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decrease in age. However, the younger Koupia terrace depos-
its show higher luminescence intensities compared with the 
older Kyrenia (Girne) terrace deposits. This can be explained 
by multiple phases of reworking of the Kyrenia (Girne) ter-
race deposits, which changed the luminescence characteristics 
of the sediment. The use of the portable OSL reader is there-
fore an effective means of correlating Late Quaternary terrace 
deposits in northern Cyprus and probably also elsewhere.

Keywords Field sedimentology · Portable OSL 
reader · Northern Cyprus · Late Quaternary terraces · 
Luminescence data · Tectonic uplift

Introduction

Recent years have seen an increasing amount of research 
focussed on the processes and timing of surface uplift, rang-
ing from the scale of coastal uplift to mountain uplift. The 
Eastern Mediterranean is a favoured region for such stud-
ies, for example the extension-related coastal uplift of the 
Gulf of Corinth in Greece (e.g. Leeder et al. 2003). Within 
Anatolia and the easternmost Mediterranean region, there is 
considerable interest in the uplift of southern Turkey and the 
Anatolia plateau, in specific areas (e.g. Ecemiş Fault Zone; 
Jaffey and Robertson 2004) and also regionally (Göğüş and 
Pysklywec 2008; Dilek and Sandvol 2009; Cosentino et al. 
2011; Schildgen et al. 2012). Syn-collisional break-off of 
the northward subducting African plate has been proposed 
as the key driving factor of the vertical uplift of the Taurides 
(Schildgen et al. 2012). However, it is also suggested that 
the collision of the Eratosthenes Seamount with the Cyprus 
trench to the south of Cyprus was a key driving mechanism 
in the uplift of the Troodos Massif, Cyprus, and this could 
be an additional factor in regional-scale uplift (Robertson 

Abstract This study focuses on the younger of a series of 
Quaternary terraces along the flanks of the Kyrenia Range 
in northern Cyprus, specifically the Kyrenia (Girne) and the 
Koupia terraces. The Kyrenia (Girne) terrace is tentatively cor-
related with oxygen isotope stage 5 (125 Ka), and the Koupia 
terrace with oxygen isotope stage 3 (<50 Ka). Along the north-
ern flank of the range, the Kyrenia (Girne) terrace deposits 
(5–20 m above modern sea level) typically begin with a basal 
lag conglomerate and then pass upwards into shallow-marine 
calcarenites and then into variable aeolianites, paleosols and 
fluvial deposits (up to 20 m thick). In contrast, the Koupia ter-
race (<2 m above modern sea level) consists of aeolianites and 
shallow-marine calcarenites (up to 8 m thick). The equivalent 
deposits along the southern flank of the range are entirely non-
marine fluvial mud, sands and conglomerates. The marine 
to continental terrace systems can be tentatively correlated 
based on mapping, height above modern sea level and sedi-
mentary facies. However, variable preservation and patchy 
exposure require such correlations to be independently tested. 
To achieve this, a portable optically stimulated luminescence 
(OSL) reader was used to determine the luminescence char-
acteristics of the two terrace systems. Luminescence pro-
files show major differences in luminescence characteristics 
between the two terrace depositional systems, which can be 
related to sedimentary processes, provenance and age. These 
features allow sections in different areas to be effectively cor-
related. Individual sections show luminescence properties 
that are generally consistent with an expected up-sequence 
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2000; Schildgen et al. 2012; Fig. 1). The domal uplift was 
potentially aided by the effects of serpentinisation of the 
mantle wedge beneath the Troodos Massif (Robertson 1990, 
1998; Poole and Robertson 1991).

The uplift of the Troodos Massif is known from research 
on the Plio-Quaternary deposits exposed in the south of 
Cyprus. This effectively began with mapping of the depos-
its by the Cyprus Geological Survey Department (e.g. Bag-
nall 1960) and early stratigraphical studies (Ducloz 1964). 
This was supplemented by sedimentological and dating 
studies (Poole et al. 1990; Poole and Robertson 1991, 
1998, 2000), allowing a tectonic-sedimentary model for 
the uplift to be proposed. Recently, the deposits have been 
dated using a combination of magnetostratigraphy (Kin-
naird et al. 2011), optically stimulated luminescence (OSL) 
and isotopic studies (Harrison and Newell 2004, 2013; Kin-
naird and Robertson 2013). Different areas, for example 
south-eastern Cyprus (Harrison et al. 2012), central south-
ern Cyprus (Kinnaird and Robertson 2013) and western 
Cyprus (Kinnaird and Robertson 2013; Zomeni, unpub-
lished PhD thesis, 2012; Weber et al. 2011), have distinc-
tive tectonic and sedimentary features related to the Qua-
ternary uplift such that individual areas need to be carefully 
studied before the overall regional uplift can be understood.

An important question is how the uplift of the Troodos 
Massif compares in timing and process with the uplift of 
southern Anatolia. The two regions are separated by the 
approximately E–W trending Kyrenia Range in northern 
Cyprus, which is the main focus of this paper. The Kyrenia 
Range is known to have undergone strong uplift during the 
Plio-Quaternary (Ducloz 1972; Baroz 1979; Robertson and 
Woodcock 1986). Quaternary deposits have been mapped 
on both sides of the Kyrenia Range and a series of geomor-
phological terraces, and related deposits have been recog-
nised (Ducloz 1963; Knupp 1964).

Detailed understanding of the uplift of the Kyrenia 
Range requires modern sedimentological studies and dating 

of the Quaternary deposits exposed on both flanks of the 
Kyrenia Range. Also, the existing mapping and correla-
tion of the terraces around both flanks of the range (Ducloz 
1963; Knupp 1964; Baroz 1979) need to be tested. Our 
main aims here are first to provide an outline description 
and interpretation of the sedimentology of the two topo-
graphically lowest, and by inference youngest, terrace 
deposits that are exposed along both the northern and the 
southern flanks of the range. The main aim of the sedimen-
tological study is to describe the sedimentary sequences, 
internal sediment facies, sediment composition, provenance 
and diagenesis. Secondly, we aim to correlate the two lower 
terrace systems along both flanks of the range using the 
luminescence properties within and between the two ter-
race systems utilising a portable OSL reader. Such corre-
lations, once established, can be combined with absolute 
age dating (work in progress), to provide a basis for testing 
alternative models of the uplift of the Kyrenia Range in its 
regional tectonic setting.

Regional setting

The Kyrenia Range has undergone overall tectonically 
driven uplift during the Plio-Quaternary from below sea level 
in the Pliocene to c. 1000 m above modern sea level (AMSL) 
today (Dreghorn 1978; Baroz 1979; Robertson and Wood-
cock 1986; Kempler and Ben-Avraham 1987; Palamakum-
bura 2015). The series of geomorphological terraces along 
the northern and southern flanks of the range are believed to 
have developed during the Quaternary time interval (Ducloz 
1963, 1972; Knupp 1964; Moshkovitz 1966; Dreghorn 1978; 
Baroz 1979; Robertson and Woodcock 1986; see Fig. 2).

Our field investigations show that the deposits associated 
with the Kyrenia (Girne) and the Koupia terrace systems have 
a patchy distribution along the northern coast, occasionally 
extending up to c. 1 km inland. Previously, the terraces were 
correlated and assigned to temporal subdivisions mainly based 

Fig. 1  Tectonic setting of the 
eastern Mediterranean during 
the Plio-Quaternary, modified 
from Robertson and Xenophon-
tos (1993). Study area shown by 
rectangle
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on their height above modern sea level (Ducloz 1963; Baroz 
1979). However, this does not take account of sedimentologi-
cal evidence that the terraces may dip seawards from proximal 
to distal settings. In principle, terraces of the same relative age 
can occur at different topographical heights above sea level in 
different outcrops. It is also possible that faulting could have 
offset terraces of different ages. For example, the Koupia ter-
race deposits are discontinuously exposed along the coast, 
which in principle could be caused by patchy deposition, 
variable preservation or the effects of faulting. Prior to any 
quantitative work on the timing of uplift of the terraces, it is, 
therefore, essential to establish the basic sedimentary charac-
teristics and the lateral correlations of the two terrace systems.

