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Abstract

Detailed geomorphological and chronological investigations of the NW-Namibian Amspoort Silt formation show that the
sediments are typical river-end deposits. This type of endoreic sediment, occuring only in desert margin areas, provides valuable
information about the palaco-environment. In the Hoanib valley, the fine-grained deposits have buried riverine trees.
Radiocarbon dating of the wood and luminescence dating of the sediments allow a detailed reconstruction of the aggradation
processes. Accumulation started ~10 km downstream of Amspoort around the beginning of the 15th century and ended in the
19th century, some kilometres upstream of Amspoort. This upstream shift of sedimentation during the Little Ice Age was caused
by gradually decreasing runoff resulting from aridification of the upper part of the Hoanib river catchment lying east of the
Namib desert margin >1.200 m a.s.l.

The Amspoort Silt terrace is evidence of palaco-hydrological fluctuations in NW-Namibia. At present, the Hoanib river
erodes deeply into the silty deposits, indicating that NW-Namibia receives more monsoonal rainfall today than during the Little
Ice Age. However, this contradicts the hypothesis of a (continual) natural aridification of NW-Namibia (Damaraland,
Kaokoveld) since the mid-19th century in the course of global climatic change. Rather, deposition and erosion of the Amspoort
Silts indicate that landscape degradation in NW-Namibia is primarily anthropogenically induced and most probably not
accelerated by a decrease in precipitation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

On the eastern margin of the Namib Desert
(Namibia), fine-grained, mainly silty and partly
sandy or clayey deposits are common along ephem-
eral rivers flowing through a sequence of narrow
incised valleys and open tectonic basins (Rust, 1987,
1989, 1999; Rust and Vogel, 1988). The rivers run
from the semiarid highlands of northwestern Nami-
bia down to the hyperarid Namib coastal desert.
During the last decade, research on silty fluvial
deposits in desert margin areas has been intensified
due to IGCP 349 activities on desert margins, IGCP
413 projects on dryland environmental changes, and
by the possibility of dating the sediments by
luminescence techniques [thermally stimulated lumi-
nescence (TL) dating, optically stimulated lumines-
cence (OSL) dating]. For Namibia, all published
data show that the sediments formed within the past
45 ka (see compiled data in Eitel et al., 2002a;
Srivastava et al., 2004a,in press).

Although the deposits contain thin layers of
fluvial sands, they predominantly consist of—more
or less—clayey silts with loess-like particle charac-
teristics. For this reason, most of the time they are
called ‘river silt deposits’. Since the 1970s, the fine-
grained deposits have been studied geomorpholog-
ically and palaeoclimatically, but their interpreta-
tions have proved controversial. Because of their
fine-grained character, the deposits have sometimes
been interpreted as ancient lake deposits (Rust and
Wieneke, 1974), which in some cases were pro-
posed to have been caused by dune damming
(Marker, 1977). However, more recently the fluvial
genesis of the sediments was recognized. They have
been (re)interpreted either as sequences of flash
flood or slackwater materials (Heine et al., 2000;
Heine and Heine, 2002; Heine, 2004; Srivastava et
al., 2004a,in press) or as river-end deposits (Eitel et
al., 2001, 2002a; Rust, 1999). Whereas slackwater
deposits are attributed to high-energy flash floods
(Zawada, 1997), river-end deposits are created by
low-energy runoff resulting from endoreic dis-
charges (Eitel et al., 2001). River-end deposits are
due to seasonal or decadal fluctuations of river
discharges causing fluvial sedimentation not only at
one final position but allowing for shifts of several
kilometres in up- and downstream directions within

a valley section. This distinguishes river-end depos-
its from sebkha or lake deposits that indicate
stationary sedimentary environments. Apart from
this, variations in discharge lead to varying propor-
tions of sand, silt and clay within the silty river-end
deposits, in contrast to more homogeneous still
water sediments.

The differing interpretations of the sediments have
led to contrasting palaeo-climatic conclusions.
Whereas slackwater deposits are caused by heavy
rainfall in the catchments of the rivers, river-end
deposits are geomorphological markers of rather dry
conditions upstream. The aggradation of river-end
deposits is still not well understood (compare, e.g.,
discussions of Rust, 1999 and Heine, 2004). The
present study of the Amspoort Silt formation is a
valuable contribution to the understanding of river-
end deposits and their palacoclimatical interpretation,
as it combines detailed sedimentological and geo-
morphological investigations with a radiocarbon- and
luminescence-based chronometry.

2. Geographical setting

Along the Hoanib river (northwestern Namibia)
and both its upper tributaries, the Nguravai-Aap and
the Ombonde rivers, silty deposits are common
within the epigenetically incised valleys and tectonic
basins (Sponemann and Brunotte, 2002). During the
austral summer when precipitation falls due to
monsoonal thunderstorms, the Hoanib river flows
down from the western Etosha rim (~1200 m a.s.l.;
~350-mm mean annual rainfall) to the hyperarid
northern Namib desert. Ten to 20 km east of the
coast, the Skeleton Coast Erg hinders the river from
discharging into the Atlantic Ocean (Fig. 1). Occa-
sionally, the Hoanib catchment receives enough rain
for the river to break through the sand field in
catastrophic events.

