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a b s t r a c t

Flake based assemblages (Mode 1) comprise the earliest stone technologies known, with well-dated
Oldowan sites occurring in eastern Africa between w 2.6-1.7 Ma, and in less securely dated contexts in
central, southern and northern Africa. Our understanding of the spread and local development of this
technology outside East Africa remains hampered by the lack of reliable numerical dating techniques
applicable to non-volcanic deposits. This study applied the still relatively new technique of cosmogenic
nuclide burial dating (10Be/26Al) to calculate burial ages for fluvial gravels containing Mode 1 artefacts in
the Luangwa Valley, Zambia. The Manzi River, a tributary of the Luangwa River, has exposed a 4.7 m deep
section of fluvial sands with discontinuous but stratified gravel layers bearing Mode 1, possibly Oldowan,
artefacts in the basal layers. An unconformity divides the Manzi section, separating Mode 1 deposits from
overlying gravels containing Mode 3 (Middle Stone Age) artefacts. No diagnostic Mode 2 (Acheulean)
artefacts were found.

Cosmogenic nuclide burial dating was attempted for the basal gravels as well as exposure ages for the
upper Mode 3 gravels, but was unsuccessful. The complex depositional history of the site prevented the
calculation of reliable age models. A relative chronology for the full Manzi sequence was constructed,
however, from the magnetostratigraphy of the deposit (N>R>N sequence). Isothermal thermolumi-
nescence (ITL) dating of the upper Mode 3 layers also provided consistent results (w78 ka). A coarse but
chronologically coherent sequence now exists for the Manzi section with the unconformity separating
probable mid- or early Pleistocene deposits below from late Pleistocene deposits above. The results
suggest Mode 1 technology in the Luangwa Valley may post-date the Oldowan in eastern and southern
Africa. The dating programme has contributed to a clearer understanding of the geomorphological
processes that have shaped the valley and structured its archaeological record.

� 2010 Elsevier Ltd. All rights reserved.

Introduction

The development of potassiumeargon dating in the early 1960s
and its application to deeply stratified East Africa Rift Valley sedi-
mentary sequences has transformed not only the chronology of the
earliest archaeological record but also our understanding of its
broader evolutionary contexts (Plummer, 2004). Recent refine-
ments in single crystal Ar/Ar dating have improved the accuracy
and precision of dating volcanic deposits that act as local and
regional marker horizons across tectonic basins (e.g., Gathogo and

Brown, 2006). As a result, palaeoanthropologists are now able to
develop and test holistic models of hominin behavioural and bio-
logical responses to differing scales of ecological change (e.g., Potts,
2001). Such complex modelling would have been unthinkable pre-
1960s, but for much of the African record outside the tectonically
active Rift Valley such fine-grained chronological frameworks
remain elusive. There are few numerical dating techniques
currently available that span the Miocene to Pleistocene and which
can be applied to the fluvial and lacustrine contexts which attracted
hominin occupation and contain their archaeological and fossil
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remains. As a result, East African Rift basin sequences retain their
position as key references for inter-regional chronology building
across the continent. Long distance biostratigraphic correlations
with the East African record, often underpinned by magnetic
polarity records, continue to be used by palaeoanthropologists
working in northern Africa (Sahnouni et al., 2002), and this is
a recognised although problematic strategy for the relative dating
of the South African karstic caves and river terrace sequences
(Partridge, 2000; Williams et al., 2007). The application of
numerical dating techniques, notably uranium-series (UePb) and
cosmogenic nuclide burial dating using 26Al and 10Be, to cave
sediments promises independent chronological controls for
biostratigraphic sequences, but as in the case of Sterkfontein
(Member 2) the results vary greatly between techniques, with
UePb indicating a considerably younger age (w2.2 Ma) for the
deposit than that suggested by cosmogenic dating (w4 Ma;
Partridge et al., 2003; Walker et al., 2006). The marked discrepancy
in results highlights the importance of crosschecking results
against other methodologically independent methods of dating.
More recently, a single cosmogenic nuclide burial age ofw2Ma has
been reported from the site ofWonderwerk Cave (South Africa) and
supports the interpretation of the palaeomagnetic record associ-
ated with a Mode 1 assemblage (Chazan et al., 2008:8). An early
Pleistocene cosmogenic nuclide burial age of ca. 1.6 Ma has also
been obtained from deep fluvial deposits containing Mode 2
(Acheulean) artefacts from the Vaal River terraces, South Africa
(Gibbon et al., 2009). These cosmogenic results accord with
radiometric and biostratigraphic time ranges for the Oldowan and
Acheulean in eastern and southern Africa, supporting models of
a widespread transmission of these technologies in the early
Pleistocene (Barham and Mitchell, 2008). In the Chad Basin, dating
using atmospheric 10Be has now provided the first radiometric
dates from the shallow deposits containing Miocene Sahelan-
thropus tchadensis (6.8e7.2 Ma) and Pliocene Australopithecus
bahrelghazali (w3.58 Ma; Lebatard et al., 2008). The dating results
match closely initial age estimates based on long-distance faunal
correlations with the East African record (Brunet et al., 1995, 2002).
Cosmogenic nuclide burial dating is still, from a palaeoanthro-
pological perspective, in an early stage of development and in need
of further testing through application to build confidence in its
reliability before it can be used as a stand-alone technique.

We report here on the application of cosmogenic nuclide dating
to determine the burial age of fluvial deposits containing Early
Stone Age artefacts (Mode 1) but which lack associated fauna for
making biostratigraphic correlations. The fluvial deposits occur in
the Luangwa Valley, eastern Zambia, and the largely acidic sedi-
ments and ground water make bone preservation a rarity, though
with some notable exceptions (Elton et al., 2003; Bishop, in prep).
High natural background radiation in the Luangwa sediments also
limits the age range for optically stimulated luminescence dating to
less than 200 ka (see below). These unpromising circumstances
would normally limit the chronological resolution to one of a rela-
tive sequence based on typological comparisons with numerical
dated sequences in East Africa, or perhaps those in South Africa
with its emerging independent radiometric chronology. The rela-
tively recent development of cosmogenic dating of fluvial terrace
deposits (e.g., Wolkowinsky and Granger, 2004) offers a potential
release from the dependency on long-distance cross-correlations
for dating the many fluvial and open sites that comprise the African
Stone Age record. As a case study, the Luangwa Valley project
should be considered a preliminary test of the methodology under
less than ideal conditions, as described below. The project was
designed to provide independent checks on the cosmogenic results
by applying isothermal thermoluminescence (ITL) dating and
comparison against the magnetostratigraphy of the sedimentary

sequence. A description of the site formation precedes the artefact
analyses and dating results. The paper concludes with a discussion
of the archaeological significance of the lower Mode 1 gravels given
the remaining uncertainties of the numerical age of the deposit.

The Luangwa Valley and the Manzi River section

The Luangwa Valley forms a 700 km long spur off the Western
Branch of the East African Rift system (Dixey, 1937; Vail, 1969) that
cuts diagonally (southwest to northeast) through the high central
plateau of Zambia. The Valley currently supports dense concen-
trations of large herbivores that thrive on the comparatively
nutrient rich soils and permanently available sources of surface
water in the form of the Luangwa River, its perennial tributaries,
and springs distributed along the Valley’s flanks (Astle, 1971;
Trapnell, 1996). By contrast, the Zambian central plateau has
nutrient poor soils and consequently a low herbivore biomass
despite its higher rainfall (East, 1984:246). Assuming a similar
abundance of food resources in the past, the Luangwa Valley would
have offered a natural corridor for hominin dispersals into southern
or eastern Africa in an otherwise resource limited region. This
hypothesis formed part of the basis of investigations begun in 2002
(below) to establish a chronological and palaeoenvironmental
framework with which to assess the long-term human use of the
Valley.

Although the Luangwa Valley is part of the Rift Valley system, it
lacks the morphological structures that support the formation of
closed lake basins and the volcanism that has enabled the devel-
opment of long chronostratigraphic records from the Miocene
through the Pleistocene in eastern Africa (Trauth et al., 2007). The
Luangwa half-graben is marked by the steepMuchinga escarpment
along its northwest margin that rises 800 m above the valley floor.
The southeast margin is typically less clearly defined by broken
ranges of hills. In the study area, the Nchindeni Hills are the
exception as they form a 400 m high margin of Pre-Cambrian
granites that parallel the Muchinga escarpment and constrain the
course of the Luangwa River for approximately 35 km (Drysdall and
Weller, 1966). The Luangwa Valley also differs from the deep
sedimentary basins of the Eastern Rift in having generally thin
mantles of Quaternary deposits; these are rarely more than 10 m
deep and typically lie unconformably over Karoo Group (Permian-
Triassic) sediments that form the Valley floor (Utting, 1988). Allu-
vium up to 37 m in thickness has been reported from exploratory
petroleum cores (ITT, 1992), but these deep deposits are not
exposed or accessible without substantial excavation. Aggressive
erosion by the modern Luangwa River (Gilvear et al., 2000)
combined with relatively little uplift creates secondary archaeo-
logical and palaeontological deposits in the current floodplain, and
these aremost commonly exposed in seasonal tributaries that drain
the escarpments. The recovery of a fossilised femur of the Plio-
Pleistocene primate Theropithecus darti and of Mode 1 cores on
sand bars flanking the main river channel (Elton et al., 2003)
highlights the potential of the Valley as a source of palae-
oanthropological sites as well as the challenges of locating and
dating intact deposits.

Before 2002, no excavation had been undertaken in the
Luangwa Valley, with reports of Sangoan and potentially earlier
sites based solely on surface finds (Macrae and Lancaster, 1937;
Clark, 1954). A five-year programme of systematic survey and
excavation began in 2003 in the South Luangwa National Park and
in the adjacent Nchindeni Hills. Mode 1 cores and flakes were found
eroding from gravel deposits exposed by the Manzi River
(S13�11058.600, E31�4102.300), an ephemeral tributary of the Luangwa
River (Fig. 1). The Manzi rises w18 km to the northwest and is fed
by wet season runoff from low-lying ridges that parallel the strike
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of the Valley. Near its confluence with the Luangwa, the Manzi has
eroded a vertical bank into the undulating landscape, creating
a section face that extends 160 m and varies 7.5e9 m in height
(Fig. 2). The basal 3 m consist of Karoo Group mudstones which are
of no archaeological interest, and these are overlain by w4.7 m of
artefact-bearing fluvial sands and gravels capped by a lag deposit
also with artefacts. The 4 to 5 m difference in height between the
Karoo bedrock and the Luangwa main channel may be protecting
the overlying fluvial sediments from the most destructive effects of
flood season discharge, but the Manzi in flood scours the Karoo
base creating an unstable section face. The Karoo exposure is also
undermined by elephants seeking mineral salts, and their digging
contributes to localised section collapses. Parts of the section face
have as a result retreated by up to 2m between 2003 and 2008, and
the artefact-bearing gravel beds described here no longer survive.
This erosional process may typify the exposure and rapid loss of
archaeological deposits along the Luangwa River and its tributaries.
If so, the search for archaeological and palaeontological sites will
involve a large element of luck in locating surviving deposits.

