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ABSTRACT: The Komadugu river system is the major Nigerian tributary to Lake Chad. Its large
alluvial complex represents an important archive of the late Quaternary environmental history of the
Chad Basin. Modern floodplains are incised into an older fluvial terrace that extends over 5000 km2.
Evidence from satellite images suggests that the ancient river system was dammed up by the Bama
Beach Ridge during high stands of mega Lake Chad. This caused the formation of extensive wetlands
with a chaotic network of relic channels. The first set of luminescence ages presented here fits well
into the previously established environmental history of the Chad Basin. Both the early and
mid-Holocene pluvial periods as well as a final relatively humid period during the late Holocene
are reflected by point bar to overbank deposits or channel fills. The onset of the Holocene was
characterised by erosion of older dune fields as indicated by grain-size distributions of the alluvium.
Satellite images and sedimentological observations show that the floodplain was dominated by
meandering channels shifted by frequent avulsion, reflecting a high variability in precipitation
and discharge patterns at the beginning and end of Holocene humid periods. Copyright # 2007
John Wiley & Sons, Ltd.
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Introduction

The Komadugu is one of the northernmost perennial streams in
sub-Saharan Africa and part of the continental inland drainage
system that feeds Lake Chad. The headwaters of the river are
within the north Nigerian Precambrian basement complex that
is covered by up to 11 000m of Mesozoic to Quaternary sedi-
ments in the centre of the basin (Thiemeyer, 1998). Under the
present semi-arid savannah climate with 1000 to 1400mmmean
annual precipitation in the upper catchment, the Komadugu
supplies less than 1% of the flow into Lake Chad. Its catchment
area, however, is the largest within north Nigeria (146 298 km2)
and comprises extended palaeofloodplains that presumably
developed during past pluvial phases (IUCN, 1997).
Quaternary sediments along the Komadugu flood plain are

mainly unconsolidated alluvial and aeolian deposits. They
represent the product of changing climate during the late
Quaternary that led to the formation of dunes and wide-ranging

oscillations in the level of Lake Chad with associated
development of beach ridges as well as lagoonal and deltaic
complexes (Fig. 1). Considerable changes of the lake surface
were due to the fact that the lake is situated in a very shallow
basin. Morphogenetic and pedological characteristics of the
area are described by Thiemeyer (1997) but the Komadugu
alluvial complex has not yet been investigated in detail.
Basic insights into the palaeoclimate history of the Chad

Basin (Fig. 2) have been achieved through radiocarbon dating
(e.g. Servant, 1967, 1973, 1983) as well as diatom and pollen
biostratigraphies from interdune depressions from the north-
eastern part of the basin (e.g. Servant and Servant-Vildary,
1980; Maley, 1981). Even though some of these early findings
are subject to methodological uncertainties (Servant and
Servant, 1983), the general outline of the original chronos-
tratigraphy has been confirmed by recent studies (e.g. Holmes
et al., 1999) or slightly modified for adjacent areas (Salzmann,
1999). The reconstructed Quaternary climate history also
corresponds with other West African chronostratigraphies (e.g.
de Menocal et al., 2000; Gasse, 2000). After a distinctly arid
phase during the time of the last maximum of high-latitude
glaciations, the period from the latest Pleistocene–early
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Figure 1 Geomorphological map of NE Nigeria (after Thiemeyer, 1998)

