside the
site. A minor peak in clf (Layer 12) may reflect the reworking of
older, anthropogenic material. Alternatively, this may result from
the translocation of burnt fines (e.g. charcoal powder) from over-
lying sediments down into the pore spaces between clasts, partic-
ularly as hominin activity often resumed on the irregular upper
surface of this coarse debris following these roof-fall events (e.g.
Layers 8/9).

6.1.3. Facies C: charcoal-rich fine-grained sediments e occupation
layers with intermixed combustion material (C1) and an in-situ
combustion feature (C2)

Facies C1 is characterised by distinct dark bands occurring
sporadically throughout the profile. These bands are conspicuously
abundant in charcoal and organic matter related to repeated burning
events within the rockshelter. The moderate to high carbonate levels
could signal the presence of highly mobile CaCO3 e the primary
constituent of ash (Canti, 2003). Alternatively, these peaks could relate
to the liberation of CaCO3 from the carbonate-cemented sandstone
precipitated into the sediment matrix (Goldberg and Arpin, 1999).

The mottled appearance of C1 most likely relates to post-
depositional changes in sediment chemistry (diagenesis). In caves
and rockshelters these transformations “are driven by . water
passing through the cave sediments, and the dissolved organic and
inorganic constituents” (Karkanas et al., 2000, p. 916). Water
episodically flushes through Melikane, confirming a strong link
with the groundwater hydrological system. This mottling, there-
fore, results from percolating water dissolving, remobilising and
precipitating minerals vertically through the sediment sequence
(e.g. Karkanas et al., 1999, 2000; Weiner et al., 2002). This
throughput of water may have partially dissolved the ash normally
associated with such charcoal-rich layers (Schiegl et al., 1996).

Facies C2 (Layer 8) is distinguished from C1 by its substantial
thickness and lateral extent across the entire excavation area, rep-
resenting a zone of intensive combustion.Why this combustion zone
is so extensive in comparisonwith those in Facies C1 is unclear, but it
may relate to a reconfiguration of the internal functional space of the
site or to an increase in occupational intensity. The high carbonate
value is in accordance with the frequent ash observed in the field,
which could also account for the increase in silt-sizedmaterial in this
layer. The internal stratification of this combustion zone represents
the overprinting and perhaps raking out of successive burning
features. Diagenetic processes, including the dissolution of ash and
consequent reduction in sediment volume (see Schiegl et al., 1996;
Karkanas et al., 2000), may explain the distorted nature of some of
these micro-strata. The silicified plant structures and articulated
phytoliths represent the insoluble residue, with calcite leached from
the ash re-precipitated as nodules. The partial dissolution of bone
fragments and the presence of phosphatic infillings also confirm the
presence ofwatermoving through the sediment sequence. Although
Layer 8 appears to have undergone significant diagenesis by perco-
lating groundwater, the exceptional preservation of plant structures
affords great potential for furthermicromorphological, phytolith and
plant-macro analyses.

6.1.4. Facies D: heterogeneous layers of anthropogenic material
mixed with gravel (D1), and coarse tabular sandstone slabs (D2)

The mixed composition of this facies signifies the reworking of
cultural horizons through natural geomorphological processes.
Facies D1 (Layer 5) results from the reworking of the surface of
occupation horizons (Facies C) by inwashed colluvial gravel (Facies
A) associated with episodic high precipitation events, and as such
combines elements of both Facies A and C. Enhanced organic
carbon levels at the base of Layer 5 indicate a buried occupation
horizon exists, which has been scoured and reworked by the
erosive action of the overlying colluvium deposition.

Facies D2 comprises a reworking of elements of Facies B and C.
Layer 7 represents a roof-fall event with a matrix of anthopogenic
material reworked from the underlying ash layer (Layer 8), and
infiltrated from overlying levels. The peak in clf indicates either the
reworking of burnt material down into the coarse roof-fall below,
or the inwashing of pedogenic material from outside the shelter.
This roof-fall event occurred when hominin activity increased,
resulting in the intermixing of cultural material with natural
sediments.

Micromorphological observations of a lower layer of Facies D
(sample <136>) fit well with the mixed origin of the sediments.
The organic-rich matrix appears bioturbated e a process which
has severely disturbed the microstratigraphy of this facies. There
are also micromorphological features consistent with the move-
ment of water through the sediment matrix. The abundant clay-
coated channels and the shift from dusty clay to limpid clay
coatings indicate a potential stabilisation of the surface, punctu-
ating a prolonged and intensive period of illuviation in the
shelter (Courty et al., 1989). Amorphous iron staining of lithics
also indicates the strong influence of water, and sparitic calcitic
coatings may reflect the dissolution and re-precipitation of
calcium carbonate from ash. Facies D results from a range of
complex taphonomic pathways at both the micro- and macro-
scale, but the fine material appears primarily anthropogenic in
origin.

6.2. A revised chronological framework for Melikane

The original 14C chronology reported by Carter (1978) and Vogel
et al. (1986) suggested three broad phases of occupation at Meli-
kane: late Holocene LSA in the equivalent of AMEMSA Layer 1, early
LSA (MIS 2) in the equivalent of AMEMSA Layer 5, and late MSA
(MIS 3) in the equivalent of AMEMSA Layers 8, 13 and 15e21.
Table 4 presents details of the 14C age estimates, uncalibrated and
calibrated (using IntCal09; Reimer et al., 2009), generated by Carter
(1976) and Vogel et al. (1986). The new 14C and OSL ages for
Melikane correspond closely to the calibrated ages of Carter (1978)
and Vogel et al. (1986) in some parts of the sequence, but not in
others. The new chronology, presented in Fig. 10, is thought to be
superior for three main reasons.

First, the large quantities of sample material required for
conventional 14C dating (e.g. Vogel et al., 1986) typically make it
necessary to combine several individual pieces of charcoal to
produce a single sample. If post-depositional mixing of differently
aged pieces has occurred, this approach may generate an average
age of ambiguous accuracy. By contrast, the new 14C ages were all
measured by AMS, which requires much smaller amounts of
material, so individual pieces of charcoal, rather than aggregates,
can be measured.

Second, Wheeler (2010) has shown that AB/ABA pretreatment
procedures (e.g. Vogel et al., 1986) do not adequately remove all
contaminants from the Melikane charcoal samples. For Melikane
samples older than w25 ka cal BP, application of the more rigorous
ABOx-SC pretreatment protocol was required to deal effectively
with contamination by younger carbon (Aitken, 1990). Contami-
nation of the original samples is manifested by the non-linear age-
depth relationship for Carter’s Layer 5 and below (AMEMSA Layer
15 downwards) (Table 4).



Table 4
Carter’s original 14C ages (uncalibrated and calibrated) (Vogel et al., 1986: 1143e1145; Bronk Ramsey, 2009; Reimer et al., 2009).

Sample number Carter Layer/Square AMEMSA Layer
equivalent

Sample code 14C years BP Cal BP
(68.2%) ka

Melikane 1 1 (upper)/P9 1 Pta-1364 1440 � 40 1.34e1.28
Melikane 6 3 (upper)/R9 5 Pta-1367 19700 � 150 23.8e23.3
Melikane 2 3 (upper)/Q8 5 Pta-1407 20200 � 150 24.3e23.8
Melikane 3 3 (upper)/Q9 5 Pta-1406 20000 � 170 24.2e23.6
Melikane 9 4a (upper)/R8 8 Pta-1408 33100 � 600 38.5e37.0
Melikane 19 4a (upper)/Q7 8 Pta-1331 35800 � 920 41.8e39.9
Melikane 24 4b (lower)/Q5 13 Pta-1534 42000 � 1700 47.3e44.1
Melikane 25 5 (upper)/Q6 15 Pta-1330 42300 � 2100 48.0e44.2
Melikane 10 5 (upper)/R9 15 Pta-1369 33800 � 960 39.9e37.3
Melikane 29 6 (upper)/Q7 19 or below Pta-1370 40200 � 1650 45.5e42.8
Melikane 33 6/P6 21 or below Pta-1372 37000 � 1050 42.7e41.0
Melikane 36 6/P5 21 or below Pta-1371 30400 � 560 36.2e34.5
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Third, when the Melikane artefact assemblage was first ana-
lysed in the 1970s, conventional 14C dating was the only means of
constructing a site chronology. As the technique has an upper
technical limit of w50 ka or less, a different method is required to
date the older MSA levels (Layers 20e30). OSL dating of sedi-
ments provides this means and was employed at Melikane. The
application of the single-grain OSL technique has extended the
Melikane chronology by a further 40 kya, back to w83 ka,
Fig. 10. Stratigraphic correlation between AMEMSA layers (square S6) and Carter laye
generating a robust geochronological framework for the entire
archaeological sequence.

Taking these advantages into consideration, the following
revised chronology for Melikane is proposed (see Fig. 10). Initial
human occupation of the site is dated by statistically consistent OSL
ages of 83� 6 ka (MLK1) and 80� 3 ka (MLK2) for Layers 30 and 29.
An OSL age of 61 � 3 ka (MLK3) was obtained for Layers 25e23,
w20 cm aboveMLK2, and is associatedwith the HP. This age (Jacobs
rs (square Q6) with the results of 14C (left) and OSL dating programmes (right).
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et al., 2008a) concurs with age estimates for the HP at other sites in
southern Africa (Jacobs and Roberts, 2008, 2009). An OSL age of
50 � 2 ka (MLK4) was obtained for Layers 21e19, a furtherw15 cm
higher up the stratigraphic profile and in association with a late
MSA-like industry (cf. Wadley and Jacobs, 2004, 2006). All four of
these samples (MLK1e4) were collected from below a discrete
level of roof-fall (Layer 18). The De distributions of these
samples show little or no evidence for post-depositional mixing
and should be regarded as reliable age estimates. They suggest
intermittent occupation of the site during late MIS 5, late MIS 4 and
early MIS 3.