At Amspoort, approximately 300 m a.s.l. and 40
km east of the coast, the sediments fill the Hoanib
valley up to more than 12 m. Over a length of about
20 km, the deposits have buried riverine trees, which
rooted in basal fluvial sands some decimeters above
the bedrock of Precambrian Damara schists. The site
was first described in detail by Rust (1999), Vogel
(1989) and Vogel and Rust (1990). At present, erosion
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Fig. 1. Surface deposits along the Hoanib river in northwestern Namibia. The study area is ~40 km east of the coast near Amspoort, where the
fine-grained deposits form the Amspoort Silts within the narrow lower Hoanib valley.

processes are removing the Amspoort Silts and thus
forming a 50-200 m broad river channel and a
prominent terrace (Fig. 2), and are thereby reexposing

the fossilized wood. The exposed walls of the silt
terrace show that the trees were embedded upright
(Fig. 3). From this important observation, Vogel and

Fig. 2. The Amspoort Silts in a central valley section. Left side: Overview over the Amspoort silt deposits with a tributary erosion channel in the
foreground. The Hoanib river running from the left to right side is indicated by green riverine trees. Right side: The deposits are dominated by

well-laminated fluvial silts with intercalated thin layers of sand. Note the lack of coarse-grained materials, which indicates sedimentation by
low-energy flows.
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Fig. 3. The silt terrace at locality 3, some kilometres upstream of Amspoort. The photos show a buried in situ tree (left side) of an ancient
riverine forest that is now being reexposed by river erosion (right side). Height of the terrace is ~3 m.

Rust (1990) and Rust (1999) excluded high-energy
slackwater deposition at Amspoort. Instead, they
argued that the Hoanib river deposited silty river-
end sediments while ending here endoreically during
a drier phase in the past. This is confirmed by the
laminar character of the silts indicating a sequence of
run-off terminations, by the occurrence of the silty
deposits not only in backflood positions (i.e., at
tributary mouths) but also in central parts of the main
valley, and finally by the fact that the sediments have
been deposited only in a spatially well defined part of
the Hoanib valley. Backfloods due to high-energy
runoff, however, should be distributed over the whole
length of the river course.

The association of buried trees and fine-grained
silty sediments offers the possibility to use two
independent dating methods. Therefore, in this study,
radiocarbon dating of the wood and OSL dating of the
sediments are applied to determine the age of the
deposits, to reveal details of the course of the
aggradation history and to interpret the Amspoort Silt
terrace palaeco-climatically.

3. Methods

Samples were taken at three sites where the river
dissects the Amspoort Silts, naturally exposing the
fine-grained deposits:

* locality 1: downstream of Amspoort West of the
Skeleton Coast Park border (GPS coordinates:
19922/ 58”S/13°02" 57" E),

* locality 2: at Amspoort itself (GPS coordinates:
19°21" 44" S/13°08' 24" E) and

* locality 3: upstream of Amspoort (GPS coordi-
nates: 19°20' 25”S/13°11’ 23”E).

3.1. Sedimentology

Sediment characteristics were determined at all
three locations. Sediment colour was specified using
the Munsell Soil Color Chart and carbonate content
was measured with a Scheibler apparatus. Particle size
distribution was investigated after treatment with
H,0, and HCI, by sieving the grain size fraction <2
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mm and separating the silt and clay fractions applying
the Kohn/Kottgen method (Kretzschmar, 1996).
Heavy mineral identification of the fraction 0.063—
0.2 mm in diameter, separated in an 80% solution of
sodium polytungstate (density 2.8), was carried out
using a petrographic microscope (Boenigk, 1983).
Clay fractions were prepared by sedimentation in
water. Oriented aggregates on glass targets that were
either air-dried, glycollated or heated to 550 °C were
analysed by X-ray diffraction (Velde, 1995).

3.2. Chronometry

3.2.1. "*C dating

For radiocarbon dating two samples were taken
between localities 1 and 2 (HD 22152) and at locality
3 (HD 22469) (Table 1, see Fig. 6). Both wood
samples were collected from upright standing buried
trees rooted in fluvial sands close to the bedrock base.
Driftwood was not collected in order to avoid over-
estimating the age by using possibly reworked old
wood. Sample HD 22152 originates from a twig of a
fossil tree 1.2 m b.gl. At locality 3, wood was
sampled 0.5 m b.g.l. from a branch near the top of
another in situ tree (cf. Fig. 3). Thus, the radiocarbon
ages should represent dates from the final life period
of the buried trees. It is possible that trees continued to
grow in their upper canopy part, while embedding of
the lower trunk part had already begun. Thus, the

Table 1
Results of the radiometric age determinations of the wood samples
from the Amspoort study area (Hoanib valley)

