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In this study dunes from south east India were dated using optically stimulated luminescence (OSL) to
reconstruct the depositional history. A belt of dunes has developed parallel to the coast between Pon-
dicherry and Karikal in Tamil Nadu, south east India. In the area between Cuddalore and Porto Novo the
dune belt is 5 km wide. A transect from the coast to the most western dune inland was investigated.
Changes in the environmental conditions are recorded in the dunes. They show features including
unconformities, changes in the direction of bedding, erosional features, water escape structures and
remnants of human settlements. The OSL results show that strong changes in the environmental
conditions occurred about 100 and 300 years ago. The latter event marks also the termination of
settlement in this place. The settlement period started about 1500 years previously. The periods of sand
mobility and stabilisation of the land surface by soil formation correlate with changes in the precipitation
record of India. The investigated dunes very likely reflect fluctuations in the monsoon activity during the

last 3500 years in south east India.

© 2009 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

Optically stimulated luminescence (OSL) dating is an excellent
tool to determine the deposition age of sediments, which is the
time elapsed since the last exposure of the mineral grains to
sunlight. OSL dating has been applied to a variety of different
depositional environments such as aeolian deposits (e.g., Bateman
et al., 2004; Roberts, 2008), fluvial deposits (e.g., Rittenour, 2008;
Rodnight et al., 2006) and glacial deposits (e.g., Bateman, 2008;
Fuchs and Owen, 2008).

Due to the physical mechanism of the OSL method, reliable and
precise results for well bleached aeolian loess or dunes can be
determined. Jacobs (2008), Lancaster (2008) and Singhvi and Porat
(2008) give summaries of the application of OSL dating to coastal
and marine sediments, the development and the dynamics of
desert dunes, and geomorphological and palaeoclimatological
research in dry lands.

In India, large dune fields occur only in the Thar Desert situated
in the northwestern part of Rajasthan, close to the border with
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Pakistan. Along the eastern coast of peninsular India, narrow belts
of sand dunes, coastal dunes and beach ridges are present (Fig. 1).
They are connected to the low lying deltaic and coastal plains.
Larger areas covered with dunes are located along the coast of West
Bengal in the northeast of India, along the coast of Andhra Pradesh
in the delta plains of the Krishna River and the Godavari River, and
along the coast of Tamil Nadu in the southeast, especially in the
area of the Cauvery Delta and the southeastern-most part along the
coast of the Gulf of Mannar. On the west coast of India, beach ridges
and dunes occur only in a narrow belt along the south coast of
Kerala. Jayappa and Vijaya Kumar (2006) summarize the morpho-
logical features of the coast of India.

Luminescence dating was applied on dunes in the Thar Desert
(Chawla et al., 1992; Juyal et al., 2003; Singhvi et al., 1994; Singhvi
et al,, 1982; Thomas et al., 1999) to investigate the sedimentary
dynamics of dunes, sand accumulation rates, and palaeoclimate
reconstruction. The chronology of dunes in the low lying deltaic
and coastal plains in India has not yet been investigated. Sedi-
mentology and mineralogy of the dunes and beach ridges in the
region between Pondicherry and Porto Novo (Fig. 2) have been
studied to find resources for heavy minerals (Chandrasekharan and
Murugan, 2001; Mohan, 1995; Mohan and Rajamanickam, 2000).
This study presents the first OSL ages for the dunes in the Cuddalore
region. This geochronological framework is used to reconstruct the
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Fig. 1. Map showing the distribution of important dune areas in India. The dark grey
shaded areas indicate the zones of coastal dunes and sand dunes in the low lying coastal
areas. Typical desert sand dunes are only found in the Thar Desert in the north-east of
India. AP =Andrha Pradesh, CG = Chattisgarh, GJ = Gujarat, JK =Jammu and Kashmir,
KA = Karnataka, KL = Kerala, MH = Maharashtra, MP = Madhya Pradesh, OR = Orissa,
RJ = Rajasthan, TN = Tamil Nadu, UP = Uttar Pradesh, WB =West Bengal. 1 =Penner
River Basin, 2 = Tapi River Basin, 3 = Narmada River Basin, 4 = Luni River Basin.

depositional history of the dunes. The investigation of the dunes in
the Cuddalore region gives new insights into periods of sand
mobilisation, which are connected to climate conditions, and the
age of dune formation. The influence of human activities and the
role of sea level changes and tectonic activities as mechanisms for
the development of coastal dunes in this place will be discussed
briefly.

2. Regional setting

The study area (Fig. 2) is located at the Coromandel Coast in
Tamil Nadu, approximately 50 km south of Pondicherry. The cities
of Cuddalore to the north and Porto Novo to the south are both
20 km away from the area of investigation. The area is character-
ized by a belt of coastal dunes running parallel to the coast. This
dune belt is about 12 km wide in the south near Porto Novo and
narrows to the north, until it is less than 5 km wide near Cuddalore.
This place was chosen for research because it is sparsely populated.
Villages have been built mostly on the dunes. The areas between
the dunes are used for agriculture. The accessibility to the dunes in
the wide southern part of the dune belt is limited due to the
periphery of Porto Novo which is densely populated.

The coastal dunes and sand dunes are separated by slacks and
swales and partly stabilized by vegetation. Some of the dunes and
adjacent areas are covered by cashew trees. There are also dunes
that are still moving and recently constructed houses are buried by
large dunes. The height of the dunes varies. Near the coast, they are
no more than a few metres high; further inland, the dunes reach
heights of more than 10 m. During fieldwork, five dunes at three
localities were investigated: one dune situated directly on the coast,
two dunes approximately 2 km, and two dunes about 5 km away
from the coast. The results of the optically stimulated luminescence
(OSL) dating study for both of these latter dunes are presented in

this work. These two dunes are located at the most western position
within the dune belt (Fig. 2). Behind this point, no dunes are
observed. The dune at sampling position CUD-1 is designated
“Temple-Dune” because there is a small Hindu temple nearby. The
dune at the sampling position CUD-2 is named “Sherd-Dune”
because there is a horizon with plenty of potsherds and bricks.

The Temple-Dune has an altitude of 13 m above sea level and is
one of the highest dunes in the study area. A 4-m deep section from
top to bottom was excavated, and the layers found have been termed
DS1, DS2, DS3a, DS3b and DS5b (Fig. 3). The nomenclature and
correlation of the different beds are based on lithology and the
geochronological results. The dune body is built up mostly of fine to
medium grained sand. The grain size was measured with a Camsizer
from samples taken every 10 cm. The sand at the base (DS5b in
Fig. 3) is light grey and is more compact than the rest of the dune.
This layer contains numerous artefacts including potsherds and
fragments from bricks. It is overlain by homogeneous yellowish
sand (more than 280 cm thick). In the lower part (DS3b in Fig. 3), this
sand is dark-yellow and the higher part (DS3a in Fig. 3) is yellowish
grey. This sand shows no sedimentological structures. Separated by
an erosional unconformity, an 80 cm thick cross-bedded sand layer
occurs (DS2 in Fig. 3). It shows alternating layers of yellowish-grey
and brown sand. Each layer is about 10 cm thick and has thin
laminae (Fig. 4). The dip angle is about 24° and increases in the
higher part. The top of the dune is made up of a 10 cm thick sand
layer (DS1 in Fig. 3) with an erosional unconformity at the base. This
sand is dark brown and contains many roots.