The first evidence of post-depositional mixing, as indicated by
multiple components in the single-grain De distributions, occurs
immediately above the layer of roof-fall (Layer 18). Sample MLK5
(from Layer 16) generated an age of 54 � 3 ka (Fig. 10), statistically
consistent with the age of the underlying sample (MLK4), but
showing some intrusion of older grains (Table 3). The oldest ABOx-
SC 14C age of 43.2e42.3 ka cal BP, obtained from Layer 14, is
compatible with the OSL age of 46� 4 ka (MLK6) for the majority of
quartz grains dated from the same layer. No ABOx-SC or OSL ages
were obtained for Layers 13e10, but a series of ABOx-SC 14C ages
constrain the time of deposition of Layers 9e7 to between 42
and 40 ka cal BP, consistent with an OSL age of 41 � 3 ka for
sample MLK8 from Layer 8 (Fig. 10). A single ABOx-SC 14C age of
38.6e37.5 ka cal BP was obtained for Layer 6, but a charcoal sample
indicative of recent contaminationwas also found within this layer.
Overall, the ABOx-SC 14C and OSL chronologies for the middle part
of the Melikane sequence (Layers 16e6) suggest occupation of the
site during MIS 3, with the accumulation of w80 cm of deposit
(Layers 14e7) between w46 and w38 ka ago (Fig. 10).

An ABA 14C age of 24.2e23.6 ka cal BP was obtained for Layer 5,
which is statistically consistent with both the single-grain OSL age
of 27� 2 ka for sampleMLK9 (Fig.10, Table 3) and the three 14C ages
of w24 ka cal BP for the equivalent layers in Carter’s excavation
(Table 4). This close agreement strongly supports an early MIS 2 age
for Layer 5, although the presence in this layer of younger carbon
(w3.3 ka cal BP; Fig. 10) accords with the mixing observed in the
single-grain De distribution of sample MLK9 (Table 3) and in the
sedimentological results for this layer (Facies D1). The young
charcoal piece is likely derived from the overlying Layer 2, which
contains other pieces of late Holocene age (Fig. 10).

The uppermost two layers of the Melikane sequence,
comprisingw30 cm of deposit, provided amixture of late Holocene
14C ages (Table 1, Fig. 10). Four of the five ages fall within the last
few centuries, but the age ofw3.3 ka from Layer 2 matches the OSL
age for the youngest of the single-grain De components of sample
MLK10 from Layer 1 (Table 3). The other two components of this
OSL sample correspond to ages of w9 ka (for the majority of dated
grains) and w23 ka, which are much older than any of the five 14C
ages. Interestingly, single-grain analysis revealed no grains with
‘recent’ OSL ages. This is attributed to the likely localised and
complex mixing in these layers, which is common in the upper
levels of rockshelter sites. The 14C and OSL-derived chronology
suggests that the upper two layers are of Holocene age, but a more
detailed understanding of the relationship between the sediments,
charcoal and human occupation in this part of the Melikane
sequence must wait until more dates are obtained.

7. Discussion

7.1. Taphonomic issues and diagenetic processes

Without a deep understanding of the syn- and post-
depositional histories of sedimentary sequences, the challenges of
interpreting the archaeological and palaeoenvironmental records
are acute. This is especially true of rockshelter environments,
where issues of taphonomy are pervasive. In this paper, key
aspects of site formation at Melikane are tackled head-on, thus
establishing a reliable framework for future analyses of other
aspects of the site.

The Melikane sequence has been influenced to varying
degrees by the active hydrogeological system to which the
shelter is linked via fissures in the bedrock, presenting both
opportunities and challenges. The sandstone setting of Melikane
offers scope for interrogating hydrological connections in a non-
karstic geological setting, a great opportunity given the paucity
of research in such systems. Of particular importance is the
potential for establishing the provenance of the fine, allogenic
component of the sequence, opening up the possibility of linking
Melikane’s stratigraphic sequence to the climatically-controlled
dynamics of the late Quaternary landscape in which it is situ-
ated. These two aspects of research are ongoing and will be
published elsewhere.

The most challenging taphonomic issue at Melikane concerns
the percolation of groundwater through the stratigraphic
sequence. This has resulted in post-depositional diagenesis of
the sediments to variable degrees, evidence for which has been
observed in many stratigraphic contexts. Much of the fine
component of Facies A is likely to be theproduct of the chemical and
mechanical breakdown of the parent sandstone through colluvial
(primarily sheetwash) and infiltration processes, according with
observations of water channelling and clast sorting. Also present
are diagnostic features of groundwater infiltration, including the
intermixing of scoured natural and anthropogenic material (Facies
D). Percolatingwater has also affected the anthropogenic, charcoal-
rich layers of Facies C by dissolving mobile minerals such as
calcite andphosphate (hydroxyapatite),which accounts for the low
concentrations of ash and virtual absence of faunal material
below Layer 2. The same process accounts for the degraded
condition of charcoal, which, although structurally intact, is
often depleted of elemental carbon. The five OSL ages that exhibit
multiple-component mixtures of differently aged quartz grains
also suggest the translocation of fine sediments through the
sequence. Efforts have been actively made to isolate and thus
control for these dynamic hydrological processes in order to
minimise the constraints they may place on the resolution of the
cultural and palaeoenvironmental data.

It is important to note that chemical transformations of the
Melikane sequence decrease down-profile. This suggests that the
opening of the fissure at the rear of the site occurred during the
occupancy of the rockshelter. If groundwater flux to the site
suddenly increased when the fissures opened at the rear of the
shelter, this percolating water could only have penetrated to
a certain depth below the ground surface contemporary with that
event. Karkanas et al. (2000, p. 917) state that sediment diagenesis
in caves and rockshelters “tends to occur at or near the surface, and
then slows down significantly after deeper burial”. Consequently,
Layers 30e19 are more clearly stratified and less chemically altered
than those of the overlying Layers 18e1. This could show that the
opening of the fissures, and concomitant increase in percolating
groundwater, occurred sometime after the burial of Layers 30e19.
The integrity of the lower levels is supported by four OSL dates from
these layers, which show little (MLK2) or no (MLK1, MLK3 and
MLK4) evidence of sediment mixing. The vertical movement of
archaeological materials is thus unlikely in these earliest MSA
deposits, and would have been minimal in Layers 18e4 since these
phases contain thick, often cemented layers. The potential for
intermixing of archaeological material is, therefore, confined to
Melikane’s uppermost levels (Layers 3e1). Particularly encouraging
is the generally excellent agreement achieved in Layers 14e5
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between the cross-correlated ABOx-SC-pretreated 14C ages and the
ages calculated for the majority of quartz grains in each multi-
component OSL sample. Despite the taphonomic complexities,
therefore, Melikane’s sequence has substantial archaeological and
palaeoenvironmental research potential.

7.2. Depositional history, occupation pulses and
palaeoenvironmental context

Melikane is the oldest radiometrically dated archaeological site
in Lesotho with a sedimentary sequence spanning the lastw83 kyr.
The geochronology suggests that Melikane experienced marked
pulsing of human occupation throughout the Late Pleistocene.
These occupational pulses occurred at w80 ka (MIS 5a), w60 ka
(late MIS 4), w50 ka (early MIS 3), w46e38 ka (mid-MIS 3), and
w24 ka (early MIS 2). Punctuating these pulses were hiatuses in
sediment deposition that appear to have been of longer duration
than the pulses themselves. Although not all layers have been dated
at Melikane, there is a strong connection between human occu-
pation and sediment deposition as indicated by the minor De
components of each multi-component OSL sample. Rather than
showing a continuum of ages, as would be expected were sedi-
ments reworked through a sequence that formed continuously,
these samples recurrently register ages that correlate to the
majority De components of other OSL ages in the sequencee that is,
to other occupational pulses. The pulses seem to coincide, there-
fore, with increased sedimentation at the site, suggesting that
human activity accelerated deposition, that their visits corre-
sponded with particular climatic conditions favouring deposition,
or both. As at other Late Pleistocene rockshelter sites, the timing
and intensity of occupational bursts at Melikane were most likely
linked to palaeoclimatic/environmental change.

Palaeoenvironmental reconstruction at Melikane is ongoing.
However, the occupational pulses can be correlated with external
environmental data to explore broader southern African palae-
oenvironmental conditions prevailing when Melikane was inhabi-
ted. As a corollary, potential reasons for the use of afromontane
uplands by Late Pleistocene foragers can also be examined. The
expectation is that human exploitation of eastern Lesotho would
have occurred (or intensified) when conditions were either: (a)
relatively warm, and thus climatically similar to the Holocenewhen
the highlands were extensively inhabited (Bousman, 1988;
Mitchell, 1996a, 2009), or (b) relatively arid. The latter expectation
relies on knowledge of the hydrology of highland Lesotho. As the
primary headwater catchment for the Orange (Senqu) River e the
subcontinent’s largest south of the Zambezi e Lesotho contributes
nearly half of the river’s streamflow from only five percent of its
total basin area (Earle et al., 2005). Unlike other parts of the
catchment area, high annual precipitation in the highlands
(>2000 mm) comfortably exceeds annual evaporation
(w1200 mm) (Earle et al., 2005). With lower glacial temperatures
further suppressing evaporation and prolonging snowmelt, high-
land Lesotho, and the Senqu corridor in particular, would have
offered Late Pleistocene foragers stable sources of fresh water
during arid episodes. The diversity of resources over short distances
afforded by the highly dissected terrain would have also been
attractive when conditions were arid (Mitchell, 1990).