The Manzi River fluvial sequence is characterised by gravel
lenses 15e20 cm thick that rest on local unconformities with
lithologies dominated by well-rounded quartzite clasts with
intermediate axes of 2e10 cm. Coarse to medium-grained sand lies
gradationally over the gravels and fines upward. In profile, these
sedimentary packages have lenticular shapes and are discontin-
uous laterally. The maximum thickness varies considerably along
the section and is controlled by the amount of sand present
between gravel layers. Cross bedding is present in both sand and
gravel units. Based on observations of present-day sedimentary
environments of the Manzi and Luangwa rivers, the gravels are
inferred to be bars deposited by scouring wet-season floods.

An unconformity at w200e210 cm divides the fluvial gravels
into two sequences. It is identified by a 10 cm thick sub-horizontal
silty clay layer (unit CL4) with dense concentrations of angular
clasts, including artefacts, against which lower bedding forms
truncate. This feature is observable across at least 75 m of the
exposure (Fig. 2) and probably represents a relatively long-exposed
former ground surface. The interlocking clasts suggest the forma-
tion of a pavement or lag deposit similar to that which caps the
Manzi sequence today. Above the unconformity, a colourful soil
overprints the uppermost 1e2 m of the section. The soil is char-
acterised by a deeply reddened (2.5YR5/6 to 5YR4/4) Bt horizon in
which pedogenic Fe-oxides and clay coat quartz grains. This is
overlain by several cambic (Bw) horizons (7.5YR4/2) and a thin dark
grey AB horizon (10YR4.2). The latter is rich in charcoal fragments.
Beneath the soil horizon, the unweathered to lightly weathered (C
or BC horizon) fluvial deposit is light grey (10YR6/3).

Quartzite cobbles with flake scars (cores) and flakes are evident
in the lower gravel lenses and occur sporadically or, more rarely, as
discrete clusters within the lenses. Given the fluvial origin of the
gravels, the possibility exists that some of the apparent artefacts are
simply the by-products of a highly active flow regime with non-
artefactual flakes and cores formed by water-born impact. Before
excavations began, a simple methodology was devised to minimise
the inclusion of naturally flaked cobbles in the analysis. Fluvial
processes can result in edge flaking of cobbles (Shackley, 1978;
Schnurrenberger and Bryan, 1985; Gillespie et al., 2004), and the
active seasonal flood regime of the modern Luangwa and its
tributaries (Gilvear et al., 2000) have the potential to create
assemblages of geofacts. A gravel bar at the junction of the Luangwa
with the Fiya River, a tributary prone to flash floods, was sampled to
characterise the frequency and extent of modification of clasts
exposed to high velocity floods. Two 1 m2 units were demarcated,
and all surface clasts were collected and examined for signs of

Fig. 2. Section drawing of the northern half of the Manzi River face, spanning approximately 75 m, showing gravel lenses (cobble layers) and the location of eight excavation units,
including the full sequence sampled at SF and the upper deposits sampled in A1. Cobble Layer 4 (CL4) is highlighted as a marker horizon that separates the upper and lower units.
These fluvial deposits lie unconformably over Karoo Group mudstones.

Fig. 1. Location of the Manzi River section in relation to the main channel of the
Luangwa River, Zambia.
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modification such as breakage or flake removals. Of the total of 468
clasts, 9.6% were modified (n¼ 45; 39 quartzite, 6 quartz). A further
analysis of the damage patterns shows that 4.3% (n ¼ 20) were
cobbles split on the long axis; 2.1% (n ¼ 10) were cobbles with one
flake scar; 0.4% (n ¼ 2) were cobbles with two flake scars; 1.5%
(n ¼ 7) were angular fragments; 1.0% (n ¼ 5) were flakes lacking
bulbs of percussion; and only 0.2% (n ¼ 1) had a clear bulb of
percussion. Among the clasts with flake removals, the majority
(n ¼ 7) had shallow or skimming flake scars indicative of glancing
blows, and the remainder (n ¼ 12) had scars ending in angular step
fractures indicative of the force driven into the body of the clast
(Cotterell and Kamminga, 1979). Absent were the deep scars with
clear negative bulbs of percussion that occur typically as a result of
intentional hard hammer knapping (Newcomer, 1971).

The predominance of shear fractures among the split cobbles
could be interpreted as evidence of bipolar flaking (Barham, 1987),
but the absence of further modification suggests these are naturally
occurring breaks. This collection of fluvially damaged clasts
provided practical guidelines for analysing the material excavated
from the Manzi River section. All clasts with a single flake removal
were discarded, even at the risk of losing genuine artefacts, and the
frequency of split cobbleswas treated as a potential indicator offlow
strength involved in the formation of the lenses. The degree of
rolling of likely artefacts was also recorded as an indicator of depo-
sitional history, with a sliding scale from fresh to heavily worn (see
below). All sediments were sieved through a 3 mm mesh where
possible to recover the small debitage indicative of knapping and as
a measure of the winnowing of the deposits by flowing water
(Sheppard and Kleindienst, 1996; Pavlish et al., 2002).

Excavation units and formation processes

The primary area selected for excavation in 2003 contained
a representative sequence of gravel lenses within 4.7 m of sedi-
ment. Six upward fining packages of gravels and sands were rec-
ognised and numbered in descending order as cobble layers (CL)
1e6 (Fig. 3). CL1 differed from the other layers in having a more
diffuse scatter of artefacts in contrast to the artefact clusters found
in the lower layers. Scaffolding was erected to give access to the
section face from the top to the basal contact with the Karoo. A
vertical trench labelled SF (1 m � 0.5 m � 5 m) sampled the full
sequence with each cobble layer treated as a natural excavation
unit within which arbitrary spits were excavated if the unit
exceeded 10 cm in thickness. The sterile sands separating the
cobble layers were excavated in arbitrary units. The upper 1e2m of
fluvial sediments imprinted by the red soil development could be
trowelled, but the underlying grey sands were indurated and had to
be removed by hammer and chisel or by careful picking. No arte-
facts were found in the 1.8 m of sands that separated CL4 and CL5,
and systematic sieving was applied only to alternating bucket
loads. Across the Manzi section, a further seven 1 m wide vertical
trenches were established tomaximise the sample of artefacts from
the two lowest cobble layers (CL5 and CL6), and one was extended
to include the unconformity recognised as CL4. In 2004, a 1m� 2m
long trench (A1, Fig. 2) was opened on the surface of the highest
point of the section to provide sediment samples for luminescence
dating and in situ dosimetry data (see below). A1 was excavated to
a depth of 135 cm below ground level, sampling the red soil and the
top of the underlying unweathered sands and incorporating
stratigraphic units equivalent in depth to CL1eCL3 in the main
trench, SF.

Artefact frequencies were low in each of the cobble layers of the
main section (Table 1). These results support the initial impression
of scattered artefact occurrences within lenses with some having
denser concentrations, as seen in CL1 and CL2. The small sample

sizes and absence of retouched tools in CL1eCL4 makes it difficult
to attribute these assemblages to particular industrial traditions in
the south-central African archaeological record. As a generalisation,
retouched tool frequencies are low in mid- to late Pleistocene
assemblages in the region, with the consequence that comparative
techno-typological analyses generally rely on indirect indicators of
shifting reduction strategies (Barham, 2000). In particular, the
technological attributes of cores are used as proxies for attributing
assemblages to general Modes of production (after Clark,1969), and
this approach is followed here. For purposes of comparative
statistical analysis of the upper and lower Manzi sequence,
CL1eCL4 are treated as a single analytical unit representing
assemblages above and including the uncomformity. CL5 and CL6
are retained as separate layers representing the sequence below the
unconformity. Artefacts from the other seven excavation trenches
are assigned to CL4, CL5, and CL6 based on stratigraphic

Fig. 3. Main section (SF) stratigraphic sequence showing the position of cobble layers
(CL1 to CL6) above Karoo Group deposits and the location of sediment samples
collected for cosmogenic nuclide dating.
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correlations across the section with the result that artefact totals
become comparable for the aggregated upper (n ¼ 104) and lower
units (n ¼ 101; Table 1).

Before making comparisons between units, some assessment is
needed of the impact of the formation of the gravel lenses on the
integrity of the archaeological content. As discussed above, the
modern gravels of the Luangwa contain a small percentage of
modified clasts (<10%), of which split cobbles predominate. In the
upper unit of the Manzi section, split cobbles occur in CL1 and CL4
(Table 1) which suggests CL2 and CL3 may have formed under
lower energy conditions, but the area sampled is very small and this
interpretation is necessarily provisional. Split cobbles occur in the
combined CL5 and CL6 data set but are rare in the main section
excavation (Table 1). A more reliable indicator of the extent of re-
deposition in these assemblages is the frequency of surface damage
resulting from movement and sediment compaction (Andrews,
2006). All modified clasts examined in the Luangwa river control

sample showed signs of edge damage resulting from abrasion,
which is not surprising given the coarse sand and gravel matrix of
the deposit. An index of edge (arrête) and flake scar ridge (arris)
alteration was applied to the Manzi archaeological assemblages
based on a qualitative set of criteria developed for describing
artefacts from secondary depostional contexts at Kalambo Falls,
Zambia (Clark, 1974:103). Five categories were devised represent-
ing a gradation of edge abrasion from fresh (no visible abrasion),
sharp (slight abrasion), moderately worn (uneven abrasion with
mix of wear to edges), worn (more uniform rounding of surfaces),
and heavily worn (ridges rounded to nearly flattened). These
categories were applied to cores and whole flakes (Figs. 4 and 5).
The upper unit has a higher proportion of fresh to sharp artefacts
with more moderate to heavy wear in the lower unit. Some of this
difference may reflect the extent of abrasion from sediment
compaction, with the older lower deposits experiencing more
modificationwith time. Within the lower unit, CL6 artefacts tend to
be less worn than those in CL5 which suggests a genuine difference
in formation histories. The CL6 gravels may have been buried
relatively rapidly and protected from aerial weathering or fluvial
transport and winnowing. The presence in CL6 of five pieces of
small knapping debitage (<20 mm; Table 1) provides additional,
though limited, support for the interpretation of a more protected
depositional context. Similarly, the comparative abundance of
small knapping debris in CL1 and CL2 correlates with a higher
frequency of fresh to sharp artefacts in these upper cobble layers.
No refits of flakes to cores were found, which is not surprising given
the small exposures investigated and the fluvial contexts of the
finds.