Non-marine terraces are present in places along the 
southern flank of the range. These terraces were partially 
mapped and correlated with the marine terraces along the 
southern flanks of the range by Ducloz (1963), again based 
mainly on relative topographical height. However, these 
terraces are patchily exposed and spatially isolated from 
the terraces along the northern flank of the range.

Underlying geology

The lithologies that make up the Kyrenia Range are rele-
vant here because they provide the basis of an interpreta-
tion of the provenance of the Quaternary sediments as a 
whole.

The Quaternary sediments unconformably overlie a 
range of lithologies of Permian to Pliocene age (Fig. 2). 
The oldest intact sequences in the Kyrenia Range are 
meta-carbonate rocks of Triassic to Cretaceous age, form-
ing the Trypa (Tripa) Group (Henson et al. 1949; Ducloz 
1972 Baroz 1979; Hakyemez et al. 2000; Robertson et al. 
2012). The meta-carbonate platform rocks are unconform-
ably overlain by a range of basic/silicic volcanic rocks and 
pelagic carbonates, some of which are rich in diageneti-
cally formed chert. There are also volumetrically subordi-
nate, redeposited carbonate rocks and siliciclastic rocks, 
all belonging to the Lapithos (Lapta) Group (Henson et al. 
1949; Ducloz 1972 Baroz 1979; Hakyemez et al. 2000; 
Robertson et al. 2012). The uppermost part of the Lapithos 
(Lapta) Group is characterised by large-scale debris-flow 
deposits (‘olistostromes’), which include Late Palaeozoic 
and Mesozoic-aged blocks of shallow-water carbonate 
rocks (Baroz 1979; Robertson et al. 2012). Unconform-
ably above comes a Late Eocene to Late Miocene succes-
sion, which comprises basal non-marine to shallow-marine 
conglomerates, deeper-marine terrigenous-derived sand-
stones, marls, mudstones and, finally Messinian evaporites 
(Baroz 1979; Weiler 1970; Necdet and Anıl 2006; McCay 
and Robertson 2012; McCay et al. 2012; Robertson et al. 
2014), all belonging to the Kythrea (Değirmenlik) Group. 
The Pliocene to Recent succession is represented by shelf-
depth chalks, marls and by bioclastic calcarenites of the 

Fig. 2  Simplified geological cross section through the central part of 
the Kyrenia Range (based on Baroz (1979), Robertson and Woodcock 
(1986) and McCay and Robertson (2012)) showing the relative posi-

tions of the Quaternary terraces. The inset sketch shows a summary 
geological map of northern Cyprus with the main localities and towns 
marked
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Mesaoria (Mesarya) Group (Reed 1930, 1935; Henson 
et al. 1949; Baroz 1979; McCallum and Robertson 1995a, 
b). Pliocene sediments are exposed only along the southern 
flank of the Kyrenia Range and in the Mesaoria (Mesarya) 
Basin to the south. It is therefore unclear whether Pliocene 
sediments were ever deposited on the northern flank of the 
Kyrenia Range.

All of the above geological units potentially supplied 
detrital material to the Quaternary sediments exposed on 
both flanks of the Kyrenia Range. The most important sup-
plier of terrigenous sediment was the Late Eocene–Late 
Miocene deep-marine gravity deposits (turbidites and 
debris-flow deposits). These unconformably underlie the 
Quaternary deposits along the northern flank of the Kyre-
nia Range and also along many parts of the southern flank 
of the range. Other important contributors are the Mesozoic 
meta-carbonate rocks, the Late Cretaceous–Eocene basic 
igneous rocks and the Late Cretaceous–Eocene pelagic 
carbonate rocks, some of which are chert rich. In addition, 
locally observed red radiolarian chert and other relatively 
exotic rock types (e.g. gabbro and serpentinite) are likely 
to have been reworked from the Early Eocene large-scale 
debris-flow deposits (‘olistostromes’). The relative abun-
dance of the clasts in the Quaternary deposits is influenced 
by the relative resistance to weathering and sedimentary 
transport of the different lithologies, with quartz and chert 
being the most resistant, as shown in studies of modern 
Cyprus beach deposits (Garzanti et al. 2000).

Quaternary deposits

The Quaternary deposits in the Kyrenia Range are domi-
nated by shallow-marine to non-marine terrace deposits. 
These deposits form a series of geomorphological terraces, 

as mapped by Ducloz (1963) and Knupp (1964) as part of a 
United Nations-funded project. The authors described and 
interpreted the Quaternary terrace deposits exposed on both 
sides of the Kyrenia Range, particularly the younger ter-
races. This work and subsequent studies also showed that 
both marine and the non-marine deposits outcrop widely 
along the northern flank of the range, whereas exclusively 
non-marine deposits characterise the southern flank of the 
range (Ducloz 1972; Baroz 1979; Dreghorn 1978; Robert-
son and Woodcock 1986).

The terraces were given their present names by Ducloz 
(1963, 1972), with modifications by Baroz (1979). More 
recently, Turkish names (given in parentheses), as defined 
by Hakyemez et al. (2000), were proposed for some but 
not all of the terraces. The names that we use here for the 
terraces, from the generally topographically highest to the 
generally topographically lowest are as follows: Karka, 
Klepini (Arapköy), Tripimeni (Tirmen), Agios Epikititos 
(Çatalcöy), Agios Ermolaos (Çirinevlar), Kyrenia (Girne) 
and Koupia terraces (Ducloz 1964; Knupp 1964; Ducloz 
1972; Baroz 1979; Hakyemez et al. 2000). The prelimi-
nary mapping suggested that the youngest marine terrace, 
the Koupia terrace, is patchily developed along the coast-
line, never more than 100 m inland (Fig. 3). However, the 
Kyrenia (Girne) terrace is extensive along the northern 
coast and up to c. 2 km inland. The older marine terraces 
that are exposed at higher elevations further inland are not 
discussed here.

Terrace deposits

Within the Kyrenia (Girne) and Koupia terrace systems, 
nine sections were selected, encompassing a wide range 
of sediment types, which are located along the coast, 

Fig. 3  Outline geological map 
of the area west of Mersinlik 
(Flamoudi) village showing 
the exposed Quaternary terrace 
(modified from Ducloz 1963). 
Lines X–X″ and Y–Y″ refer 
to the cross sections shown in 
Fig. 8
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some distance inland, and also on the southern flank of the 
Kyrenia Range. For each section, the higher-level Kyrenia 
(Girne) terrace deposits are described first, followed by the 
Koupia terrace deposits, where present, moving from west 
to east. Unless otherwise stated the calcarenite deposits are 
lithified, with a carbonate cement.

Section 1. Vasilia (Karşıyaka) village (N35 21.465′ E033 
08 360′)

In this westerly area (Fig. 2), the only exposure of the 
Kyrenia (Girne) terrace deposits occurs along the coast-
line, directly north of the highest mountain in the Kyre-
nia Range, Selvili Tepe (Kiparissovouno). The Kyrenia 
(Girne) terrace deposits are mostly comprised of calcaren-
ite, c. 4 m thick. The basal 2 m of the section is planar-
bedded, medium- to coarse-grained calcarenite. Bedding 
varies in thickness from 5 to 10 cm. Above there comes 
a 0.5-m-thick unit of bioclastic debris, with fragments of 
pectens, oysters, bivalves, calcareous algae and occasional 
Cladocora caespitosa (solitary coral). This, in turn, is over-
lain by c. 1.5 m of poorly bedded, massive calcarenite with 
abundant, cemented plant root traces.