Figure 2 Late Quaternary climate evolution and associated morphodynamic processes in the southwestern Chad Basin (after Servant, 1983;
Thiemeyer, 1997; Salzmann, 1999). The extension of Lake Chad as a measure of precipitation is expressed by the observed altitude of former
shorelines above mean sea level (amsl). The original radiocarbon chronology has been converted into cal. yr BP using OxCal calibration (Bronk
Ramsey, 2001)
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Holocene transition (ca. 14 000–12 000 cal. yr BP) to the late
mid-Holocene (ca. 5500 cal. yr BP) was characterised by
markedly humid conditions (all dates were calibrated using
OxCal 3.8 (Bronk Ramsey, 2001)). Subsequently, the late
Holocene shows a trend towards more arid conditions that
continues to the present (Thiemeyer, 1997; Salzmann et al.,
2002). The oldest morphological features of northeast Nigeria,
the Lantewa and Gudumbali dune fields (Fig. 1), date back to
the late Pleistocene (Kanémien, after Servant (1973)) and
represent the southernmost elements of the West African
sub-Saharan erg range (Stokes and Horrocks, 1998). The dune
fields are separated by the Bama Beach Ridge, which marks the
water level maximum of the so-called mega Lake Chad
(covering an area of 320 000–330 000 km2) during pronounced
wet phases (Pullan, 1964). This lake level was probably
reached twice during the Holocene in periods of increased
monsoonal activity (Nigérien-Tchadien III and V, after Servant
(1973)). Evidence of initial humidity comes from the Nigrian
Kadzell downstream of the area of investigation where
carbonate-rich palustrine and littoral deposits have been dated
to 14 000–11 800 cal. yr BP and 10 700–8000 cal. yr BP respect-
ively (Durand et al., 1984). The last prominent humid event
with a maximum around 7000 cal. yr BP is confirmed by
radiocarbon dating of charcoal fragments found in littoral sand
deposits associated with this lake high-stand (Thiemeyer, 1992)
(Fig. 2). A final minor transgression during the late Holocene
resulted in the accumulation of the smaller Ngelewa beach
ridge and the Chad Lagoonal Complex approximately
3200 cal. yr BP (Thiemeyer, 1997) (Figs 1 and 2).
The Komadugu system has remained quite dynamic until

today and is expected to have reacted with a broad spectrum of
internal adaptations to environmental changes throughout the
late Quaternary. Particular interest focuses on the extensive
terrace west of the Bama ridge, which reaches as far as Gashua
and Gumsa, into which the recent floodplains of the Komadugu
Yobe and Komadugu Gana have subsequently been incised
(Figs 1 and 3). The terrace forms a uniform sand plain with a
postulated drift component believed to originate from an
interfingering fluvial–aeolian facies regime. It has been
speculated that it also contains possible remnants of lagoonal
and limnic deposition (Aitchison et al., 1972). Nevertheless, the
high channel–floodplain ratio with meandering to anabranch-

ing drainage lines visible on satellite imagery (Fig. 3), clearly
points to a predominantly fluvial to fluviodeltaic origin. The
deposits have been mapped accordingly as ancient alluvium
with a maximum thickness of approximately 30m (NEAZDP,
1990). Preliminary results about the nature of the sediments
from the ancient and recent floodplain are presented by
Gumnior and Thiemeyer (2003) and Thiemeyer and Gumnior
(in press). However, independent chronostratigraphic infor-
mation is needed to put the observed relative palaeohydrolo-
gical and lithofacial trends into a specific spatio-temporal
context and possibly relate them to the existing palaeoenvir-
onmental model of the West African savanna. Here, the first set
of ages determined by optically stimulated luminescence (OSL)
for fluvial sediments of the region is presented.

Geological setting

Most of the sediment logs were made on drill cores owing to the
limited availability of sediment exposures along the Komadugu
floodplain. The physical resistance of the sediment usually did
not allow drilling deeper than 6m below the surface. West of
Geidam (Figs 1 and 3), 10m of ancient alluvium are exposed at
an inner meander bank, which enabled the sampling of
sediment for dating from selected strata by horizontal coring.
This section (Fig. 4) serves as an ideal example for the
complexity of alluvial architecture in terms of large-scale facies
variations and the general abundance of hiatuses, altogether
complicating the interpretation of the palaeoenvironmental
information.