The earliest sedimentation at Melikane (Layers 30e19) took
place w83e50 ka. Thin, horizontal bands and abrupt bounding
surfaces, with limited input of spalled material, reveal sporadic,
pulsed occupation in a relatively stable rockshelter environment.
The fissure at the rear of the shelter had probably not yet fully
developed and so Melikane provided a comparatively drier envi-
ronment than it would later. This isolation from the hydro-
geological system enhanced the preservation of this lower part of
the archaeological sequence owing to relatively low throughput of
groundwater. Frequent combustion zones testify to the habitual use
of fire at the site.

The first pulse of human occupation at Melikane occurred
w80 ka in MIS 5a. Lithic industries in these levels (Layers 30e27)
are dominated by large to very largeMSA 2a-type (Volman,1984; or
Klasies River sub-stage sensuWurz, 2002) blades on coarse-grained
raw materials (hornfels and dolerite), and rarer small blades on
CCS. There is some evidence that conditions in southern Africa
w80 ka were cold and/or arid. In northeastern South Africa, Brook
et al. (1997) record a hiatus in speleothem growth w83e77 ka,
indicating drier conditions. Likewise, although the sediment
sequence at Tswaing Crater (near Pretoria) is poorly dated, a drop in
total organic content w80 ka suggests decreased precipitation
(Partridge et al., 1997; Kristen et al., 2007). In the high resolution
speleothem record from Crevice Cave on the southern Cape coast,
a dip in winter rainfall and C3 grasses at w80 coincides with cold
southern hemisphere sea surface temperatures (Bar-Matthews
et al., 2010). At present the nearest palaeoenvironmental records
to Lesotho thus seem to suggest that conditions at w80 ka were
cooler and drier than today. If correct e and provided strategies
(seasonal occupation?) and/or technologies (sewn clothing?) to
cope with reduced temperatures were in place e this meets one of
the two expectations, discussed above, of the palaeoenvironmental
conditions under which highland Lesotho would have been
attractive to Late Pleistocene populations.

After a w20 kyr hiatus e during which time Still Bay and early
HP stone tool-makers do not appear to have exploited the Lesotho
Highlands e Melikane was occupied again at w60 ka (late MIS 4).
The occupants now produced a variant of the HP dominated by
small blades and bladelets with very rare backed pieces (Layers
25e22). The OSL results suggest the HP occupation at Melikane,
like that at the site of Ntoana Tsoana in western Lesotho, falls
towards the end of this industry’s temporal span (Jacobs et al.,
2008a) and overlaps in time with the end of the longer HP occu-
pation at Sibudu Cave (Wadley and Jacobs, 2006; Jacobs et al.,
2008a,b). As recently argued by Chase (2010), a range of proxy
data suggest that conditions across southern Africa at this time
were cold but relatively humid. In the detailed palae-
oenvironmental sequence at Sibudu, charcoals and macrofauna
from late MIS 4 levels suggest a moist evergreen forest setting
(Allott, 2006; Clark and Plug, 2008; Hall et al., 2008). Cool, if
perhaps drier, conditions for MIS 4 are also recorded in the spe-
leothem record from Crevice Cave (Bar-Matthews et al., 2010).
Although records from several other locales on the subcontinent
hint that MIS 4 was not uniformly humid (Brook et al., 1996, 1998;
Kristen et al., 2007; Bar-Matthews et al., 2010), Sibudu’s proximity
to Lesotho makes it a more reliable indicator of the prevailing
conditions when HP tool-makers occupied Melikane, which seem
to have been cold and humid. This does not match the hypoth-
esised conditions for highland settlement.

After a shorter hiatus ofw10 kyr, Melikane was briefly occupied
again at w50 ka (early MIS 3). Both the duration of this hiatus and
the timing of re-occupation are in sync with Sibudu (Wadley and
Jacobs, 2006; Jacobs et al., 2008a,b). Similar to the late MSA lithic
assemblages at Sibudu (Wadley and Jacobs, 2004, 2006), these
levels at Melikane (Layers 21e19) contain unifacial and unre-
touched Levallois points. A range of palaeoenvironmental proxy
data at Sibudu indicate the presence of grasslands and dry open
woodlands at w50 ka, signaling warmer and drier conditions than
existed in late MIS 4 (Plug, 2004; Wadley, 2004b; Allott, 2006;
Reynolds, 2006; Sievers, 2006). However, conditions at Sibudu
w50 ka were probably not as dry as they were at the start of MIS 3
(w58 ka), when there is evidence for dramatic aridification (Allott,
2006; Chase, 2010). Climate was evidently wet enough for
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speleothem growthw50e43 ka in southern Botswana (Brook et al.,
1996) and w58e46 ka in northeastern South Africa (Holzkämper
et al., 2009). Increased humidity w55e48 ka is also registered at
the Tswaing Crater (Kristen et al., 2007). Thus, conditions during
the w50 ka occupational pulse at Melikane were probably warmer
and less humid than the previous pulse in late MIS 4, but were
probably not particularly arid. Pending further detailed palae-
oenvironmental data from the study area, this may match the first
expectation that the highlands were used at times of climatic
warming.

Following another hiatus of w7 kyr, the occupational pulse at
w46e38 ka witnessed a major change in site formation processes.
From Layer 18, Melikane became a much higher-energy sedimen-
tary environment, with water throughput causing physical and
chemical transformations of the sequence. Coarse autogenic
material became more prolific in the sedimentary sequence at this
time. Roof-fall events increased in frequency as water ingress
through fissures in the shelter walls and roof promoted the
mechanical weathering of the relatively weak parent bedrock. The
driving force behind the generation of this coarse material (e.g.
Layer 9) was most likely increased freeze-thaw action relating to
climatic deterioration. Palaeoenvironmental records throughout
southern Africa suggest that the period w46e38 witnessed acute
aridity and cooling. At Lobatse II Cave in southern Botswana, for
example, a hiatus in speleothem deposition 43e27 ka has been
ascribed to dry conditions (Brook et al., 1996). The speleothem at
Wolkberg Cave also stopped growing at w46 (Holzkämper et al.,
2009). High chlorine intensities w48e38 ka in the Tswaing Crater
sequence have been linked to increased aridity. Closer to Lesotho,
well-dated sequences of alternating colluvium and palaeosols in
northern KwaZulu-Natal provide evidence, respectively, for erosive
land surfaces at times of aridity and hillslope stability in wetter
periods; at various locales, drier periods of colluviation occurred
w47e41 ka (Botha and Partridge, 2000) and w42e37 ka (Clarke
et al., 2003).

Unlike the Melikane occupations at w60 ka and w50 ka, the
w46e38 ka pulse does not accord with occupation at Sibudu.
Rather, it corresponds broadly to an occupational/depositional
hiatus both at Sibudu and at Border Cave (northern KwaZulu-
Natal); humans were absent from each site from w47 ka to at
least w39 ka (Jacobs et al., 2008b). Jacobs et al. (2008b) have
linked the occupational hiatuses at Sibudu to the broadly coeval
arid episodes in KwaZulu-Natal as evidenced in enhanced collu-
viation (noted above). They suggest that humans may have
abandoned Sibudu when local rivers dried up, relocating to areas
with perennial water supplies: “Where these people migrated to
remains unresolved, because similar periods of occupation and
abandonment are observed at Border Cave. It is possible that the
now-submerged continental shelf was host to these populations”
(Jacobs et al., 2008b, p. 1804). Another area to which such pop-
ulations may have migrated to access reliable sources of fresh
water could have been the Lesotho Highlands. This is consistent
with the second of the two expectations offered above regarding
Late Pleistocene upland settlement during particularly arid
periods, and may thus explain the w46e38 ka occupational pulse
at Melikane. Some support for this hypothesis may come from the
geoarchaeological results presented in this paper, which suggest
that conditions at this time were unstable, with frequent roof-fall
events (Facies D) and colluvial gravels (Facies A). Whereas the
former likely relate to prolonged cold conditions when freeze-
thaw action generated large amounts of tabular sandstone
heaved from the shelter’s walls and roof, colluvial material may
indicate drier conditions (e.g. Clarke et al., 2003) when mechan-
ically weathered coarse sediment entered the site via the larger of
the two fissures.
Another long period (w14 kyr) of abandonment ensued before
Late Pleistocene humans re-occupied Melikane atw24 ka just prior
to the Last Glacial Maximum (LGM). This pulse at Melikane roughly
coincides with the onset of very cold and arid conditions in the
region, as suggested by a wide range of proxy data in the Dra-
kensberg. Multiple lines of geomorphological evidence suggest the
LGM development of permafrost on Lesotho’s high plateau and
marginal niche glaciers on south-facing slopes of the high escarp-
ment (Grab, 2002; Mills and Grab, 2005; Mills et al., 2007, 2009a,b).
Likewise, a variety of periglacial and glacial landforms of likely LGM
age have been recorded in the Eastern Cape Drakensberg (Lewis
and Hanvey, 1993; Lewis and Illgner, 2001; Lewis, 2008a,b,c).
That these occur at altitudes as low as 1900 m in the Eastern Cape
Drakensberg may suggest that mean annual temperatures here
during the LGMweree8e10 �C relative to today, with precipitation
reduced by up to 70% and permanent snowlines atw2100m (Lewis
and Illgner, 2001; Lewis, 2008b). At Strathalan Cave B (Eastern
Cape), situated at an altitude of 1800 m, a drastic change occurs in
levels postdating 24 ka whereby the pollen spectra become indic-
ative of alpine environments that today occur at �2900 m; soon
thereafter the site is abandoned until the Holocene (Opperman and
Heydenrych, 1990; Opperman, 1996; Lewis, 2008c). Similarly,
Vogel’s (1983) d13C study of equid teeth from Carter’s excavation at
Melikane itself showed that equids from the >20 ka levels had
much higher proportions of C3 plants in their diets (75e84%)
compared to Holocene individuals (35%), suggesting a substantial
downward altitudinal shift of alpine vegetation belts in response to
LGM climatic cooling. This conforms to expectations of highland
exploitation during arid phases, but abandonment of the highlands
soon after w24 ka may suggest LGM conditions deteriorated to the
point that the disadvantages of upland living outweighed the
benefits.