The calcarenites are dominantly comprised of bioclastic 
grains such as bivalves, gastropods, benthic foraminifera 
and calcareous red algae. Volumetrically subordinate lithic 
fragments include chert, monocrystalline quartz, polycrys-
talline quartz, reworked bioclastic fragments (e.g. calcare-
ous algae), gastropods, bivalve shell fragments and minor 
amounts of feldspar. The shells are calcitic with micrite-
filled chambers. Pore spaces between the grains are infilled 
with a combination of micrite and sparite cement.

Section 2: Alagadi beach (N35 19.978′ E033 29.535′)

Located 15 km east of Girne (Kyrenia) town, Alagadi 
beach (Fig. 2), provides an excellent opportunity to study 
the relationship between the Kyrenia (Girne) and Koupia 
terrace deposits. Two sections were studied: first, a deposit 
slightly above modern sea level and secondly a deposit 
c. 15 m AMSL (Figs. 4, 5). The higher deposit was pre-
viously mapped as part of the Kyrenia (Girne) terrace, 
whereas the lower deposit was shown as part of the Koupia 
terrace (Ducloz 1964). The upper deposit continues inland 
for c. 2 km, whereas the lower deposit is restricted to the 
coast.

Lower deposit‑Koupia terrace (Section 2(a))

A 4-m-thick calcarenite sequence overlies Miocene 
calcareous mudstones and sandstones of the Kythrea 
(Değirmenlik) Group (Fig. 5). An erosional unconformity 

between the two units is located at ~2 m AMSL. The calcar-
enite contains planar-bedded sedimentary structures, espe-
cially in the lower half of the interval. In addition, rounded 
to sub-rounded pebbles (<0.5 mm in size) are present. Bio-
clastic clasts are mostly red algae, bryozoa, gastropods, 
benthic foraminifera and peloids. A subordinate volume 
of the rock is made up of monocrystalline quartz (Fig. 6a), 
chert (Fig. 6b), polycrystalline quartz (Fig. 6c), reworked 
benthic foraminifera and feldspar (Fig. 6d). In general, the 
calcarenite has around 30 % pore space. Cementation is 
mainly a microsparitic coating of grain boundaries and the 
partial infilling of pore space.

Higher deposit‑Kyrenia terrace (Section 2(b))

A basal conglomerate (~30 cm thick) is rich in bioclastic 
debris, notably bivalves, oysters and occasional Cladocora 
corals. This is followed by calcarenite, c. 4 m thick, making 
up the remainder of the section (Fig. 4). The sediments are 
structureless other than for the presence of calcified root 
traces that are abundant in the upper part of the section.

Section 3: Bahçeli (Kalograia) village (N35 21.076′ E033 
38.378′)

This 200-m-long road section of the Kyrenia (Girne) ter-
race deposits is located c. 1 km east of Bahçeli (Kalograia) 
village (Fig. 2). The Kyrenia (Girne) terrace surface has 
been previously mapped in this area as continuing inland 
for at least 1 km (Knupp 1964). The exposed section is 
divisible into a lower mudstone unit, c. 4 m thick, and an 
upper lenticular-bedded conglomerate unit, c. 8 m thick 
(Fig. 7). The lower unit includes two prominent palaeosols. 
The upper lenticular conglomerate unit transgresses the 
lower unit at c. 45°, dipping eastwards. The lenticular con-
glomerate includes clasts of meta-carbonates, basalt, cherts 
and pelagic carbonates. The clasts are mostly sub-angular, 
and range is size from <1 to 15 cm, with a modal clast size 
of c. 5 cm. The individual conglomerate lenses are continu-
ous for several metres along the length of the section and 
vary in thickness from 10 cm to 30 cm. Sedimentary struc-
tures are poorly developed within the lenses, with no signs 
of grading or sorting of the clasts.

Section 4: Küçükerenköy village (N35 21.685′ E033 
40.286′)

This coastal exposure represents the type locality of the 
Kyrenia (Girne) terrace (Baroz 1979). An erosional con-
tact with underlying Miocene sandstone and mudstone 
is exposed at c. 6 m AMSL. The section is made up of 
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Fig. 4  Sedimentary logs and 
portable luminescence profiles 
from calcarenite deposits of the 
Kyrenia (Girne) terrace on the 
northern flank of the Kyrenia 
Range. Luminescence packages 
are marked on the IRSL and 
OSL profiles by dashed hori-
zontal lines. (Key to sedimen-
tary logs is shown in Fig. 5)
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fine-grained to coarse-grained calcarenites, c. 4 m thick 
(Fig. 4). The lower 3.5 m of this is fine- to coarse-grained 
calcarenite, with poorly sorted, sub-angular grains. The 
higher 1 m comprises well-sorted, medium-grained calcar-
enites, with abundant calcified root traces.

The calcarenite is dominated by bioclastic debris 
including red algae, bryozoa, corals, bivalves and 
gastropods. There are also monocrystalline quartz, 
chert, reworked calcarenite fragments, detrital pelagic 

carbonate, polycrystalline quartz, diabase/microgabbro 
and minor amounts of feldspar. Grains are sub-rounded 
to well rounded and range in size from <0.5 to 3 mm. 
Cementation is mainly microsparite (>80 % of the sedi-
ment volume), which is developed along the grain bound-
aries, whereas sparite infills pore spaces (<20 % of the 
sediment volume). In places, there is a bed containing 
bivalves (pectenids), gastropods and rare Cladocora coral 
fragments.

Fig. 5  Sedimentary logs and 
portable luminescence profiles 
from calcarenite deposits of the 
Koupia terrace on the northern 
flank of the Kyrenia Range. 
Luminescence packages are 
marked on the IRSL and OSL 
profiles by dashed horizontal 
lines



446 Int J Earth Sci (Geol Rundsch) (2016) 105:439–462

1 3

Section 5: Mersinlik village (N35 24.663′ E033 48.910′)

This section is well exposed, both along the new main road 
and also along the old coastal road, c. 3 km west of Mers-
inlik village (Figs. 2, 3). The deposits along the main road 
form part of the Kyrenia (Girne) terrace system, whereas 
the deposits along the coastal road form part of the Koupia 
terrace system.

Section 5(a)

The Kyrenia (Girne) terrace deposit encompasses an asso-
ciation of lenticular conglomerates, mudstones, palaeo-
sols and aeolianites (Fig. 7). The lower 8-m-thick, nearly 
100-m-wide section is made up of lenticular conglomerate, 
mudstone and several palaeosols. Conglomerate lenses, 
c. 30 cm thick, are continuous for several metres laterally 
and are intercalated with fine-grained mudstone. The con-
glomerate is dominated by sub-angular clasts of deformed 
meta-carbonate rocks of the Trypa (Tripa) Group, <1 to 
10 cm in size, locally showing westerly directed imbrica-
tion. Overlying the conglomerates is a well-developed dark 
maroon-coloured palaeosol, 1 m thick, followed by c. 3 m 

of aeolianite. The aeolianite exhibits a series of forests, dip-
ping at c. 40o towards the west.