The Sherd-Dune is located 330 m south of the Temple-Dune. The
section is located in an outcrop at the foot of the stoss slope of
the dune where sand was excavated. The dune itself is located to the
south and is stabilised with large palm trees. Two sections separated
by 25 m were studied in detail (Fig. 5). The beds are found are termed
DS1, DS2, DS4, DS54, DS5b, DS5¢ and DS6 (Fig. 3). The main feature of
this dune is a 200 cm thick soil-like bed, which is full of potsherds
and fragments of bricks. This bed (DS5a, DS5b and DS5c¢ in Fig. 3) is
intercalated into dune sand. Yellow homogeneous sand without
artefacts (DS6 in Fig. 3) represents the base of section 1 in the Sherd-
Dune. The soil-like bed DS5 continuously overlies the sand. Bed DS5
has a higher content of silt and fine grained sand. It can be sub-
divided into three parts (Fig. 6). The lowermost part (DS5c in Fig. 3) is
grey and shows no layering or bedding. In layer DS5b, dark stratified
bands 5-15 mm thick are intercalated (Fig. 6¢). At the base they are
coarser grained, grading vertically to clay-rich layers. These bands
are horizontally stratified with an undulating lower and upper side.
The distance between the bands increases in the upper part of bed
DS5b. The horizontal extent is limited and the layers are not
continuous. In bed DS5a the number of these dark layers decreases.
Furthermore, they are thinner, and the distance between them
increases. The entire bed DS5 is grey and shows no layering or
bedding, except for these intercalated bands. Artefacts are abundant
in the entire bed. These are mostly potsherds and remnants of bricks.
The bricks are weathered and quite soft, possibly made of clay.
Separated with an unconformity, bed DS5 is overlain by dune sand
(DS2 in Fig. 3). The base of bed DS2 shows flame structures (Fig. 6b).
The sand itself is yellow, non-bedded and does not contain artefacts.
Bed DS1 in Fig. 3 represents the uppermost layer. It is more greyish
and contains many roots.

In section 2 of the Sherd-Dune, a channel (DS4 in Fig. 3) is
incised into bed DS5. The channel is 50 cm wide and 20 cm deep
and filled with horizontal laminated sand with layers of dark heavy
minerals. On top of the channel deposit and a sharp base, a 5 cm
thick sand layer with disturbed bedding occurs (Fig. 7). This layer
contains yellow sand alternating with dark layers enriched with
heavy minerals. The uppermost part of the dune is built up by
15cm yellow sand with horizontal bedding. Bed DS5 is
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Fig. 2. Map showing the study area between Cuddalore and Porto Novo. The sample locations are in the western part of the study area and indicated with a star. CUD 1 is named
Temple-Dune due to the close position to a small Hindu temple. CUD 2 is named Sherd-Dune because it contains numerous potsherds. The geomorphology is based on remote

sensing using IRS IC-LISS III data and field observations.

characterized by a slightly different colour in the upper part (DS5a)
compared with the lower part (DS5b), but has the same sedimen-
tological features and contains numerous artefacts.

From each described bed, samples were taken for OSL dating.
The sampling positions are marked in Fig. 3. The correlation of the
different beds is described below.

3. Materials and methods
3.1. Sample preparation

Samples for optically stimulated luminescence (OSL) dating
were collected in opaque plastic tubes hammered into the sedi-

ment after cleaning the wall in daylight. The cylinders were sealed
to protect the samples from light exposure. Additional material,

approximately 1kg, was taken for gamma spectrometry. The
sample containers were opened under subdued red light in the
laboratory. The light exposed outer parts of each sample, about two
centimetres on each side, were removed and discarded. The rest of
the sample was dried at 50 °C for one or more days depending on
the moisture content of the sample. After drying, the samples were
sieved and the grain-size fraction between 150-200 pm was taken.
Carbonates and organic material were removed by treatment with
hydrochloric acid and hydrogen peroxide, respectively. The quartz
and potassium-rich feldspar minerals were separated using sodium
polytungstate as a heavy density liquid. A detailed description of
the sample preparation is given in Aitken (1998) and Ujhazy et al.
(2003).

The quartz grains (10g) were subjected to 1h etching in
concentrated hydrofluoric acid, as described in Zander (2000). This
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Fig. 3. Sections of the Temple-Dune (right) and the Sherd-Dune (middle and left). Both dunes are plotted together to visualise the correlation of the beds. They are not just one
morphological form. The lithological description of the beds is given in “2. Regional Setting”. The correlation of the beds is based on lithology and geochronology and described in
“5.1 Correlation of dunes”. The OSL ages are calculated using the Central Age Model. Samples for OSL dating are taken in the year 2006 AD and calculated ages are related to the
sampling date. Unconformable boundaries visible in the outcrop are indicated by triangles. Open triangles indicate possible unconformities based on the geochronological results.
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Fig. 4. Upper part of the Temple-Dune showing the beds DS1, DS2 and DS3a.

procedure is necessary to remove remnants of other minerals like
feldspars and the outer rim of quartz grains, which is affected by
alpha-radiation. The prepared mineral grains were mounted with
silicon oil on stainless steel disks with a diameter of 9.8 mm. The IR
depletion ratio was used to check feldspar contamination for each
sample (Duller, 2003). Some quartz samples had a contamination
with feldspar, reflected by an IR depletion ratio <0.8. These samples
were re-etched with hydrofluoric acid and measured again. The
second etching removed all feldspar contaminants.

A Risg Reader TL/OSL-DA-15 was used for the measurement of
the luminescence signal. The quartz samples were stimulated with
blue LEDs with a wavelength of 470 nm and a maximum power of
40 mW/cm?. The emitted light was detected with a bialkali EMI
9235QA photomultiplier tube with a detection window between
200-650 nm. Optical filters are mounted in front of the PM-tube to
avoid the detection of the stimulation light. For the measurement of
quartz a 7.5-mm thick Hoya U-340 filter with a transmission in the
range of 260-380 nm was used. Irradiation of the samples was
done by an attached %°Sr/°Y beta source with a dose rate of
0.16 Gys~ L

3.2. Dosimetry

The natural luminescence signal is mainly the result of the
natural radioactivity from radioisotopes of the uranium and
thorium chains and %°K and a minor portion of some other radio-
isotopes and cosmic radiation. For the age calculation, it is essential
to know the dose rate of the sediment, which can be measured by
gamma spectrometry with an HPGe (High-Purity Germanium) N-
type coaxial detector in the laboratory. For the dosimetry, the
infinite matrix approach is assumed (Aitken, 1998). This means for
a volume having dimensions greater than the range of radiation,
that the rate of energy absorption is equal to the rate of energy
emission.