All artefacts are assumed to be in secondary contexts and sub-
jected to varying degrees of transport from the point of manufac-
ture, use, or discard. Those in the upper unit, in particular from CL1,
have suffered the least damage and presumably the least move-
ment while those from CL5 show the greatest abrasion. The

A
l
t
e
r
a
t
i
o

n
 i
n

d
e
x

heavily worn

worn

moderately worn

sharp

fresh

Count

10 8 6 4 2 0

Count

1086420

A
l
t
e

r
a

t
i
o

n
 
i
n

d
e

x

heavily worn

worn

moderately worn

sharp

fresh

Count

10 8 6 4 2 0

cobble layer

060504
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Fig. 4. Core edge alteration index frequencies for the upper and lower units (upper unit ¼ 04, lower units represented by 05 [CL5] and 06 [CL6]). Core surfaces are most heavily
abraded in CL5 and least abraded in the upper unit.

Table 1
Manzi River main section artefact frequencies (SF) for cobble layers (CL) 1e6a

Cobble layer reduction category CL1 CL2 CL3 CL4b CL5b CL6b

Whole flakes 22 5 4 3/1 3/20 5/25
Broken flakes 7 8 1 0 1/1 0
Shatter <20 mm 18 12 3 0 0 1/4
Angular chunks 5 1 0 0 0/2 1/3
Cores 5 3 1 3/2 0/8 1/5
Edge damaged/used 0 0 0 0 2/4 2/5
Retouched 0 0 0 0 0/2 1/2
Total 57 29 9 6/3 8/37 12/44
Split cobbles 3 0 0 0/1 0/3 1/4

a Split cobble frequencies are not included in the total but are presented as
a possible indicator of fluvial activity.

b Indicates layers which incorporate artefacts from all excavation units across the
site, and these additional totals are listed after each main section total (main section
face/all other excavation units).
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generally higher levels of abrasion in the lower layers may also
reflect the greater age of these deposits as they will have been
exposed to more episodes of fluvial reworking and surface wear
through compaction of the enveloping coarse sediments.

The occurrence of artefacts in each cobble layer with varying
levels of abrasion also highlights the likely complex history of
gravel formation combined with periodic hominin use of the gra-
vels as a raw material source. The modern Manzi and Luangwa
gravels, as analogues of Pleistocene deposits, provide examples of
seasonally available and easily accessed gravels with abundant
siliceous materials (quartzite and quartz) for tool making. Other
local sources of similar raw materials include the perched gravel
ridges which form the headwaters of the Manzi today. Primary
sources of quartzite and vein quartz occur in the flanking escarp-
ments of the Luangwa Valley, with the Nchindeni Hills at a distance
of 10 km being the nearest source. Access to the Nchindeni today
from the Manzi involves crossing the main channel of the Luangwa
River, which presumably would also have been the case in the late
Pleistocene, if not earlier. Nearby and on the Manzi side of the
Luangwa are dolerite dikes and chert sills, both exposed 5 km
northeast of the Manzi section at Chichele Hill, a Pre-Cambrian
feature (Utting, 1988). These rocks are rare in the excavated units
(below) but appear to be absent in the modern Manzi gravels based
on surface surveys.

In summary, the artefact units with their varied abrasion indices
represent multiple episodes of largely fluvial transport, but among
the less abraded and presumably less transported pieces exists
potential evidence for hominin selection and use of raw materials.
More valuable at this early stage of exploration in the Luangwa
Valley is the general culture-stratigraphic sequence preserved in
the Manzi section. That sequence is clearly coarse-grained and
discontinuous, but it forms the basis of an initial framework for
ordering the earlier archaeological record of the Valley. That
sequence is outlined below followed by the results of the dating
programme.

Artefact analysis

Given the rarity of retouched tools and the small sample sizes in
each cobble layer, the analysis here uses changing patterns of flake
production as the basis for comparing the upper and lower cobble
layers. In particular, emphasis is given to the presence of core
preparation as a marker of Mode 3 (Middle Stone Age) technolo-
gies, although we are aware that core preparation is not an exclu-
sively Mode 3 phenomenon as it occurs in later Mode 2
assemblages elsewhere in Africa (Sharon and Beaumont, 2006). No
Mode 2 bifaces (handaxes, cleavers) were recovered in the Manzi
sequence, and none were found in the streambed or in the
immediate landscape behind the section. Mode 1 flaking is a basic
reduction technique that occurs from the outset of the African
archaeological record (Delanges and Roche, 2005) and remains part
of the technological repertoire into much later periods (Gowlett,
1986). In the context of this study, the only criterion that might
distinguish between the predominance of Mode 1 or Mode 2 is
flake size, with Mode 2 assemblages often associated with larger
flakes (>10 cm) than Mode 1 assemblages (Clark, 2001b). Unfor-
tunately, in the Luangwa Valley no excavated Mode 2 assemblage is
available as a reference collection for discriminating between
Modes based on flakes and cores alone. Raw material size limita-
tions may have restricted the production of biface flake blanks, but
suitable clasts do exist in the modern Manzi gravels and did so
prehistorically, as evidenced by a large quartzite core in CL6
(13.7 cm � 10.8 cm � 7.8 cm; Fig. 6B).

Although the sample size of cores is too small to support
meaningful statistical comparisons, there are nonetheless
discernible differences in the sequence (Fig. 7). Prepared cores
occur only in the upper unit, particularly in CL1eCL3 (Fig. 6N).
Finer-grained raw materials (chert, quartz crystal) are also most
common in the upper unit (Table 2; Fig. 6L and M). The only core of
coarse-grained dolerite comes from the basal layer (CL6), and also
distinctive to the lower unit are split cobbles with centripetally

Cobble layer

060504

P
e
r
c
e
n

t

100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

heavily worn
 worn
moderately worn
sharp
fresh

Alteration index

Manzi River, whole flake alteration index

Fig. 5. Flake alteration (abrasion) frequencies in the upper unit (04) and the lower unit (05, 06). Flakes are generally less abraded in the upper unit, and in the lower unit CL5 flakes
are generally more abraded than those in CL6.

L. Barham et al. / Journal of Human Evolution 60 (2011) 549e570554



Author's personal copy

Fig. 6. Artefacts from the Manzi River main section (SF) and other excavation units listed by cobble layer: A, quartzite core/pick from CL5 (SF); B, large quartzite core/chopper, CL6
(SF); C, quartzite core/chopper, CL6; D, quartzite core, CL6; E, quartzite multiple platform core, CL6 (unit i); F, quartzite opposed platform core/chopper, CL4 (unit h); G, quartzite
centripetally flaked core (disc) on split cobble, CL6 (unit h); H, split quartzite cobble core with centripetal flaking, CL6 (unit e); I, retouched quartzite flake (sidescraper), CL6 (unit j);
J, quartzite pick shown in outline, CL6 (unit b); K, vein quartz blade/flake core shown in outline, CL2 (unit A1); L, endshock fragment of chert radial core that has been re-flaked, CL1
(SF); M, chert flake with multi-facetted butt, CL2 (SF); N, vein quartz prepared core, CL3 (SF).
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flaked surfaces (disc cores; Fig. 6G) and multiple platform cores
(Fig. 6E).

The more numerous sample of whole flakes provides further
support for a technological separation between the upper and
lower units. The majority of flakes in all layers are made on cobbles
and show the characteristic cortex on the dorsal surface and
cortical butts of initial stages of flaking (Figs. 8 and 9; Toth, 1985),
but clear differences exist in dorsal scarring and in approaches to
butt preparation. Dorsal scar patterns show greater variability in
the upper unit, including the only occurrences of a convergent
Levallois pattern (Fig. 8). Multi-faceted and simple faceted butts
occur primarily in the upper unit (Figs. 6M and 9) including

a facetted chert blade. A techno-morphological classification of
flakes (Fig. 10) shows a greater variety of types occurring in the
upper unit, including a faceted flake, a blade, and the presence of
pentagonal shapes typically linked to centripetal flaking and Mode
3 technologies in central Zambia (Barham, 2000:108). Mean flake
dimensions (Table 3) also differ between the upper and lower units
with flakes in the lower unit being significantly longer, wider, and
thicker (Levene tested for equality of variance with the null
hypothesis supported in each comparison; between group ANOVA
length [d.f. ¼ 1, F ¼ 7.573, sig. 0.003]; width [d.f. ¼ 1, F ¼ 7.778, sig.
0.007]; and thickness [d.f. ¼ 1, F ¼ 9.248, sig. 0.003]). Raw material
frequencies also differ between units with vein quartz accounting
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Table 2
Crosstabulation of core type and raw material for the combined upper unit (04) and lower unit cobble layers 5 (05) and 6 (06).

Cobble layer Raw material Total

Quartz crystal Vein quartz Quartzite Chert Dolerite

04 Type Chunk core 0 1 1 0 2
Radial core 0 0 0 1 1
Single platform 1 1 2 0 4
Prepared core 0 1 2 0 3
Bipolar 1 0 0 0 1
Opposed platform 0 0 1 0 1
Bipolar split segment 0 0 1 0 1

Total 2 3 7 1 13
Type Radial core 1 0 1

Single platform 0 3 3
Flake as core 0 2 2
Discoidal core 0 2 2

Total 1 7 8
06 Type Chunk core 0 1 0 0 1

Two platforms, right angles 0 3 1 0 4
Single platform 1 2 0 1 4
Multiple platforms 0 3 0 0 3
Flake as core 0 1 0 0 1
Opposed platform 0 1 0 0 1
Discoidal core 1 1 0 0 2

Total 2 12 1 1 16
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for 50% of flakes in the upper unit (n ¼ 15) and 38% (n ¼ 11) in CL6.
Quartzite is also more common in the lower unit flakes in keeping
with the prevalence of coarser-grained materials among basal layer
cores.