Lab. No. C,on aBP 6°C  '¥C.y AD 1o '#C.y AD 20

Pta-3880 350440 - 1480-1530,  1540-1640
1560-1640

Pta-4546  460+40 - 1415-1470 1400-1510

1600-1620

Pta-4547  280+45 - 1520-1600,  1480-1680

1620-1670 17701800

Pta-4548  330+40 - 14901640 1460-1650

Pta-7356 195420 - 1660-1680,  1650-1690

1760-1810,  1730-1810

1930-1950 1930-1950

Hd-22152 154 +18 —24.6 1670-1690, 16601700

1730-1780,  1720-1820

1800-1810,  1830-1880

1920-1940 1910-1960

Hd-22469 402+18 —24.5 1448-1478 1430-1500

1600-1620

radiocarbon ages do not necessarily represent max-
imum ages for the oldest basal sediments. The '*C
data were calibrated following Stuiver et al. (1998).
Additionally, already published '*C data from the
area (Rust, 1999) were included in this study. These
data, too, were gained from in situ buried trees which
once grew in the basal fluvial sediments underlying
the Amspoort Silt deposits. In order to allow for data
comparison (Table 1, see Fig. 6) the conventional '*C
data produced in the Pretoria laboratory were also
calibrated according to Stuiver et al. (1998).

3.2.2. OSL dating

Samples for luminescence dating were collected at
all three localities (see Figs. 5, 6). From a total of
seven samples, it was possible to extract coarse-grain
(125-212 pm) quartz separates. At locality 1 the
central silty deposits (HDS-1262, 2.6 m b.g.1.) and the
acolean sand, covering the fluvial deposits (HDS-
1260, 0.3 m b.g.l.), were sampled. At locality 2, one
sample was collected from the sandy silt complex
intercalated between the lower and upper silty
complexes (HDS-1267, 7.0 m b.g.l) and two samples
were taken from the sand layer on top of the upper
silty complex (HDS-1265, 1.5 m b.g.1 and HDS-1264,
0.4 m b.g.1.). At locality 3, samples were gained from
the basal fluvial sands covering the bedrock (HDS-
1269, 2.3 m b.g.1.) and the sandy silt complex (HDS-
1270, 0.4 m b.g.l.) at the top of the sequence.

Samples were taken from the exposed river terrace
walls in lightproof steel cylinders (55 mm). In the
luminescence dark laboratory the outer ~1 cm of the
samples were removed and retained both for water
content and dose-rate determinations. The nonlight-
affected material from the interior used for lumines-
cence analyses was handled under extremely subdued
red light (Siemens LS5421-Q diodes plus Hoya R62
glass filter, Schilles, 1998). The 125-212 pm fraction
from the retained sediment was derived by wet
sieving. Organic and carbonate content was removed
by repeatedly adding of H,O, (10% and 30%) and
CH;COOH (20%). Quartz was gained by mineral
separation in lithium polytungstate (densities <2.74
and >2.63 g cm ). Quartz separates were kept for 45
min in HF (40%) while occasionally stirring the fluid
to etch off the outer rim (~20 um) of the quartz grains
possibly affected by external a-radiation. In order
remove any residual fluorine compounds the separates
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were washed in HCI1 (10%) and demineralised H,O
before the 90- to ~170-um grain fraction was finally
retrieved by dry sieving using a 90-um mesh.

The quartz separates were mounted on steel cups
(@ ~10 mm) using silicon spray for adhesion. Since
small aliquots with a restricted number of grains make
it possible to test the sediment samples for insuffi-
cient, differential bleaching (Olley et al., 1998, 1999),
aliquots containing 200-500 grains, as suggested by
Fuchs and Wagner (2003), were prepared.

Luminescence dating was carried out using a Riso
TL/OSL-reader DA15 (Botter-Jensen, 1997), which is
equipped with a ring of 41 blue NISHIA NSPB-500
LEDs plus Schott GG-420 edge filter (470A20 nm)
for blue stimulated (B-OSL) analyses, a photomulti-
plier EMI 9235 QA for signal detection and a
calibrated °'St/*’Y p-source (~5.1 Gy min~ ') for
sample irradiation. For luminescence analyses a B-
OSL single aliquot regenerative (SAR) procedure was
applied (Murray and Wintle, 2000). Optical stimula-
tion was carried out for 20 s at 125 °C (90% diode
power) while the UV component was detected using
U-340 Hoya glass filters (3%x2.5 mm each). Four
regeneration dose points were distributed at ~0.4/0.7/
1.3/1.6 times of the expected Dp, before the lowest
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dose point was repeated once and finally a zero-dose
point measured. A test dose of 5 s (~0.4 Gy) or 1 s
(~0.1 Gy) (sample HDS-1260 only), respectively, was
given after the study of the natural luminescence
signal and the luminescence signals of each regener-
ation dose point in order to correct for sensitivity
changes via the size of the related OSL signal. As in
the temperature range of 220-300 °C no dependency
on preheat temperature was discernable (Fig. 4) a
preheat of 10 s at 260 °C was applied, while the cut
heat (i.e., the preheat during the test dose subcycles)
was held for 10 s at 160 °C. In order to test for
possible feldspar contamination, finally each aliquot
was administered the highest regeneration dose for a
second time followed by an IR-stimulated readout for
20 s at room temperature. 32 aliquots were measured
of each sample. For Dg-value determination, the
integral of the first 0.4 s of the B-OSL shinedown
was used, while the late light integral >16 s was taken
for background subtraction.