8. Conclusions

A suite of geoarchaeological analyses was used to reconstruct the
depositional history of Melikane Rockshelter and changes in envi-
ronment have been linked to a tightly constrained site chronology.
Melikane experienced a complex depositional and post-depositional
history resulting in a highly variable sedimentary sequence. The
geomorphological mechanism driving these changes appears to
have been variability in the degree of connectivity to the ground-
water hydrological system, from which percolating water was
introduced via fissures in the rear of the shelter. This connection
probably first developed after the deposition of the bottom one-third
of the sequence (Layers 30e19). Bioturbation processes were also
important, but were only intensive in the uppermost deposits. In
general, the integrity of the sediments improves down-profile.

The preliminary cross-correlated OSL and AMS 14C chronology for
Melikane shows the sequence spans the period from MIS 5a (w83
ka) to the late Holocene, with occupational pulses coinciding with
sediment deposition atw80, w60,w50,w46e38,w24,w9,w3 ka
and the second millennium AD. The resulting geochronological
framework will anchor future archaeological and palae-
oenvironmentalwork at this and surrounding upland sites. As a deep
repository situated in a comparatively challenging habitat, Melikane
can be usefully interrogated to probe the limits of early modern
human adaptive flexibility in Late Pleistocene Africa and beyond.

Acknowledgments

We thank Geeske Langejans and Gerrit Dusseldorp for inviting
us to participate in the Late Pleistocene Lifeways session at the 13th
Congress of the Pan African Archaeological Association for Prehis-
tory and Related Studies, run jointly with the Society of African



B.A. Stewart et al. / Quaternary International 270 (2012) 40e60 57
Archaeologists. Peter Mitchell and Ryan Rabett provided insightful
comments on earlier drafts of this paper, for which we are grateful.
The Lesotho Highlands component of the project ‘Adaptations to
Marginal Environments in the Middle Stone Age’ (AMEMSA) is
supported by grants from the McDonald Institute for Archaeolog-
ical Research, the University of Cambridge, the British Academy, the
Wenner-Gren Foundation and the Prehistoric Society. The permit to
excavate Melikane Rockshelter was kindly granted by the Protec-
tion and Preservation Commission of the Lesotho Department of
Culture.

References

Aitken, M.J., 1990. Science-based Dating in Archaeology. Longman, London.
Allott, L.F., 2006. Archaeological charcoal as a window on palaeovegetation and

wood use during the Middle Stone Age at Sibudu Cave. Southern African
Humanities 18, 173e201.

Avery, G., Halkett, D., Orton, J., Steele, T., Tusenius, M., Klein, R., 2008. The Yster-
fontein 1 Middle Stone Age Rockshelter and the evolution of coastal foraging.
South African Archaeological Society Goodwin Series 10, 66e89.

Backwell, L., d’Errico, F., Wadley, L., 2008. Middle Stone Age bone tools from the
Howiesons Poort layers, Sibudu Cave, South Africa. Journal of Archaeological
Science 35, 1566e1580.

Barham, L.S., 2002. Backed tools in Middle Pleistocene central Africa and their
evolutionary significance. Journal of Human Evolution 43, 585e603.

Barham, L.S., 2007. Modern is as modern does? Technological trends and thresholds
in the south-central African record. In: Mellars, P., Boyle, K., Bar-Yosef, O.,
Stringer, C. (Eds.), Rethinking the Human Revolution: New Behavioural and
Biological Perspectives on the Origin and Dispersal of Modern Humans.
McDonald Institute for Archaeological Research, Cambridge, pp. 165e176.

Barham, L.S., Mitchell, P.J., 2008. The First Africans: African Archaeology from the
Earliest Toolmakers to Most Recent Foragers. Cambridge University Press,
Cambridge.

Barker, G., Barton, H., Bird, M., Daly, P., Datan, I., Dykes, A., Farr, L., Gilbertson, D.,
Harrisson, B., Hunt, C., Higham, T., Kealhofer, L., Krigbaum, J., Lewis, H.,
McLaren, S., Paz, V., Pike, A., Piper, P., Pyatt, B., Rabett, R., Reynolds, T., Rose, R.,
Rushworth, G., Stephens, M., Stringer, C., Thompson, J., Turney, C., 2007. The
‘human revolution’ in lowland tropical Southeast Asia: the antiquity and
behavior of anatomically modern humans at Niah Cave (Sarawak, Borneo).
Journal of Human Evolution 52, 243e261.

Bar-Matthews, M., Marean, C.W., Jacobs, Z., Karkanas, P., Fisher, E.C., Herries, A.I.R.,
Brown, K., Williams, H.M., Bernatchez, J., Ayalon, A., 2010. A high resolution and
continuous isotopic speleothem record of paleoclimate and paleoenvironment
from 90 to 53 ka from Pinnacle Point on the south coast of South Africa.
Quaternary Science Reviews 29, 2131e2145.

Bawden, M.G., Carroll, D.M., 1968. Land Resources of Lesotho. United Kingdom
Directorate of Overseas Surveys, London.

Bell, W.T., Zimmerman, D.W., 1978. The effect of HF etching on the morphology
of quartz inclusions for thermoluminescence dating. Archaeometry 20,
63e65.

Bird, M.I., Ayliffe, L.K., Turney, C.S.M., Cresswell, R.G., Barrows, T.T., David, B., 1999.
Radiocarbon dating of ‘old’ charcoal using a wet oxidation-stepped combustion
procedure. Radiocarbon 41, 127e140.

Bird, M.I., Fifield, L.K., Santos, G.M., Beaumont, P.B., Zhou, Y., di Tada, M.L.,
Hausladen, P.A., 2003. Radiocarbon dating from 40 to 60 ka BP at Border Cave,
South Africa. Quaternary Science Reviews 22, 943e947.

Botha, G.A., Partridge, T.C., 2000. Colluvial deposits. In: Partridge, T.C., Maud, R.R.
(Eds.), The Cenozoic of Southern Africa. Oxford University Press, Oxford,
pp. 88e99.

Bousman, B., 1988. Prehistoric settlement patterns in the Senqunyane valley,
Lesotho. South African Archaeological Bulletin 43, 33e37.

Branch, G., Branch, M., Bannister, A., 1992. The Living Shores of Southern Africa.
Struik, Cape Town.

Brink, J.S., Deacon, H.J., 1982. A study of a last interglacial shell midden and bone
accumulation at Herolds Bay, Cape Province, South Africa. Palaeoecology of
Africa 15, 31e39.

Brock, F., Higham, T.F.G., Ditchfield, P., Bronk Ramsey, C., 2010. Current pretreatment
methods for AMS radiocarbon dating at the Oxford Radiocarbon Accelerator
Unit ORAU. Radiocarbon 521, 103e112.

Bronk Ramsey, C., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 511,
337e360.

Brook, G.A., Cowart, J.B., Marais, E., 1996. Wet and dry periods in the southern
African summer rainfall zone during the last 330 kyr from speleothem, tufa and
sand dune age data. Palaeoecology of Africa 24, 147e158.

Brook, G.A., Cowart, J.B., Brandt, S.A., Scott, L., 1997. Quaternary climatic change in
southern and eastern Africa during the last 300 ka: the evidence from caves in
Somalia and the Transvaal region of South Africa. Zeitschrift für Geo-
morphologie NF Supplementband 108, 15e48.

Brook, G.A., Cowart, J.B., Brandt, S.A., 1998. Comparison of Quaternary environ-
mental change in eastern and southern Africa using cave speleothem, tufa and
rock shelter sediment data. In: Alsharan, A., Glennie, K.W., Wintle, G.L.,
Kendall, C.G.St.C. (Eds.), Quaternary Deserts and Climate Change. Balkema,
Rotterdam, pp. 239e250.

Brown, K.S., Marean, C.W., Herries, A.I., Jacobs, Z., Tribolo, C., Braun, D., Roberts, D.L.,
Meyer, M.C., Bernatchez, J., 2009. Fire as an engineering tool of early modern
humans. Science 325, 859e862.

Canti, M.G., 2003. Aspects of the chemical and microscopic characteristics of plant
ashes found in archaeological soils. Catena 54, 339e361.

Carter, P.L., 1976. The effects of climate change on settlement in eastern Lesotho
during the Middle and Later Stone Age. World Archaeology 8, 197e206.

Carter, P.L., 1978. The Prehistory of Eastern Lesotho. Ph.D. Thesis, University of
Cambridge, Cambridge, UK.

Carter, P.L., Vogel, J.C., 1974. The dating of industrial assemblages from stratified
sites in eastern Lesotho. Man 9, 557e570.