Section 5(b)

The Koupia terrace deposit occurs along the coast very 
close to modern sea level. A c. 8-m-thick sequence of 
crossbedded, bioclastic calcarenite is commonly exposed 
(Fig. 5). The grains in the calcarenite are <0.5 mm in 
size and sub-rounded, dominantly composed of red algae, 
gastropods, benthic foraminifera, peloids and bivalves. 
Monocrystalline quartz, polycrystalline quartz, chert, 
recrystallized shells and feldspar are also present. Micro-
sparite coats all of the grains but only infills the smallest 
pores (c. 20 % by volume). The remaining space between 
the grains (c. 80 %) is filled with microsparite.

Key facies relations are shown in Fig. 8. The fluvial 
deposits of the Kyrenia terrace are overlain by aeolianite of 
the Kyrenia (Girne), representing two depositional phases 
within this terrace system. The cross section X–X″ shows 
the relationship of the aeolianites of the Kyrenia (Girne) 
terrace system, ~35 m AMSL to the aeolianites of the Kou-
pia terrace system.

Fig. 6  Photomicrographs of calcarenite deposits of the Kyrenia 
(Girne) terrace: a monocrystalline quartz coated in a micritic and fine 
sparitic cement; b detrital chert surrounded by reworked biogenic 

fragments, c polycrystalline quartz coated by a sparitic cement, d 
detrital plagioclase grain
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Section 6: Kalkanlı (Kapouti) village (N35 19.012′ E033 
03.016′)

The mapping by Ducloz (1963) and by Knupp (1964) was 
restricted to the central Kyrenia Range. The Quaternary ter-
race deposits of the western, eastern and southern flanks of 
the range have not previously been defined in terms of rela-
tive ages. However, two terrace deposits from the southern 
side of the range are used here to document non-marine 
depositional environments during the Quaternary.

This first section of non-marine deposits is from 
a large gully to the south-west of the Kyrenia Range 

(Fig. 2). These sediments are shown on the Cyprus Geo-
logical Survey Map (Constantinou 1995) as Quaternary, 
but were not assigned a specific terrace name. Specifi-
cally, the section is near Kalkanlı (Kapouti), within an 
east–west-trending gully to the north of the village of this 
name. The deposits are mainly lenticular, clast-supported 
conglomerates, interbedded with mudstones (Fig. 9). The 
clasts are 1–10 cm in size, sub-angular, poorly sorted and 
dominated by meta-carbonate of the Trypa (Tripa) Group. 
The matrix is fine-grained, maroon-coloured mud, form-
ing a 1-m-thick layer between lenticular conglomerates 
(Fig. 9).

Fig. 7  Sedimentary logs and 
portable luminescence profiles 
from mudstone, conglomer-
ate, palaeosol and calcarenite 
deposits of the Kyrenia (Girne) 
terrace on the northern flank of 
the Kyrenia Range. Lumines-
cence packages are marked on 
the IRSL and OSL profiles by 
dashed horizontal lines. (key 
to sedimentary logs shown in 
Fig. 5)
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Section 7: Nergisli (Genagra) village (N35 12.613′ E033 
42.125′)

The second, south-of-the-range, comparative section is 
near Nergisli (Genagra), a village north-west of Gazima-
gusa (Famagusta) (Fig. 2). This deposit is again outside 
the area mapped by Ducloz (1963) and by Knupp (1964); 
it was inferred to be a Quaternary terrace deposit, but no 
specific terrace name was given. A small quarry near the 
north-western edge of the village exposes a mixture of 
medium-grained sand and lenticular, clast-supported 
conglomerate (Fig. 9). The conglomerate clasts are sub-
rounded and range from 1 to 10 cm in size. The clasts are 
mostly sandstone, pelagic carbonate, chert, basalt, diabase 
and microgabbro. Clast imbrication indicates palaeoflow 
towards the south. The grains within the interbedded sands 
are mostly angular.

Calcarenite composition

Calcarenite comprises a significant portion of both the Kyre-
nia (Girne) and Koupia terraces and accumulated in both 
marine and aeolian depositional environments based on their 
sedimentary features (see Frébourg et al. 2008). The calcar-
enite grains have varying proportions of carbonate and silici-
clastic grains, influenced by the depositional environment and 
sediment provenance. The relative amount of quartz and feld-
spar, and therefore the depositional setting and provenance, 
is significant for the luminescence analysis. Point count 

data were collected from five marine and aeolian calcarenite 
deposits from both the Kyrenia (Girne) and Koupia terraces. 
Four hundred grains were counted per sample in the follow-
ing categories: monocrystalline quartz, polycrystalline quartz, 
feldspar, chert, volcanic grains, metamorphic grains, sedi-
mentary grains, calcareous red algae, bivalve fragments, cal-
careous algae, benthic foraminifera, echinoderm fragments, 
gastropods, bryozoa and ostracods (Fig. 10).

Monocrystalline quartz within the Kyrenia (Girne) ter-
race marine calcarenites makes up <5 %, whereas in the 
Kyrenia (Girne) and Koupia terrace aeolian calcarenites 
this ranges from 15 to 30 %. Polycrystalline quartz in both 
Kyrenia (Girne) and Koupia terrace marine and aeolian cal-
carenites is <15 %. The feldspar content in all of the calcar-
enite deposits is <5 %. The reworked metamorphic grains, 
which include metamorphic quartz, range from <5 to 15 %. 
Reworked sedimentary grains, which commonly include 
monocrystalline quartz, range from 5 % to nearly 45 %. 
The carbonate grains are dominantly reworked calcareous 
red algae with a minor component of benthic foraminifera 
and echinoderm fragments (with algal encrustations).

Luminescence screening measurements

Basic principles of luminescence

OSL dating is widely used to determine the depositional 
age of sediment in a diverse range of environments (see 
Rhodes 2011). The underlying principle is that naturally 

Fig. 8  N–S and E–W cross 
sections through the Kyrenia 
(Girne) and Koupia terrace 
deposits near Mersinlik (Flam-
oudi) (see Fig. 2 for section 
locations)
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occurring minerals can store energy through crystal defects 
trapping charge in response to ionising radiation from the 
natural environment. Stimulated luminescence measure-
ments are used to register the extent of trapping and, in 
combination with known laboratory radiation exposure, to 
determine the radiation dose received since an earlier zero-
ing event (caused by surface exposure in the past). A lumi-
nescence age (ka) is the quotient of the stored dose (Gy) 
and the environmental dose rate (mGy a−1). Where sedi-
ments are well zeroed, for example, by multiple cycles of 
exposure to daylight prior to final deposition, the method 
can give highly accurate and precise ages for events rang-
ing from recent time back to several hundred thousand 
years (Lian and Roberts 2006). For luminescence dating, 

it is important to understand that the degree of zeroing or 
optical bleaching is dependent on the mineral type/com-
position, depositional mechanism and environmental set-
ting. The term ‘bleaching’ refers to the removal of trapped 
charge populations from a sample (Rhodes 2011). The 
term ‘luminescence residual’ refers to the geological and/
or environmental luminescence signals (previous to growth 
of an in situ luminescence signal during a depositional 
cycle) that remain following a zeroing event. A number of 
OSL screening methods have been developed to provide 
insights into the luminescence properties of sediment and 
to interpret the depositional mechanisms and zeroing pro-
cess. These range from instrumentation developments, such 
as the portable OSL equipment developed at the Scottish 

Fig. 9  Sedimentary logs and 
portable luminescence profiles 
from mudstone and lenticular 
conglomerate deposits of the 
Kyrenia (Girne) and Koupia 
terraces on the southern side of 
the Kyrenia Range. Lumines-
cence packages are marked on 
the IRSL and OSL profiles by 
dashed horizontal lines. (key 
to sedimentary logs shown in 
Fig. 5)
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Universities Environmental Research Centre (SUERC), and 
methodological developments such as laboratory profiling 
(Sanderson et al. 2001, 2003; Burbidge et al. 2007), range-
finder ages (Roberts et al. 2009; Durcan et al. 2010) and 
standardized growth curves (e.g. Roberts and Duller 2004). 
Here, we use a combination of field-based luminescence 
profiling, in situ gamma spectrometry and sedimentological 
characteristics to evaluate the luminescence properties of 
the Kyrenia (Girne) and Koupia terrace deposits and estab-
lish a correlation of the two terrace systems on both flanks 
of the range.