Additionally, a set of 16 aliquots of each sample
was bleached for 3 h under a Dr. Honle SOL2 solar
simulator. Sample holders were positioned on a water-
cooled copper plate (~18 °C) and covered with a non-
UV-transmitting UVILEX glass filter. The artificially

preheat temperature
220 °C 240 °C 260 °C 280 °C 300 °C
b I T S S
1.71
)
T 181 7 F 154
e mean (without #13) = 1.14 Gy % 0.07 Gy (std-dev)
_8 16 ® r1.37
o =
T |[Tete : s ’ o
g 12 ¢ r 1.03
2
w 10 A - 0.86
o sample HDS-1269
o T e B B e L e 0.69
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

# aliquot

Fig. 4. Preheat test for sample HDS-1269. Altogether 15 small aliquots with latent natural luminescence signals were used for a preheat test with
temperatures varying from 220 to 300 °C (five temperature steps, three aliquots each, preheat duration 10 s). Dy determination followed the
SAR protocoll as described in the text above. Dy results show no dependency on preheat temperature. (Aliquot #13 (white triangle signature)
shows a bad recycling ratio (>10%) of the lowest applied dose point of 1.21 and would therefore be excluded from the data set.)
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(well) bleached samples were then given a pB-
laboratory dose the size of which corresponds to the
mean Dg-value of the natural sample. The laboratory
dose was then recovered using the same B-OSL SAR
protocol as for the corresponding natural sample.

Dose rate determination is based on low-level -
spectrometry, which allows the detection of possible
radioactive disequilibrium in the **®U-chain. Dose
rates are additionally controlled by the use of a- and
p-counts. The contribution of the cosmic radiation is
calculated according to Prescott and Hutton (1998).
The measured ratios of wet to dry sample weights
range between 1.01 and 1.04. For effective doserate
calculation, a uniform value of 6=1.05+0.05 was
used. Error determination follows Gaussian error
propagation law and OSL ages are quoted on the 1-
o confidence level.

4. Results
4.1. Sedimentology

The grain size analyses show that all samples from
the Amspoort Silt terrace lack coarse particles of >2
mm in diameter (Fig. 5). The silty deposits are well
laminated and show no postsedimentary diagenesis.
The silty units alternate with sandy layers, thus
indicating varying velocities of the ancient runoff.
Therefore, the ‘Amspoort Silts’ are strictly speaking
not mere silts but cover a grain size spectrum from
clayey silt to sand.

The colours of the deposits are brown to yellowish
brown and vary among 7.5YR4/4, 10YR4/3 and
10YR4/4. The heavy mineral composition is domi-
nated by intact pyroxene group and amphibole group
minerals, which are very susceptible to chemical
weathering, thus indicating the unweathered character
of the deposits. Epidote group minerals are the third
important fraction. The three mineral groups, which
amount to more than 80%, originate mainly from local
metamorphic rocks. Some orthopyroxenes and brown
hornblendes are derived from the Etendeka volcanics
in the upper Hoanib catchment. Carbonate contents of
4.3-12.4% are typical of a dry environment. They
may well be due to aeolian input, as dust storms
transporting calcareous particles are very common for
the region (Eitel, 1994; Tyson et al., 2002), and/or

caused by fluvial erosion of lime bearing Damara
schists and dolomites in the middle section of the
Hoanib river course (e.g., Khowarib gorge marbles
and dolomites).

X-ray diffraction patterns of the clay fraction
exhibit a dominance of illite and chlorite. Only
sample 2/4 from Amspoort contains an appreciable
amount of smectite. Nonoblique illite peaks indicate
fresh and unweathered particles. Authigenic or
reworked palygorskite, often associated with secon-
dary carbonate or calcretes (Eitel, 1993, 2000), could
not be detected.

At locality 1, the Amspoort Silt terrace is only
about 3 m thick. Silty deposits prevail only in the
central part of the complex. Following the fluvial
deposition of sandy and silty sediments, acolian
sands buried the fluvial sequence. At locality 2, the
Amspoort Silts reach their maximum thickness.
Here, silty sediments dominate the ~14-m-thick
deposits. The upper silty complex contains more
pyroxene group minerals than the layers below
indicating different source areas. Locality 3 is
situated at the upstream end of the Amspoort terrace.
As at locality 1, the deposits have a total thickness of
only 2-3 m.

4.2. Chronometry

4.2.1. '*C dating

Table 1 shows the results from the radiocarbon
analyses. The data confirm that the wood was buried
by a Late Holocene accumulation of the Amspoort
Silts. The compiled radiocarbon data of in situ trees
originate from Rust (1999) and our own investigations
(all data calibrated according to Stuiver et al., 1998).
The spatial distribution of the '*C samples is shown in
Fig. 6.