Investigated sites

An overview of the location and the stratigraphy of the dated
sites is given in Figs 3 and 5 while the nature of the sediments is
visualized in Fig. 6. The core from Gumsa NE contains graded
point bar to overbank deposits without visible hiatuses that

Figure 3 Satellite image of the investigated area showing the location of sites mentioned in the text as open triangles
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accumulated in a low-energy environment. The poorly sorted
clayey loam on top of well to poorly sorted sandy loam and
clayey sand is typical of the deposits near the outer shoreline of
the palaeofloodplain where sediments are still comparatively
heterogeneous (e.g. clayey loam to coarse sand in the Gashua
area). Silt and clay content is relatively high while sand is
almost exclusively fine to very fine (Fig. 6).
The silty loam, very fine sand and fine sand at Geidam S,

close to the modern bed of the Komadugu Gana, are likely to
represent point bar and overbank facies probably deposited by
that river. At least two fining-upward cycles are apparent in
the sequence. As the site is located in an interdune depression
the higher silt content in the upper twometres (Fig. 6) may have
been washed in selectively.
At site Geidam SW, another succession of two fining-upward

cycles of older Komadugu Yobe alluvium is found. Grain-size
composition is variable, with typically high fine sand and
coarse silt content that is moderately to well sorted and
underlain by a coarse lag deposit at the base (Fig. 6).
Below a cultural layer of reddish aeolian sand at GeidamW,

northern part (Fig. 4), about 5m of pale, very well sorted,
cross-stratified fine sand are present, followed by a dark clay
layer at approximately 7m depth. Vertical and horizontal
changes in lithostratigraphy are evident and reveal a number of
cut-and-fill structures in the sandy layers. The architecture
corresponds to the chaotic planform pattern visible on satellite
images (Fig. 3), implying that many of the assumed point bar
sequences at other sites may in fact represent stacked channel
fills, which resemble bank deposits on the lower levels of
alluvial systematics (i.e. grain-size, bedding). In the southern
sector of the cliff, individual layers are thinner andmore diverse
in texture. Fine suspension load deposits are closely associated
with coarse channel lag and intermediate facies, thereby
emphasising the prevalence of autogenic dynamics. The strata
in the south are cut by central channels. More and apparently
older linear fillings occur in the northern part of the section. A
sand layer is covered by clay of about 1m thickness, which
partly shows a lateritic structure. The clay layer occurs within a
radius of approximately 100m and probably indicates
sedimentation in a low energetic environment as found in
backswamps, for example.

The Damasak NW section (Dk NW) is situated at a large
deactivated meander in the present floodplain and therefore
represents younger Komadugu Yobe alluvium. The high clay
content observed at this site is characteristic of recent channel
fills, while overbank deposits are usually dominated by silt
(Fig. 6). The sandy, slightly coarser lag deposit in the lower part
of the sequence resembles a point bar sequence while the strata
at the bottom of the section may represent mixed-load deposits
of ancient alluvium.

Ancient alluvium at Damasak W is covered by aeolian sands
containing a chromic arenosol of almost 2m thickness. Below
an assumed hiatus, fine sand of similar grain-size distribution,
i.e. well sorted fine sand with unusually high proportions of
medium sand but with alluvial bedding structures, is found
(Fig. 6). The waterlain deposits feature clay- and heavy
mineral-enriched segments as well as pedogenic clay laminae
below a depth of 2m, the latter indicating a discontinuity
in deposition. Samples from the lower part of the section
show a high percentage of dull rounded grains, which are
uncommon at sites west of the Bama ridge and may point to a
change in energetic conditions, e.g. a former lacustrine
influence.

Sediment characterisation

A total of 474 samples from 41 different sites on the recent and
ancient floodplains were analysed with respect to texture,
primary and secondary structure (grain shape, surface charac-
teristics, bedding), and mineralogical composition (heavy and
clay minerals). Mechanical analyses of the 261 samples from
the palaeofloodplain (Fig. 7) reveal a relative textural
conformity with peaks in the fine sand sector (2–4 f). Different
types of subfacies, equivalent to formal units in alluvial
systematics (Lewin, 2001), are not clearly distinguishable,
mostly because of the reduced particle size spectrum of the
material. 90% of the samples show bimodal distributions with
primary fine sand and secondary clay maxima as typical for
mixed-load alluvium. A definite W–E gradient with respect to
mean grain size and sorting is not observed but a clear