Luminescence analyses

Luminescence profiling was conducted in the field and 
subsequently in the laboratory (for bleaching experi-
ments), using the SUERC portable OSL reader. Full details 
of the reader are given in Sanderson and Murphy (2010). 
In brief, the OSL reader consists of a sample chamber, a 
detector head including an ETL photodetector module with 
a 25-mm bi-alkali photomultiplier. Stimulation is deliv-
ered through either blue LEDs emitting 470 nm (OSL) or 
infrared LEDs emitting 880 nm (IRSL). The blue diodes 
are outfitted with GG420 long-pass filters, whereas the IR 
diode ports are outfitted with RG780 long-pass filters. Both 
signals pass through UG11 filters, and detection is attained 
by a 24-bit photon counter, which is set for continuous 
wave counting (see Sanderson and Murphy 2010).

The measurement cycle used here utilised an inter-
leaved sequence of system dark count (background), 
IRSL and OSL, similar to that described by Sanderson 
and Murphy (2010). This enabled net IRSL and OSL 
signal intensities, depletion indices and the IRSL:OSL 
ratios to be calculated for each sample. The interpretation 

of the OSL signal intensities, their depletion indices and 
the IRSL:OSL ratio have been discussed in a number of 
recent publications (Sanderson and Murphy 2010; Muñoz-
Salinas et al. 2011; Kinnaird et al. 2012; Munyikwa et al. 
2012). The IRSL and OSL intensities may act as age prox-
ies in well-bleached sedimentary units, assuming common 
sensitivities and dose rates. Luminescence sensitivity is a 
measure of signal intensity per unit of absorbed radiation 
dose. Whereas OSL intensity is a function of the amount 
of radiation exposure to the minerals since burial, sen-
sitivity relates to the efficiency with which the absorbed 
radiation is transmitted as luminescence. Any discontinui-
ties or ‘inversions’ in the OSL signal intensity profiles may 
reflect differences in the initial sedimentary characteristics 
or depositional circumstances. If mineralogical composi-
tion, grain size or diagenesis varies throughout a section, 
then signal intensities will also reflect such changes. The 
depletion index, which represents the proportion of signal 
released in the first half of a stimulation cycle relative to 
the second half, is an indicator of sample transparency, 
coupled with information about whether a sample con-
tains an inherited or signal cycle signal. Higher deple-
tion indices would indicate better-bleached material. The 
IRSL:OSL ratio is potentially sensitive to mineralogical 
input changes, potentially reflecting quartz/feldspar rela-
tive contents, and the weathering history of the sediment. 
These proxies are used here in conjunction with the sedi-
mentological observations to provide an initial interpreta-
tion of the luminescence properties of individual samples, 
with a view to generating ‘luminescence stratigraphies’. 
The aim is to obtain information on individual sample 
luminescence characteristics and sample-to-sample vari-
ations between, and also within, the terrace deposits. A 
further objective of the luminescence investigation is to 

Fig. 10  Point count data from marine and aeolian calcarenite deposits along the northern coastline of Cyprus from the Kyrenia (Girne) and 
Koupia terraces



451Int J Earth Sci (Geol Rundsch) (2016) 105:439–462 

1 3

explore the variation in the residual luminescence signals 
of the near-shore versus the terrestrial sediments of the 
two terrace systems and to interpret the processes of sedi-
ment bleaching in contrasting depositional environments 
with different sediment sources and transport histories.

The sensitivities of the quartz and the polymineral sig-
nals to bleaching were also investigated. Samples were 
selected from the Kyrenia (Girne) and Koupia terrace 
deposits at Alagadi beach (Section 2, OSL12-04 and 05) 
and from the Koupia terrace deposits at Mersinlik (Sec-
tion 5, OSL12-20). Representative samples were exposed 
in natural daylight for a number of different time durations 
(between 1 and 90 min), prior to recording the net IRSL 
and OSL signal intensities, as outlined above.

Sampling

A set of 107 samples was collected through the nine sec-
tions described above (see Fig. 2). The sample set from the 
Kyrenia (Girne) terrace system includes marine and aeolian 
deposits (3 localities) and also fluvial deposits (3 localities). 
In contrast, the Koupia terrace system sample set comprises 
two marine/aeolian deposits (2 localities) and one fluvial 
deposit (1 locality). Samples were collected every 10 cm to 
1 m through each stratigraphic section.

At each selected section, the sediment profile was first 
cut back by at least 10 cm, to remove superficial mate-
rial which had been light-exposed, subject to weather-
ing or near-surface drying. All of the samples were col-
lected under light-safe conditions using opaque (black) 
covers. The samples were either collected by driving 
20 mm × 50 mm diameter copper tubes into the cleaned 
section or by using a pick to remove the sediment from the 
section directly into 50-mm-sized petri dishes for measure-
ment in the portable reader. The marine and aeolian calcar-
enite deposits, although relatively young, were semilithified 
and, therefore, only required use of a toothpick to granu-
late the samples into a petri dish in the field. In situ field 
gamma spectrometer (FGS) measurements were taken from 
a number of representative lithologies in each terrace. FGS 
measurements were made using a health physics instrument 
rainbow multichannel analyser with a 2 × 2″ NaI probe.

Results

Net IRSL and OSL signal intensities, their depletion indi-
ces and the IRSL:OSL ratios were calculated (after back-
ground subtraction) for all samples. All of the samples 
yielded measureable luminescence signals that exceeded 
system backgrounds. The data were then plotted relative to 
height in their respective sedimentary sequence, as shown 
in Figs. 4, 5, 7 and 9 (see also Tables 1, 2, 3, 4, 5). All of 
the samples exhibited brighter OSL than IRSL intensities. 

The OSL and IRSL intensities exhibit a strong correlation, 
i.e. for the samples that emitted a relatively dim blue sig-
nal the corresponding red signal was also dim (Fig. 11). 
The mineral assemblage in both the Koupia and Kyrenia 
deposits is dominated by quartz (from a variety of sources), 
carbonate bioclasts, but only minor proportions of feldspar. 
Point count data show that both the aeolian and the marine 
calcarenites are rich in quartz grains but contain only a 
minor feldspar component. The available compositional 
data suggest that the luminescence signals were derived 
from a similar assemblage of minerals in similar propor-
tions in all of the samples studied.

The luminescence proxy variables measured by the port-
able unit are influenced by: (1) sediment grain size and 
colour, (2) the total radiation dose that the sediment has 
been exposed to during burial, (3) the sensitivity (bright-
ness) of the luminescence signal of the minerals present, 
(4) the degree of signal resetting through sunlight exposure 
that the sediment has experienced prior to deposition and 
(5) the post-depositional age of the sediment. A number 
of these variables can be constrained by sedimentologi-
cal observations, as summarised above. Local variations 
in grain characteristics (variable (1)) were taken into con-
sideration when interpreting signal intensities; however, 
no correlation was noted between grain characteristics and 
signal intensities.