4.2.2. OSL dating

Results of luminescence dating are given in Tables
2 and 3. Low-level +y-spectrometry indicates slight
radioactive disequilibrium for sample HDS-1269
(Table 2), which is taken into account in the age
calculation. While almost all measured aliquots
proved to be free of feldspar, five aliquots of sample
HDS-1267 showed minor feldspar contamination,
however with very low IR-stimulated luminescence
signals of only <1% of the B-OSL signal.
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locality 1 particle size fractions heavy minerals clay minerals
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. particle size fractions heavy minerals clay minerals
locality 2 [%] [%]

No.| colour |carbonate|>2mm|sand| silt |clay| ep | pyr | hbl |z.r.t.|others]illite | chlorite| smectite | palygorskite

2/

=

10YR4/4| 7.4% 0 7 |80 (13|26 |45 (19| 6 4 |+++| o+ - -

212(75YR4/4| 55% | 0 |62 [32|6 [20 |47 20| 2 | 11 [|+++| + _ -
2/3|75YR4/4| 42% | 0 |94 |4 |2 [31]|49[12]|6 | 2 [+++] + - _

2/4110YR4/3| 124 % 0 2 |55 (43|29 |23 (42| 3 3 [+ + + =

sandy silt 2/5|10 YR 4/4| 58 % 0 35 [56 | 9 | 23|33 |27 | 4 | 13 |+++| + - -
_complex  HDs-1267
AD 1472 + 35
= —
T T T T
S
e
e e
si
cor¥1plex e
B
2/6 ST T T 2/6|10YR4/4| 11.0% 0 8 |75 (17|37 |25 |30 | 2 6 | +++ ita i -
T EEae
i ciackas
—x —x > —x
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No.| colour |carbonate|>2mm|sand| silt |clay| ep | pyr | hbl |z.r.t.|others|illite |chlorite| smectite| palygorskite
sandy 31 3/1|10YR4/3| 7.6% 0 41 |47 [ 12|30 |35 |29 | 2 4 |+t + = =

silt HDS-1270
complex  AD 1807 + 15

7777777777 m
silty layer

fluvial sands
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Fig. 5. Sedimentological characteristics and OSL chronometry of the Amspoort Silt terrace deposits downstream of (locality 1), near (locality 2)
and upstream of Amspoort (locality 3) (see Fig. 6). Hd-22469 in locality 3 represents calibrated radiocarbon ages BP (=before 1950) (see Table 1).
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Fig. 6. Thickness and extension of the Amspoort Silt terrace along the lower Hoanib valley with '*C., data (2c-error, see Table 1) of buried in
situ trees (graph based on the topographical map of Namibia, sheet no. 1913AC Amspoort, scale 1:50,000.). The figure illustrates the
sedimentation of the deposits in a distinct and narrow valley section. This situation disagrees with conditions forming floodouts as assumed by

Heine (2004).

Steep shine-down curves with several 10°-10*
counts during the first 0.4 s reach the background
level after only 2-3 s of optical stimulation (Fig. 7a).
The samples show hardly any recuperation of the
luminescence signal and usually exhibit an excellent
reproduceability of the twice measured lowest regen-

eration dose point (Fig. 7b, results of twice measured
dose point were almost indistinguishable). The few
aliquots exhibiting a reproduceability >10% were
exluded from Dg-value data sets.

Dose recovery measurements reveal high precision
and correctness of the data gained with the applied

Table 2
Dose rate data of the Amspoort Silts OSL samples
Lab. no. Locality/ Depth Uranium Thorium Potassium Effective dose
sample no. b.g.l. (m) (ng/g) (ng/g) (Wt.%) rate (Gy/ka)
HDS-1260 1/1 0.3 1.65+0.07 7.33+0.14 1.79£0.05 2.71+0.15
HDS-1262 172 2.6 1.74+0.08 7.35+0.28 1.69+0.08 2.62+0.16
HDS-1264 2/2 0.4 2.09+0.05 7.87%0.11 1.59+0.04 2.66%0.15
HDS-1265 2/3 1.5 1.72+0.08 7.72+0.27 1.84+0.09 2.79+0.17
HDS-1267 2/5 7.0 2.22+40.10 7.98+0.29 1.80+0.09 2.83+0.17
HDS-1269 3/2 2.3 2.0740.05* 8.45+0.14 1.65+0.04 2.73+0.15
HDS-1270 3/1 0.4 2.07+0.05 7.97+0.11 1.63+0.04 2.70£0.15

2 Sample showing radioactive disequilibrium in ***U-chain, as detected by low-level gamma-spectrometry.
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Fig. 7. Typical example of shine-down curves (a) and growth curves
(b) represented by an aliquot of sample HDS-1267. Shine downs
delivering several 10°~10* counts in the most light-sensitive initial
integral reach the background level after only 2-3 s of blue
stimulation (cf. also inlet with logarithmic time axis). Most of the
measurements exhibit excellent reproduceabilities of the lowest
dose point of <10% (here: 0.97) and small recuperation of the
luminescence signal (here: 0.67%).

SAR technique. For all samples the laboratory doses
were met within the 2-o-standard deviation of the
mean dose value (cf. Table 3). This finding also
indicates that the studied samples do not show any
malign signs of thermal transfer caused by preheating
as reported by Rhodes (2000) and Roberts et al.
(2000). The coefficient of variation v (i.e., standard
deviation/meanx 100) of the artificially bleached
samples ranges between 3.9% and 9.8%.

