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ABSTRACT

Today’s physical landscape in the Ghent city area (E Flanders, Belgium) is the result of human
activity. Previous studies that aimed at understanding the city in its former environmental context
focused on reconstructing the hydrographical network. The role of Late Quaternary aeolian proc-
esses and landforms has not been considered. Incited by a reappraisal of the evidence in historical
records, our study aims at contributing to an improved understanding of the significance of this
windblown (micro) relief.

In this paper, we report on results from optical dating of two aeolian sequences (near the “Emile
Braunplein” and the “Hoogpoort”) in the historical city centre. Optical dates of ~ 11 ka — ~ 15 ka in-
dicate deposition during the Late Glacial, and allow refining the Quaternary geological map of the
area. Anthropogenic activity on this sediment is supported by a cart mark observed in the upper
part of the sediments and post-sedimentary reworking of the top of the “Hoogpoort” sequence.
This confirms that Pleistocene aeolian formed elevations were present and at least as relevant to
Ghent city’s settlement history as a local Tertiary outlier (the “Blandijnberg”) and the regional river-
ine environment.
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1. INTRODUCTION

The city of Ghent (East Flanders, Belgium) is
situated in the confluence region of the rivers
Scheldt and Lys (Fig. 1a). The environment con-
sisted of many branched streams crossing wet-
lands that were periodically inundated. Near
this cross point of waterways and landroads a
“portus” arose, a place where traders and mer-
chants lived and became rich. Due to this loca-
tion and the commercial rights Ghent grew from
distinct habitation nuclei (Fig. 1b) to one of the
largest and most important cities in northern
Europe during the Middle Ages (Capiteyn et al.,
2007). The development and expansion of the
city implied that its inhabitants had to alter the
natural hydrographic system. Many human in-
terventions have indeed been described: rivers
were straightened, weirs and bridges built, dikes
and reinforcements thrown up along riverbanks
(Gelaude, 2010b). Previous studies that aimed at
understanding the city’s settlement history in
relation to the former landscape reflect a pro-
nounced focus on this interaction between man
and its fluvial environment. Although they were
likely the favourable locations for settling, given

the wet and marshy environment, the role of
local elevations (such as small hills and ridges)
has received minor attention. The only hill that
is thought to have influenced the city’s setting
and history is a Tertiary outlier locally known as
the “Blandijnberg” (Tavernier, 1954). Although
an old abbey (“Saint Pieter”) was founded on
that hill, both the historical city centre “portus”
and one of Ghent'’s oldest abbeys (“Saint Bavo™)
were established around it. The importance of
the surrounding area of the “Blandijnberg” to
the history of Ghent is partly revealed by his-
torical city maps on which small hills are de-
picted in and outside the city walls. However, so
far, nearly no attention has been paid to these
hills, but the mills on top of them reveal a major
importance for economic activities. Dumont
(1951) describes them briefly in an urban context
as being “present and preserved in the relief of
the city although they were levelled due to the
construction of streets. Their relative height to-
day is smaller than before. Their names and lo-
cation is preserved in the toponymy”. Further
detailed descriptions are absent in the historical
record.
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Figure 1: a: Position of the Maldegem-Stekene coversand ridge within the Flemish Valley (Pleistocene deposits; re-
drawn form De Moor, 1981); b: Simplified geological map of the Ghent city area (Vermeire et al., 1999); it illustrates the
complex interaction between aeolian and fluvial processes during the Young Quaternary in the area. Outside the Flem-
ish Valley area and the Blandijnberg (BB), the substrate mainly consists of a thin reworked Pleistocene coversand layer