Among the small sample of modified/used pieces, a faceted
convergent flake occurs in the upper unit, and the lower unit
contains the only spheroid found. Hammerstones, including

a pitted hammerstone/anvil (Fig. 11), were found in the lower unit.
In such small numbers these artefacts are not particularly infor-
mative, but when considered in relation to the distinctions
observed among the cores and flakes they add to the overall
technological patterning which separates the upper from the lower
unit. The presence of retouched tools in only the lower unit
precludes any discussion of temporal patterning, and there are no
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distinctive Mode related types (two scrapers, two pick-like cores,
and one naturally backed knife (Fig. 6A, I and J)).

The interpretation offered of the above data is one of a basic
separation of Mode 3 technology above the unconformity (CL4) and
Mode 1 technology below. The sample of artefacts from the
unconformity itself is too small to attribute to either Mode, but
a large opposed platform core/chopper (quartzite) was found at the
base of the layer (Fig. 6F) and is more abraded than the flakes
occurring on the layer’s surface. A considerable chronological gap
appears to be represented by this lag deposit,which is interpreted to
be anold ground surface. Before turning to thedating results, the age
of theManzi sequence can be very roughly estimated by correlation
with the few numerically dated sites in south-central Africa and
further afield in eastern and southern Africa. Such estimates high-
light the inherent limitations of sequence building in the absence of
directly applicable dates. For the upper unit, the only numerically
dated Mode 3 assemblages in the immediate region are from the
Zambian sites of Twin Rivers Cave and Mumbwa Caves (Barham,
2000). Based on these two sites, the age of the upper unit could be
as old as w265 ka but is probably not younger than w30e25 ka.
Later mid-Pleistocene Mode 3 assemblages are well documented
from the Kapthurin Formation, Kenya (Tryon andMcBrearty, 2006),
and have been reported from Wonderwerk Cave, South Africa
(Beaumont and Vogel, 2006), and provide support for an early and
widespread occurrence of Mode 3 technology from eastern to
southern Africa (Barham andMitchell, 2008:233). The lower unit at
Manzi is stratigraphically earlier, but the potential chronological
boundaries are wide given the longevity of Mode 1 technology as
a basic reduction strategy. The age range could transcend the Old-
owan (2.6e1.7 Ma) and extend through the Acheulean (w1.7e
0.3 Ma). If the lower unit represents a context specific variant of
Mode 2 inwhich hominins rarely made bifaces, as in the case of the
mid-Pleistoceneof theOlorgesailieBasin, Kenya (Potts et al.,1999) or
in theBritishClactonian (Wenban-Smith et al., 2006), then the ageof
the lower unit could post-date the Oldowan. These chronological
uncertainties emphasise the interpretive challenges facing

archaeologists in the absence of well-developed local chronological
frameworks, and in the case of south-central Africa there are no
securely dated Mode 1 assemblages.

The following sections present the methodologies, results, and
age interpretations for the cosmogenic nuclide dating of the lower
and upper units along with the magnetostratigraphy of the full
sequence. The polarity record of the sediments provides a relative
age sequence for comparison with the cosmogenic estimates.
Isothermal thermoluminescence (ITL) analysis was undertaken on
upper unit sediments, and the results offer an independent check
on the attempt to calculate cosmogenic exposure ages of these
gravels.

Cosmogenic nuclide dating of the Manzi sectiondmethods

Alluvium can be dated in some situations using exposure dating
in which the accumulation of cosmogenic nuclides in surface-
exposedmaterials is measured. Exposure dating methods involving
sampling of surface clasts (e.g., Bierman et al., 1995) or shallow
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Table 3
Mean and standard deviation of flake dimensions (length, width, and thickness) for
whole flakes from the upper unit (04) and the lower unit cobble layers 5 (05) and 6
(06)

Cobble layer Length Width Thickness

04 Mean 34.68 31.77 10.45
n 31 31 31
Std. deviation 16.071 12.511 5.881

05 Mean 49.21 47.13 15.63
n 24 24 24
Std. deviation 16.202 14.522 5.962

06 Mean 41.90 37.80 14.87
n 30 30 30
Std. deviation 17.343 17.024 8.345

Total Mean 41.33 38.24 13.47
n 85 85 85
Std. deviation 17.383 15.867 7.177
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depth profiles (e.g., Anderson et al., 1996; Phillips et al., 1998) have
been widely employed. Exposure dating has proven useful for
alluvium that has experienced little disturbance from erosion,
burial, or bioturbation following deposition. However, the
requirement for preservation of near-original surfaces generally
limits exposure dating to relatively young deposits of a few 100 ka
or less.

More recently, burial dating of alluvial deposits using cosmo-
genic 26Al and 10Be in a deep vertical profile has been used for older
deposits (Granger and Smith, 2000; Granger and Muzikar, 2001;
Wolkowinsky and Granger, 2004; Balco and Rovey, 2008). Burial
dating is relatively straightforward when the sample to be dated
has experienced a simple two-stage geomorphic history. First, the
nuclide inventory of the alluvial sample must have originated from
a landscape of erosional equilibrium. This occurs when steady
erosion proceeds for a long enough time that nuclide production is
in equilibrium with loss from erosion and decay. Second, the
sample must have been buried (and remained buried until the
present time) at sufficient depth to significantly reduce further
nuclide production. Sediment washed into a cave is one example of
such a setting (Partridge et al., 2003; Chazan et al., 2008). In
addition, the profile must consist of sediments emplaced over
a relatively short time period (few tens of ka or less) with no
significant unconformities (Hanks and Finkel, 2005). If such
conditions apply, then a single sample can provide an estimate of
burial time and erosion rate by exploiting the differential decay of
26Al (half-life 0.705 Ma) and 10Be (half-life 1.36 Ma). This scenario
has been called “simple” burial dating in order to distinguish it from
more complex settings (Balco and Rovey, 2008). Multiple samples
taken over a depth profile can be used to correct for complications
such as post-burial erosion of the top of the deposit (Wolkowinsky
and Granger, 2004). A depth profile >10 m deep with at least five
widely spaced samples should result in a robust estimate of buried
sediment age, source region erosion rate, and alluvial terrace
erosion rate (Granger and Muzikar, 2001).

Our sampling protocols were based upon this methodology and
the geomorphic assumptions implied by it. At the time of sampling

in 2003, we were aware of several significant deviations from the
ideal burial dating setting. The 4.7 m Manzi sequence is about half
the depth of an ideal profile. In addition, we recognised an
unconformity, representing an unknown amount of time, between
the upper and lower portions of the section at w200e210 cm
depth. Consequently, we sampled a depth profile, surface sedi-
ments, and modern stream alluvium in an attempt to place broad
limits on the age of the sequence. The burial dating technique was
applied to SF, the section face excavation which exposed the full
Manzi sequence. There is ample evidence that undercutting and
slumping have recently exposed the Manzi section as a whole,
making the exposure the natural equivalent of a road cut or mining
core. The excavations added further insurance that the samples
collected for analysis were freshly exposed.

Eight samples were taken from the profile (Fig. 3). Four samples
lie below the unconformity between depths of 451e212 cm, and
four were collected between depths of 212e23 cm. Each sample
was taken from a restricted depth interval of �10 cm. Samples
consisting of clasts were amalgamated by mass (Anderson et al.,
1996) in the laboratory to provide an estimate of the average
nuclide concentration at that depth. At several depth intervals,
sand-sized material was obtained and amalgamation was not
needed.

A sample of loose quartzite cobbles from the surface of the
Manzi section was also analysed. These cobbles form an inter-
locking pavement on a gentle slope that is locally absent where
vegetation is present. The absence of fines and the interlocking
character of the cobbles suggest that this is a lag deposit formed by
the steady erosion of the alluvial section. At least 3.8 m of sediment
have been lost above the Manzi section based on our survey from
the SF datum to the top of the adjacent hill. Fine grained sediment is
readily transported off the surface by slope wash, raindrop splash,
and wind, while the cobbles move more slowly and hence
concentrate on the surface. This implies that the surface cobbles
were derived from sediment formerly over the Manzi section. The
surface sample consists of 35 randomly selected quartzite pebbles
amalgamated by mass in the laboratory following crushing of the
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clasts to sand size. This sample was divided into two aliquots for
isotopic analysis (ZM-747a, b).

Finally, a sample of modern sand-sized alluvium from the active
Manzi River channel was obtained. This sample was intended to
establish a baseline for nuclide inheritance corrections for surface
samples. It also provided a crucial test of our assumptions con-
cerning the source and exposure history of the alluvium containing
the Mode 1 artefacts.

Cosmogenic nuclide depth profiledlaboratory procedures
and analytical results

Following crushing and sieving, about 100 g of each sample (grain
size 250e500 mm) was etched in solutions of HF and HNO3 to yield
highly purified quartzwith total Al concentrations of<200 ppm. The
sample was then dissolved in HF, spiked with 0.25e0.55 mg Be, and
cosmogenic 10Be and 26Al extracted following procedures modified
from Bierman et al. (2002). No Al spike was required. Elemental Al
concentrations were measured by Flame Atomic Absorption Spec-
trometry inwhich unknowns were bracketed by standards. Isotopes
of Al and Beweremeasured by acceleratormass spectrometry (AMS)
at the PSI/ETH facility in Zurich (Kubik et al., 1998). At the time of
measurement, AMS standards used were S555 with a nominal value
of 10Be/Be¼ 95.5�10�12 and standard AL09with a nominal value of
26Al/Al ¼ 1190 � 10�12. Analytical results have been renormalised
relative to standard 07KNSTD (10Be) and standard KNSTD (26Al) to
facilitate inter-laboratory comparisons and to use the latest decay
constant information. Further analytical details are given in Table 4.
The 26Al analysis for sample ZM-724 yielded an unrealistically low
26Al/10Be and is believed to be erroneous for unknown analytical
reasons. It is not used in our interpretations. We were unable to
obtaina 26Al analysis forZM-696becauseof laboratoryproblems.The
10Be data for both SM-696 and SM-724 are fine.