For the Dg-value distributions of the natural
samples, however, v ranges between 7.2% (HDS-
1269) and >100%. (In order not to artificially restrict
v, the Dg-values that had to be extrapolated beyond
the highest dose point were also considered.) Apart
from sample HDS-1269 v lies above the threshold
value of 10% usually considered as acceptible for

sufficiently bleached sediments (Fuchs and Wagner,
2003). Even the aeolian transported sample HDS-
1260 possesses a v-value of 22%, clearly indicating
insufficient zeroing of the luminescence signal prior to
deposition. (In the field, care was of course taken care
not to sample obviously bioturbated or otherwise
disturbed material, which might exhibit similarly
widely spreaded Dg-distributions as differentially
bleached sediments). Again with the exception of
sample HDS-1269, v-values of the natural samples are
also much higher than the ones found for the
artificially zeroed samples. Additionally, insufficient
bleaching of the samples is well illustrated by Fig. 8,
in which Dg-values of single aliquots are plotted
against the normalised natural luminescence signal of
the measured aliquots, as suggested by Li (1994) and
Clarke (1996). Although it exhibits a much smaller
scatter than the other samples, sample HDS-1269 also
shows a positive correlation between the size of the
Dg-values and the strength of the (normalised)
luminescence signals.

Apparently, insufficient bleaching of sediments is
not unusual for the northern Namib Desert. One out of
seven OSL samples dated from the Khumib river
catchment and 7 out of 11 samples collected from the
nearby Hoarusib valley display beyond-threshold v-
values of 18% and up to 26%, respectively (Srivastava
et al., 2004a,in press), although the problem of
insufficient bleaching is not adressed by the authors.
On the contrary, in both cases, the authors explicitly
assume that the desert environmment guarantees a
proper zeroing of the luminescence signal.

In the present study, OSL age calculation was
based on the lower edge of the gained Dy distribu-
tions. Dg-values of the natural samples were sorted in
ascending order and a mean Dg-value was calculated
from the lower edge showing a similar v-value as the
artificially bleached samples. The standard error was
used for age calculation. Since for sample HDS-1264
the standard deviation even of the two lowest gained
De-values of the natural sample is higher than the one
of all the artificially bleached aliquots, the lowest
paleodose produced by the SAR protocol was
considered for age determination.

Thus, apart from sample HDS-1269, the calculated
OSL ages are strictly speaking maximum ages.

As Wallinga (2002) has pointed out, Dg-value
scatter may be erroneously high not only in really
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Dose data (artificially bleached samples), palacodose data (natural samples) and OSL ages of the Amspoort Silt samples
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Lab. no.  Artificially dosed aliquots Aliquots with natural luminescence signal

Applied Dg Recovered Dg with standard DEmean With standard DEgmin With standard error, Age/maximum ages

deviation and v deviation and v° v and N°¢ derived from Dgpin

(s)* (s)" (%) (Gy) (%) (Gy) (%) Nogsa  (a) AD
HDS-1260 1 1.08+0.11 9.8 0.06+0.01 22.0 0.04+0.002 5.7 2 <13+1 >1988+1
HDS-1262 28 28.02£2.13 7.6 3.74£5.55 148.4 1.82+0.13 7.1 7 <696+45 >1305+45
HDS-1264 21 21.96+0.85 39 3.85+4.39 114.0 0.99— - 1 <372+23 >1629+25
HDS-1265 18 18.14+0.83 4.6 2.61+3.16 120.8 0.83+£0.03 4.1 5 <298+19 >1703+19
HDS-1267 24 23.54+1.90 8.1 2.27+1.08 47.7 1.50+0.12 8.1 11 <529+35 >1472+35
HDS-1269 13 12.34£0.80 6.5 1.17£0.08 7.2 1.16£0.07 64 30 439+39 >1562+39
HDS-1270 20 19.92+1.89 9.5 1.95+2.60 133.1 0.52+0.04 8.1 2 <194+15 >1807+15

? The calibration source within the used Riso-TL/OSL-reader DA15 has a current dose rate of ~5.1 Gy/min.
® Including also D -values which had to be extrapolated above the highest applied regeneration dose point.
¢ Dgmin Was extracted from the lower edge of the Dy distribution, which exhibits a threshold v-value similar (i.e., <) to those of the

artificially dosed aliquots.

badly bleached sediments, clearly overestimating the
true paleodose, but also in samples with a low content
of insufficiently bleached grains. OSL calculation
from the lower edge of samples which are only
moderately contaminated by insufficiently bleached
sediment grains may even lead to the true age value, if
contamination does not exceed ~5%. Yet, unless
single grain analyses are carried out, there is no direct
control of the true degree of contamination with
improperly zeroed material. Apart from the well-
bleached sample, HDS-1269 and the aeolian sample
HDS-1260, D distributions are positively skewed (cf.
Fig. 8). As Olley et al. (1999) have pointed out, dose
distributions from small aliquots will only be strongly
asymmetric at contamination levels <5%. However,
for the present study stratigraphic and independent
age control may also serve as indications of how well
the maximum OSL ages present the true ages of the
sediment deposition.

* At all three localities, OSL ages are stratigraphi-
cally consistent, increasing in age with depth.

e At locality 2, the OSL ages of sample HDS-1265
and HDS-1264, taken from the same sand layer
produce OSL ages of <298+19 and <372+23 a
which are identical within the 2g-error level
(although sample HDS-1264 seems to be the worst
bleached sample!)

e At locality 3, sample HDS-1269 yields a date of
AD 1562+39 for the basal fluvial sands, which
is in agreement with the '*C date of AD 1430—
1500/1600-1620 (Hd-22469, 2¢-error level),

calculated for the tree buried by the Amspoort
Silt formation.