that is underlain by Tertiary sediments. The Flemish Valley essentially consists of Pleistocene (Weichselian sands on
top) aeolian sediments in which the Holocene drainage system incised, resulting in fluvial deposits. The early settle-
ment nuclei are also indicated, (a): Saint-Bavo Abbey, (b): Saint-Pieters Abbey, (c): Scheldt-Portus, (d) Oudburg-
Gravensteen, (e): Lys-Portus, as well as the two sample locations (B: Emile Braunplein; H: Hoogpoort). From the
toponymic research of Gysseling (1954), we could extract over 50 toponyms, indicating that the area of Ghent must
have been dotted very densely by dunes. This is also corroborated by historical maps such as those by Braun and Ho-
genberg (1572; Fig. 2a) and Horenbault (1619; Fig. 2b) which show different districts in the city of Ghent occupied by
numerous small hills. The difference between the historical and the present landscape merely illustrates the impact of
urban development on the landscape (Gelaude, 2010a).
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Figure 2: Maps showing two districts of the city of Ghent in the 16-17* century (adopted from Capiteyn, 2010).
They are cutouts from the historical maps of (a) Braun and Hogenberg (1575) and (b) Horenbault (1619). Note that
numerous hills are depicted near the city centre; their position next to rivers suggests that they are river dunes

In this paper, we report on quartz-based op-
tical dating of two sequences in the historical
centre of Ghent, which were identified through
our reappraisal of the historic maps and
toponyms. The study frames in a larger project
that aims at refining our understanding of the
environmental variables that governed the de-
velopment of the city, with a particular empha-
sis on the aeolian context.

2. GEOARCHAEOLOGICAL SETTING

Ghent is located in the Flemish Valley, a large
North-South palaeovalley that has alternately
been filled (mainly aeolian) and eroded (mainly
fluvial) and reworked during the Upper Pleisto-
cene. This drainage system is thought to have
been dammed by the formation of an aeolian
sand ridge during the Weichselian Pleniglacial
and the Late Glacial (De Moor, 1981). This sand
ridge, locally known as the Maldegem-Stekene
coversand ridge (Fig. 1a), forced the rivers to
change their direction from North to East. Dur-
ing the Late Glacial, river behaviour also
changed from braided to meandering (De Moor,
1981). Exactly on the place where the change in
river direction occurred, Ghent developed in an
area with a complex (palaeo-) hydrographical
network from which the riverbanks and march-
lands are a last time overlain during the Holo-
cene by fluvial sediments. As such, the city of
Ghent started as one or more distinct settle-
ments in a coversand area using the marsh and
wetlands, incised by many branched streams
and gullies. In this environment, elevated areas

were to be preferred for habitation. At present,
the most pronounced elevation in the Ghent city
area is a geological outlier (up to 20 m above the
surrounding area), locally known as the
“Blandijnberg”. It is underlain by marine clays
of Eocene age that were able to withstand ero-
sion of a large Flemish (palaeo)valley during the
Quaternary (Vermeire et al., 1999; Fig. 1b).

The chronostratigraphic position of cover-
sands is, due to their omnipresence in the field
and the intercalation of peat layers and organic
soils, been subjected to many dating studies
(Kasse, 1999; 2002; Koster, 1988). This is in con-
trast to the age control of dunes, of which the
position is poorly known and still debated
(Bogemans and Vandenberghe, 2011). Because
studies on the substrate of the city of Ghent are
scarce (e.g. Tavernier, 1936), a short overview on
studies on this material in the broader area of
the Flemish Valley is outlined in order to inter-
pret and discuss the results, assuming the natu-
ral environment of the Ghent city area may be
considered as analogous.

De Moor (1981) distinguishes dunes from
sand ridges from a morphological point of view.
The latter result from the accumulation of sedi-
ments during the Late-Pleniglacial or Late Gla-
cial derived from a large source area and occur
as parallel ridges perpendicular to dominating
winds. Although this assumes that sand ridge
formation activity is related to colder and dryer
periods, consensus on the timing of the deposi-
tional phases is far from reached mainly because
the known theories are based on indirect dating
methods. Furthermore, grain size distributions
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prove on a usually smaller grain size for cover-
sands ridges (Kasse, 2002).

Dunes, on the other hand, are smaller land-
forms; they are composed of coarser sediments
(=200 um) and originate from local source areas.
Their position and occurrence in the field is scat-
tered. Many different causes and timings of
dune formation have been published as local
areas can dry up very fast by, for example, a
dryer period (e.g. the Younger Dryas; Verbrug-
gen et al., 1991; Bogemans and Vandenberghe,
2011), the incision of rivers during the Boreal
(De Moor, 1981), and deforestation in the Subat-
lanticum (Castel et al., 1989; Derese et al., 2010a).
Because of their specific morphography, the
toponym ‘berg’ is often used (Gysseling, 1954).