Cosmogenic nuclide depth profiledresults and discussion

Modern alluvium from the Manzi active channel (sample
Manzi-1) has a 26Al/10Be ratio of 4.93 � 0.60 that plots well below
the constant exposure-erosion island (Fig. 12). Such a plot indicates
long burial. Ratios from samples below the unconformity have
depressed ratios (samples ZM-296, ZMeZM-330, ZM-350, and
ZM-370; mean ratio¼ 4.95� 0.44) that also fall below the constant
exposure-erosion island. Ratios from above the unconformity
(samples ZM-610 and ZM ¼ 535; mean ratio ¼ 6.18 � 0.29) are
distinctly different from lower samples. They plot on or very near

the constant erosion-exposure island. These results suggest that
the section consists of older deposits in which nuclide ratios have
declined after long burial capped by younger deposits largely
derived from a steadily eroding landscape. One interpretation is
that gravels CL4, CL5, and CL6 are mainstream Luangwa deposits,
while CL3, CL2, and CL1 are deposits of theManzi River. Contrasts in
raw material artefact frequencies between the two units support
a difference in source regions. Alternatively, both units could be
deposits of the Manzi River.

The analyses of surface clasts (ZM-747a, b) also show
a depressed ratio (5.75 � 0.02) below the constant erosion-expo-
sure island. Geomorphic evidence for the origin of the surface clasts
as a lag deposit suggests this is due to exhumation of previously
deeply buried clasts.

Another important result is that the uppermost four samples
(ZM-724, ZM-696, ZM-610, and ZM-535) have 10Be concentrations

Table 4
Cosmogenic 10Be and 26Al concentrations in quartz from the Manzi River sectiona

Sample Depth (cm) [10Be] (104 atoms g�1) � [26Al] (104 atoms g�1) � 26Al/10Be �
Manzi-1b e 9.35 0.72 46.07 4.38 4.93 0.60
ZM-747Ac 0 44.73 1.74 258.28 12.14 5.77 0.35
ZM-747Bc 0 41.95 2.31 240.56 12.03 5.73 0.43
ZM-724 23 19.02 0.84 46.68d 3.78 2.45d 0.23
ZM-696 51 22.41 1.12 nd nd nd nd
ZM-610 137 19.89 1.01 118.92 7.25 5.98 0.48
ZM-535 197 18.00 1.35 114.90 9.19 6.38 0.70
ZM-370 377 27.58 1.05 132.70 11.01 4.81 0.44
ZM-350 397 17.20 1.12 91.70 5.87 5.33 0.49
ZM-330 417 18.67 1.44 82.02 5.50 4.39 0.45
ZM-296 451 20.87 0.81 110.19 7.93 5.28 0.43

a Location of all Manzi section samples is 13.19961� south latitude, 31.68397� east longitude, surface elevation 529 m. Samples analysed at ETH-Zurich with standard S555
for 10Be (assumed ratio of 95.5� 10�12) and standard ZAl94 for 26Al (assumed ratio of 526� 10�12). Concentrations have been normalised relative to standard 07KNSTD (10Be)
and standard KNSTD (26Al). See http://hess.ess.washington.edu/math/docs/al_be_v22/AlBe_changes_v22.pdf for details. Errors are 1s and include analytical uncertainties
only.

b Sample from modern alluvium of the Manzi River.
c Sample of surface clasts at top of Manzi section.
d Analysis for 26Al believed to be invalid.

Fig. 12. Plot of 26Al/10Be ratios versus 10Be concentration relative to standard 07KNSTD.
The ellipses indicate 1s analytical errors. Samples plotting below the constant expo-
sure-erosion island (black lines) have experienced one or more periods of burial. Plot
generated by the CRONUS-Earth 10Bee26Al exposure age calculator (http://hess.ess.
washington.edu/, v. 2.2).
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that do not fall along an exponential trend despite being mostly
contained in awell-developed soil. An exponential trend created by
the near-surface dominance of neutron spallation is expected in
shallow (<2 m) nuclide profiles. This could be explained by post-
depositional vertical mixing of clasts by bio- or pedo-turbation
(Balco and Rovey, 2008), significant differences in nuclide inheri-
tance between samples, undetected unconformities (as suggested
by archaeological and palaeomagnetic data), and/or recent eros-
ional removal of the exponential trend.

Samples from deposits below the unconformity also do not
exhibit an exponential nuclide concentration trend (Fig. 13). In
addition, while showing evidence of post-depositional

cementation, there is no indication of a paleosol. This indicates that
at least several metres of sedimentwere eroded from the lower unit
before burial. This is significant because in some cases buried
deposits preserving an exponential trend indicative of near-surface
exposure and/or a paleosol can be burial dated (Balco and Rovey,
2008).

The validity of burial dating and surface exposure dating in this
setting are challenged by these results. First, cosmogenic nuclide
ratios support archaeological and geomorphological evidence for
a considerable chronological gap across the unconformity sepa-
rating the upper and lower units. The presence of this unconformity
violates the requirement that the depth profile be taken across
sediments of approximately the same age. A second challenge
comes from the sample of modern alluvium with depressed
26Al/10Be ratios below the constant exposure-erosion island. If the
sample is representative of nuclide ratios at the time of deposition
of the lower unit, then recycling of previously buried deposits has
occurred and the critical assumption of a simple two-stage
geomorphic history is invalid. This interpretation is supported by
the presence of eroded high-level gravel deposits in the Manzi
River headwaters. A reasonable alternative is that the modern
alluvial sample is predominantly derived from old Luangwa
deposits recently eroded by the Manzi River and does not represent
the nuclide inventory of the lower deposits at the time of their
deposition. Additional analyses of modern Manzi River and
Luangwa River alluvium will be required to choose between the
two interpretations.

Accurate 10Be surface exposure dating of the upper portion of
the section cannot be performed because of the lack of an expo-
nential nuclide concentration trend. This makes it impossible to
compute an exposure age corrected for nuclide inheritance using
themethod of Anderson et al. (1996). A correction based onmodern
alluvium of the Manzi River would not be valid because of the
apparent difference in sources between the two deposits. An
accurate exposure age for surface clasts is also not possible because
isotopic evidence for long burial means that an unknown amount of
the cosmogenic nuclide inventory produced by former exposure
may have been lost to radioactive decay.

In summary, dating of the Manzi section with cosmogenic 26Al
and 10Be using either burial dating method was unsuccessful
because of uncertainties regarding the exposure history of sedi-
ments hosting Mode 1 artefacts and the significance of an uncon-
formity. This finding corrects preliminary age estimates previously
released (Phillips et al., 2005; Colton, 2009). At the time of sampling,
the sediments of the section were thought to be entirely derived
from the relatively small, steep Manzi River catchment. This geom-
etry favours sediment sourcing from a landscape of erosional equi-
libriumwithmost nuclide production on steadily eroding hillslopes
followed by rapid transport and a single episode of burial. Further
geomorphic analysis (Colton, 2009)2 and our cosmogenic nuclide
data throw doubt on this simple history. In one scenario, deposits of
the mainstream Luangwa may have been repeatedly recycled, with
multiple episodes of burial and exposure. Although the nuclide
ratios of the four deepest samples are consistent with long burial,
under these conditions the assumptions of “simple” burial dating do
not apply and accurate ages cannot be computed (Balco and Rovey,
2008). In addition, robust surface exposure dates for the upper
deposits and surface clasts cannot be computed.

Although the results were disappointing, they contribute to
a developing awareness of the complex depositional and erosional

Fig. 13. Cosmogenic nuclide concentration depth profiles for the Manzi section. Error
bars are 1s analytical errors for nuclide concentrations and �10 cm for depth. Dashed
lines show unconformity discussed in text. Curves show model profile concentrations
for 10Be and 26Al for an arbitrary exposure period of 75,000 years. The upper line is
computed from the present-day surface to depth of unconformity at 200 cm. The lower
line depicts profile computed with the unconformity as the land surface.

2 The cosmogenic nuclide ages reported in Colton (2009) are derived from
calculations that assumed the sediments originated from the catchment of the
Manzi River. This assumption was incorrect and these published ages are invalid.
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history of fluvial sediments in this portion of the Luangwa River
basin, and this knowledge can be used to refine archaeological
prospection strategies. At least 3.8 m of sediment have been lost
above the Manzi section based on our survey from the SF datum to
the top of the adjacent hill. Seven kilometres to the northwest of the
Manzi section are artefact-bearing gravels with similar typological
sequences (Modes 1 and 3), although they are concentrated in 1 m
thick deposits that cap a series of concordant hilltops that rise 20 m
above the Luangwa floodplain (Colton, 2009). A considerable
amount of erosion by incision has evidently takenplace, probably in
the Pleistocene, to produce the present-day dissected land surface.
Geomorphological features indicative of high energy erosional
events (landslides, debris slide, and coarse fan deposits) have been
reported to the southeast of the Luangwa Valley and attributed to
late Quaternary glacial phase aridity (Thomas, 1999). Moore et al.
(2007:327) identified an episode of tectonic uplift of the Zambian
plateau in the mid-Pleistocene as a major transformational event
that altereddrainage patterns across the region. The LuangwaValley
would have been affected by the latter. Further geomorphological
research supported by numerical dating is needed in the Valley to
test the hypothesis of recent uplift and erosion.

Palaeomagnetic sampling

Eight oriented monoliths, 20e30 cm in length and labelled MA
to MH, were collected for palaeomagnetic analysis from the finer-
grained, clayey sand sediments between cobble layers CL2 to CL6
(Fig. 14). Monolith MAwas situated between cobble layers CL2 and
CL3 at the bottom of the modern soil layer and consisted of reddish,
porous sand. The other monoliths, MB to MH (unaffected by the
modern soil development), were collected from the grey clayey
sands below cobble layer CL3. Special attention was paid to the

bottom part of the sectiondtwo monoliths, ME and MH, were
collected from lenses of finer-grained sediment between cobble
layers CL5 and CL6, immediately above the layer of broken red
mudstones. One additional monolith, MD1, came from immediately
above cobble layer CL5.

Seven smaller monoliths, MK1 to MK7, were collected from the
redmudstones (tentatively assigned to the Karoo Group) in order to
compare their magnetic properties to those of the overlying fluvial
deposits. Unorientated (soil) samples were also collected from
different depths in the modern soil and bagged, also for compara-
tive magnetic mineral analysis.

In the field, the monoliths were orientated using either a level
top or a vertical side surface. Onto this surface a reference direction
was determined with respect to magnetic north (using a magnetic
compass). The dip direction of this plaster surface was determined
to an accuracy of one degree. In order to preserve the sedimentary
and palaeomagnetic integrity of these relatively poorly consoli-
dated sediment samples, the monoliths were permeated with
sodium silicate solution in the field as well as later in the laboratory.
They were then cut into horizontal layers of 2.3 cm thickness, each
monolith containing between 6 and 8 such layers (labelled as MA1
to MA7 for monolith MA, as MB1 to MB8 for monolith MB, etc.).
Each of these layers in turn yielded between 6 and 20 standard
2.2 cm palaeomagnetic sample cubes. Between one and six of the
best preserved and finer-grained specimens from each layer were
used in the laboratory palaeomagnetic analysis. Three to four
standard cubic specimens were also cut from the Karoo samples.