Carter, P.L., Mitchell, P., Vinnicombe, P., 1988. Sehonghong: The Middle and Later
Stone Age Industrial Sequence at a Lesotho Rock-shelter. British Archaeological
Reports International Series S406, Oxford.

Chase, B.M., 2010. South African palaeoenvironments during marine oxygen isotope
stage 4: a context for the Howiesons Poort and Still Bay industries. Journal of
Archaeological Science 37, 1359e1366.

Clark, A.M.B., 1997a. The final Middle Stone Age at Rose Cottage Cave: a distinct
industry in the Basutolian ecozone. South African Journal of Science 93,
449e458.

Clark, A.M.B., 1997b. The MSA/LSA transition in southern Africa: new technological
evidence from Rose Cottage Cave. South African Archaeological Bulletin 52,
113e121.

Clark, A.M.B., 1999. Late Pleistocene technology at Rose Cottage Cave: a search for
modern behavior in an MSA context. African Archaeological Review 16,
93e119.

Clark, J.L., Plug, I., 2008. Animal exploitation strategies during the South African
Middle Stone Age: Howiesons Poort and post-Howiesons Poort fauna from
Sibudu Cave. Journal of Human Evolution 546, 886e898.

Clarke, M.L., Vogel, J.C., Botha, G.A., Wintle, A.G., 2003. Late Quaternary hillslope
evolution recorded in eastern South African colluvial badlands. Palae-
ogeography, Palaeoclimatology, Palaeoecology 197, 199e212.

Courty, M.-A., Goldberg, P., Macphail, R., 1989. Soils and Micromorphology in
Archaeology. Cambridge Manuals in Archaeology. Cambridge University Press,
Cambridge.

Cowling, R.M., 1992. The Ecology of Fynbos: Nutrients, Fire, and Diversity. Oxford
University Press, Cape Town.

Cowling, R.M., Proches, S., 2005. Patterns and evolution of plant diversity in the
Cape Floristic Region. Biologiske Skrifter 55, 273e288.

David, B., Roberts, R.G., Magee, J., Mialanes, J., Turney, C., Bird, M., White, C.,
Fifield, L.K., Tibby, J., 2007. Sediment mixing at Nonda Rock: investigations of
stratigraphic integrity at an early archaeological site in northern Australia and
implications for the human colonisation of the continent. Journal of Quaternary
Science 22, 449e479.

Deacon, H.J., 1989. Late Pleistocene paleoecology and archaeology in the southern
Cape. In: Mellars, P.A., Stringer, C.B. (Eds.), The Human Revolution: Behavioural
and Biological Perspectives on the Origins of Modern Humans. Edinburgh
University Press, Edinburgh, pp. 547e564.

Deacon, H.J., 1995. Two late PleistoceneeHolocene archaeological repositories from
the southernCape, SouthAfrica. SouthAfricanArchaeological Bulletin50,121e131.

Deacon, H.J., Wurz, S., 2001. Middle Pleistocene populations of southern Africa and
the emergence of modern behaviour. In: Barham, L.S., Robson-Brown, K. (Eds.),
Human Roots: African and Asia in the Middle Pleistocene. Western Academic
and Specialist Press, Bristol, pp. 55e63.

Dearing, J.A., 1999. Environmental Magnetic Susceptibility, second ed. Chi
Publishing, Kenilworth.

d’Errico, F., Henshilwood, C., Nilssen, P., 2001. An engraved bone fragment from c.
70,000-year-old Middle Stone Age levels at Blombos Cave, South Africa:
implications for the origin of symbolism and language. Antiquity 75, 309e318.

d’Errico, F., Henshilwood, C., Vanhaeren, M., van Niekerk, K., 2005. Nassarius
kraussianus shell beads from Blombos Cave: evidence for symbolic behaviour in
the Middle Stone Age. Journal of Human Evolution 48, 3e24.

d’Errico, F., Vanhaeren, M., Wadley, L., 2008. Possible shell beads from the Middle
Stone Age layers of Sibudu Cave, South Africa. Journal of Archaeological Science
35, 2675e2685.

Dewar, G.I., Stewart, B.A. Preliminary results of excavations at Spitzkloof Rock-
shelter, Richtersveld, South Africa. Quaternary International, this volume.

Donahue, J., Adovasio, J., 1990. Evolution of sandstone rockshelters in Eastern North
America: a geoarchaeological perspective. In: Laska, N., Donahue, J. (Eds.),
Archaeological Geology of North America. Geological Society of America,
Boulder, pp. 231e251.

Duncan, A.R., Marsh, J.S., 2006. The Karoo Igneous Province. In: Johnson, M.R.,
Anhaeusser, C.R., Thomas, R.J. (Eds.), The Geology of South Africa. Geological
Society of South Africa. Johannesburg/Council for Geoscience, Pretoria,
pp. 501e519.

Earle, A., Malzbender, D., Turton, A.R., Manzungu, E., 2005. A Preliminary Basin
Profile of the Orange/Senqu River. AWIRU, University of Pretoria, Pretoria.

Fairbairn, A.S., Hope, G.S., Summerhayes, G.R., 2006. Pleistocene occupation of New
Guinea’s highland and subalpine environments. World Archaeology 38,
371e386.

Fuggle, R.F., 1971. Relationships between microclimatic parameters and Basuto
dwelling sites in the Marakabei Basin, Lesotho. South African Journal of Science
67, 443e450.



B.A. Stewart et al. / Quaternary International 270 (2012) 40e6058
Galbraith, R.F., Roberts, R.G., Laslett, G.M., Yoshida, H., Olley, J.M., 1999. Optical
dating of single and multiple grains of quartz from Jinmium rock shelter,
northern Australia: part I, experimental design and statistical models.
Archaeometry 41, 339e364.

Galbraith, R.F., Roberts, R.G., Yoshida, H., 2005. Error variation in OSL palaeodose
estimates from single aliquots of quartz: a factorial experiment. Radiation
Measurements 39, 289e307.

Gamble, C., 1993. Timewalkers: The Prehistory of Global Colonization. Harvard
University Press, Cambridge, MA.

Gamble, C., 2007. Origins and Revolutions: Human Identity in Earliest Prehistory.
Cambridge University Press, Cambridge.

Goldberg, P., 2000. Micromorphology and site formation at Die Kelders Cave I,
South Africa. Journal of Human Evolution 38, 43e90.

Goldberg, P., Arpin, T.L., 1999. Micromorphological analysis of sediments from
Meadowcroft Rockshelter, Pennsylvania: implications for radiocarbon dating.
Journal of Field Archaeology 26, 325e342.

Goldberg, P., Miller, C.E., Schiegl, S., Ligouis, B., Berna, F., Conard, N.J., Wadley, L.,
2009. Bedding, hearths, and site maintenance in the Middle Stone Age of
Sibudu Cave, KwaZulu-Natal, South Africa. Archaeological and Anthropological
Sciences 1, 95e122.

Grab, S.W., 1997. Thermal regime for a thufa apex and its adjoining depression,
Mashai Valley, Lesotho. Permafrost and Periglacial Processes 8, 437e445.

Grab, S.W., 2002. Characteristics and palaeoenvironmental significance of relict
sorted patterned ground, Drakensberg plateau, southern Africa. Quaternary
Science Reviews 21, 1729e1744.

Grün, R., Beaumont, P., 2001. Border Cave revisited: a revised ESR chronology.
Journal of Human Evolution 40, 467e482.

Hall, G., Woodborne, S., Scholes, M., 2008. Stable carbon isotope ratios from
archaeological charcoal as palaeoenvironmental indicators. Chemical Geology
247, 384e400.

Harper, G., 1969. Periglacial evidence in southern Africa during the pleistocene
epoch. In: van Zinderen Bakker, E.M. (Ed.), Palaeoecology of Africa. Balkema,
Cape Town, pp. 71e101.

Heiri, O., Lotter, A.F., Lemcke, G., 2001. Loss on ignition as a method for estimating
organic and carbonate content in sediments: reproducibility and comparability
of results. Journal of Paleoliminology 25, 101e110.

Henshilwood, C.S., Marean, C.W., 2003. The origin of modern human behavior:
critiques of the models and their test implications. Current Anthropology 44,
627e651.

Henshilwood, C.S., d’Errico, F., Marean, C.W., Milo, R.G., Yates, R., 2001a. An early
bone tool industry from the Middle Stone Age at Blombos Cave, South Africa:
implications for the origins of modern human behaviour, symbolism and
language. Journal of Human Evolution 41, 631e678.

Henshilwood, C.S., Sealy, J.C., Yates, R., Cruz-Uribe, K., Goldberg, P., Grine, F.E.,
Klein, R.G., Poggenpoel, C., van Niekerk, K., Watts, I., 2001b. Blombos Cave,
southern Cape, South Africa: preliminary report on the 1992e1999 excava-
tions of the Middle Stone Age levels. Journal of Archaeological Science 28,
421e448.

Henshilwood, C.S., d’Errico, F., Yates, R., Jacobs, Z., Tribolo, C., Duller, G.A.T.,
Mercier, N., Sealy, J.C., Valladas, H., Watts, I., Wintle, A.G., 2002. Emergence of
modern human behavior: Middle Stone Age engravings from South Africa.
Science 295, 1278e1280.

Henshilwood, C.S., d’Errico, F., Watts, I., 2009. Engraved ochres from the Middle
Stone Age levels at Blombos Cave, South Africa. Journal of Human Evolution 57,
27e47.

Holzkämper, S., Holmgren, K., Lee-Thorp, J., Talma, S., Mangini, A., Partridge, T.,
2009. Late Pleistocene stalagmite growth in Wolkberg Cave, South Africa. Earth
and Planetary Science Letters 282, 212e221.