3. OPTICAL DATING

Optically Stimulated Luminescence (OSL) dat-
ing provides the only means to obtain direct age
information for the deposits. Over the past few
years, it has been applied successfully to compara-
ble deposits in this area (Derese et al., 2010a,
2010b; Bogemans and Vandenberghe, 2011).

3.1 Sample locations and field observations

At two localities in the historical city centre
(“Emile Braunplein” and “Hoogpoort”), infrastruc-
tural works allowed us to investigate and sample
the sedimentary record. Both sites are located on
the “Zandberg” area, which is an elevation holding
almost the entire historical city centre of Ghent and
is located close to the “Blandijnberg”. The Hoog-
poort is situated at 12.95 m above sea level, and the
“Emile Braunplein” at 10.94 m.

The sequences consist of pale, non-laminated
quartz rich sands overlain by the archaeological
(“black”) layer. No discordances, such as pave-
ments, peat or soils, or cross bedding are ob-
served. The analysed sequences vary between
0.6 m and 1 m and are located on an aeolian
formed ridge, as shown in Fig. 1b. In the top of
the aeolian deposits, a refilled cart mark is ob-
served in the “Hoogpoort” sequence.

3.2 Sampling, sample preparation and ana-
lytical facilities

At both localities, the sediments were sam-
pled at closely spaced vertical intervals of ~20

cm. The samples were collected by hammering
stainless steel cylinders into freshly cleaned
sediment exposures. Eight OSL samples were
taken in total, three at the “Emile Braunplein”
sequence (GLL-102501 to -3) and five at the
“Hoogpoort” sequence (GLL-102504 to -8).
About 1 kg of the surrounding sediment of each
sample was collected for dose rate determina-
tion. For each sediment unit, at least one undis-
turbed sample was collected for evaluating the
time-averaged moisture content.

Sand-sized quartz grains were extracted from
the inner part of the sampling tubes using stan-
dard techniques (HCl, H202, wet and dry siev-
ing, HF). For both sequences, we have used
grains from the 125-180 um fraction for analysis
although it is noted that the sediment texture of
the samples from the “Emile Braunplein” is gen-
erally finer (Fig. 3). The purity of the quartz ex-
tracts was confirmed by the absence of a signifi-
cant infrared stimulated luminescence (IRSL)
response at 60°C to a regenerative beta dose.
Sensitivity to IR stimulation was defined as sig-
nificant if the resulting signal amounted to more
than 10% of the corresponding OSL signal
(Vandenberghe, 2004) or if the IR depletion ratio
deviated more than 10% from unity (Duller,
2003). For measurement, quartz grains were
mounted on stainless steel discs using silicon oil
as adhesive. All luminescence measurements
were made with an automated Riso
TL/OSL/DA-12 reader equipped with blue (470 +
30 nm) LEDs and IR laser diode (830 nm); the
luminescence signals were detected through a
7.5 mm thick Hoya U-340 UV filter. Details on
the measurement equipment can be found in
Botter-Jensen et al. (2003).

Equivalent dose determination was carried
out using a single-aliquot regenerative-dose
(SAR) protocol (Murray and Wintle, 2000). Opti-
cal stimulation with the blue diodes was for 40 s
at 125°C.

We adopted a preheat of 10 s at 240° C prior
to measurement of the natural and regenerated
signals, while the response to the test dose was
measured following a cutheat to 160°C. After
each measurement of the test-dose signal, a
high-temperature cleanout was performed for 40
s at 280°C (Murray and Wintle, 2003).
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Figure 3: Grain size distributions for a representative sample for the “Emile Braunplein” (a; GLL-102502)
and the “Hoogpoort” (b; GLL-102506). The data were obtained through dry sieving during OSL sample
preparation. For each sample, the weight of each fraction is plotted in a histogram while the cumulative

percentage is plotted in a curve.

It has been shown (Cunningham and
Wallinga, 2010) that the net signal is most domi-
nated by the fast component when it is calcu-
lated from the initial part of the OSL decay
curve, minus a background evaluated from an
immediately following interval (rather than
from the end of the stimulation period).