 The age of AD <1472%35 gained for the
lowest dated OSL sample at locality 2 (HDS-
1267) is in agreement with two '*C dates of AD
1400-1510/1600-1620 (Pta-4546, 2o-error level)
and AD 1460-1650 (Pta-4548, 2o-error level) of
in situ tree-wood samples collected by Rust
(1999) just on the opposite side of the same river
bend.

* At locality 1, sample HDS-1260 delivers a very
young age for the aeolian sandy layer deposited on
the underlying fluvial sediment complex. If OSL
ages are calculated for the single aliquots, apparent
ages range from 13 to 32 years. Although the
sample shows a v-value of 22%, clearly indicating
insufficient bleaching, the remnant dose is neglect-
ible. This example clearly supports the findings of
Wallinga (2002) that insufficient bleaching might
be best detectible in less (to almost not) insuffi-
ciently bleached samples.

From these observations we conclude that the
maximum OSL ages gained from the lower edge of
the Dg-value distributions may rather be considered as
semitrue ages.

5. Interpretation

The Amspoort Silt formation is made of river-end
deposits caused by an aridification during the Late



310

B. Eitel et al. / Geomorphology 64 (2005) 299-314

0.10

0.08

0.06

DE [Gy]

0.04

0.02

HDS-1260

skew: -0.03
aeolean sample

0.00

0.0

0.4 0.6 0.8 1.0 1.2
OSI-normalised

0.2

20

15 1

10 |

DE [Gy]

HDS-1264

skew: 2.45

15 20 25 30
OSLnormaIised

10

DE [Gy]

HDS-1267

12

6 8
OSI-normalised

10
8 |

DE [Gy]

6
4 1
2]
0

HDS-1270

skew: 2.95

-~

0

8 10 12 14 16 18
c)Sl-normalised

2 4 6

DE [Gy]

DE [Gy]

DE [Gy]

35
30 4
25
20
151
10

HDS-1262

o

skew: 4.54

15 20
OSI-normalised

5 10

25 30 35

20
18 4
16 4
14 4
124
10 1

HDS-1265

skew: 4.08

oON O

10 15
0SLnormaIised

20

25 30

1.6
1.4 4
1.24
1.0
0.8 1
0.6 A
0.4 1
0.2 |

HDS-1269

L]

well bleached sample

° .8

skew: 0.14

0.0
0.0

1.5 20
OSI-normzilised

05 1.0

25 30 35
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Holocene. This is concluded from the apparent
upstream shift of the main sedimentation area over
time during the drying period. The earliest sedimen-
tation was detected at the downstream position of
locality 1. Here, the central silty deposits above the
basal fluvial sands give evidence of a low energy
runoff regime of the ending Hoanib river. The OSL
data suggest that ~10 km downstream of Amspoort
the filling of the valley with fine-grained material
started after AD 1305 (<696%45 a). The deposition
of the basal fluvial sands occurred during the
preceding wet period. The silt complex is covered
by 1.1-m-thick layer of little consolidated fluvial and
acolian sands, that give an rather young OSL date of
<13+1 a.

Further upstream, the silty deposits become much
thicker. In the middle part of the Amspoort Silt
terrace, the well stratified sediments fill the valley
with a total thickness of ~14 m. At locality 2 the basal
silt complex is covered by a more sandy layer (sample
2/5) that formed after AD 1472 (529435 a). Above
the upper silt complex, sandy deposits formed
approximately 300 years ago (<298%19 and
<372+23 a).

Locality 3 is typical of the upstream end of the
Amspoort Silts. Instead of a thick silty complex, only
1.4 m of fine-grained silty deposits are found on top of
a sequence of fluvial sands, silts and gravels. The
basal coarse layers formed when the river ended
further downstream (AD 1562; 439+39 a). As sample
HDS-1269, which delivers the OSL age for the basal
sediments, does not exhibit any sign of insufficient
bleaching, the date is certainly no maximum age but a
reliable age of deposition. The silt complex of the
upper 1 m are the youngest sediments of the whole
Amspoort Silt terrace, which formed in the 19th
century (<194%15 a).

In the 14th century the Hoanib river was still
depositing sandy material indicating wet conditions.
Between the 15th century and the 19th century, the
Hoanib river became shorter with the major sed-
imentation area shifting upstream. River shortening
was caused by decreased runoff due to increasing
aridification in the river catchment. For the longest
time the river ended near Amspoort, where it
deposited alone ~7 m of fine-grained material
beween the 15th and 17th/18th century. Aridification
of the highlands in northwestern Namibia culminated

in the 18th/19th century when the river ended
already east of Amspoort.

After the deposition of the youngest sediments in
the 19th century (sample HDS-1270, <194%15 a)
runoff must have increased due to intensified rainfall
in the catchment area, because the river has incised
deeply into the Little Ice Age deposits, reexposing the
buried riverine forest.