The dose rate was calculated from the activity of 238U, 232Th and
40K (Aitken, 1998). For the measurement 700 g of the dried sample
were homogenised. The material was placed into a Marinelli-
beaker and the cap was sealed to avoid loss of 2*Rn in the 238U
decay chain. The beaker was stored for a minimum of four weeks so
that the radon disequilibrium could adjust again. Only potassium is
measured directly from the decay of 4°K to 4CAr by release of
gamma rays. The activity of 238U and 23?Th cannot be measured
directly by gamma counting because both nuclides have an alpha
decay without release of detectable gamma rays. The activity can be
calculated from the gamma rays released by the daughter nuclides
in the decay chain of 238U and 232Th, respectively. 21°Pb, 214Pb, 234Th
and 2Bi were taken to calculate the activity of 238U and 2'2Pb, 2®TI
and %?8Ac to calculate the activity of 232Th. This method allows the
monitoring for any radioactive disequilibrium. If there is a radio-
active disequilibrium, then the activities for the daughter nuclides
from uranium or thorium are not equal. Table 1 shows the results of
the gamma spectrometry for the luminescence samples from
Cuddalore. For these samples radioactive equilibrium was observed

Fig. 5. Locations of the sections 1 and 2 in the Sherd-Dune. The beds DS1, DS2, DS5a and DS5b are indicated in the middle part.
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Fig. 6. Detailed view of section 1 from the Sherd-Dune. The arrows in figure (a) are indicating larger fragments of bricks and sherds. In (b) the transition between the dune sand in
bed DS2 and the soil-like layer DS5a is shown. The flame-structure like boundary indicates that animals or people very likely walked on this surface in the beginning of the
sedimentation of bed DS2. In (c) details of the thin clayey and silty bands in bed DS5b are shown. These bands are result of soil forming processes. The transition between DS5a
and DS5b is not clear and based on the decreasing amount of clayey bands. In DS5a these bands are thinner, with bigger distances between them and disappearing to the higher

part of DS5.

supported by the equivalent activities of the nuclides in the decay
chains of 233U and 232Th, respectively.

The contribution by alpha particles for dating of quartz grains is
negligible due to the etching of the outer rim of the grains. The
cosmic radiation, which depends on the latitude, longitude and the
thickness of the sediment cover, was calculated by the approach of
Prescott and Hutton (1994) and Prescott and Stephan (1982).

3.3. Water content

The intensity of the natural radioactivity in the sediment is
attenuated by the water in the sediment. This water content has to
be estimated and modelled for the duration of burial history. The
total annual precipitation in the Cuddalore region is 1236 mm
(Indian Meteorological Department, Chennai). Data about the
annual variance for the specific region were not available. For
Chennai the mean annual precipitation is 1467 +394 mm for the
period 1991-2004. Due to the near location of the study area to
Chennai (Fig. 2) a similar variation could be expected. The seasonal
variance of rainfall in this region is much stronger and results in
a high variability of water content in the soil during a year. Most of

Fig. 7. Detail of the event layer DS4 in section 2 of the Sherd-Dune. The arrows indicate
bricks and larger potsherds.

the precipitation occurs during the NE-monsoon from October to
December. During this time 58% (717 mm) of the annual rainfall
occurs. Only 30% (374 mm) occurs during the SW-monsoon from
June to September. During the winter-season (January and
February) and the hot-weather season (March-May) the precipi-
tation decreases so that the total precipitation during this time is
about 146 mm.

During sampling in the end of the winter season, the dunes
appeared nearly dry. The dunes were not excavated to the ground
water table. Constant percolation of water over the year through
the dune was assumed. A water content of 6 4 3% for all samples
was assumed based on other researches on dunes. Investigations
about recharge, infiltration and seasonal variations on soil water
content for dunes in Asia have been done by Berndtsson and Chen
(1994), Berndtsson et al. (1996) and Dincer et al. (1974). They give
values for the water content ranging from 3 + 2% to 4 + 2%. Dunes
in North America and Middle America were investigated by Ensign
et al. (2006) and Ritsema and Dekker (1994) with a water content
ranging from 5 4 5% to 6 + 3%. Lomax et al. (2007) studied dunes in
Australia and used a water content of 3 & 3%. The water content of
dunes from Europe was investigated by Ballarini et al. (2003),
Hilgers et al. (2001), Madsen et al. (2007), and Verhoeven (2002),
and ranges from 5 4 4% to 8 4 6%.

For all the different geographic positions and climate zones, the
water content in dunes is quite similar. It is mostly around 6%, and
we considered this value is as a good estimate of the water content
in the dunes here. The error of the water content which represents
the seasonal variability ranges between 50% and 100% (depending
on the author). In this study an error of 50% was assumed. This
represents the variability of the water content between the hot
weather season and the monsoon season.

3.4. OSL measurement and experimental details

Before starting the measurement with a single aliquot regen-
erative (SAR) protocol, several tests were performed to check the
suitability of the material for OSL dating. In this study the SAR
protocol for quartz samples based on Murray and Wintle (2000)
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Table 1

Results of the gamma spectrometry, OSL measurements and the age calculation. The grain size and the water content for all samples is 150-200 um and 6 + 3%, respectively.

Depth in metres (m

) is below surface. The dose rate is the sum of the dose rates from the alpha, beta, gamma and cosmic radiation. For the calculation of the total dose rate the

conversion factors published by Adamiec and Aitken (1998) were used. A systematic error of 8% is included for the calculation of the dose rate including uncertainties from
beta-attenuation, conversion factors, calibration of the gamma detector and effects of past disequilibrium (Murray and Olley, 2002; Olley et al., 1996). An error of 10% is
estimated for the cosmic dose. Ages are calculated using the central age model after Galbraith et al. (1999). The overdispersion (o) was calculated from the central age model.

Sample depth K (%) U (ppm) Th (ppm) cosmic dose  dose rate equivalent o (%) Age (a)
(m) (mGy a™ ) (mGya~')  dose (Gy)

Temple-Dune CUD 1-E 0.50 1.00+0.05 0.51+£0.03 7.07+0.35 0.18+0.02 159+0.12 0.10£0.01 2143 61+5
CUD 1-D 1.70 1.024+0.05 0.55+0.03 8.13+041 0.15+0.02 1.65+0.12 0.34+0.01 6+1 206+ 16
CUD 1-C 2.80 1.054+0.05 0.36+0.02 415+021 0.13+0.01 1.39+0.12 028+0.01 11+2 198 +18
CUD 1-B 3.60 1.054+0.05 0.37+0.02 4.78+0.24 0.12+0.01 1424012 033+0.01 15+2 233 +21
CUD 1-A 3.90 1.15+0.06 0.27 £0.01 243 +£0.12 0.12 +£0.01 1.35+0.12 1.04 +0.02 10+2 772 +72

Sherd-Dune Section1 CUD 2 P1-D 0.30 1.004+0.05 095+0.05 20.12+1.01 0.19+0.02 242+013 018+0.01 26+4 7345
CUD 2 P1-C 0.75 1.06 +:0.05 0.47 +£0.02 6.43+032 0.17+0.02 1.59+0.12 054+0.01 10+1 339+27
CUD 2 P1-B 1.30 1.06+0.05 0.44+0.02 5.45+0.27 0.16+0.02 1.52+0.12 1.08+0.03 13+2 707 £ 60
CUD 2 P1-A 1.90 1.044+0.05 0.38+£0.02 4154021 0.15+0.02 140+012 1.75+0.05 18+2 1244+113
CUD 2 P1-AA 275 098 +0.05 0.3740.02 454+0.23 0.13+0.01 135+0.12 446+0.10 11+2 3291+303