The palaeomagnetic methods applied to the sampled Manzi
specimens include measurements of their natural remanent mag-
netisation (NRM) and the response of the NRM to various thermal
and/or alternating field demagnetisation procedures (as detailed in
the SOM). The Koenigsberger factor, the ratio between the NRM and
the induced magnetisation in a 0.05 mT field (i.e., approximately
Earth’smagnetic field intensity), was calculated. This ratio is used as
an indicationof thenature andstabilityof theNRMof the specimens.

In addition, the magnetic susceptibility and magnetic rema-
nence acquisition behaviour of the samples weremeasured in order
to characterise the magnetic mineralogy of the sediments (details
in SOM).

Magnetic results

Table 5 lists the mean magnetic properties of monoliths MA to
MH from the sampledManzi section. The uppermost monolith, MA,
from the weathered, reddish sands, stands out against the under-
lying grey, finer-grained monoliths (MBeMH), displaying values of
NRM and QNRM (NRM 0.3110�5 Am2/kg and QNRM 0.93) that are two
times higher.

Table 5
Mean mass specific magnetic parameters NRM, cLF, and QNRM of the fluvial sedi-
ments (monoliths MAeMH) and of the underlying red mudstones (samples
MK1eMK7)

Group Ns NRM
(10�5 Am2/kg)

cLF
(10�8 m3/kg)

QNRM

MA 33 0.31 7.9 0.93
MB 36 0.16 7.6 0.53
MG 40 0.08 5.7 0.37
MC 30 0.10 6.8 0.39
MF 38 0.11 5.1 0.56
MD 36 0.09 5.6 0.43
ME 23 0.10 4.5 0.56
MH 24 0.07 6.0 0.30

Red mudstones (Karoo Group) 36 1.62 22.7 1.88Fig. 14. Schematic diagram showing the positions of the monoliths collected from the
sandy parts of the fluvial sediments from the main section (SF), Manzi River.
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The same pattern is observed when the saturation remanent
magnetisation (SIRM) and the magnetic susceptibility values of
representative sedimentary specimens and of powder soil samples
are compared (Fig. 15). The SIRM and susceptibility values are four to
five times higher in the upper, weathered soil compared to the
underlying finer-grained (clayey sand) monoliths MBeMH. It is
evident that soil development in the upper 1.3e1.5 m of the section
(encompassing the topmost monolith MA) has resulted in enhance-
ment of the magnetic mineral content at this part of the section
(Maher,1998). It is possible that thepalaeomagneticproperties of this
uppermost part of the section are recent and ‘overprinted’ as a result
of this modern soil development.

If we now compare the remaining fluvial part of the sequence
with the basal redmudstones (Fig. 16), it can be seen that the fluvial
sediments acquire a lower percentage of their SIRM (between 8 and
12%) at highappliedfields (in this case, above300mT). This indicates
that that they contain a higher proportion of ‘soft,’ ferrimagnetic
minerals, like magnetite (or, correspondingly, a lower proportion of
the ‘harder’magnetic mineral, haematite). The values of the ratio of
SIRM andmagnetic susceptibility are uniformly low throughout the
section, varying from 6.9 to 16.2 kA/m (9.84 kA/m on average).
Values in this range indicate the absence of any iron sulphide
minerals, such as greigite (Hallam and Maher, 1994; Maher and
Hallam, 2005).

The natural remanence of the fluvial sediments at Manzi is
dominated to varying degrees by weakly magnetic haematite
mineral grains of (predominantly) detrital origin. Only trace
amounts of the much more strongly magnetic magnetite-like
minerals are present, within the finer sediment fractions, where
these occur. For much of the sequence, the coarse-grained nature of
these sediments has precluded efficient acquisition of a stable
depositional remanence. Where the NRM is stable, it may be either

syn- or post-depositional in nature, but is preferentially carried by
the trace fraction of ferrimagnetic (magnetite-like) grains within
the finer-grained, clayey fraction, where present.

Palaeomagnetic results

The SOM provides the details of the demagnetisation charac-
teristics and the palaeomagnetic polarity classification obtained
from the Manzi samples. The sequence displays three distinct sets
of palaeomagnetic properties. From the top of the sequence, the
strongly magnetic samples from the uppermost monolith MA
(1.1e1.3 m beneath the soil surface) consistently yielded normal (N)
polarities, suggesting a Brunhes age (i.e., <780 ka) of their NRM.
However, the observed enhancement of their magnetic properties,
in comparison with the underlying sediments, shows that the MA
sediments have been strongly influenced by post-depositional soil
development. Under these conditions, their normal magnetisation
may either reflect the geomagnetic field at the time of sediment
deposition or, conversely, have been acquired as a later ‘overprint’
as magnetite was formed in situ within the soil.

In contrast to these upper sediments, all of the monoliths
sampled from below cobble layer CL3 are uniformly weakly mag-
netised and record reversed rather than normal magnetic polarity.
Their NRM is dominated by weakly magnetic haematite, contained
in the sand fraction, with only a trace amount of magnetite-like
material, present primarily within the finer size fractions. For
dating purposes, palaeomagnetists use various demagnetisation
procedures to ‘clean’ the NRM in order to isolate the stable, so-
called ‘characteristic remanent magnetisation’ (the ChRM). This
stable ChRM is that component of the remanence which most
faithfully records the Earth’s magnetic field at the time the sedi-
ment was deposited. For the Manzi sediments, stable ChRMs were
successfully isolated in approximately 70% of the specimens from
the upper part of the section (i.e., frommonoliths MA, MB, MG, MC,
and MF). These ChRMs were isolated mostly by using alternating
field demagnetisation (in the intermediate magnetic stability
range, between 10e15 and 30e40 mT). This procedure ‘cleans’ that
part of the NRM carried by the trace magnetite-like component.
Monoliths MB, MG, MC, and MF (from between 1.8 and 3.4 m
beneath the soil surface) all exhibit unambiguously magnetically
reversed (R) polarities. In the lower parts of the section, the
proportional contribution of haematite to the NRM increases.
Hence, the NRM intensity decreases, and the failure rate of the
magnetic ‘cleaning’ increases; 50% of the experiments failed to
produce identifiable ChRM directions and another 15% are of very
poor quality. Notwithstanding this high failure rate, all of those
ChRM directions that were retrieved within this section of the
sequence are consistently of reversed, Matuyama-like polarity.

Fig. 15. Combined plot of the saturation IRM and of the magnetic susceptibility of
specimens from the underlying fluvial sediments and the uppermost sediment layers
affected by modern soil development.

Fig. 16. IRM acquisition in fields up to I T for representative fluvial (MG4e, solid line)
and basal red mudstone (MK3.5, dashed line) samples. The high-field remanence is
typically between 8 and 12 % in the fluvial sediments and 20 to 25 % in the basal
mudstones.
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The palaeomagnetic properties of the sediments change again
towards the base of the fluvial sequence. The lowermost monoliths,
ME and MH (which occupy the same stratigraphic position between
cobble layersCL5andCL6), yieldedapproximatelyanequalnumberof
normal and reversed polarity specimens (with 70% of the specimens
failing to produce stable ChRMs). Some specimens displayed both
reversed and normal polarities in the intermediate coercivity range.
Amongst the good quality results, some 75%were of normal polarity.

Figure 17 summarises the palaeomagnetic results and the
magnetic polarity sequence interpreted for the sediments. Three
magnetozones can readily be distinguished in theManzi sediments:

1. The sediments from the uppermost monolith MA, situated at
1.1e1.3 m beneath the soil surface (between cobble layers CL2
and CL3), yielded consistently normal polarities, suggesting the
NRM is of Brunhes age (i.e., <780 ka). However, the observed
enhancement of the magnetic properties in this upper mono-
lith compared with the rest of the section shows that the upper
sediments have been strongly affected by the development of
secondary ferrimagnetic minerals in the modern soil. The age
of their NRM may thus be much younger than the age of the
sediment itself.

2. Monoliths MB, MG, MC, and MF, from between 1.8 and 3.4 m
beneath the soil surface, exhibit unambiguously reversed polar-
ities. We ascribe these reversed polarities to palaeomagnetic
remanence acquisition by the sediments during the Matuyama
Chron (i.e., between 2.5 Ma and 780 ka).

3. The lowermost monoliths, ME and MH, which occupy the
same stratigraphic position between cobble layers CL5 and
CL6, yielded a mixture of both normal and reversed polarity
specimens. We have assigned the magnetozone polarity for

ME and MH as predominantly normal on the basis that the
normal polarities are observed in more than one good quality
specimen per sampling level and in more than one adjacent
sampling level. The caveat here is that a number of good-
quality reversed polarity specimens are also present. The
relatively coarse-grained nature of the sediment at this point
in the sequence and the presence of both reversed and normal
polarities suggest rapid rates of sediment deposition and
slightly varying ages of the blocking-in, or ‘recording’ process,
of the NRM, at the time of a normal-to-reversed geomagnetic
transition.

Thus, we interpret these mixed polarity directions in the lower
0.30 m of the fluvial section at Manzi (CL5/6) to probably represent
sediment deposition at the time of transition from a normal
polarity sub-chron into a reversed polarity chron (the Matuyama,
fromw2.5e0.78 Ma). The identity and time of this transition could
include: the end of the Jaramillo normal sub-chron, at w0.98 Ma;
the Cobb Mountain, at w1.17 Ma; the Olduvai, at w1.78 Ma; or the
Reunion, at w2.11 Ma (Horng et al., 2002).

Isothermal thermoluminescence datingdmethods and
results

In trench A1, located at the highest point of the Manzi section
9.6mabove the current river level, three sediment samples (Aber87/
SL62, 63, and 64) for luminescence dating were collected from the
face exposed by excavation (Fig. 18). The samples were collected
underneath a black tarpaulin and placed immediately into opaque
black plastic bags to exclude daylight. An additional sample (SL61)
was collected from the channel of the modern Manzi River as

Fig. 17. NRM, magnetic susceptibility, and VGP latitude and demagnetisation behaviour classification of the Manzi section specimens.
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a modern analogue of the depositional environment of the other
samples. Samples Aber87/SL62 and SL63 are stratigraphically
equivalent to sediments above and below CL1 in the main section
excavation, effectively bracketing this layer. Sample Aber87/SL64
lies above CL3, giving a maximum age for CL2, and is the strati-
graphic equivalent of palaeomagnetic monolith MA. The samples
represent the uppermost and presumably youngest part of the
Manzi sequence.