Variable (2) was accounted for by in situ gamma dose 
rate measurements that were made at a number of locali-
ties, encompassing both marine and fluvial deposits, and 
from terraces on either side of the range (Table 5). Within 
the Koupia terrace, the measured in situ gamma dose rates 
varied between 0.6 and 0.9 mGy a−1. In contrast, within 
the Kyrenia (Girne) terrace sections, these values range 
between 0.3 and 1.8 mGy a−1. Some lithological control 
was noted. For the calcarenite deposits (Sections 1 and 
5(b)), the gamma dose rate recorded varied between 0.5 
and 1.0 mGy a−1. For the mudstones and the palaeosols, 
gamma dose rates ranged from 0.5 to 1.8 mGy a−1. When 
comparing signal intensities in the Kyrenia (Girne) and 
Koupia terrace deposits in adjacent areas, only sediments 
of similar composition were utilised thereby taking account 
of local variations in environmental dose rates.

For variable (3), any difference in the mineral composi-
tion is likely to have an important influence on the sensi-
tivity (brightness) of the luminescence signal. This sensi-
tivity is likely to fluctuate, given the varied provenance of 
the Kyrenia Range sediments and the potential for multiple 
sediment transport pathways prior to deposition. Despite 
this, the variations in signal intensities are low and the 
IRSL:OSL ratios are similar for samples from within the 
individual sections of both the Kyrenia (Girne) and Koupia 
depositional systems; these measurements were again simi-
lar for each of the two terrace systems.
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The available petrographic information indicates that the 
relative mineralogical composition of the light-sensitive 
minerals (e.g. quartz; feldspar) remains relatively constant 
throughout the different sections sampled. This reflects the 
fact that the main source of the detrital minerals was the 
terrigenous sediments of the Kythrea (Değirmenlik) Group, 
which unconformably underlies the Quaternary terrace 
deposits along both flanks of the range. The composition 
of these deposits remains broadly similar throughout the 
Kyrenia Range, which reflects long-distance sedimentary 
transport from southern Turkey by gravity-flow processes 
(McCay and Robertson 2012).

A key observation is that the sections through the Kyre-
nia (Girne) and the Koupia terrace deposits exhibit very 
different averaged IRSL and OSL intensities. The Kyrenia 
(Girne) terrace deposits have signal intensities of between 
103 and 106 photon counts, whereas the Koupia terrace 
deposits exhibit intensities generally greater than 106 pho-
ton counts (Figs. 4, 5). Notably, the terrestrial deposits in 
the south show similar ranges in luminescence intensities 
to their inferred counterparts in the north (Fig. 9).

A number of discrete sedimentary units within the Kyre-
nia (Girne) and the Koupia terrace deposits are character-
ised by a specific set of luminescence features: (1) within 
the Kyrenia (Girne) terrace deposits, the net IRSL signal 
ranges between 104 and 103 photon counts in the aeolian-
ites and between 105 and 104 photon counts in the marine 
deposits; (2) OSL signal intensities range between 105 
and 103 photon counts in the aeolianites and between 105 
and 104 photon counts in the marine deposits (Figs. 4, 5). 
Within the Koupia terrace deposits, the net IRSL signal 
ranges between 105 and 104 photon counts for the aeolian 
deposits, and 105 photon counts for the marine deposits. 
OSL signal intensities are on the order of 105 photon counts 
for both the aeolianites and the marine deposits.

The Kyrenia (Girne) fluvial terrace deposits on the 
northern flank of the range deposit exhibit IRSL signal 
intensities ranging from 104 to 103 photon counts. The OSL 
signal intensities are an order of magnitude higher than 
the IRSL signal intensities, ranging from 105 to 104 pho-
ton counts (Fig. 7). A similar order of magnitude difference 
is also recorded in the Kyrenia (Girne) terrace deposits on 
the southern side of the range (Section 6; Fig. 9). In addi-
tion, a number of discrete units can be distinguished based 
upon either normal or reversed signal patterns (Figs. 7, 9) 
on both sides of the range.

For the fluvial sections, the overall range in IRSL sig-
nal intensities is between 104 and 103 photon counts, and 
for OSL signal intensities, the range is between 106 and 
103 photon counts (Figs. 7, 9). The aeolian calcarenites that 
overlie the fluvial sequence near Mersinlik have an IRSL 
intensity ranging from 103 to 104 photon counts; OSL sig-
nal intensities from this locality are c. 104 photon counts 

(Fig. 7). The aeolianite signal intensities from the inland 
section are similar to the coastal aeolianites from the Kyre-
nia (Girne) terrace deposit.

Several packages of sediment can be identified within 
the luminescence profiles; these reflect marked changes in 
the luminescence signal intensity or a change from increas-
ing to decreasing luminescence intensity or vice versa 
(Figs. 4, 5, 7 and 9). The packages are occasionally defined 
by lithological boundaries but generally do not correspond 
to identifiable changes in lithology. This suggests that the 
variation in the luminescence characteristics is due either 
to a variation in the depositional processes or to changes in 
the sediment provenance.

IRSL and OSL bleaching profiles for the Kyrenia 
(Girne) and the Koupia sediments are shown in Fig. 12. 
The IRSL and OSL signals are completely removed fol-
lowing 50 min of exposure (i.e. signal levels become 
indistinguishable from background levels): 70–80 % of 
the IRSL and OSL signals are lost within the first 30 min, 
and the remaining 30–20 % of signals are then lost in the 
following 60 min of exposure. This is promising lumines-
cence behaviour, implying that the luminescence signals 
are susceptible to bleaching, suggesting that the mate-
rial may have been well bleached at deposition. Interest-
ingly, the bleaching profiles reveal a trend in bleaching 
susceptibility from the Kyrenia (Girne) aeolianites (eas-
ily bleached), through the Kyrenia (Girne) fluvial depos-
its, to the Koupia aeolianites, which are more difficult to 
bleach).

Discussion and interpretation

The Kyrenia (Girne) terrace is 2–3 km wide and continuous 
for the c. 150 km length of the Kyrenia Range. In compari-
son, the Koupia terrace is <100 m wide and discontinuous 
along the length of the range. The Kyrenia (Girne) terrace 
deposits are 10–20 m thick, whereas the Koupia terrace 
deposits are <8 m thick.

Three depositional environments can be identified 
within the two terrace systems exposed near the northern 
coast: littoral marine, aeolian and fluvial. Each of these 
depositional environments is represented in both of the ter-
race systems. Both of the terrace systems on the northern 
side of the range exhibit an overall regressive sedimentary 
sequence.

The Kyrenia (Girne) terrace represents a variable, 
multi-facies depositional system. The succession gen-
erally begins with a basal conglomerate and passes 
upwards through shallow-marine calcarenites and then 
into coastal aeolianites. Fluvial deposits are channelled 
into the marine and aeolian deposits at various places 
along the length of the northern flank of the range. The 
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uppermost component of the Kyrenia (Girne) terrace 
depositional system is an additional aeolianite that trans-
gresses all of the other facies. In contrast, littoral marine 

and aeolianite depositional environments characterise 
the Koupia terrace system on the northern side of the 
range.

Fig. 11  Scatter plots showing infrared stimulated luminescence 
(IRSL) versus optically stimulated luminescence (OSL). The heights 
shown by the shading of the dots for all of the Kyrenia (Girne) ter-
race samples on the left and all the Koupia terrace samples on the 

right. Both plots show that the IRSL and OSL signals in both terraces 
are directly interrelated. The OSL signal is generally higher than the 
IRSL signal, as shown by the offset of the data relative to the identity 
line

Fig. 12  Bleaching data from 
polymineral and quartz aliquots 
averaged from Section 5(a), 
Section 5(b) and Section 2(a). 
The samples represent an even 
spread through each section. 
Samples were exposed under 
natural light conditions and then 
measured with the portable OSL 
reader at specific time intervals
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The terrace deposits along the southern flank of the 
range are exclusively non-marine. The southern-side ter-
races represent a series of crosscutting drainage systems. 
The southern-side drainage systems are deposited penecon-
temporaneously with the marine and continental terraces 
on the northern side of the range.