Figure 4 Ancient alluvium at GeidamW (top: northern section; bottom: southern section) with OSL ages given as kyr before present (1 kyr¼ 1000 yr)
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dominance of very fine sands (3–4 f) is evident upstream of the
Bama ridge while coarser fine sands (2–3 f) are more common
east of it. Clay-rich stillwater sediments are rare and mostly
occur in isolated backswamp positions. The sands are
dominated by quartz (95–99%). Accessories usually consist
of concentrated heavy minerals while feldspar and mica are
rare. These stratified black sand layers indicate aqueous
deposition. The observed selected sorting probably results
from modification of the original grain-size distribution due to
aeolian activity. Morphoscopic analyses show that many

sedimentary characteristics are inherited from preceding
phases of deposition and reworking. A general mixing of
polished and frosted surfaces and unusual trends in grain
roundness and sphericity among different size classes point to
multiple sources and an overlap of transport mechanisms. The
sediment maturity, largely identical with former aeolian
influence, is strongest in the east. This points to an intensified
remobilisation of late Pleistocene dune sands during the
damming of the Komadugu system under more humid
conditions.

Figure 6 Grain-size distributions with depth for the dated sections
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OSL dating

The material for dating was extracted from the sediment by
drilling using opaque PVC liners, with parallel cores 50 cm
apart and with 50 cm vertical overlap for maximum strati-
graphic control. While most of the cores were opened and
investigated in the field, part of these liners were cut (5 cm
diameter; 10 cm length), shipped for analyses, and opened in
the laboratory under subdued red-light conditions. Samples
were first sieved (see Table 1 for grain-size) followed by
removal of carbonate and organic material by hydrochloric
acid and hydrogen peroxide. The quartz fraction was isolated
by density separation and subsequently etched using 40%
hydrofluoric acid for 40min to remove remaining feldspar
grains and the outer part of the quartz grains that is affected by
external alpha irradiation. The equivalent dose (DE) was
measured using the single-aliquot regenerative-dose protocol
(SAR) of Murray and Wintle (2000) applying preheating of
2308C for 10 s and a cut-heat temperature of 1608C for the test
dose measurements. The applicability of this approach was
verified by dose recovery tests. A 6mm Hoya U340 detection
filter was used and OSL was recorded while stimulating the
sample by blue light emitting diodes for 50 s (Fig. 8). Possible
feldspar contamination of samples was routinely checked at

the end of each SAR cycle by dosing, preheating andmeasuring
the response of the samples to IR diodes (Wintle, 1997). None
of the aliquots showed any measurable IR signal, thus
indicating purity of the quartz extracts. Dose–response curves
were calculated using three regenerative doses (Fig. 8, inset).
The lowest regenerative dose was measured twice, at the
beginning and the end of each SAR cycle, to investigate if
sensitivity changes are properly corrected for (recycling ratio).
Small aliquots (2mm, a few dozen to some hundred of grains,
depending on grain size) were used but only a small number of
aliquots were measured owing to the limited sample material
available. However, this number of aliquots will be sufficient
for dating well-bleached sediments and larger numbers of
aliquots are only necessary when extracting the ‘true’ DE

from poorly bleached samples. The mean recycling ratio of all
192 equivalent dose determinations is 1.00� 0.03 and
indicates that the material behaves extremely well. Mean
values and standard error of repeated DE measurements are
given in Table 1. With reference to partial bleaching, it has
been repeatedly demonstrated that the aliquot size used
here allows proper detection of poorly bleached samples (e.g.
Fuchs et al., 2005; Fiebig and Preusser, 2007; Preusser et al.,
2007). The non-skewed distribution of repeated single-aliquot
measurements of equivalent dose of individual samples is
interpreted to indicate zeroing of the OSL signal prior to