Equivalent dose determination

Under red safelight conditions in the Aberystwyth Lumines-
cence Research Laboratory, the samples collected for luminescence
measurements were treated with H2O2 and HCl to remove organic
material and carbonates, respectively. Quartz grains were isolated
through a combination of density separation, using sodium poly-
tungstate, and etching in concentrated hydrofluoric acid for 40min.

The fast component of the optically stimulated luminescence
(OSL) signal from quartz is well suited to dating sediments because
the signal is reduced to a lowlevel byexposure todaylight in amatter
of tens of seconds (Godfrey-Smith et al.,1988; Duller, 2004). It is this
signal which has been used extensively for dating sediments from
archaeological sites and other Quaternary sites, using either
multiple grainmethods or single grainmethods (Jacobs andRoberts,
2007; Duller, 2008). However, initial measurements made on
sample Aber87/OS2 which had been collected from the same site at
Manzi in 2003 showed that the fast componentof theOSL signalwas
saturated (Jain et al., 2007:Fig. 4a); thus, the sediments were too old
to be dated using this signal. Therefore, an alternative method of
analysis capable ofmeasuring another luminescence signal, one that
is light sensitive but that could also grow to higher radiation doses,
was required.

If quartz is heated to 310 �C and then held at that temperature,
a luminescence signal is emitted that then decays with time, falling
to a low level after 200e500 s. This is called isothermal thermo-
luminescence (ITL), and this signal continues to grow at radiation
doses above that at which the OSL signal is saturated. Since dating
with ITL is new and experimental, Jain et al. (2007) undertook
a range of experiments on sample Aber87/OS2 to characterise the
dose response of the signal and its bleaching characteristics. The
dose response curve was measured using a single aliquot regen-
erative dose (SAR) protocol where all the luminescence measure-
ments are made on a single sub-sample, or aliquot. This type of
protocol had been used extensively in luminescence dating (Wintle
and Murray, 2006) and is specifically designed to compensate for
any changes in luminescence sensitivity that may occur during
a sequence of measurements. The growth of the luminescence
signal is normally mathematically fitted with a saturating expo-
nential of the form shown in Equation (1).

ID ¼ IMax �
�
1� e

ð D
D0
Þ�

(1)

The rate at which any luminescence signal (ID) saturates is
specified by the parameter D0. In their study of the fast component
of the OSL signal Wintle and Murray (2006) have suggested that
interpolation onto the growth curve becomes prone to errors above
doses which are twice the value of D0, and this acts as the limit for
dating. For the OSL signal from Aber87/OS2 measured using an SAR
protocol, the value ofD0 was 50� 3 Gy. For the same sample, the ITL
signal was also measured using an SAR protocol as described in Jain
et al. (2007); this gave a value for D0 of 440� 40 Gy, suggesting that
the ITL signal could date events up to nine times older than the OSL.
Analysis of the dose response curve for the samples discussed here
shows a similar value of D0 for the ITL signal, with the dose
response curve for one disc being shown in Fig. 19.

One disadvantage of the ITL signal is that it is not as light
sensitive as the OSL signal. Jain et al. (2007) showed that the ITL
signal fell to about 10% of its initial value after 4,000 s of exposure to
a SOL 2 solar simulator, a lamp that is six times stronger than direct
sunlight. In order to check whether the ITL signal in sediments from
the Manzi River are reset in nature by exposure to daylight, sample
Aber87/SL61 was collected from 0.25 m below the surface of the
modern Manzi channel. Given the intensity of rainfall during wet
seasons, this sediment is likely to have been deposited within the
previous few years. ITL measurements gave an equivalent dose (De)
of 15.0� 1.0 Gy. For OSL measurements the residual signal in fluvial
sediments would typically be much lower than this (Jain et al.,
2004); however, the value of 15 Gy obtained from the ITL
measurements shows that this signal is sufficiently well reset at
deposition to allow the method to be applied to older sediments.

In previous applications of ITL, Jain et al. (2005), Gibling et al.
(2005), and Choi et al. (2006) obtained ages on fluvial, loess, and
beach sediments that appeared to be consistent with geological
expectations. In addition, Choi et al. (2006) were able to successfully
recover a range of different laboratory doses, adding to their confi-
dence in the method. However, both Huot et al. (2006) and Buylaert
et al. (2006) found that ITL gave overestimates of De due to a large
and irreversible sensitivity change during the initial measurement of
the natural ITL signal at 310 �C; unlike Choi et al. (2006) theywere not
able to recover a given laboratory dose. Changes of sensitivity during
the first ITLmeasurement are very challenging since the sensitivity of
the sample is onlymeasured in theSARsequenceat theendof thefirst
ITL measurement (Jain et al., 2007).

To overcome the sensitivity change during the first ITL
measurement, amodified SAR procedure has been developed and is
shown in Table 6. This differs from previous methods in the way in

Fig. 18. Unit A1 section showing the location of luminescence samples in relation to
cobble layers (CL1eCL3) and the colour boundary between upper red soil and
underlying grey sediments.
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which the natural ITL signal is measured. Previously the sample had
been heated to 310 �C and the ITL signal was measured for up to
500 s. This long period of time at 310 �C is the cause, at least in some
samples, of a large change in sensitivity which leads to incorrect De

values and the inability to recover a known laboratory dose. To
avoid this problem in the current study the natural ITL signal was
measured only for 3 s at 310 �C and the sample was then cooled. To
remove the remaining ITL signal the sample was then bleached in
a SOL2 solar simulator for 110 min. Like the ITL measurement for
500 s, the SOL2 bleaching removes the ITL signal, but the critical
advantage of the SOL2 approach is that it reduces the magnitude of
any sensitivity change due to the thermal treatment during the first
measurement; this would ideally make the first measurement of
sensitivity (TN) more appropriate for monitoring the sensitivity of
the 3 s ITL measurement of LN. SOL2 bleaching, however, introduces
about 30% sensitivity increase in the subsequent test dose ITL signal
due to optical treatment. This change was observed to be only
weakly dependent on dose and it was not specific to the natural
measurement. The sensitivity change could, therefore, be estimated
by measuring one of the repeat (recycle) points (Lc/Tc) lying close to
the ‘natural’ dose in the same manner as the ‘natural’ cycle (Table
6). Finally the ‘natural’ signal (LN/TN) was corrected for the SOL2
induced sensitivity change for the De estimation. The growth of the
sensitivity-corrected ITL signal is then constructed using just the
first 3 s of the ITL measurements (Fig. 19).

Ideally a new method like this should be tested by comparing
the ages obtained with independent dating methods. However,
obtaining samples that are both suitable for luminescence dating
and have good independent age control beyond the range of
radiocarbon is difficult, and none are known that would be directly
relevant to this study. The other dating methods applied in this
paper provide some constraint on the ITL ages. Another approach to
assess whether this procedure was working correctly is to under-
take a dose recovery experiment on the modern sample Aber87/

SL61. Nineteen aliquots were given a known laboratory dose of
110 Gy and then measured using the procedure shown in Table 6.
The average dose measured was 125 � 4 Gy. Subtracting the
residual dose of 15 � 1 Gy measured for this sample gave a dose
recovery ratio of 1.01 � 0.03, demonstrating the ability of the new
procedure to recover a dose.

For each of the three samples collected for dating, twelve De

values were measured using ITL. The typical form of the dose
response curve for these aliquots is shown in Fig. 19, demonstrating
that the dose giving rise to the natural signal is far below the
saturation dose for this signal. In each case the signal resulting from
a regeneration dose of 110 Gy was measured twice so that a recy-
cling ratio could be calculated, and these were within the range
0.9e1.1. The distribution of De values for each sample is shown in
Fig. 20. The cause of the higher scatter for sample Aber87/SL63 is
not clear. The mean and standard error of the De values were
calculated and used for age calculation (Table 7).

Dose rate determination

The dose rate to the samples was assessed through a combina-
tion of in situ gamma spectrometry and laboratory beta counting.
Because of the coarse nature of the sediment, in situ gamma
spectrometry using a 2 inch NaI crystal linked to an Ortec Micro-
Nomad systemwas used to determine the gamma dose rate to each
of the samples. The limited range of beta particles means that the
beta dose will predominantly come from the fine sand-sized
material between the clasts. The beta dose rate from these sands
was measured in the laboratory using a GM-25-5 beta counter,
analysing finely milled sub-samples of the material collected for
luminescence measurement. The current depth of the samples
below the ground surface are 0.30 (SL62), 0.63 (SL63), and 1.40 m
(SL64). The lowering of the immediate local land surface by
approximately 4 m as estimated from our survey results means the
cosmic dose rate to the samples will have changed through time.
For calculation of the cosmic dose rate, 0.5 m have been added to
the excavation depths shown in Table 7 and an uncertainty of 0.5 m
was included in the calculation. At these sites the cosmic dose rate
only contributes 4.8e6.8% of the total dose rate, so uncertainty in
this value has a small impact on the final ages.

Table 6
Modified SAR procedure used for ITL measurements

Step Signal measured

1 Preheat 280 �C for 10 s
2 Measure ITL at 310 �C for 3 s LN
3 Bleach sample in SOL2 for 110 min
4 Test dose Di

5 Preheat 280 �C for 10 s
6 Measure ITL at 310 �C for 250 s

(use first 3 s for analysis of TN)
TN

7 Regeneration dose (Di)
8 Preheat 280 �C for 10 s
9 Measure ITL at 310 �C for 250 s

(use first 3 s for analysis of Lx)
Lx

10 Test dose Di

11 Preheat 280 �C for 10 s
12 Measure ITL at 310 �C for 250 s

(use first 3 s for analysis of Tx)
Tx

13 Repeat steps 7e12 with different
regeneration doses

SOL 2 induced Sensitivity correction procedure
Regeneration dose (Di) e repeat

point in the same approximate
dose range as the De

Preheat 280 �C for 10 s
Measure ITL at 310 �C for 3 s Lc
Bleach sample in SOL2 for 110 min
Test dose Di

Preheat 280 �C for 10 s
Measure ITL at 310 �C for 250 s

(use first 3 s for analysis of Tc)
Tc
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Fig. 19. Sensitivity-corrected dose response curve for the ITL signal from one aliquot of
sample Aber87/SL62.
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Interpretation of ITL ages

The ITL dose response curves measured for the three samples
(e.g., Fig. 19) demonstrate that the natural ITL signal is not close to
the limit of saturation. The ability to recover a dose using the new
SAR protocol described in Table 6 adds to the confidence in the De

values obtained. The ages obtained are listed in Table 7, along with
the dosimetry data. The ages for the lower two samples (Aber87/
SL63 and SL64) are indistinguishable within the uncertainties,
while the uppermost sample (SL62) gives a much younger age
(36.4 � 2.1 ka).