At first glance, the radiocarbon data in Fig. 6 do
not seem to support an upstream shift of the
sedimentation sink during the Little Ice Age period.
In this respect, two complicating aspects of '*C
dating have to be considered. First, radiocarbon dates
from wood that is only some hundreds of years old
are difficult to calibrate (e.g., Stuiver et al., 1998).
Error ranges are wide because of changing '‘C
contents in the palacoatmosphere. Second, another
uncertainty derives from the fact that trees which
become embedded might survive and even grow for
an unknown period. Our observations in the area
show that trees (esp. Acacia sp.) can survive even if
they are buried by aeolian sands up to more than 1.5
m. Prolonged growth during embedding seems to be
especially likely for sample Hd-22152, which,
according to '*C dating, did not die any earlier than
in the 17th century, while sample Pta-3880 collected
only some hundreds of metres upstream, may have
stopped photosynthesis as early as the 16th or even
the 15th century. However, the '*C data confirm
deposition of the Amspoort Silts during the Little Ice
Age. Opposite locality 2, samples Pta-4546 and Pta-
4548 both deliver unambiguous dates with rather
narrow error ranges. As the data state that the two
sampled trees did not die earlier than in the 15th
century, respectively, they indicate that the basal silty
complex at locality 2 is probably not significantly
older than the OSL-dated sandy silt complex depos-
ited AD <1472+35.

According to Rust (1999), present-day river-end
depositioning occurs at the flood basin of the Gui-uin
(Figs. 1 and 9). As the reservoir is dammed by the
Skeleton Coast dune belt, sedimentation is at least
partly due to dune damming (Krapf et al., 2002;
Svendsen et al., 2003, personal field observations in
September 2001 and pers. comm. J. Paterson/Nature
Conservation Mowebaai). Thicker deposits cannot
form, because the Hoanib breaks through the Skeleton
sand field every 5-7 years, thus eroding formerly
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Fig. 9. NE-oriented view onto the Gui-uin flood plain downstream of Amspoort. The photo shows approximately 1-m-thick silty alluvial
material deposited at the southern margin of the Gui-uin flood plain during the austral summer 1999/2000.

sedimented silty material and carrying it into the erg
and into the ocean (Bliimel et al., 2000; Svendsen et
al., 2003).

6. Conclusion

OSL analyses prove to be a valuable dating tool for
desert-margin river-end deposits. In the Amspoort
study area, it delivers sufficient time resolution to
trace spatial shifts of former aggradation processes
along the Hoanib talweg during the Little Ice Age
period. Apart from the chronometry, the data help to
clarify a controversial discussion on the Amspoort Silt
formation.

The data confirm that the Amspoort Silts are river-
end deposits sensu Rust (1999). This may be deduced
from the observed upstream shift of the main
sedimentation sink during the dry Little Ice Age
period. The Amspoort Silts are not floodout sediments
(Tooth, 1999) as suggested by Heine and Heine
(2002: p. 124), because high-energy floodouts change
into low-energy flows when they leave a gorge or a
narrow valley and spread over a large area. They are
also not slackwater deposits (Heine, 2004; Srivastava
et al., in press) that formed in the backwaters of large
floods. In contrast to these suggestions, (I) the
Amspoort Silts accumulated inside the narrow Hoanib
valley fixed by steep slopes on both sides, (1) they are

well-laminated sediments of low-energy flows with-
out any coarse pebbles or boulders indicating high
floods, (III) they were deposited in the central valley
sections and not as backfood deposits behind big
rocks or in protected environs of the mouths of
tributaries, (IV) they occur in a well-defined part of
the valley course with an upper and lower endpoint
(Fig. 6) and (V) sedimentation ages show an upstream
shift of the sedimentation area due to aridification of
the river catchment area. Additionally, we can also
exclude silt accumulation by dune damming because
the surface of the silt terrace is not horizontal but
follows the inclination of the valley bottom.

River-end deposits are very well suited to provide
evidence of hydrological fluctuations and dry con-
ditions in the hinterland. The sediments are excellent
objects to reconstruct past climatic fluctuations at
desert margins. This should be taken as a forthcoming
challenge, as for desert margin areas there are only a
small number of proxies available, which indicate
regional precipitation changes.

In the northern hemisphere, the Little Ice Age
culminated in the 18th and early 19th century with the
lowest temperatures during the past 1000 years
(Bradley et al., 2003). The Amspoort Silt terrace
shows that this period was characterized by decreased
rainfall in northern Namibia. This finding contributes
to the discussion of whether and where global cooling
correlates with aridification, or whether and where
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global warming is related to increased precipitation
caused by a higher water content of the atmosphere.
Present-day erosion of the Amspoort Silt evidences
increased rainfall and relatively high runoff of the
Hoanib River. This is in contrast to the hypothesis of a
natural aridification of southwestern Africa since the
Little Ice Age (Walter, 1954) or since Colonial times
(Ward and Ngairorue, 2000), respectively. Never-
theless, large parts of the northern highlands of
Namibia are characterized by aridification. Thus,
actual erosion of the Amspoort silts confirms the
results of sedimentological and pedological studies
carried out in the semiarid highland savannas of
Namibia, which state that the observed environmental
changes are most likely caused by human impact and
desertification processes (Brunotte et al., 2002; Eitel
et al., 2002b), not by climatic change.
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