Figure 7 Grain-size distribution within the ancient alluvium, subdivided into proposed lithogenetic categories. Proportions are calculated for (a) the
entire grain size range and (b) for the sand fraction only
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deposition (Fig. 9). Furthermore, it has been repeatedly demon-
strated that sediments from low energetic fluvial environments
are usually well bleached (e.g. Singarayer et al., 2005).
The concentration of radioactive elements (K, Th, U) within

the sediment for all samples was measured by ICP-MS (Preusser
and Kasper, 2001) (Table 1). For samples from inhomogeneous
horizons these results were cross-checked by high-resolution
gamma spectrometry. Unfortunately, it was not possible to
carry out gamma spectrometric measurements for all samples
owing to insufficient amounts of sample material from the drill

cores. We found some differences for the inter-comparisons
between ICP-MS and high-resolution gamma spectrometry
(Table 1). Two samples showed significant variation between
the two methods with resulting dose rates of 0.52�
0.03Gy kyr�1 (ICP-MS) and 0.84� 0.03Gy kyr�1 (gamma
spec.) for sample Gu NE-1 and 0.38� 0.02Gy kyr�1 (ICP-MS)
and 0.65� 0.03Gy kyr�1 (gamma spec.) for sample G W-4,
although, both analytic methods have been proven to give
comparable results in a previous study (Preusser and Kasper,
2001), albeit for slightly higher concentrations. In a recent study

Figure 8 Example OSL decay curve for sample GW-4. Inset: example
dose–response curve of sample G W-4. Errors associated with the
determination of Lx/Tx (sensitivity corrected OSL signal for a specific
irradiation step) are smaller than symbols shown. Recycling ratio for the
lowest regenerative dose is 0.98

Table 1 Summary data of luminescence dating for different samples and sites

Sample Site Depth (m) Grain size (mm) n K (%) Th (ppm) U (ppm) W (%) D (Gy kyr�1) DE (Gy) Age (kyr)