Comparison of results obtained using “early”
and “late” background subtraction thus offers a
means to test for the significance of slower com-
ponents; all calculations were made twice, by
using the initial 0.32 s of the decay curve minus
a background evaluated from both the 0.32-1.12
s (early background) and 36.16—40 s interval
(late background).

Determination of the dose rate was based on
low-level high-resolution gamma-ray spectrome-
try. The sediment was dried at 110°C until con-
stant weight, pulverised and homogenised. About
140 g of material was then cast in wax (see e.g. De
Corte et al., 2006) and stored for at least one month
before being measured on top of the detector; each
sample was counted for at least 2 days.

3.3 Luminescence characteristics and equiva-
lent doses

A representative OSL decay and SAR dose-
response curve for an aliquot of sample GLL-
102505 are shown in Fig. 4. The OSL signal de-
cays fast with stimulation time, suggesting that
is dominated by the fast component. The growth
curve can be represented well by a single satura-

tion exponential function; the recycling ratios
are indistinguishable from unity and recupera-
tion is less than 1 % of the sensitivity corrected
natural OSL signal. A dose recovery test
(Murray and Wintle, 2003) was performed to
evaluate the suitability of the SAR procedure. In
this test, 6 natural aliquots of each sample were
bleached twice for 250 s using blue diodes at
room temperature; the two bleaching treatments
were separated by a 10 ks pause.

2000
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0
0 10 20 30 40
Stimulation Time (s)
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Figure 4: Illustrative growth and OSL decay curve (in-
set) for an aliquot of 125-180 pm quartz grains ex-
tracted from sample GLL-102505. The solid line is the
fit of the data to a single saturating exponential func-
tion. The open triangle represents a repeat measure-
ment of the response to the first regenerative dose (re-
cycling point). The equivalent dose (D.) is obtained by
interpolation of the sensitivity-corrected natural OSL
signal (open square) on the corrected growth curve.
The response to a zero regenerative dose is indicated
by the open circle (recuperation).
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The aliquots were then given a known labo-
ratory dose equal to the estimated equivalent
dose, and subsequently measured using the
SAR-protocol. Within analytical uncertainty,
most ratios of recovered to measured dose do
not differ by more than 5% from unity; the over-
all ratio + 1 standard error (n = 48) is 1.02 + 0.02
using the early and 0.98 + 0.01 using the late
background.

The overall average recycling ratios are 0.99 +
0.01 and 0.98 + 0.01, while the overall average
recuperation amounts to 0.09 + 0.04% and 0.40 +
0.05%, respectively. The negligibly small differ-
ences illustrate the signals are dominated by the
fast component.

For each sample, 15 replicate measurements of
the equivalent dose (De) were made using large
(8mm diameter) aliquots. Values were accepted if,
for both early and late background subtraction,
recuperation remained below 5% of the corrected
natural OSL signal, the recycling ratio, OSL IR de-
pletion ratio and IRSL/OSL ratio did not exceed a
threshold set at 10%, and the D. was within three
standard deviations of the mean.

The overall average ratio between the Des ob-
tained using early and late background is 1.01 +
0.01 (n = 117), implying that the choice of the in-
tegration intervals does not affect the age deter-
mination significantly.

For age calculation, we have therefore re-
tained late background subtraction. This ap-
proach yields the most precise values of De, while
still being derived from an OSL signal that is
dominated by the fast component, and passes all
procedural tests. The average values (+ 1 stan-
dard error) are summarized in Table 1.

3.4 Dose distributions

For sample GLL-102504, the distribution of
equivalent doses (Fig. 5a) was investigated us-
ing small (2 mm diameter) aliquots.