Section2  CUD 2 P2-B 0.30 1.024+0.05 0.64+0.03 11.1+056 0.19+£0.02 1.87+0.13 063+0.02 16+2 336 +24

CUD 2 P2-A 0.70 1.06+0.05 0.42+0.02 468+0.23 0.18+0.02 149+0.12 1.07+0.03 13+2 717 +£ 62

was used. The protocol was modified by inserting a hot-bleach step
(Murray and Wintle, 2003) and the cutheat temperature was
chosen equivalent to the preheat temperature (Wintle and Murray,
2006). Preheat tests, thermal transfer tests and dose recovery tests
were performed. The tests were made for the uppermost and
lowermost sample of each dune, CUD 1-A and CUD 1-E for the
Temple-Dune and CUD 2 P1-AA and CUD P1-D for the Sherd-Dune.
Due to the lithological difference of the soil-like bed DS5 in the
Sherd-Dune (Fig. 6), one sample (CUD P1-B) was also used for the
same performance tests. The tests were not applied for the samples
from section 2 in the Sherd-Dune. The correlation of the beds is
obvious and the same luminescence properties of the material are
most likely.

Heating of quartz or feldspar can generate movement of charge.
The preheat plateau test shows if there is any temperature
dependent transfer of charge, which can cause erroneous deter-
mination of the equivalent dose D, (Wintle and Murray, 2006). The
aliquots of one quartz sample were split into eight groups of three
aliquots. Each group was treated with different preheat tempera-
tures. The preheat temperatures are measured in steps of 20 °C
from 160 °C to 300 °C. The results of the preheat test are shown in
Fig. 9. All samples show no significant increase of the equivalent
dose with temperature. The youngest samples CUD 1-E and CUD
2-P1-D showed a plateau over the whole temperature range. The
older samples CUD 1-A and CUD 2-P1-B showed a plateau in the
range from 160 °C to 240 °C and a slight increase in D, for higher
preheat temperatures. Only the oldest sample CUD 2-P1-AA shows
a plateau in the temperature range from 160 °C to 260 °C and an
increase in D, for higher preheat temperatures.

Young quartz samples can be affected by the problems of
thermal transfer (Ballarini et al., 2003; Madsen et al., 2005; Wintle
and Murray, 2006). This can be checked with the thermal transfer
test. The procedure is similar to the preheat test but here the
samples are bleached in a Dr. Honle SOL 2 solar simulator for 2 h.
The aliquots were measured in the same way as in the preheat test
with increasing temperatures from 160 °C to 300 °C in steps of
20 °C, with thermal transfer implied by a significant increase in De
with temperature. We defined a thermal transfer when the D is
higher than the error of De. The result of the thermal transfer test is
shown in Fig. 10. All samples show the same behaviour in the
thermal transfer test. The De is close to zero in the temperature
range from 160 °C to 220 °C. For higher preheat temperatures the
De value increased, especially for temperatures higher than 280 °C.
This indicates that for all samples a preheat temperature lower than
220 °C should be used. Based on preheat and thermal transfer test

in combination with the behaviour of the recycling ratios and the
recuperation, a preheat and a cutheat temperature of 160 °C for all
samples from the Temple-Dune was chosen. For all samples from
the Sherd-Dune, a preheat and a cutheat temperature of 180 °C was
chosen.

After determination of the appropriate preheat temperature,
dose-recovery tests based on the protocol as described by Murray
and Wintle (2003) were carried out. This test determines whether
an artificially applied dose can be recovered by the applied SAR
protocol. Ten aliquots were bleached in a Dr. Honle SOL 2 solar
simulator for 2 h. The bleached samples were irradiated in the Risg
Reader with a fixed beta-dose which is close to the expected
equivalent dose. This dose was measured using the SAR protocol
applied for the samples. The ratio of the recovered dose to the
applied dose should give a value of 1.0 + 0.1 for a good working SAR
protocol. The dose recovery tests showed that for all samples the
SAR protocol could recover the given dose. The results of the dose
recovery test are summarized in Table 2. Based on the results of the
performance tests a SAR protocol (Table 3) was developed and the
De values of the samples were measured with this protocol.

3.5. Age calculation

The OSL-ages are calculated by dividing the equivalent dose (De)
by the dose rate of the sediment including the contribution of the
cosmic rays and the attenuation by the water content. For the
calculation of the equivalent dose different age models are avail-
able. The decision for an appropriate model depends on the
distribution of the D. values from the SAR-measurement. Arnold
et al. (2007) and Bailey and Arnold (2006) provided a decision
making process between central age model (CAM) and minimum
age model with three components (MAM-3). Both models are
described in Galbraith et al. (1999). The dose distribution of the
equivalent doses for the samples from the Temple-Dune and the

Table 2
Results fort he dose recovery test. Ratio gives the ratio between the applied dose and
the measured dose.

Sample Applied dose  Ratio Recycling ratio  Recuperation
CUD 1-A 1Gy 0.95+0.04 1.00+0.03 <1%
CUD 1-E 1Gy 0.93+0.03 1.01+0.03 <1%
CUD 2-P1-AA  5Gy 0.95+0.02 0.99 +0.02 <1%
CUD 2 P1-B 1Gy 096+0.04 1.0240.02 <1%
CUD 2 P1-D 0.5 Gy 0.95+0.03 1.01+0.04 <2%
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Table 3

Single aliquot regenerative (SAR) protocol used for the measurement of the samples.
Step Treatment Observed
1 Give regenerative dose D; (0.16-6.57 Gy)
2 Preheat 160 °C for 10 s for samples from the Temple-Dune

Preheat 180 °C for 10 s for samples from the Sherd-Dune
5 °C/[s heating rate for samples from both dunes

3 OSL with blue LED 40 s @ 125 °C Li
4 Give test dose D= 0.82 Gy
5 Cutheat 160 °C for 0 s for samples from the Temple-Dune
Cutheat 180 °C for 0 s for samples from the Sherd-Dune
5 °C/s heating rate for samples from both dunes
6 OSL with blue LED 40s @ 125 °C Ti
7 OSL with blue LED 40 s @ 290 °C

For the natural sample i =0 and Do = 0. The whole sequence is repeated for several
regenerative doses, including a zero dose and a repeat dose. Regenerative doses D;
depending on the expected age of the sample. Preheat tests give a first possible age.
Doses are chosen in that way, that they bracket the natural dose. In this table the
range of all given doses for all samples is given. The ratio between L;/T; is used for
the calculation of the equivalent dose. The OSL signal from step 7 (hotbleach) is
not used.

Sherd-Dune was analysed using the Kolmogorov-Smirnov (K-S)-
Test, and all the distributions were appeared to be normal (Fig. 8).
The distribution of Sample CUD 2 P1-A is slightly skewed. The K-S
test for this sample gives a P value of 0.149 which is below the
significance level of 0.196. This suggests that it is close to the
threshold to a non-normal distribution but still regarded as
a normal distribution.

Bailey and Arnold (2006) recommend the use of the CAM for
well-bleached sediments, such as aeolian sediments, and when the
overdispersion (o) is smaller then 50%. Based on these suggestions,
the central age model from Galbraith et al. (1999) was used for all
samples. The overdispersion values are listed in Table 1.