Inskeep, R.R., 1972. Nelson’s Bay Cave, Robberg Peninsula, Plettenberg Bay. Palae-
oecology of Africa 6, 247e249.

Jacobs, Z., 2010. An OSL chronology for the sedimentary deposits from Pinnacle
Point Cave 13B e A punctuated presence. Journal of Human Evolution 59,
289e305.

Jacobs, Z., Roberts, R.G., 2007. Advances in optically stimulated luminescence dating
of individual grains of quartz from archaeological deposits. Evolutionary
Anthropology 16, 210e223.

Jacobs, Z., Roberts, R.G., 2008. Testing times: old and new chronologies for the
Howieson’s Poort and Still Bay industries in environmental context. South
African Archaeological Society Goodwin Series 10, 9e34.

Jacobs, Z., Roberts, R.G., 2009. Human history written in stone and blood. American
Scientist 97, 302e309.

Jacobs, Z., Duller, G.A.T., Wintle, A.G., 2006a. Interpretation of single grain De
distributions and calculation of De. Radiation Measurements 41, 264e277.

Jacobs, Z., Duller, G.A.T., Wintle, A.G., Henshilwood, C.S., 2006b. Extending the
chronology of deposits at Blombos Cave, South Africa, back to 140 ka using
optical dating of single and multiple grains of quartz. Journal of Human
Evolution 51, 255e273.

Jacobs, Z., Roberts, R.G., Galbraith, R., Deacon, H.J., Grün, R., Mackay, A.,
Mitchell, P., Vogelsang, R., Wadley, L., 2008a. Ages for the Middle Stone Age of
southern Africa: implications for human behavior and dispersal. Science 322,
733e735.

Jacobs, Z., Wintle, A.G., Duller, G.A.T., Roberts, R.G., Wadley, L., 2008b. New ages for
the post-Howiesons Poort, late and final Middle Stone Age at Sibudu, South
Africa. Journal of Archaeological Science 35, 1790e1807.

Jacot Guillarmod, A., 1971. Flora of Lesotho. Cramer, Lehre.
Jerardino, A., Marean, C.W., 2010. Shellfish gathering, marine paleoecology and
modern human behavior: perspectives from cave PP13B, Pinnacle Point, South
Africa. Journal of Human Evolution 59, 412e424.

Karkanas, P., Goldberg, P., 2010. Site formation processes at Pinnacle point Cave 13B
(Mossel Bay, Western Cape Province, South Africa): resolving stratigraphic and
depositional complexities with micromorphology. Journal of Human Evolution
59, 256e273.

Karkanas, P., Kyparissi-Apostolika, N., Bar-Yosef, O., Weiner, S., 1999. Mineral
assemblages in Theopetra, Greece: a framework for understanding diagenesis
in a prehistoric cave. Journal of Archaeological Science 26, 1171e1180.

Karkanas, P., Bar-Yosef, O., Goldberg, P., Weiner, S., 2000. Diagenesis in prehistoric
caves: the use of minerals that form in situ to assess the completeness of the
archaeological record. Journal of Archaeological Science 27, 915e929.

Killick, D.J.B., 1963. An account of the plant ecology of the Cathedral Peak area of the
Natal Drakensberg. Memoirs of the Botanical Survey of South Africa 34, 1e78.

Klein, R.G., Cruz-Uribe, K., Skinner, J.D., 1999. Fur seal bones reveal variability in
prehistoric human seasonal movements on the southwest African coast.
ArchaeoZoologia 10, 181e188.

Klein, R.G., Avery, G., Cruz-Uribe, K., Halkett, D., Parkington, J.E., Steele, T.,
Volman, T.P., Yates, R., 2004. The Ysterfontein 1 Middle Stone Age site, South
Africa, and early human exploitation of coastal resources. Proceedings of the
National Academy of Sciences 101, 5708e5715.

Kristen, I., Fuhrmann, A., Thorpe, J., Röhl, U., Wilkes, H., Oberhänsli, H., 2007.
Hydrological changes in southern Africa over the last 200 ka as recorded in lake
sediments from the Tswaing impact crater. South African Journal of Geology
110, 311e326.

Lewis, C.A., 2008a. Periglacial features. In: Lewis, C.A. (Ed.), The Geomorphology of
the Eastern Cape, South Africa. NISC, Grahamstown, pp. 149e185.

Lewis, C.A., 2008b. Glaciations and glacial features. In: Lewis, C.A. (Ed.), The
Geomorphology of the Eastern Cape, South Africa. NISC, Grahamstown,
pp. 127e148.

Lewis, C.A., 2008c. Late Quaternary climatic changes, and associated human
responses, during the last w45,000 yr in the Eastern and adjoining Western
Cape, South Africa. Earth Science Reviews 88, 167e187.

Lewis, C.A., Hanvey, P.M., 1993. The remains of rock glaciers in Bottelnek, East Cape
Drakensberg, South Africa. Transactions of the Royal Society of South Africa 48,
265e289.

Lewis, C.A., Illgner, P.M., 2001. Late Quaternary glaciation in southern Africa: moraine
ridges and glacial deposits atMount Enterprise in the Drakensberg of the Eastern
Cape Province, South Africa. Journal of Quaternary Science 16, 365e374.

Lombard, M., 2005a. The Howiesons Poort of South Africa: what we know, what we
think we know, what we need to know. Southern African Humanities 17,
33e55.

Lombard, M., 2005b. Evidence of hunting and hafting during the Middle Stone Age
at Sibudu Cave, KwaZulu-Natal, South Africa: a multianalytical approach.
Journal of Human Evolution 48, 279e300.

Lombard, M., 2009. The Howieson’s Poort of South Africa amplified. South African
Archaeological Bulletin 64, 2e12.

Lombard, M., 2011. Quartz-tipped arrows older than 60 ka: further use-trace
evidence from Sibudu, KwaZulu-Natal, South Africa. Journal of Archaeological
Science 38, 1918e1930.

Lombard, M., Phillipson, L., 2010. Indications of bow and stone-tipped arrow use
64,000 years ago in KwaZulu-Natal, South Africa. Antiquity 84, 635e648.

Lombard, M., Wadley, L., Jacobs, Z., Mohapi, M., Roberts, R.G., 2010. Still Bay and
serrated points from Umhlatuzana Rock Shelter, Kwazulu-Natal, South Africa.
Journal of Archaeological Science 37, 1773e1784.

Mackay, A., Welz, A., 2008. Engraved ochre from a Middle Stone Age context at Klein
Kliphuis in the Western Cape of South Africa. Journal of Archaeological Science
35, 1521e1532.

Marean, C.W., 2010. Pinnacle Point Cave 13B (Western Cape Province, South Africa)
in context: the Cape floral kingdom, shellfish, and modern human origins.
Journal of Human Evolution 59, 425e443.

Marean, C.W., 2011. Coastal South Africa and the co-evolution of the modern human
lineage and the coastal adaptation. In: Bicho, N., Haws, J.A., Davis, L.G. (Eds.),
Trekking the Shore: Changing Coastlines and the Antiquity of Coastal Settle-
ment. Springer, New York, pp. 421e440.

Marean, C.W., Bar-Matthews, M., Bernatchez, J., Fisher, E., Goldberg, P.,
Herries, A.I.R., Jacobs, Z., Jerardino, A., Karkanas, P., Minichillo, T., 2007. Early
human use of marine resources and pigment in South Africa during the Middle
Pleistocene. Nature 449, 905e908.

McBrearty, S., 2007. Downwith the revolution. In: Mellars, P., Boyle, K., Bar-Yosef, O.,
Stringer, C. (Eds.), Rethinking the Human Revolution: New Behavioural and
Biological Perspectives on the Origin and Dispersal of Modern Humans.
McDonald Institute for Archaeological Research, Cambridge, pp. 133e151.

McBrearty, S., Brooks, A.S., 2000. The revolution that wasn’t: a new interpretation of
the origin of modern human behavior. Journal of Human Evolution 39,
453e563.

McCormac, F.G., Hogg, A.G., Blackwell, P.G., Buck, C.E., Higham, T.F.G., Reimer, P.J.,
2004. SHCal04 Southern hemisphere calibration, 0e11.0 cal kyr BP. Radiocarbon
463, 1087e1092.

Mejdahl, V., 1979. Thermoluminescence dating: beta-dose attenuation in quartz
grains. Archaeometry 21, 61e72.

Mills, S.C., Grab, S.W., 2005. Debris ridges along the southern Drakensberg
escarpment as evidence for Quaternary glaciation in southern Africa. Quater-
nary International 129, 61e73.



B.A. Stewart et al. / Quaternary International 270 (2012) 40e60 59
Mills, S.C., Carr, S.J., Grab, S.W., 2007. Testing the feasibility of past glaciation in
eastern Lesotho using glacier reconstruction approaches. Quaternary Interna-
tional (Suppl. 167e168), 283.

Mills, S.C., Grab, S.W., Carr, S.J., 2009a. Late Quaternary moraines along the
Sekhokong range, eastern Lesotho: contrasting the geomorphic history of
north- and south-facing slopes. Geografiska Annaler 91A, 121e140.

Mills, S.C., Grab, S.W., Carr, S.J., 2009b. Recognition and palaeoclimatic implications
of Late Quaternary niche glaciation in eastern Lesotho. Journal of Quaternary
Science 24, 647e663.