Dk NW-1 Damasak NW 2.25–2.50 40–63 7 1.92� 0.17 14.01�0.29 3.42�0.15 46 2.77�0.15 8.10� 0.28 2.9� 0.2
Dk NW-2 Damasak NW 3.25–3.50 100–150 11 0.64� 0.06 7.94�0.17 1.46�0.06 37 1.26�0.05 3.39� 0.11 2.7� 0.1
Dk W-1 Damasak W 1.25–1.50 150–200 9 0.36� 0.03 3.51�0.07 0.68�0.03 11 0.86�0.03 4.16� 0.28 4.8� 0.4
Dk W-2 Damasak W 2.25–2.50 150–200 9 0.33� 0.03 1.93�0.04 0.40�0.02 4 0.69�0.03 8.17� 0.49 11.8� 0.9
Dk W-3 Damasak W 3.25–3.50 150–200 9 0.31� 0.03 4.71�0.10 0.57�0.03 5 0.88�0.03 10.28� 0.86 11.7� 1.1
Dk W-4 Damasak W 4.25–4.50 100–150 9 0.33� 0.03 4.73�0.10 0.80�0.04 5 0.96�0.03 9.03� 0.15 9.4� 0.3
Dk W-5 Damasak W 5.25–5.50 150–200 10 0.33� 0.03 2.65�0.06 0.81�0.04 5 0.78�0.03 9.24� 0.32 11.8� 0.6
G S-1 Geidam S 0.85–1.00 40–63 11 1.85� 0.16 16.20�0.34 3.20�0.14 11 3.62�0.20 20.65� 0.29 5.7� 0.3
G S-2 Geidam S 1.85–2.00 63–100 11 1.63� 0.15 10.95�0.23 3.35�0.15 10 3.22�0.16 19.18� 0.22 6.0� 0.3
G S-3 Geidam S 2.85–3.00 100–150 9 0.88� 0.08 7.07�0.15 1.86�0.08 9 1.84�0.08 10.63� 0.61 5.8� 0.4
Gu NE-1 Gumsa NE 3.50–4.50 125–150 10 0.31� 0.03 1.64�0.03 0.39�0.02 5 0.53�0.03 9.18� 0.19 17.4� 1.0
Gu NE-1g Gumsa NE 3.50–4.50 125–150 10 0.42� 0.01 2.63�0.12 0.63�0.02 5 0.85�0.02 9.18� 0.19 10.8� 0.3
G SW-1 Geidam SW 0.85–1.00 100–150 10 1.08� 0.10 9.15�0.19 1.97�0.09 6 2.12�0.11 18.10� 0.44 8.6� 0.5
G SW-2 Geidam SW 1.85–2.00 100–150 10 0.67� 0.06 5.80�0.12 1.03�0.05 4 1.45�0.06 16.40� 0.28 11.2� 0.5
G SW-3 Geidam SW 2.85–3.00 100–150 10 0.55� 0.05 7.81�0.16 1.57�0.07 4 1.61�0.06 2.79� 0.18 1.7� 0.1
G SW-4 Geidam SW 3.85–4.00 100–150 9 2.42� 0.22 11.44�0.24 2.50�0.11 4.5 3.82�0.22 29.99� 2.31 7.8� 0.8
G SW-5 Geidam SW 4.85–5.00 150–200 10 0.36� 0.03 2.40�0.05 0.71�0.03 4.5 0.78�0.03 9.71� 0.26 12.5� 0.6
G W-1 Geidam W n 2.30–2.70 150–200 9 0.57� 0.05 10.12�0.21 2.34�0.10 7.5 1.88�0.06 11.14� 0.22 5.9� 0.2
G W-1g Geidam W s 2.30–2.70 150–200 9 0.47� 0.01 9.98�0.45 2.26�0.08 7.5 1.76�0.05 11.14� 0.22 6.3� 0.2
G W-2 Geidam W s 3.50–4.50 100–150 10 0.85� 0.08 1.47�0.03 0.33�0.01 7.5 1.07�0.07 6.65� 0.14 6.2� 0.4
G W-2g Geidam W s 3.50–4.50 100–150 10 0.57� 0.01 1.93�0.09 0.50�0.02 7.5 0.89�0.02 6.65� 0.14 7.5� 0.2
G W-3 Geidam W n 4.50–5.50 63–100 10 0.80� 0.07 7.16�0.15 1.22�0.05 7.5 1.66�0.09 20.89� 0.45 12.6� 0.7
G W-4 Geidam W n 9.0–11.0 125–150 10 0.16� 0.01 1.32�0.03 0.33�0.01 39 0.30�0.01 6.34� 0.55 21.5� 2.0
G W-4g Geidam W n 9.0–11.0 125–150 10 0.19� 0.01 3.15�0.14 0.80�0.03 39 0.49�0.02 6.34� 0.55 12.9� 1.2

Depth indicates the samples depth below natural surface as used for the calculation of the contribution of cosmic radiation to the total dose rate. The
given values include the uncertainty of labelling the samples position from the surface. n¼ number of aliquots being measured; W (%) estimated
average sedimentmoisture during burial calculated as percentage of the dry samplematerial; D¼ Total dose rate; DE¼ Equivalent dose. Concentration
of dose rate relevant elements K, Th, U was determined using ICP-MS and, for selected samples as indicated by ’g’, additionally by high-resolution
gamma spectrometry (cf. Preusser and Kasper, 2001). Dose rate conversion factors of Adamiec and Aitken (1998) were used.