Considering the location of the sediments
close to an anthropogenic (palaeo-surface), the
main purpose was to investigate whether they
are likely to be affected by post-depositional
processes. A dose recovery distribution (Fig. 5b)
was also carried out to distinguish the effects of
measurement and instrumental uncertainties
from external sources of scatter (see e.g. Van-

denberghe et al., 2009).
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Figure 5: Results for small-aliquot analyses for sample
GLL-102504: (a) De distribution, and (b) dose recovery
data; the given dose is indicated in the histogram by a
vertical line. A plot of De. versus uncertainty is shown
above each histogram; the median from this uncer-
tainty distribution was used for binning the data.
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Homogenous bleached, non-reworked sedi-
ments approach narrow and symmetrical histo-
grams. Asymmetric, broad distributions, on the
other hand, can be explained by either a difficult
to bleach transport process, such as some collu-
vial processes (Fuchs and Lang, 2009), or post-
depositional reworking (Vandenberghe et al.,
2009).

Despite on the flanks of the steep
“Blandijnberg” outlier (Tavernier, 1936), no sig-
nificant slope processes are described in this
area. Thus, the broad palaeodose distribution of
GLL-102504 (RSD ~ 47%) is mainly attributed to
post-sedimentary reworking due to bioturbation
or human.

3.5 Dosimetry

The dosimetric information is summarised in
Table 1. Radionuclide activity concentrations
were converted to dose rates using conversion
factors derived from the nuclear energy releases
tabulated by Adamiec and Aitken (1998), to
make the results in this work entirely compara-
ble to our other studies on similar deposits and
processes in this region (Vandenberghe et al.,
2004; 2009; 2013; Kasse et al., 2007; Derese et al.,
2009; 2010a, 2010b; 2010c; 2012; Van Mourik et
al., 2010; Bogemans and Vandenberghe, 2011).
Following Adamiec and Aitken (1998), a re-
assessment of dose-rate conversion factors has
been made by Guérin et al. (2011) and Liritzis et
al. (this issue).

A factor of 0.9 (+ 5% relative uncertainty) was
adopted to correct the external beta dose rates
for the effects of attenuation and etching (Me-
jdahl, 1979). An internal dose rate in quartz
grains of 0.013 = 0.003 Gy ka' was assumed
(Vandenberghe et al., 2008).

The evaluation of the time-averaged moisture
content, and the corresponding correction for it
of the dose rates, was performed following the
procedure outlined in Aitken (1985). The water
content in fully saturated samples was meas-
ured in the laboratory and ranged in between
~19 % and ~21 %. We adopted a value of 80 *
20% for the fraction of saturation during burial.
Nearness to saturation is expected given the ris-
ing sea level since the Late Glacial (e.g. Denys
and Baeteman, 1995), the wet maritime climate

system and the general palaeoenvironmental
context (wet- and marshlands); the sampled
sediments are located near the groundwater ta-
ble, which is still only at a shallow level below
the present topography. A variation of 1% in the
time-averaged water content affects the age de-
termination by ~ 1%.

The contribution of cosmic radiation was cal-
culated following Prescott and Hutton (1994),
and ranges between ~ 0.15 Gy ka' and ~ 0.18 Gy
ka.

Given the dynamic environment, it is diffi-
cult to reconstruct former burial history. We
used the present day depth and assigned an un-
certainty of 15% to these values, which reflects
an uncertainty in the burial depth of about 1 m
(1 sigma). Cosmic radiation contributes for
about 8% to 13% to the total dose rate.

3.6 Optical ages

Table 1 summarises the information relevant
to the age and uncertainty calculation. Uncer-
tainties on the luminescence ages were calcu-
lated following the error assessment system
proposed by Aitken and Alldred (1972) and Ait-
ken (1976). The systematic uncertainty is domi-
nant in the overall uncertainty on the ages and
amounts to ~ 8 % (10).

As the sources of systematic uncertainty are
largely shared between the samples, only the
random uncertainty (~ 2 — 6 %) is taken into ac-
count to evaluate the internal consistency of the
optical ages. Within this uncertainty, the dataset
contains no outliers and the age results are con-
sistent with the stratigraphic position of the
samples (Table 1; Fig. 6).

Excepting sample GLL-102504, the dates
range in between ~ 11 ka and ~ 15 ka. Sample
GLL-102504 yields an optical age of 6.8 + 0.7 ka;
the results from small-aliquot analyses (see Sec-
tion 3.4) suggest that this sample is affected by
post-depositional mixing and that the age, there-
fore, does not accurately reflect the true time of
sedimentation.