We could interpret these results twoways. First, that all the ages
are recording the depositional age of the unit fromwhich theywere
collected. The uppermost sediment is 36 ka, and the two lower
samples are essentially the same age. Combining the ages for the
lower two samples gives a best estimate of 78.1 � 5.0 ka. This
interpretation implies that it has taken 40,000 years to deposit
30 cm of sediment, or that erosion has occurred. It also implies that
there was still deposition on this surface as recently as 36 ka.

Alternatively, we could interpret things differently. The upper-
most luminescence sample (SL62) was collected very close to the
modern ground surface (0.3 m). It is conceivable that this age is not
the depositional age as this surface is essentially a lag deposit due
to winnowing of fines from the ground surface. This process may
have also introduced some more recent fine material which has
become mixed with the existing sediment (which is perhaps only
slightly younger than 74 ka), thus giving an age that is much
younger than 74 ka. In this scenario the upper age does not really
tell us anything useful, and the best estimate we have is that all the
sediments in the upper 1.3 m of Trench A1 were deposited
78.1 � 5.0 ka (the average of the two lower ages), and that at some
time after that the Manzi river incised below the level of this
terrace; sediment deposition then ceased and slow lowering of the
ground surface began.

Interpreting the age of the Manzi sequence and its
archaeological implications

The upper unit Mode 3 cobble layers CL1 and CL2 are late
Pleistocene in age and probably date to w78 ka based on the
averaged ITL ranges for CL2. CL1 in this interpretation is treated as
an unreliable sample and removed from further consideration. If
CL1 does indicate a later period of sedimentation then the upper-
most deposit has a more complex history with a gap in deposition
between CL1 and CL2 of at least 30,000 years. The normal Brunhes
chron polarity of the deposit represented by monolith MA adds
some very general support to the age estimates of these uppermost
deposits and their archaeological content. Unfortunately, the small
artefact sample hampers further culture-stratigraphic discussion
beyond a generic Mode 3 classification and its known age range in
south-central Africa. Intermittent Mode 3 occupation is recorded at
the site of Mumbwa Caves in central Zambia with assemblages
dated to MIS5e, d, and MIS3 with the site abandoned during the
later phases of MIS 5 through to MIS3 (between w90e40 ka;
Barham, 2000:41). The Luangwa Valley may have been a refuge for
hunter-gatherer populations during arid glacials and stadials
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Fig. 20. Distribution of De values for each of the three samples analysed. The mean and
standard deviation of the De from the 12 aliquots measured for each sample is also
given.

Table 7
Sampling and analytical data for the three samples collected from Trench A1 for dating using ITL

Sample code
(Aber87)

Sample
depth (m)

Grain
size (mm)

Beta dose
rate (Gy/ka)a

Gamma dose
rate (Gy/ka)a

Cosmic dose
rate (Gy/ka)

Total dose
rate (Gy/ka)

De (Gy) Age (ka)

SL62 0.30 � 0.10 90e150 3.04 � 0.18 0.70 � 0.04 0.19 � 0.05 3.93 � 0.19 143 � 5 36.4 � 2.1
SL63 0.63 � 0.10 90e150 1.83 � 0.12 0.62 � 0.03 0.18 � 0.05 2.63 � 0.14 215 � 11 81.6 � 5.9
SL64 1.40 � 0.10 90e150 2.23 � 0.13 1.15 � 0.06 0.17 � 0.04 3.54 � 0.15 264 � 8 74.5 � 3.9

a A water content of 20 � 5% has been used in calculating the dose rate due to the high seasonal rainfall in the area.
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(Barham, 2000:227), and perhaps the dates from the Manzi are
signalling a continuing human presence in the Valley late into MIS5
when other areas of south-central Africa were depopulated as
a consequence of reduced or unreliable rainfall (Scholz et al., 2007).
A substantially more refined database for the Luangwa Valley is
needed to develop and test these speculative correlations between
climate change and population movements.

The age of CL3 remains unknown, but the palaeomagnetic
record brackets this cobble layer between the Brunhes normal
chron (monolith MA) and the Matuyama reversed chron (monolith
MB). A significant temporal or depositional hiatusmay separate CL3
from CL2, but this is purely speculative in the absence of a numer-
ical age for CL3. The artefact sample from CL3 is also too small to
generate a relative chronology based on technological change
within this Mode 3 sequence.

The unsuccessful attempt to model the cosmogenic burial age of
the lower unit (CL4eCL6) leaves the polarity of the deposits as the
only guide to the likely age range of the artefacts. The presence of
aMode 1 strategy for producing flakes is an uncertain chronological
marker given the longevity of this technology. There are currently
no numerically dated Mode 1 sites in south-central Africa to
provide a chronological benchmark for the region.Mode 1 Oldowan
assemblages in East Africa range in age from 2.6 to w1.7 Ma and in
South Africa are estimated to be 2.0e1.7 Ma (Kuman,1998). The age
of Mode 1 assemblages in the Luangwa Valley should logically fall
between the eastern and southern African range given the
geographical position of the Luangwa Valley and assuming
a southerly spread of hominins using this technology. If the Manzi’s
lower unit is attributable to the Oldowan, then the deposit is likely
to be early Pleistocene in origin. A range of possible palaeomagnetic
matches is possible given the transitional normal polarity at the
base of CL6: the deposit could indeed be as recent as 0.98 Ma (i.e.,
the normal-to-reversed transition at the end of the Jaramillo) or
1.17 Ma (end of the Cobb Mountain). The Mode 1 artefacts in this
case would be too young to be attributed with confidence to the
Oldowan industry given its known age range (2.6e1.7 Ma). Three
alternative interpretations are offered to explain this potential
discrepancy between the technology and its potential sub-chron
associations.

First, the artefacts are indeed Oldowan but occur in much
younger re-deposited contexts. The heavy abrasion on much of the
CL5 assemblage supports this option, but the underlying CL6
material is much less altered with the minimally abraded pieces
indicating little transport. Alternatively, the artefacts reflect an
essentially Mode 2 variant in which bifaces were absent. The
continuing use of Mode 1 flake technology in the Acheulean of
eastern Africa and western Asia is well known (e.g., Gowlett, 1988;
Bar-Yosef and Goren-Inbar,1993; Potts et al., 1999; Schick and Clark,
2003; Delanges et al., 2006; Tryon and Potts, 2006), and the rarity
of bifaces generally in the Luangwa Valley makes it difficult to
distinguish between Modes 1 and 2 on the basis of flakes and cores
alone. In this instance, the attribution to Mode 2 is made on the
basis of negative evidence. Large flake size (>10 cm) may be
indicative of a conceptually Mode 2 technology that emphasises
long, continuous cutting edges (Clark, 2001b), but in the case of the
lower unit the flake length rarely exceeds 4 cm (Table 3). A third
possibility merits consideration assuming a date of w1 Ma for the
lower unit: Mode 1 remained the dominant technology in the
Luangwa Valley long after its replacement elsewhere in Africa.
The Valley does support endemic sub-species of zebra (Equus bur-
chellii crawshaii), wildebeest (Connochaetes taurinus cooksoni), and
giraffe (Giraffa camelopardalis thornicrofti), and by analogy perhaps
hominins in the Valley retained an effective flake technology as
a response to local restrictions on raw material size and form.
Bifaces do occur sporadically in this mid-portion of the Luangwa

Valley, made either by façonnage or débitage depending on the
availability of quartzite slabs or cobbles, respectively, but they are
rare compared with well-resourced mid-Pleistocene Mode 2 sites
such as Kalambo Falls (Clark, 2001a), Isimila (Cole and Kleindienst,
1974), and Olorgesailie (Potts et al., 1999).

In the Luangwa Valley, the distinction between Mode 1 and 2
will remain ambiguous until a site of unequivocal Mode 2 attri-
bution is excavated and dated. The most parsimonious and
conservative option, and the one preferred here, is that the lower
unit artefacts are no older than 1 Ma and reflect a local response to
raw material constraints. The artefacts are technologically Mode 1
but unlikely to be Oldowan in the generally understood sense of the
industry as the earliest tool-making tradition (Braun and Harris,
2009). In the absence of other dating evidence, the basal Manzi
material cannot be placed with confidence in either the basal
transitional normal polarity at the onset of the Olduvai (w1.78 Ma)
or Reunion (w2.11 Ma) sub-chrons.

Although the burial age for the lower unit could not be deter-
mined at this site, cosmogenic nuclide dating remains the only
numerical dating method currently available that spans the
Quaternary and which can be applied to otherwise undateable
fluvial contexts typical of much of the continent outside the Rift
Valley. Electron spin resonance dating of single quartz grains holds
promise for extending chronologies to w2 Ma (Beerten and
Stesmans, 2005, 2006), but the approach is still experimental and
untested in African archaeological contexts. With the development
of numerical dating control of fluvial deposits generally, Palaeolithic
archaeologists are now reassessing the behavioural and palae-
oenvironmental potential of river terraces for making inter-regional
comparisons (Mishra et al., 2007). For the Luangwa Valley, theManzi
excavations represent the first tentative steps towards developing
a local independent chronological framework for the Stone Age
record and for understanding the relatively recent geomorpholog-
ical processes that have sculpted the Valley. Considerably more sites
will need to be identified and treated to this process of crosschecking
using independent lines of dating evidence. This will take time, but
the application and refinement of new dating techniques is essential
for the development of continental-scale perspectives on regional
variability in hominin behavioural and anatomical evolution. The
unique geological conditions which led to the formation and pres-
ervation of the Rift Valley sequences will ensure that they retain
their primacy, but in time research in other lesser known regions,
such as the Luangwa Valley, will bring greater geographical and
chronological balance to the long African record.
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