Figure 9 Typical dose distribution given for three of the investigated
samples. Each data point shows theDE for an individual aliquot and the
associated error. All samples show non-skewed equivalent dose distri-
bution interpreted to indicate zeroing of the OSL signal prior to
deposition
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on dune sands from Dubai this has also been demonstrated for
lower concentrations (Zander et al., 2007). With this in mind,
it is most likely that the observed differences result from
inhomogeneity of the sediment, especially small layers of clay,
and not from a systematicmethodological problem. Since 800 g
has been used for the gamma spectrometry measurements to
determine the amount of radioactive elements, this method is
presumably a better representation of the average dose rate of
the samples. As a consequence, the results of gamma
spectrometry are used in the following discussion about the
‘true’ age of the samples. Most other samples are, however,
from less inhomogenous horizons and are thus most likely not
affected by this problem. The contribution of cosmic rays to the
total dose rate was calculated using depth below the natural
terrain surface (Prescott and Hutton, 1994). For the calculation
of the absorption of radiation by sediment moisture age
estimates were first calculated using mean moisture content of
3–9%. Subsequently, ages were corrected supposing that pore
space was completely filled with water for the thousand years
following deposition. For the two samples from the palaeo-
meander (Dk NW) and the lowest sample from the Geidam cliff
(G W-4), it was assumed that pores were saturated for 90% of
the burial time owing to the fact that these samples are located
very close to the present groundwater table. For the rest of the
originally calculated time, estimated fixed water content was
used, ranging from 3% to 9%, depending on the position
relative to groundwater level. The remaining uncertainty with
the estimation of sediment moisture is expected to be negligible
(not more than a few hundred years). Total dose rates and
resulting OSL ages are summarised in Table 1.

Results and discussion

An OSL date of 10 800� 300 yr (sample Gu NE-1g) from the
base of the Gumsa NE section and the absence of any visible
hiatuses imply that probably the whole sediment succession
was deposited during the early Holocene. This reflects the
general assumption that alluvial sedimentation took place
under rather humid conditions while drier periods are likely to
be represented by erosional unconformities. The negative
skewness of the grain-size distribution is interpreted to possibly
represent reworked sand of the Lantewa dune field since these
sediments often bear certain amounts of coarse sand.
Dating results from the upper part of the Geidam S site of

5700� 300 yr, 6000� 300 yr, and 5800� 400 yr are slightly
younger than the radiocarbon-dated formation of the Bama
Beach Ridge. This sediment probably reflects deposition during
a regressive phase of the final part of the mid-Holocene wet
period.
Two dates from the middle part of the Geidam SW section of

1700� 100 yr (G SW-3) and 7800� 800 yr (G SW-4) are
significantly younger than ages from the upper (G SW-2:
11 200� 500 yr) and lower (G SW-5: 12 500� 600 yr) part of
that sequence. Sample G SW-3 is from a horizon strongly
indicating bioturbation (most likely termites) that may be
responsible for the unrealistically young age, although no
skewed distribution of DE values could be observed, as is
usually expected for bioturbated sediments (Bateman et al.,
2003) (Fig. 9). It is speculated that this considerably young age
may indicate post-depositional filling of a termite den by
well-bleached surface sediment long after original deposition.
However, this scenario is not supported by field evidence but
such sediment structures may be difficult to observe owing to
the homogeneity of this particular part of the sediment and

especially in cores. Sample G SW-4 is from a horizon with clay
laminae as observed in the logs (Fig. 5) and indicated by the
high potassium content and a generally higher dose rate
(3.82� 0.22Gy kyr�1) of the sample, compared to the rest of
the sequence (0.78� 0.03 to 2.12� 0.11Gy kyr�1). The
apparent underestimation of the OSL age is thus likely to be
explained by the dosimetry inhomogeneity problem, as
indicated by the presence of small layers of clay around this
particular sample. Owing to the shortage of material it was
unfortunately not possible to verify this assumption by gamma
spectrometric measurements. Despite these two samples that
reflect incorrect age estimates, due most likely to methodo-
logical problems, the Geidam SW sequence, which is in the
vicinity of the late middle Holocene Geidam S section, was
deposited thousands of years earlier during the onset of the
early Holocene climate optimum. The abundance of middle to
coarse sands in the lower part of the section is notable and may
point to a reworking of older dune sand as already discussed
above.
The clay bed at the bottom of site GeidamWappears to be an

indicator of humid conditions. The two dates from below
(12 900� 1200 yr for G W-4g) and above (12 600� 700 yr for
G W-3) the clay layer place the sedimentation of the pelitic
material in the transition into the early Holocene pluvial phase.
OSL results from the southern part of the same site of
6300� 200 yr (G W-1) and 7500� 200 yr (G W-2) fall into
the mid-Holocene wet period and thus coincide with the latest
transgression of mega Lake Chad towards the Bama beach
ridge. The subsequent dynamics leading to the cut-and-fill
structures in the centre of the cliff are thought to have occurred
towards the end of the same depositional period, before the
incision of the recent floodplain marked the beginning of the
late Holocene.
OSL dates from the Damasak NW site of 2900� 200 yr (Dk