Mitchell, P.J., 1990. A palaeoecological model for archaeological site distribution in
southern Africa during the Upper Pleniglacial and Late Glacial. In: Gamble, C.,
Soffer, O. (Eds.), The World at 18,000 BP. Low Latitudes, vol. 2. Unwin Hyman,
London, pp. 189e205.

Mitchell, P.J., 1992. Archaeological research in Lesotho: a review of 120 years.
African Archaeological Review 10, 3e34.

Mitchell, P.J., 1993. Late Pleistocene hunter-gatherers in Lesotho: report on exca-
vations at Sehonghong rock-shelter. Nyame Akuma 39, 43e49.

Mitchell, P.J., 1994. Understanding the MSA/LSA transition: the pre-20,000 BP
assemblages from new excavations at Sehonghong rock-shelter, Lesotho.
Southern African Field Archaeology 3, 15e25.

Mitchell, P.J., 1995. Revisiting the Robberg: new results and a revision of old ideas at
Sehonghong Rock Shelter, Lesotho. South African Archaeological Bulletin 50,
28e38.

Mitchell, P.J., 1996a. The late Quaternary landscape at Sehonghong in the Lesotho
highlands, southern Africa. Antiquity 70, 623e638.

Mitchell, P.J., 1996b. Prehistoric exchange and interaction in southeastern southern
Africa: marine shells and ostrich eggshell. African Archaeological Review 13,
35e76.

Mitchell, P.J., 1996c. Sehonghong: the late Holocene assemblages with pottery.
South African Archaeological Bulletin 51, 17e25.

Mitchell, P.J., 2008. Developing the archaeology of marine isotope stage 3. South
African Archaeological Society Goodwin Series 10, 52e65.

Mitchell, P.J., 2009. Gathering together a history of the People of the Eland: towards
an archaeology of Maloti-Drakensberg hunter-gatherers. In: Mitchell, P.J.,
Smith, B. (Eds.), The Eland’s People: New Perspectives in the Rock Art of the
Maloti-Drakensberg Bushmen. Essays in Memory of Patricia Vinnicombe. Wits
University Press, Johannesburg, pp. 99e138.

Mitchell, P.J., Plug, I., 2008. Fishing in the Lesotho Highlands: 26,000 years of fish
exploitation, with special reference to Sehonghong Shelter. Journal of African
Archaeology 6, 33e35.

Mitchell, P.J., Vogel, J.C., 1994. New radiocarbon dates from Sehonghong rock-
shelter, Lesotho. South African Journal of Science 90, 284e288.

Mohapi, M., 2007. Rose Cottage Cave MSA lithic points: does technological change
imply change in hunting techniques? South African Archaeological Bulletin 62,
9e18.

Moore, A., Blenkinsop, T., 2006. Scarp retreat vs. pinned drainage divide in the
formation of the Drakensberg escarpment, southern Africa. South African
Journal of Geology 109, 599e610.

Mucina, L., Rutherford, M.C., 2006. The Vegetation of South Africa, Lesotho and
Swaziland. Strelitzia 19. South African National Biodiversity Institute, Pretoria.

Nel, W., Sumner, P., 2008. Rainfall and temperature attributes on the Lesotho-
Drakensberg escarpment edge, southern Africa. Geografiska Annaler 90A,
97e108.

O’Connell, J.F., Allen, J., 2004. Dating the colonization of Sahul (Pleistocene
Australia-New Guinea): a review of recent research. Journal of Archaeological
Science 31, 835e853.

Olley, J.M., Pietsch, T., Roberts, R.G., 2004. Optical dating of Holocene sediments
from a variety of geomorphic setting using single grains of quartz. Geomor-
phology 60, 337e358.

Opperman, H., 1996. Strathalan Cave B, north-eastern Cape Province, South Africa:
evidence for human behaviour 29,000e26,000 years ago. Quaternary Interna-
tional 33, 45e53.

Opperman, H., Heydenrych, B., 1990. A 22 000 year-old Middle Stone Age camp site
with plant food remains from the north-eastern Cape. South African Archaeo-
logical Bulletin 45, 93e99.

Parkington, J., 2003. Middens andmoderns: shellfishing and theMiddle Stone Age of
the Western Cape, South Africa. South African Journal of Science 99, 243e247.

Parkington, J., 2006. Shorelines, Strandlopers, and Shell Middens. Creda, Cape Town.
Parkington, J., 2010. Coastal diet, encephalization, and innovative behaviors in the

late Middle Stone Age of Southern Africa. In: Cunnane, S., Stewart, K. (Eds.),
Human Brain Evolution: The Influence of Freshwater and Marine Food
Resources. Wiley-Blackwell and Sons, New Jersey, pp. 189e203.

Parkington, J., Poggenpoel, C., Rigaud, J.P., Texier, P.J., 2005. From tool to symbol: the
behavioural context of intentionally marked ostrich eggshell from Diepkloof,
Western Cape. In: d’Errico, F., Backwell, L. (Eds.), From Tools to Symbols: From
Early Hominids to Modern Humans. Witwatersrand University Press, Johan-
nesburg, pp. 475e492.

Partridge, T.C., deMenocal, P.B., Lorentz, S.A., Paiker, M.J., Vogel, J.C., 1997. Orbital
forcing of climate over South Africa: a 200,000-year rainfall record from the
Pretoria Saltpan. Quaternary Science Reviews 16, 1125e1133.

Plug, I., 2004. Resource exploitation: animal use during the Middle Stone Age at
Sibudu Cave, KwaZulu-Natal. South African Journal of Science 100, 151e158.

Plug, I., Mitchel, P.J., 2008. Sehonghong: hunter-gatherer utilization of animal
resources in the highlands of Lesotho. Annals of the Transvaal Museum 45,
31e53.
Prescott, J.R., Hutton, J.T., 1994. Cosmic ray contributions to dose rates for lumi-
nescence and ESR dating: large depths and long-term time variations. Radiation
Measurements 23, 497e500.

Readhead, M.L., 1987. Thermoluminescence dose rate data and dating equations for
the case of disequilibrium in the decay series. Nuclear Tracks and Radiation
Measurements 13, 197e207.

Reimer, P.J., Baillie, M.G.L., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk
Ramsey, C., Buck, C.E., Burr, G.S., Edwards, R.L., Friedrich, M., Grootes, P.M.,
Guilderson, T.P., Hajdas, I., Heaton, T.J., Hogg, A.G., Hughen, K.A., Kaiser, K.F.,
Krome, B., McCormac, F.G., Manning, S.W., Reimer, R.W., Richards, D.A.,
Southon, J.R., Talamo, S., Turney, C.S.M., van der Plicht, J., Weyhenmeyer, C.E.,
2009. IntCal09 and Marine09 radiocarbon age calibration Curves,
0e50,000 Years cal BP. Radiocarbon 514, 1111e1150.

Reynolds, S.C., 2006. Temporal changes in vegetation and mammalian communities
during oxygen isotope stage 3 at Sibudu Cave. Southern African Humanities 18,
301e314.

Robbins, L.H., Brook, G.A., Murphy, M.L., Campbell, A.C., Melear, N., Downey, W.S.,
2000a. Late Quaternary archaeological and palaeoenvironmental data from
sediments at Rhino Cave, Tsodilo Hills, Botswana. Southern African Field
Archaeology 9, 17e31.

Robbins, L.H., Murphy, M.L., Brook, G.A., Ivester, A.H., Campbell, A.C., Klein, R.G.,
Milo, R.G., Stewart, K.M., Downey, W.S., Stevens, N.J., 2000b. Archaeology,
palaeoenvironment, and chronology of the Tsodilo Hills White Paintings
Rockshelter, northwest Kalahari desert, Botswana. Journal of Archaeological
Science 27, 1085e1113.

Roberts, R.G., Bird, M., Olley, J., Galbraith, R., Lawson, E., Laslett, G., Yoshida, H.,
Jones, R., Fullagar, R., Jacobsen, G., Hua, Q., 1998. Optical and radiocarbon dating
at Jinmium rock shelter in northern Australia. Nature 393, 358e362.

Roberts, R.G., Galbraith, R.F., Yoshida, H., Laslett, G.M., Olley, J.M., 2000. Dis-
tinguishing dose populations in sediment mixtures: a test of single-grain
optical dating procedures using mixtures of laboratory-dosed quartz. Radia-
tion Measurements 32, 459e465.

Rutherford, M.C., Westfall, R.H., 1994. Biomes of Southern Africa: An Objective
Categorization. In: Memoirs of the Botanical Survey of South Africa, second ed.,
vol. 63, 1e94.

Schiegl, S., Goldberg, P., Bar-Yosef, O., Weiner, S., 1996. Ash deposits in Hayonim and
Kebara Caves, Israel: macroscopic, microscopic and mineralogical observations, and
their archaeological implications. Journal of Archaeological Science 23, 763e781.

Schlüter, T., 2006. Geological Atlas of Africa, with Notes on Stratigraphy, Tectonics,
Economic Geology, Geohazards and Geosites of Each Country. Springer, Berlin.

Schulze, R.E., 1979. Hydrology and Water Resources of the Drakensberg, Natal Town
and Regional Planning Commission, Pietermaritzburg.

Schweitzer, F.R., 1979. Excavations at Die Kelders, Cape Province, South Africa.
Annals of the South African Museum 78, 101e233.

Sealy, J., Galimberti, M., 2011. Shellfishing and the interpretation of shellfish sizes in
the Middle and Later Stone Ages of South Africa. In: Bicho, N., Haws, J.A.,
Davis, L.G. (Eds.), Trekking the Shore: Changing Coastlines and the Antiquity of
Coastal Settlement. Springer, New York, pp. 405e419.