4. Results

Altogether, 12 samples for OSL dating were measured and the
ages were calculated. The results of the dosimetry, the OSL
measurement and the age calculation are summarized in Table 1
and Fig. 3.

The annual dose rates for the samples from the Temple-Dune
range from 1.35+0.12 mGya~! to 1.65+0.12 mGya ' and for the
samples from the Sherd-Dune from 1.35+0.12mGa”' to
2.42 +0.13 mGya ! (Table 1). The dose rates for the topmost and
hence younger samples are higher than the older samples from
the lower beds. The dose rate of sample CUD 2 P1-D has a value of
242 +0.13mGya! clearly higher than the other samples. The
higher uranium and thorium content in this bed (DS2 in section 1
in the Sherd-Dune) are the reason for the significant higher dose
rate. This is most likely related to the higher content of heavy
minerals. Along the south east coast of Tamil Nadu, many places
with higher concentrations of heavy minerals are known (Chan-
drasekharan and Murugan, 2001; Mohan and Rajamanickam,
2000). The dose rate of the sediment is strongly dependent on the
minerals and their concentrations of uranium, thorium and
potassium. Comparing the dose rates used for luminescence
dating of dunes from other places in the world, the values for the
annual dose rate range from around 0.2 mGya~! for dunes in New
Mexico (Kocurek et al., 2007) up to values around 3.6 mGya~! for
dunes in China (Li et al., 2002). Extremely low values of the dose
rate are normally found in quartz-rich sediments such as coastal
dunes (Berger et al., 2003) or dunes in geologically old areas such
as southern Africa (Chase and Thomas, 2007) or Australia (Lomax
et al.,, 2007). The dose rates obtained here are in the typical range
of quartz-rich dune sands.

The equivalent doses (D) measured with OSL on quartz for the
samples from the Temple-Dune range from 0.10 +0.01 Gy to
1.04 +-0.02 Gy (Table 1). The calculated ages are between from
61 +5 years (CUD 1-E) and 772 + 72 years (CUD 1-A). There is an
increase of D and of age with depth. Sample CUD 1-C has a slightly
lower D and lower age than the samples from above and below
(Fig. 3). The 1-sigma standard deviation makes an equal deposition
age likely for CUD 1-C and CUD 1-D. Based on the geochronology
three periods of increased sand mobility can be identified in the
Temple-Dune. The first depositional period took place at 772 +72
years, a second period around 210 years ago and a quite recent
period at 61 +5 years before today (Fig. 3).

In section 1 from the Sherd-Dune, the obtained D, range from
0.18 +£0.01 Gy to 4.46 + 0.01 Gy (Table 1). The calculated ages are
ranging from 73 4 5 years (CUD 2 P1-D) to 3291 £303 years (CUD 2
P1-AA). There is an increase of D. and of age with depth (Fig. 3). The
dating results for the Sherd-Dune indicate at least three periods of
sand mobility and one event. The oldest deposition occurred
3291 £+ 303 years ago, followed by a longer period of sedimentation
from 1244 4- 113 years to 339 + 27 years ago. This was discontinued
by a fluvial event at 336 4 24 years ago (visible in section 2). The
third period of sand accumulation took place 73 + 5 years ago.

5. Discussion
5.1. Correlation of dunes

The correlation of the Temple-Dune and the two sections from
the Sherd-Dune is based on the lithology and geochronology. In
Fig. 3, the different beds are indicated by capital letters in the right
column beside the lithological section.

The uppermost part of the Temple-Dune and Sherd-Dune is
assigned as bed DS1, a weakly and most recently developed soil.
The uppermost position in the dunes represents recent deposition
of sand and modern soil formation. In section 2 of the Sherd-Dune,
the uppermost layer belongs either to DS1 or to DS2. This bed was
designated DS1 + 2, because it is not possible to correlate it with
DS1 or DS2 from section 1. In the outcrop, the uppermost beds of
the two sections correlate to each other (Fig. 5). However, in section
2 the differentiation into DS1 and DS2 is not clearly visible. A recent
deposition within the last 10 or 20 years is likely.

Bed DS2 in the Temple-Dune section and the Sherd-Dune
section has a similar depositional age of around 65 years before
today. In the Sherd-Dune, bed DS2 does not show the cross-bedding
which is characteristic of the Temple-Dune and the altitude of both
horizons is also different. However, based on the time of deposition
and the unconformity at the base in both dunes, these horizons
formed synchronously and hence can be correlated.

Bed DS3 is only present in the Temple-Dune section. The
subdivision into DS3a and DS3b is based on the different colours of
the sand: DS3b is dark yellow and DS3a more greyish. The sand
gives a depositional age of around 210 years. At the sections 1 and 2
of the Sherd-Dune, deposits with this age were not found. The
outcrop is located at the lower part of the dune slope.

Bed DS4 occurs only in section 2 of the Sherd-Dune section and
represents an event with fluvial activity (Fig. 7). The filling of the
channel and the disturbed upper layer are attributed to bed DS4.

Bed DS5 is subdivided into three parts DS5a, DS5b and DS5c
based on sedimentological features (Fig. 6) and OSL ages. This layer
is present in all dunes. It is also visible in the field and acts as
a marker horizon based on its relatively large spatial extension.
DS5a is characterized by a depositional age of around 350 years,
and has few thin clayey bands intercalated. The sedimentological
features of bed DS5a are slightly different in section 1 and 2 (Fig. 7).
In section 2 it is brownish grey and the clayey bands are not
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Fig. 8. Dose distributions of the investigated samples.

present. This layer is attributed to DS5a because it is also charac-
terized by greyish sand, which is indicative of bed DS5 and it is
older than the filling of the channel dated to approximately 300
years and younger than DS5b with an age of about 700 years. The
transitional border to DS5b could also be slightly lower in that

profile. Bed DS5b is characterised by numerous dark clayey bands
(Fig. 6¢). They are thicker than in DS5a. The depositional age of
DS5b is about 700 years. This bed occurs in all dunes, although the
intercalated clayey bands occur only in section 1 of the Sherd-Dune
section. In the Temple-Dune section the lowermost part is
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Fig. 9. Results of the preheat plateau test for samples from the Temple-Dune (CUD 1-A
and CUD 1-E) and the Sherd-Dune (CUD 2-P1-B, CUD 2-P1-D, and CUD 2-P1-AA). For
each temperature the mean of three aliquots and the standard deviation is shown. For
a detailed description see “3.4 OSL Measurements and Experimental Details”.

attributed to DS5b based on the OSL age. Bed DS5c is only visible in
section 1 of the Sherd-Dune. It shows no intercalated clayey bands,
and the OSL age of 1244 + 113 years is older than in the higher beds.

The base of the section 1 from the Sherd-Dune is made by bed
DS6. This is yellowish sand without any artefacts and has an OSL age
of 3291 £303 years. The lithology and geochronology is clearly
different from bed DS5, and hence it is considered as a distinct layer.