NW-1) and 2700� 100 yr (Dk NW-2) reflect the infilling of an
oxbow. It belongs to a meander generation with a higher
wavelength than the modern one as a result of increased river
discharge (Fig. 3). It appears plausible that the channel was
active during the last known well-developed humid episode
during which the youngest beach ridge of Lake Chad, the
Ngelewa Ridge, was formed.
The OSL age of 4800� 400 yr (Dk W-1) for the upper part of

the Damasak W site confirms the expected aeolian accumu-
lation under increasingly arid conditions. The alluvium below
dates back to the early Holocene with ages of 11 800� 900 yr
(DkW-2), 11 700� 1100 yr (DkW-3), 9400� 300 yr (DkW-4),
and 11 800� 600 yr (Dk W-5). The OSL age of sample Dk W-4
is slightly lower than that for the samples above and below, and
it is not clear whether this is due to a dosimetry problem or to
random error. The abundance of medium sand in the lower part
of the section probably represents reworking of Gudumbali
dune sands as a consequence of an initial lacustrine
transgression or renewed fluvial activity at the Pleistocene–
Holocene transition.

Conclusions

The dating results presented here fit well with the previously
established concept of northeast-Nigerian landscape develop-
ment and support existing theories about fluvial dynamics in the
region. Similar ages at different depths in individual sections
(vertical isochrons) confirm river dynamics dominated by
lateral accretion processes that occurred rather rapidly,
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probably representing the repeated occurrence of large
magnitude events.
The OSL ages reflect fluvial deposition during the early and

middle Holocene wet episodes as well as the filling of a
channel that was probably formed during the last relatively
humid period of the Holocene. The latest Pleistocene is
particularly well represented as a period of intensified fluvial
activity. In view of the remaining uncertainty about the
succession of shorter-term wet and dry events during the
Pleistocene–Holocene transition (Fig. 2), the age cluster
between 13 000 yr and 11 500 yr could be interpreted either
as a result of increasing humidity or, conversely, as an
interruption of wet conditions (Fig. 10). The second factor may
have triggered deposition at the end of the middle Holocene
pluvial most likely in connection with the start of the lacustrine
regression.
Generally, the data confirm the previous hypothesis that the

formation of the palaeofloodplain was closely linked to
Holocene oscillations of mega Lake Chad. Most of the
sediment is dominated by pure fine sands (2–4 f) that have
probably been remobilised through lateral erosion of local
sources and subsequent sorting. The erosion of older dune
fields by initial fluvial activity during the onset of the Holocene
is also indicated by the abundance of coarse andmedium sands

in the lower part of the investigated sections. This implies that
the accumulation of the ancient terrace of the Komadugu
outside the so-called inner shoreline of mega Lake Chad (Bama
Beach Ridge) did not evolve from a body of standing water but
formed by a rather dynamic drainage system. Satellite images
and the cut-and-fill architecture evident west of Geidam reveal
that the floodplain was dominated by meandering channels
shifted by frequent avulsion. Similar non-equilibrium and
energetic fluvial behaviour of low-gradient rivers can still be
observed within the modern system, e.g. the Hadejia-Nguru
and Gashuawetlands where analogical planform patterns exist.
It is deduced that the flow characteristics within the ancient
Komadugu floodplain were also caused by fluctuations in
fluvial discharge. This could signify that the beginning and end
of the Holocene optima were subject to a more or less
accentuated climatic variability and consequential fluviomor-
phological activity.
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