Shea, J.J., 2011. Homo sapiens is as Homo sapiens was. Current Anthropology 52,1e35.
Sievers, C., 2006. Seeds from the Middle Stone Age layers at Sibudu Cave. Southern

African Humanities 18, 203e222.
Singer, R., Wymer, J., 1982. The Middle Stone Age at Klasies River Mouth in South

Africa. Chicago University Press, Chicago.
Smith, M.A., Prescott, J.R., Head, M.J., 1997. Comparison of 14C and luminescence

chronologies at Puritjarra rock shelter, central Australia. Quaternary Science
Reviews 16, 299e320.

Soriano, S., Villa, P., Wadley, L., 2007. Blade technology and tool forms in the Middle
Stone Age of South Africa: the Howiesons Poort and post-Howiesons Poort at
Rose Cottage Cave. Journal of Archaeological Science 34, 681e703.

Stoops, G., 2003. Guidelines for Analysis and Description of Soil and Regolith Thin
Sections. Soil Science Society of America, Madison.

Summerhayes, G.R., Leavesley, M., Fairbairn, A., Mandui, H., Field, J., Ford, A.,
Fullagar, R., 2010. Human adaptation and use of plants in highland New Guinea
49,000e44,000 years ago. Science 330, 78e81.

Tans, P.P., de Jong, A.F.M., Mook, W.G., 1979. Natural atmospheric 14C variation and
the Suess effect. Nature 280, 826e828.

Texier, P.J., Porraz, G., Parkington, J., Rigaud, J.P., Poggenpoel, C., Miller, C., Tribolo, C.,
Cartwright, C., Coudenneau, A., Klein, R., 2010. A Howiesons Poort tradition of
engraving ostrich eggshell containers dated to 60,000 years ago at Diepkloof
Rock Shelter, South Africa. Proceedings of the National Academy of Sciences 107,
6180e6185.

Thackeray, J.F., 1988. Molluscan fauna from Klasies river, South Africa. South African
Archaeological Bulletin 43, 27e32.

van Zinderen Bakker, E.M., Werger, M.J., 1974. Environment, vegetation and
phytogeography of the high-altitude bogs of Lesotho. Vegetatio 29, 37e49.

Villa, P., Soressi, M., Henshilwood, C.S., Mourre, V., 2009. The Still Bay points of
Blombos Cave (South Africa). Journal of Archaeological Science 36, 441e460.

Villa, P., Soriano, S., Teyssandier, N.,Wurz, S., 2010. TheHowiesons Poort andMSA III at
Klasies River main site, Cave 1A. Journal of Archaeological Science 37, 630e655.

Visser, D.J.L., 1989. The Geology of the Republics of South Africa, Transkei, Bophu-
thatswana, Venda, Ciskei and the Kingdoms of Lesotho and Swaziland. Explana-
tion: Geological Map 1:1,000,000. Department of Mineral and Energy Affairs,
Pretoria.

Vogel, J.C., 1983. Isotopic evidence for past climates and vegetation of South Africa.
Bothalia 14, 391e394.



B.A. Stewart et al. / Quaternary International 270 (2012) 40e6060
Vogel, J.C., Fuls, A., Visser, E., 1986. Pretoria radiocarbon dates III. Radiocarbon 28,
1133e1172.

Vogelsang, R., Richter, J., Jacobs, Z., Eichhorn, B., Linseele, V., Roberts, R.G., 2010.
New excavations of Middle Stone Age deposits at Apollo 11 rockshelter,
Namibia: stratigraphy, chronology and past environments. Journal of African
Archaeology 8, 185e218.

Volman, T.P., 1978. Early archeological evidence for shellfish collecting. Science 201,
911e913.

Volman, T.P., 1984. Early prehistory of southern Africa. In: Klein, R.G. (Ed.),
Southern African Prehistory and Palaeoenvironments. Balkema, Rotterdam,
pp. 169e220.

von den Driesch, A., 2004. The Middle Stone Age fish fauna from the Klasies river
main site, South Africa. Anthropozoologica 39, 33e59.

Wadley, L., 1996. The Robberg levels of Rose Cottage Cave, Eastern free State: the
technology, spatial patterns and environment. South African Archaeological
Bulletin 51, 64e74.

Wadley, L., 1997. Rose Cottage Cave: archaeological work 1987 to 1997. South
African Journal of Science 93, 439e444.

Wadley, L., 2001. What is cultural modernity? A general view and a South African
perspective from Rose Cottage Cave. Cambridge Archaeological Journal 11,
201e221.

Wadley, L., 2004a. Late Middle Stone Age spatial patterns in Rose Cottage Cave,
South Africa. In: Conard, N.J. (Ed.), Settlement Dynamics of the Middle Palae-
olithic and Middle Stone Age. Kerns Verlag, Tübingen, pp. 23e36.

Wadley, L., 2004b. Vegetation changes between 61,500 and 26,000 years ago: the
evidence from seeds in Sibudu Cave, KwaZulu-Natal. South African Journal of
Science 100, 167e173.

Wadley, L., 2006. Partners in grime: results of multi-disciplinary archaeology at
Sibudu Cave. Southern African Humanities 18, 315e341.

Wadley, L., 2007. Announcing a still Bay industry at Sibudu Cave, South Africa.
Journal of Human Evolution 52, 681e689.
Wadley, L., Jacobs, Z., 2004. Sibudu Cave, KwaZulu-Natal: background to the exca-
vations of Middle Stone Age and Iron Age occupations. South African Journal of
Science 100, 145e151.

Wadley, L., Jacobs, Z., 2006. Sibudu Cave: background to the excavations, stratig-
raphy and dating. Southern African Humanities 18, 1e26.

Wadley, L., Mohapi, M., 2008. A segment if not a monolith: evidence from the
Howiesons Poort of Sibudu, South Africa. Journal of Archaeological Science 35,
2594e2605.

Wadley, L., Hodgskiss, T., Grant, M., 2009. Implications for complex cognition from
the hafting of tools with compound adhesives in the Middle Stone Age, South
Africa. Proceedings of the National Academy of Science 106, 9590e9594.

Weiner, S., Goldberg, P., Bar-Yosef, O., 2002. Three-dimensional distribution of
minerals in the sediments of Hayonim Cave, Israel: diagenetic processes and
archaeological implications. Journal of Archaeological Science 29, 1289e1308.

Wheeler, M., 2010. Radiocarbon dating of Melikane Rockshelter. M.Sc. Thesis,
University of Oxford, Oxford, UK.

Wobst, M.H., 1990. Afterword: minitime and megaspace in the Palaeolithic at 18 K
and otherwise. In: Gamble, C., Soffer, O. (Eds.), The World at 18,000 BP. Low
Latitudes, vol. 2. Unwin Hyman, London, pp. 322e334.

Wurz, S., 2002. Variability in the Middle Stone Age lithic sequence, 115,000e60,000
years ago at Klasies River, South Africa. Journal of Archaeological Science 29,
1001e1015.

Zilhão, J., 2007. The emergence of ornaments and art: an archaeological perspective
on the origins of ‘behavioral modernity’. Journal of Archaeological Research 15,
1e54.

Zilhão, J., Angelucci, D.E., Badal-García, E., d’Errico, F., Daniel, F., Dayet, L., Douka, K.,
Higham, T.F., Martínez-Sánchez, M.J., Montes-Bernárdez, R., Murcia-
Mascarós, S., Pérez-Sirvent, C., Roldán-García, C., Vanhaeren, M., Villaverde, V.,
Wood, R., Zapata, J., 2010. Symbolic use of marine shells and mineral pigments
by Iberian Neandertals. Proceedings of the National Academy of Science 107,
1023e1028.


	Afromontane foragers of the Late Pleistocene: Site formation, chronology and occupational pulsing at Melikane Rockshelter,  ...
	1. Introduction
	2. Geographic, climatic and ecological context
	3. Melikane Rockshelter: previous research, geomorphological setting and archaeological context
	3.1. Previous research
	3.2. Introduction to the sedimentary sequence

	4. Materials and methods
	4.1. Excavation
	4.2. Geoarchaeology
	4.2.1. Field logging and sampling
	4.2.2. Particle size analysis, loss-on-ignition and magnetic susceptibility
	4.2.3. Micromorphological analysis

	4.3. Dating
	4.3.1. AMS 14C dating
	4.3.2. Single-grain OSL dating


	5. Results
	5.1. Geoarchaeology of the Melikane sedimentary sequence
	5.1.1. Facies A
	5.1.2. Facies B
	5.1.3. Facies C
	5.1.4. Facies D

	5.2. Dating the Melikane sedimentary sequence
	5.2.1. AMS 14C dating results
	5.2.2. OSL dating results


	6. Interpreting the Melikane sedimentary sequence
	6.1. Depositional environments of Melikane
	6.1.1. Facies A: moderately-sorted, rounded to sub-rounded medium to large sandstone clasts – colluvial sedimentation
	6.1.2. Facies B: tabular sandstone blocks and coarse angular to sub-angular gravel – roof-fall, bedrock attrition
	6.1.3. Facies C: charcoal-rich fine-grained sediments – occupation layers with intermixed combustion material (C1) and an in-situ  ...
	6.1.4. Facies D: heterogeneous layers of anthropogenic material mixed with gravel (D1), and coarse tabular sandstone slabs (D2)

	6.2. A revised chronological framework for Melikane

	7. Discussion
	7.1. Taphonomic issues and diagenetic processes
	7.2. Depositional history, occupation pulses and palaeoenvironmental context

	8. Conclusions
	Acknowledgments
	References