5.2. Discussion of results and interpretation

The sedimentological successions in the dunes show unconfor-
mities, changes in the direction of bedding, erosional features,
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Fig. 10. Results of the dose recovery test for samples from the Temple-Dune (CUD 1-A
and CUD 1-E) and the Sherd-Dune (CUD 2-P1-B, CUD 2-P1-D, and CUD 2-P1-AA).
Thermal transfer can be observed for all samples at preheat temperatures higher than
260 °C. For each temperature the mean of three aliquots and the standard deviation is
shown.

water escape structures and remnants of human settlement. These
features reflect changes in the environmental conditions. Dunes are
sediment archives which can reflect environmental and climate
changes. They can be used to reconstruct periods of aridity and
humidity connected with climatic changes. In several studies,
dunes were used to reconstruct the climate and environmental
conditions in many regions of the world. Intensive research was
done on dunes in Australia, southern Africa and North America. The
basic concept in interpreting the dunes is that periods of sand
accumulations are related to drier climatic conditions and uncon-
formities as well as palaeosols are related to humid conditions with
a stabilisation of the land surface. This was successfully applied to
dunes in Australia for example by Fitzsimmons et al. (2007), Lomax
et al. (2003), and Twidale et al. (2007). In southern Africa, more
recent studies on dunes were carried out by Chase and Thomas
(2007), Holmes et al. (2008), and O’Connor and Thomas (1999).
They found that dune development is not generally related to arid
climatic conditions. The supply or availability of sediment and the
wind strength are important factors. The sediment supply is
controlled by vegetation cover, fluvial activities or lake level fluc-
tuations. In coastal areas, the sediment supply and hence the dune
development is related to sea level changes (Murray-Wallace et al.,
2002; Radies et al., 2004). During low stands, more sand is avail-
able. Another important factor for dune development is human
impact, especially for young dunes. The vegetation cover can be
disturbed or destroyed by human activities which can lead to
remobilisation of dunes (Hesse et al., 2004; Sun, 2000; Wolfe et al.,
2001). A summary about dunes as palaeoclimate proxies is given by
Lancaster (2008). Cautionary critiques for using dunes as palae-
oclimate proxies are given by Munyikwa (2005) and Telfer and
Thomas (2007).

The results of this study show different periods of sand move-
ment and stabilisation of the land surface. However, the interpre-
tation of the dune development in this area is complex. The climate
conditions are mainly forced by the monsoon. Changes in the
monsoon activity could be reflected in sand accumulation during
drier periods. A second important point is sea level change during
the Quaternary, as indicated by the geomorphology of the dune
belt. The dune ridges are parallel to the present coast. The younger
parts of the dunes are often influenced by human activities.

5.2.1. Climate and human impact

The climate in the study area is influenced by the monsoon. In
contrast to the whole subcontinent, the amount of annual rainfall in
Tamil Nadu is dominated by the NE-monsoon, due to its location on
the lee side of the Western Ghats Mountains. Therefore, the NE-
monsoon rains are an important factor for the ecological and
geomorphological evolution of that region. Although the SW-
monsoon brings only low amounts of rainfall, it still has influence in
that region (Gregory, 1989; Mooley and Parthasarathy, 1983).
Fluctuations in the NE-monsoon intensity have been investigated,
e.g., by Dhar et al. (1982) and Walsh et al. (1999); the SW-monsoon
intensity by Kale et al. (2004) and Mooley and Parthasarathy (1984).
Monsoon activity in India using sediment archives was investigated
by Kale (1999), Kale et al. (2000, 2004), Nigam and Khare (1994),
Prasad and Enzel (2006), and Thomas et al. (2007). Kale (1999)
compared the drainage data of Indian rivers for the last 150 years
with the precipitation record in India. There is a direct correlation
between higher monsoon activity and increased drainage and flood
events. This concept was applied for palaeofloods of the Luni River
in the Thar Desert by Kale et al. (2000). For the Penner River basin
in south India, Thomas et al. (2007) used the same concept to
establish a history of the monsoon activity for south India. In the
study of Prasad and Enzel (2006), a connection between decreased
dune mobilisation during increased monsoon activity is observed.

Quaternary International (2009), doi:10.1016/j.quaint.2009.10.042

Please cite this article in press as: Kunz, A., et al., Luminescence dating of late holocene dunes showing remnants of early settlement in...,




A. Kunz et al. / Quaternary International xxx (2009) 1-15 1

They assume a stabilisation of the land surface through vegetation
because of wetter climate conditions in periods of increased
monsoon activity. Liu et al. (1998) and Thompson et al. (2000)
investigated the monsoon activity for southern Asia using pollen
records, dust records and geochemical proxies from Himalayan ice
cores. The results of these studies are summarized and compared
with our study in Fig. 11. The results of the present study correlate
with the periods of dry and wet climate conditions in India.

Due to the intensity of the NE- and SW-monsoon, it is difficult to
compare the dunes with records from other parts of India. Extreme
SW-monsoon events have also strong impacts in Tamil Nadu,
especially the northern part of Tamil Nadu, where the study area is
located. Floods and droughts in connection with the SW-monsoon
were studied by Mooley and Parthasarathy (1983). In 1961, India
was affected by very strong rainfall. The highest amount was in
western Rajasthan and Saurashtra and in the northern parts of
Tamil Nadu as well as in the south-east of Andhra Pradesh (Fig. 1). A
similar precipitation pattern occurred in 1899, when rainfall was
much lesser than the mean causing droughts in these states. Strong
changes in SW-monsoon and climate changes on a larger scale
could have also influenced the rainfall in the study area in the past.

The dune sand in bed DS6 of the Sherd-Dune section (Fig. 3)
could represent a period of drier climate conditions caused by
weaker monsoon activity. The time of deposition, 3291 4303 years
before present, correlates with the so-called 3.5 ka event (Fig. 11).
This event at 3.5 ka BP (Kale et al., 2004) marks the minimum of
monsoon precipitation during the mid-Holocene and hence
correlates to a period of increasing aridity. This trend of weakening
monsoon and increasing aridity can be observed through the whole
mid-Holocene in south Asia (Kale et al., 2004). From that time, the
climatic conditions changed to warm and dry conditions with
interruptions of increased monsoon activity.

Bed DS5 apparently seems to accumulate continuously from the
dune sand in bed DS6 (Fig. 3). However, the OSL-ages indicate
a hiatus. DS5 differs strongly from the other layers. It is grey and
shows no bedding or other sediment structures. The layer is full of
potsherds and fragments of bricks, indicating human activity and
settlement in this region. The foundation of the settlement was
very likely between 3291 4303 years and 1244 4133 years before
present (1588 BC-875 AD), and lasted until approximately 339 4 27
years before present (1640-1694 AD). Compared to other archae-
ological sites in Tamil Nadu, evidence for early settlement is found
in Kambanmedu where bricks are dated to an age of 400 AD and in
Arikamedu where pottery with an age of 300 BC was found
(Ramaswamy and Duraiswamy, 1990). Both places are around
80 km south of the study area. Arikamedu is an ancient port, which

existed since around 200 BC and is famous for the trade with the
Romans (Begley, 1996). The bed DS5 seems to reflect sand mobi-
lisation due to human impact and a change to more humid climatic
conditions indicated by features from soil forming processes. Bed
DS5 was deposited during a period which is described by Kale et al.
(2004) and Thomas et al. (2007) as a period of increased monsoon
activity in India with a maximum rainfall lasting from 750 to 500
years before present (Fig. 11). This period could be reflected in bed
DS5b with a depositional age of 707 + 60 years before present.