The Koupia deposits are known to be younger than the 
Kyrenia (Girne) terrace deposits along both the northern 
and southern flanks of the range. This is mainly because the 
younger sediments are seen to depositionally overlie or cross-
cut the older sediments at many locations. Although absolute 
ages are not yet available for the two terrace systems, the 
Koupia terrace deposits appear to represent a much shorter 
time interval than the Kyrenia (Girne) terrace deposits. This 
is because the Koupia deposits are thinner, more homogene-
ous and localised along the coast in contrast to the Kyrenia 
(Girne) deposits, which are thicker, lithologically more vari-
able, form episodically and extend as transgressive sheets up 
to several kilometres inland. The inference that the Kyrenia 
(Girne) terrace represents a longer period of time than the 
Koupia terrace is supported by the luminescence proxy data. 
Not withstanding the different lithological units, depositional 
mechanisms, and environmental setting of the two terrace 
systems, there is a greater range in signal intensities within 
the Kyrenia (Girne) terrace than the Koupia terrace.

The ages of the sediments in the different sections of the 
terrace can be inferred to be broadly similar in cases where 
the luminescence signals are similar. On this basis, the dis-
tributions of the Kyrenia (Girne) terrace deposits and the 

Koupia terrace deposits that were originally recognised based 
on regional mapping of associated geomorphological surfaces 
(Ducloz 1963; Knupp 1964) are now generally confirmed from 
the combination of sedimentological and optical luminescence 
data presented here. In addition, the fluvial terraces on the 
southern flank of the range can now be correlated within mixed 
marine/non-marine terraces in at least two different sections.

The luminescence profiles through the fluvial terraces on 
the northern side of the range are indicative of three sedi-
ment packages with specific luminescence characteristics 
(Figs. 7, 9). The packages represent sediment that under-
went subtly different sedimentary histories, resulting in 
subtly differently luminescence signals. The different pack-
ages of sediment are likely to be the product of an episodi-
cally changing depositional system.

The IRSL and OSL intensities show a progression from 
the largest intensities at the base to the lowest intensities 
at the top. This is expected for a normal age progression 
in which lower, stratigraphically older sediments have had 
longer to accumulate luminescence signals in situ. The rel-
ative decrease in the luminescence intensity of each section 
suggests that, within individual sections, the primary con-
trol of luminescence intensity is likely to be age.

The Kyrenia (Girne) and Koupia terrace deposits on 
the northern side of the range are characterised by specific 
luminescence characteristics. The Kyrenia (Girne) terrace 
deposits have IRSL intensities of between 104 and 103 pho-
ton counts, whereas the Koupia terrace IRSL signal inten-
sities range from 106 to 105 photon counts. The Kyrenia 

Fig. 13  Schematic section 
based on field sedimentology 
and luminescence profiling, 
illustrating the sedimentary 
relationships and inferred 
phases of reworking of sediment 
between the Kyrenia (Girne) 
and the Koupia terrace deposits. 
The Kyrenia (Girne) terrace has 
a diverse range of depositional 
environments, from littoral 
marine to aeolianite and fluvial. 
The Koupia terrace is shown 
as patchy aeolianite that was 
deposited downslope of the 
Kyrenia (Girne) terrace
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(Girne) terrace OSL intensities are 105 to 104 photon counts, 
whereas the Koupia terrace intensities are 106 to 105 pho-
ton counts. The IRSL and OSL signal intensities therefore 
indicate an order of magnitude difference between the Kyre-
nia (Girne) and Koupia terrace deposits. A similar pattern 
of hugely different luminescence signals is present within 
the two terraces studied along the southern flank of the 
range. Given the known stratigraphic and sedimentological 
relationships between the terraces, this relationship must 
be due to some combination of differences in mineralogy, 
depositional process and/or diagenesis, all of which could 
affect internal luminescence characteristics. As noted ear-
lier, the petrographical evidence does not indicate any major 
difference in mineralogy between the two terrace systems, 
although local differences exist within and between indi-
vidual sections. The contrasts in signal intensity encompass 
a range of depositional environments within both the Kyre-
nia (Girne) and Koupia terrace systems, suggesting that the 
luminescence differences are not facies dependent.

A further factor that could explain the intensity relation-
ship is the sensitivity (i.e. efficiency) of the sediment incor-
porated into each terrace. The intensity of the OSL signal 
from a quartz grain is a function of the size of the total radi-
ation exposure to which it has been exposed since burial 
(luminescence in growth), together with the efficiency with 
which this radiation dose is expressed as emitted photons 
during the measurement process. This efficiency (sensitiv-
ity) varies between quartz types and may also vary within 
a single type of quartz grain depending upon the number 
of phases of deposition and reworking (Pietsch et al. 2008). 
Sedimentary processes can influence the sensitivity of a 
deposit, i.e. the sensitivity tends to increase with additional 
phases of deposition and reworking (Pietsch et al. 2008). 
The high signal associated with the Koupia terrace could 
have been caused by a high sensitivity that resulted from 
multiple phases of sediment reworking from the Kyrenia 
(Girne) terrace into the Koupia terrace.

Figure 13 shows a schematic model to account for the 
phases of reworking, depositional pathways and potential 
sediment sources of the two terrace deposits. The Kyrenia 
(Girne) terrace is a multi-phase system with a basal marine 
calcarenite, overlain by an aeolianite, which has been sub-
sequently down-cut into by a fluvial system; finally in some 
areas, this entire sequence was overlain by a younger aeo-
lianite. In contrast, the Koupia terrace is represented by a 
single relatively simple phase of aeolian deposition. The 
Eocene–Miocene Kythrea (Değirmenlik) Group is the 
main source of the identifiable quartz and feldspar within 
the two terrace deposits. The luminescence characteris-
tics of the two sediment deposits are very different, which 
could be a consequence of the different sedimentary histo-
ries. Figure 13 illustrates the reworking of sediment from 
the Kythrea (Değirmenlik) Group into the Kyrenia (Girne) Ta

bl
e 

4 
 IR

SL
, O

SL
 a

nd
 d

ep
le

tio
n 

da
ta

, w
ith

 a
ss

oc
ia

te
d 

er
ro

rs
, f

or
 th

e 
K

yr
en

ia
 (

G
ir

ne
) 

an
d 

K
ou

pi
a 

te
rr

ac
e 

flu
vi

al
 d

ep
os

its
 o

n 
th

e 
so

ut
he

rn
 s

id
e 

of
 th

e 
K

yr
en

ia
 R

an
ge

L
oc

al
ity

G
PS

L
ith

ol
og

y
H

ei
gh

t (
cm

)
IR

SL
E

rr
or

IR
SL

 d
ep

le
tio

n
E

rr
or

O
SL

E
rr

or
O

SL
 d

ep
le

tio
n

E
rr

or
IR

SL
/O

SL
 r

at
io

E
rr

or

Se
ct

io
n 

6 
K

al
ka

nh
 (

K
ap

ou
ti)

 
O

SL
 1

2-
31

 K
yr

en
ia

 (
G

ir
ne

) 
te

rr
ac

e

N
35

 1
5.

16
8′

E
03

3 
02

.8
30
′

M
ud

st
on

e
23

.0
40

35
69

1.
19

0.
04

17
,5

24
13

5
1.