Nevertheless, it remains clear that the sample
consists of initially Late Glacial sediments, as the
highest Des of the distribution correspond to an
age of ~11 - 12 ka.
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Table 1: Radionuclide activities, estimated time-averaged moisture contents (w.c.), calculated dose rates,

equivalent doses (D), optical ages, and random

(o), systematic (0sys) and total (otwt) uncertainties.

All uncertainties represent 10.

éjse D(?E;ch H?;Eht B4Th 26Ra 20Ph 22 Th oK w.C Doserate Gy) Age or  Ows ot
El El 1 1 1 A 1 ¢ % %
(GLLX) TAW) (Bqkg?) (Bqkg?) (Bqkg?) ([Bqkg?) @[Bakg?) (%) (Gy ka) (ka) (%) (%)
% ka
102501 3.00 7.14 20+1 23.8+04 2+1 27103 4303 16+4 2.10+0.02 256+06 123 25 78 82 10
102502 3.15 6.75 19+1 261+0.7 26+ 26704  420+3 16+4 2.10+0.02 27707 132 32 78 84 11
102503 3.32 6.51 19+1 26.5+0.6 27+ 279403 4514 16+4 2.20+0.02 29110 132 37 78 86 11
102504 211 10.84 10£1 109+0.8 9+1 10.0£03  227+3 15+4 1.21+0.01 82+04 68 60 75 96 07
102505 237 10.58 9+1 10.1£0.3 10+1 9103 273+3 15+4 1.19+0.02 13.6+06 114 44 75 87 10
102506 2.59 10.36 8+1 9.3+0.7 9+1 9.0+0.2 272+3 15+4 1.17+0.01 162+04 139 24 75 79 11
102507 282 10.23 8+1 8.6+0.2 9+1 9402 267+3 15+4 1.15+0.01 170+06 148 39 75 85 13
102508 3.04 991 8+1 9.0+03 8+1 9103 288+2 15+4 1.19+0.02 168+05 141 32 76 82 12
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Figure 6: Plot of the optical ages against depth below the surface for (a) the “Emile Braunplein” and (b) the
“Hoogpoort”. The black and grey error bars represent the random and total uncertainties, respectively.
4. DISCUSSION man-made mounds; our results provide firm

Our optical dates of ~11ka - ~15 ka corrobo-
rate and refine the Quaternary geological map of
the “Zandberg” area, by constraining the
chronostratigraphic position of the uppermost
aeolian deposits to the Late Glacial. At present,
the “Hoogpoort” still represents a small eleva-
tion in the historical city centre. The presence of
a cart mark in the top of the deposits, in a strati-
graphic position below the “black layer”, indi-
cates that this relief must have been present at
an early stage in the development of the city and
has not been changed since then. Historians and
city-archaeologists have commonly interpreted
any “micro-relief” in the surroundings of the
“Blandijnberg” as unimportant or anthropo-
genic, i.e. either as figments of imagination or as

evidence of the contrary.

At many localities in East Flanders, and in ur-
ban environments in particular, much of the
original topography has been artificially levelled.
In and near the city of Ghent, mining of wind-
blown sands (Heins, 1923) and infrastructural
works (such as road construction; Dumont, 1951)
are likely to have removed the top of the se-
quences, and thus the most recent part of the
sedimentary record. Consequently, it remains a
challenge to establish when sedimentation ended.
Also, the start of sedimentation could not be
documented, as the base could not be sampled.

Although the two sequences are composed of
sediments of more or less the same age, we ob-
served significant granulometric differences be-
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tween the two sequences. A more detailed grain
size determination might provide more informa-
tion on the exact depositional mechanisms.

At present, the sedimentary archive in Ghent
is scarce and extremely difficult to access (heav-
ily asphalted and built on). Considering this dif-
ficulty in obtaining physical evidence, historical
landscape depictions, maps and toponyms may
signify a unique tool to reconstruct the past en-
vironmental setting of Ghent.

5. CONCLUSIONS

We distance ourselves from the idea that the
“Blandijnberg” was the main environmental fac-
tor governing the setting, development, subsis-
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