The thin clayey-silt bands (Fig. 6¢) are derived from illuvation
processes. Finer grained material is transported through the sandy
horizon. This is part of a soil forming process and can be observed in
many dunes. The A-horizon from the originally developed soil
above these layers is missing here. It is very likely eroded. The
better climate conditions could have also supported the foundation
of settlements and agricultural activities in this region. During
humid periods, stabilisation of the land surface and formation of
soils would be expected. The sedimentation of sand is reduced or
stopped, as observed for dunes in Australia by Fitzsimmons et al.
(2007) and Lomax et al. (2003). The settlement activities in the
study area could have partly disturbed or removed the vegetation
cover resulting in reactivation of local dunes. Hesse et al. (2004)
mentioned that the vegetation cover controls the dune develop-
ment stronger than wind strength. The influence of human impact
on dune remobilisation is described by Sun (2000), Sun et al. (2006)
and Wolfe et al. (2001). The combination of periods with stabilised
land surface and periods with active dunes would explain the more
or less continuous growth of this horizon for a longer time. The
discontinuous and localized development of the bed DS5 is also
supported by the fact that the clay bands in section 2 are missing.
The OSL-ages are slightly different at the same elevation, indicating
paleorelief. The phenomenon of stabilised dunes and active dunes
can be observed in this area today. Due to house building activities
or agriculture, the vegetation cover is removed and dunes are
activated. During fieldwork, recently constructed houses partly
covered by dunes were observed.

The sedimentological features of bed DS4 (Fig. 7) in section 2 of
the Sherd-Dune section (Fig. 3) give evidence for a fluvial event. The
filling of the channel yielded an OSL age of 336 + 24 years, showing
a deposition between 1646 and 1694 AD. The 5 cm thick disturbed
layer on top of the channel filling shows water escape structures.
There are different mechanisms responsible for soft-sediment
deformation: liquefaction or fluidization, reverse density gradation,
slumping or slope failure and shear stress (Mills, 1983; Owen,
2003). In this case, the structures in bed DS4 are related to lique-
faction or fluidization. The development of these structures is
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a function of rapid dewatering of saturated fluid-supported sedi-
ments (Mills, 1983). The triggering mechanism can be overloading
and sediment gravity flow (Neuwerth et al., 2006), earthquakes,
storms or rapid deposition in flood events (Mills, 1983). The latter is
the most likely reason for the development of the soft-sediment
deformation structures in bed DS4. A flood event is also supported
by the channel at the bottom of bed DS4. The source for the flood
could be the river which is approximately 600 m in the west of the
sampling location (Fig. 2). In the Temple-Dune section and in
section 1 of the Sherd-Dune, sediments with signs of a flood event
are not present. There are unconformities between beds DS5b and
DS2 in the Sherd-Dune section (Fig. 6b) and beds DS5b and DS3b in
the Temple-Dune section (Fig. 3) indicating periods of non-
deposition.

Based on the work of Lomax et al. (2003) and Tchakerian and
Lancaster (2002), this can be related to more humid conditions
which do not support the accumulation of dunes. It is not clear
whether this event is related to a general increase of rainfall in India
oritis a single event. Historic records are not available for that time
period. The oldest record is from the year 1732 AD (Walsh et al.,
1999). This event occurred at the end of a period with higher
monsoon activity and at the beginning of Little Ice Age. Compared
to the work of Kale et al. (2000, 2004) and Thomas et al. (2007) the
duration of this period shows regional differences. The flood history
of the Luni River in the Thar Desert (northwest India) shows
a maximum rainfall in the time between 750 and 400 years BP (Kale
et al., 2000). In the Penner River basin in south-east India (Fig. 1),
a period of high monsoon activity lasting from 1000 to 600 years BP
is represented by flood events (Thomas et al., 2007). In the Nar-
mada and Tapti river basins in western central India (Fig. 1), the
flood record shows a stronger monsoon activity between 1700 and
500 years BP (Kale, 1999). Another possible interpretation of this
unconformity is aeolian deflation during arid periods in the
beginning of the Little Ice Age. Deposits of this event are found in
bed DS3.

The accumulation of the 2.8-m thick dune sand in bed DS3 in the
Temple-Dune section (Fig. 3) occurred very quickly. The OSL ages
from the samples taken from this horizon reflect deposition
between 233 4 21 years and 198 =+ 18 years before present (1752-
1826 AD). The deposition of this dune sand coincides with the Little
Ice Age (16th century to the mid 19th century). The Little Ice Age in
India is reflected by a reduction of great floods between 1500 and
late 1800s AD (Kale et al., 2004) and great droughts during 1790-
1796 AD and 1876-1877 AD (Mooley and Parthasarathy, 1983;
Thompson et al., 2000). The droughts were initiated by failure of
the monsoon. During those times of reduced precipitation, sand
was reactivated and rapid deposition of large dune sands was
possible. During the Little Ice Age, the sea level at the east coast of
India was 1 m below the present low tide level (Banerjee, 2000).
The regression made more sand available. Sediments with the same
age as in the Temple-Dune section are not found in the Sherd-Dune
section. The reason is that the outcrop is located at the margin of
the dune slope. In the core of the dune, sand deposited during the
Little Ice Age could be expected.

The hiatus between bed DS3a and DS2 visible in the Temple-
Dune section (Figs. 3 and 4) indicates a period of wet climate
conditions due to increased precipitation and stabilisation of the
land surface by vegetation (Hesse et al., 2004; Tchakerian and
Lancaster, 2002). This unconformity developed between approxi-
mately 200 years and 60 years before present. For this time period,
an increase in rainfall across India is reported by Kale (1999) and
Walsh et al. (1999).

Bed DS2 in the Temple-Dune and Sherd-Dune sections (Fig. 3)
indicates a period of sand movement. The reason could be
a reduced precipitation in combination with reduced vegetation

cover and human activities. The depositional age of the sand in bed
DS2 in the Temple-Dune with 61 +5 years and 73 4+ 5 years in the
Sherd-Dune falls into a period of reduced rainfall in India. Kale
(1999) reports a minimum in the all-India monsoon rainfall in the
years from 1920 AD to 1945 AD (Fig. 11). This minimum was also
observed by Dhar et al. (1982) for the NE-monsoon. The sedimen-
tation of the dune sands in bed DS2 ends abrupt with an uncon-
formity, which is clearly visible in the Temple-Dune (Fig. 4). In the
Sherd-Dune this unconformity is weakly developed (Fig. 6). Since
1945 AD, monsoon activity has increased with a maximum in 1964
AD (Kale, 1999; Mooley and Parthasarathy, 1983). This high
precipitation could be the reason for the stabilisation of the land
surface by vegetation. Bed DS1 indicates again a period of sand
movement. This is most likely induced by human activities. The
influence of human activities plays an important role here.
However, that the periods of sand movement and unconformities
coincide with changes in the precipitation.

5.2.2. Sea level change

The development of dunes in coastal areas is often connected to
changes in sea level. During low stands the availability of sediment
is higher and coastal dunes develop more frequently. Different
generations of dunes can reflect the different sea level stands and
also reflect the palaeocoastline in this specific area (Murray-Wal-
lace et al., 2002). The dune belt between Porto Novo and Cuddalore
runs parallel to the present coastline. It is likely that sea level
changes are playing a role in the development of this dune belt.
From the available data, it is difficult to find a direct relation
between dune development and sea level change in this area, as the
base of the dunes was not reached during fieldwork.