13
0.

02
0.

23
0

0.
00

4

M
ud

st
on

e
89

.0
48

13
75

1.
19

0.
04

29
,1

95
17

3
1.

18
0.

01
0.

16
5

0.
00

3

M
ud

st
on

e
15

2.
0

58
44

81
1.

20
0.

03
24

,7
62

16
0

1.
16

0.
01

0.
23

6
0.

00
4

M
ud

st
on

e
18

4.
0

30
68

62
1.

17
0.

05
30

,5
91

17
7

1.
46

0.
02

0.
10

0
0.

00
2

M
ud

st
on

e
21

4.
0

58
82

82
1.

17
0.

03
23

,4
04

15
5

1.
14

0.
02

0.
25

1
0.

00
4

M
ud

st
on

e
28

8.
9

21
03

54
1.

12
0.

06
99

52
10

4
1.

16
0.

02
0.

21
1

0.
00

6

M
ud

st
on

e
33

1.
4

25
17

57
1.

12
0.

05
10

,0
73

10
5

1.
12

0.
02

0.
25

0
0.

00
6

M
ud

st
on

e
36

8.
6

24
28

57
1.

09
0.

05
12

,6
65

11
6

1.
18

0.
02

0.
19

2
0.

00
5

M
ud

st
on

e
40

7.
6

21
65

54
1.

05
0.

05
12

,5
41

11
5

1.
23

0.
02

0.
17

3
0.

00
5

M
ud

st
on

e
44

2.
8

24
35

57
1.

17
0.

05
82

58
95

1.
13

0.
03

0.
29

5
0.

00
8

Se
ct

io
n 

7 
N

er
gi

sl
i (

G
en

ag
ra

) 
O

SL
12

-3
2 

K
ou

pi
a 

te
rr

ac
e

N
35

 1
3.

19
8′

E
03

5 
13

.1
98
′

M
ud

st
on

e
34

.9
15

1,
47

8
39

1
1.

26
0.

01
53

4,
02

7
73

1
1.

05
0.

00
3

0.
28

4
0.

00
1

M
ud

st
on

e
91

.3
63

,4
30

25
4

1.
27

0.
01

19
8,

63
3

44
7

1.
15

0.
01

0.
31

9
0.

00
1

M
ud

st
on

e
10

8.
8

49
,9

70
22

6
1.

25
0.

01
18

5,
46

1
43

2
1.

13
0.

01
0.

26
9

0.
00

1

M
ud

st
on

e
19

8.
9

10
6,

81
2

32
8

1.
33

0.
01

88
7,

41
3

94
2

1.
11

0.
00

2
0.

12
0

0.
00

0

M
ud

st
on

e
25

6.
4

17
9,

42
7

42
5

1.
31

0.
01

33
6,

35
2

58
1

1.
11

0.
00

4
0.

53
3

0.
00

2



460 Int J Earth Sci (Geol Rundsch) (2016) 105:439–462

1 3

terrace deposits and finally into the Koupia aeolianites. The 
first phase of reworking involved the initial erosion of the 
Kythrea (Değirmenlik) Group into the calcarenite at the 
base of the Kyrenia (Girne) terrace within a marine environ-
ment. The second phase indicates the erosion of the Kyrenia 
(Girne) marine calcarenite into the overlying beach and dune 
deposits. Phase three shows the erosion of the oldest Kyrenia 
(Girne) terrace aeolianite in response to fluvial down-cutting 
into younger dune systems. The final fourth phase shown is 
the erosion of all of the deposits into the coastal Koupia ter-
race aeolianite. The sediment that was finally deposited in 
the Koupia terrace, therefore, potentially experienced at least 
four phases of reworking and redeposition. A comparable 
process can also be envisaged for the southern side of the 
Kyrenia Range in which multiple phases of fluvial rework-
ing took place from the Kyrenia (Girne) deposits to the Kou-
pia deposits. The end product of such processes would be 
a much higher sensitivity of the quartz and feldspar grains 
within topographically the lower terrace compared with the 
higher terrace, finally resulting in the higher observed IRSL 
and OSL signal intensities in the younger terrace deposits.

Conclusions

A combination of sedimentology and portable OSL data 
provides a good understanding of the evolving deposi-
tional environments of the Kyrenia (Girne) and Koupia ter-
race systems. On the northern flank of the Kyrenia Range, 
both terraces represent an overall regressive sedimentary 

sequence, with the Kyrenia (Girne) terrace deposits being 
much more diverse than those of the Koupia terrace sys-
tem. The terrestrial component within the Kyrenia (Girne) 
terrace comprises a combination of fluvial and aeolian 
deposits.

The portable OSL reader facilitated the rapid analysis of 
107 samples, enabling comparisons within and between the 
individual sediment packages on both flanks of the Kyrenia 
Range. IRSL and OSL intensities are distinct for each ter-
race, allowing a quantitative correlation of the terrace depos-
its on the northern and southern sides of the range. Further-
more, the IRSL and OSL intensity profiles are suggestive 
of multiple depositional episodes with different packages 
of sediment showing contrasting luminescence characteris-
tics. The luminescence profiles through the fluvial deposits 
on both flanks of the range are consistent with sedimentary 
interpretations of an episodically changing depositional sys-
tem. The luminescence profiles suggest that the fluvial sys-
tem represents up to three or four major phases of deposi-
tion. The specific luminescence characteristics show that the 
different terrace deposits in spatially distinct and separate 
areas can be confidently correlated for the first time.

The net signal intensities obtained for the younger, Kou-
pia terrace sediments are generally an order of magnitude 
larger than those in the older, Kyrenia (Girne) deposits. The 
differences in signal intensity may be explained by multi-
ple episodes of reworking of the Kyrenia (Girne) terrace 
deposits, which increased the sensitivity of the sediment 
and thereby resulted in the higher intensities in the Koupia 
terrace luminescence profiles.

Table 5  Background gamma readings for five Kyrenia (Girne) and Koupia terrace deposits

See Fig. 2 for locations of the sections

Locality Height (cm) Gamma (m/Ga) Error Lithology

Section 1 OSL12-29 Kyrenia (Girne) terrace 0.0 0.44 0.013 Marine calcarenite

130.0 0.36 0.010 Marine calcarenite

250.0 0.43 0.011 Aeolian calcarenite

Section 5(b) (OSL12-20) Koupia terrace 0.0 0.55 0.011 Aeolian calcarenite

400.0 0.71 0.011 Aeolian calcarenite

500.0 0.62 0.010 Aeolian calcarenite

700.0 0.89 0.016 Aeolian calcarenite

Section 5(a) (OSL12-33A) Kyrenia (Girne) terrace 200.0 1.77 0.028 Palaeosol

423.0 0.48 0.009 Mud

922.0 1.08 0.019 Palaeosol

1037.4 0.55 0.010 Aeolian calcarenite

Section 6 (OSL12–31) Kyrenia (Girne) terrace 0.0 0.32 0.016 Mud

200.0 1.04 0.016 Mud

450.0 0.31 0.017 Mud

Section 7 (OSL12–32) Koupia terrace 0.0 0.68 0.011 Sand

100.0 0.55 0.009 Sand

200.0 0.72 0.011 Sand
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The luminescence characteristics of the marine to non-
marine Quaternary terrace deposits, as obtained using the 
portable OSL reader, can be used to laterally correlate the 
different terrace sedimentary sequences on both the north-
ern and southern flanks of the Kyrenia Range. Field lumi-
nescence profiles can be used in tandem with field sedimen-
tary information to help interpret the depositional processes. 
Absolute dating is in progress to further constrain the rela-
tive ages of the different terrace depositional systems.
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