The global sea level increased during the Holocene. The marine
transgression is not continuous and interrupted by phases of
regressions, e.g., during the Little Ice Age (Siddall et al., 2007). In
India the sea level at the south east coast reached a maximum of
+4 m above the present low tide level (LTL) around 4 ka, indicated
by marine terraces (Banerjee, 2000). It remained stable until
around 2 ka (Achyuthan and Baker, 2002; Banerjee, 2000; Briick-
ner, 1988). From that time the sea level is falling. During the Little
Ice Age it reached a minimum of —1 m below present LTL (Banerjee,
2000). After the Little Ice Age the sea level reached the present
level.

During the Holocene sea level high stand the coastline was
approximately 1 km inland, which could be the reason for the
development of coastal dunes at this place. The sand of bed DS6
yielded an age of deposition at 3291 303 years and very likely
correlates to the Holocene sea level high stand. The sea level low-
stand during the Little Ice Age could be reflected in bed DS3 with
a deposition age between 233 4+ 21 and 198 £ 18 years. The sand
accumulated quite fast indicating a greater availability of sand. The
drier climate with reduced vegetation cover could enhance the
movement of sand.

It is difficult to use this data here for sea level reconstruction
because the area is tectonically unstable. The evolution of the
Cauvery Delta south of the study area indicates neotectonic acti-
vites during the Holocene (Ramasamy, 2006). The delta itself is
controlled by NE-SW and ENE-WSW lineaments which have been
active since the Late Cretaceous. In the south of the Cauvery Delta
the Mio-Pliocene sandstone formation has been uplifted for the
past 6.1 ka (Ramasamy et al., 2006). Due to this uplift, the main
course of the Cauvery River shifted from south to north after 2.5 ka.
Between Pondicherry and the northern part of the Cauvery Delta
a NE-SW striking graben structure developed in the Holocene. The
subsidence of this graben is also indicated by the changing flow
direction of the rivers from north to south in the Pondicherry area
(Ramasamy, 2006). Neotectonic activities in this area are also

Quaternary International (2009), doi:10.1016/j.quaint.2009.10.042

Please cite this article in press as: Kunz, A., et al., Luminescence dating of late holocene dunes showing remnants of early settlement in...,




A. Kunz et al. / Quaternary International xxx (2009) 1-15 13

shown by earthquakes with magnitudes up to M~5.6 in the year
2001 (Raval, 2002). The subsidence rate of the area between Porto
Novo and Pondicherry is not known. If the subsidence rate is slower
than sea level regression the dunes reflect possible palaesobeach
lines. If the rate is higher, the coast will show a transgression. More
work is required to find more arguments for a relation between sea
level and the dune evolution in this area.

6. Conclusion

This study presents the first results of OSL dating of two dunes
located at the western part of a dune belt running parallel to the
coast of south east India between Pondicherry and Karikal (Fig. 2).
The OSL investigation shows that the material in south-east India is
suitable for this method. The sedimentology and the geochronology
of the dunes show periods of sand accumulation and stabilisation of
the land surface in the last 3500 years in southeast India. The
interpretation of dune development in this area is complex. There
are different factors, including climatic changes due to changes in
monsoon activity, sea level changes which could be responsible for
the development of the whole dune system, and human impact
especially for the younger parts of the dunes. Based on the
geochronological and sedimentological investigations, an inter-
pretation of the deposition history of the dunes is presented.

The dune sand in bed DS6 in section 1 of the Sherd-Dune (Fig. 3)
represents a period of drier climatic conditions caused by a weak-
ening of the monsoon activity 3291 +303 years before present
(1588-982 BC). Climate changed during the Late Holocene to
wetter conditions due to an increasing monsoon activity (Fig. 11).

The bed DS5 differs strongly from the other layers in the dunes.
The high amount of potsherds and brick fragments, the grey colour
and the absence of sedimentological structures indicates a period of
settlement and stabilisation of the land surface. Settlement activi-
ties at the studied sites started between 3291 4303 years and
1244 +113 years before present (1588 BC-875 AD) and ended
possibly 339 +27 years before present (1640-1694 AD). The
deposition took place during a period which is described as having
increased monsoon activity in India by Kale et al. (2004) and
Thomas et al. (2007). The clayey-silty bands in section 2 of the
Sherd-Dune are from soil forming processes and support the
assumption of a wetter climate.

Bed DS4 in section 2 of the Sherd-Dune (Fig. 7) shows a flood
event at 336 +24 years before present (1646-1694 AD). The
Temple-Dune and the Sherd-Dune sections show distinct erosional
unconformities between the beds DS5b and DS3b as well as DS5a
and DS2, respectively. This unconformity represents a period of
non-deposition. Lomax et al. (2003) and Tchakerian and Lancaster
(2002) suggested that surface stability could be related to wet
climate conditions which do not support sand mobility. The results
are evidence for an extended period of increased monsoon activity.
This interpretation is in contrast to the work of Kale et al. (2000,
2004) and Thomas et al. (2007), who proposed increased monsoon
activity until 600 years before present. This interpretation could be
related to regional differences in climate conditions. Alternatively
the unconformity could be due to aeolian deflation during an arid
period at the beginning of the Little Ice Age.

The 2.8-m thick deposit of dune sand represented by bed DS3 in
the Temple-Dune section shows a period of dry climate conditions
generated by a weakening of the monsoon. The time of deposition
falls into the period dated 233 4 21 years and 198 + 18 years before
present (1752-1826 AD) of the Little Ice Age (Fig. 11). This period is
characterised by dry climate and droughts in India due to the failure
of the monsoon (Thompson et al., 2000). During the Little Ice Age,
the sea level in south east India was —1 m lower than the present
LTL (Banerjee, 2000) resulting in an increased availability of sand.

The deposits of bed DS2 in the Sherd-Dune and the Temple-
Dune sections indicate a period of sand mobility, most likely due to
less precipitation in combination with a decrease in vegetation
cover and human activities. A more recent general decrease of the
precipitation in India was observed for the time period between
1929 and 1948 AD (Fig. 11) (Kale, 1999). This minimum is also
described by Dhar et al. (1982) for the NE-monsoon. The hiatus
between the beds DS3a and DS2 and the beds DS2 and DS1
correlate with periods of increased precipitation (Kale, 1999). Great
flood events during this time, related to an increased monsoon
activity in India, are reported by Kale (1999) and Thomas et al.
(2007). During these periods, the land surface was stabilised by
vegetation which made the accumulation of sand unlikely. The
impact of human activities on the remobilisation of sand is espe-
cially for the younger parts of the dune important. The possibility
that dune activity is triggered by human activities cannot be
excluded. However, the sand accumulation and unconformities
coincide with the fluctuations in the precipitation rate of this
region.

The geomorphology of the dune system between Porto Novo
and Cuddalore make it obvious that the dune ridges are related to
sea level changes, but subsidence has to be considered as well. The
study area has great potential for further investigations concerning
climate change, sea level change and tectonic evolution, and
settlement history.
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