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Abstract: In the southernmost part of the Colchian plain (Georgia), the Supsa and Rioni rivers represent im-
portant catchments for reconstructing Holocene landscape changes. Using granulometric methods,
geochemical analyses and radiocarbon dating, we demonstrate that significant palaeoenvironmental
changes have taken place in the surroundings of the Supsa fan since at least 4000 BCE. The initial
foothill fan accumulation was prolonged by delta plain progradation. Due to continued fluvial sedi-
ment supply, mainly from the Rioni, the lagoon silted up and extended peat bogs formed east of the
beach ridge complex. The Supsa fan first prograded northwards (since the third millennium BCE) and
later shifted westwards, eventually following an avulsion of the Rioni. While Supsa deposits remain
limited to the area of the fan and the modern estuary, the alluvial fines of the Rioni dominate the
surrounding areas. The relative sea-level (RSL) index points of the region suggest a gradual RSL rise
from ∼−9 m between 4000 and 3500 BCE to−3/−2 m below the modern sea level in the second half
of the first millennium BCE, the period during which Greek colonization and Colchian settlements
are attested by archaeological remains.

Kurzfassung: Im südlichsten Teil der kolchischen Tiefebene (Georgien) stellen die Einzugsgebiete von Rioni und
Supsa wichtige Areale zur Rekonstruktion des holozänen Landschaftswandels dar. Mittels granu-
lometrischer und geochemischer Analysen sowie Radiokohlenstoffdatierungen lässt sich der sig-
nifikante Landschaftswandel im Bereich des Supsa-Schwemmfächers seit etwa 4000 v. Chr. nach-
weisen. Das Areal wurde von einer Sandbarre vom offenen Meer getrennt, hinter der sich große
Stillwasserbereiche bildeten. Der anhaltende fluviale Sedimenteintrag, hauptsächlich durch den Ri-
oni, begünstigte die allmähliche Verlandung und die Entstehung von Torfmooren. Gleichzeitig baute
sich – zunächst nach Norden (etwa ab dem 3. Jahrtausend v. Chr.) und später durch den Rioni
nach Westen abgelenkt – der Schwemmfächer des Supsa vor. Während sich die Supsa-Ablagerungen
im Wesentlichen auf den Schwemmfächer und die aktuelle Mündung beschränken, dominieren die
feinkörnigen Ablagerungen des Rioni die Umgebung. Die Indexpunkte für den relativen Meer-
esspiegel deuten auf einen anhaltenden Anstieg des Meeres hin, ausgehend von etwa −9 m unter dem
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heutigen Niveau um 4000 bis 3500 v. Chr. auf −3 bis −2 m in der zweiten Hälfte des 1. Jahrtausends
v. Chr. Für den letztgenannten Zeitraum sind kolchische und griechische Siedlungen durch archäolo-
gische Funde in der Umgebung der Supsa-Mündung belegt.

1 Introduction

Deltas, estuaries and low-lying coastal plains render impor-
tant information about the postglacial coastal evolution and
the Holocene sea-level rise (Arslanov et al., 2007; Marriner
et al., 2010; Haghani et al., 2015). At the same time deltaic
regions played an important role for the ancient colonization
(e.g. by Greeks, Romans and Phoenicians; Anthony et al.,
2014; Giaime et al., 2019), providing access to the hinter-
land as well as to the open sea. Especially in the Mediter-
ranean many important ancient cities were founded on the
coast of large embayments and estuaries, e.g. Troy (Kraft
et al., 2003), Ephesus (Stock et al., 2013, 2016), Miletus
and Priene (Brückner et al., 2002, 2017) and their respec-
tive gulfs, and Aquileia near Laguna di Grado in northeastern
Italy (Arnaud-Fassetta et al., 2003).

While a significant amount of research on both sea-level
evolution and human–environment interactions exists from
Mediterranean coastal lowlands and delta regions (e.g. Lario
et al., 2002; Pavlopoulos et al., 2006; Carozza et al., 2011;
Brückner et al., 2017; Herda et al., 2019) – many of them in
geoarchaeological contexts and at ancient harbour sites espe-
cially(Marriner and Morhange, 2007; e.g. for Rome’s har-
bours Portus and Ostia: Delile et al., 2014; Goiran et al.,
2014; for Miletus: Brückner et al., 2014; for Alexandria:
Flaux et al., 2017; for Ephesus Stock et al., 2013, 2014) –
studies on the sea-level evolution of the Black Sea are scarce.
Only during the last decade, the number of publications has
increased for particular areas (e.g. Danube delta: Giosan et
al., 2006; Taman and Kerch peninsulas: Kelterbaum et al.,
2011, 2012) and in the context of the controversial debate
about sea-level evolution and fluctuations (e.g. Brückner et
al., 2010; Fouache et al., 2012; Erginal et al., 2013; Bo-
likhovskaya et al., 2018).

In particular, the Georgian Black Sea coast remains un-
derstudied so far, although it stands out with its unique veg-
etation history and long-time human occupation, with the
ancient Kingdom of Colchis and several Greek colonies of
which the lost city of Phasis is the most famous (Lord-
kipanidze, 1991). Overall, the Georgian coast and its cen-
tral section, the Colchian plain, offer – with estuaries of nu-
merous rivers and extensive wetlands – promising geo-bio-
archives. The potential of the Colchian plain (i.e. the area
between the rivers Supsa and Enguri, Fig. 1) for palaeoen-
vironmental and geoarchaeological studies has been shown
only in the very recent past by elucidating the mid-Holocene
to late Holocene development of the Rioni delta (Laermanns

et al., 2017a) and presenting new data on the evolution of
Bronze Age settlements (Laermanns et al., 2017b).

While most of the major rivers in the northern and central
Colchian plain are sourced in the Greater Caucasus in the
north and have formed the vast alluvial Colchian plain, the
southernmost river, the Supsa, is fed by the Lesser Cauca-
sus in the south (Fig. 1). While presently flowing into the
Black Sea, it has built a prominent, semi-circular alluvial
fan at the interface between the mountains and the southern
Colchian plain, which constitutes an arable area along the
southern margin of Lake Paliastomi (Fig. 2). Colchian and
Greek amphorae, as well as graves, were found at several
sites in the surroundings of the river course (Lordkipanidze
1985; Miron and Orthmann, 1995; Sens, 2009); thus, the area
may have represented a favourable settlement place due to its
slightly elevated position near Lake Paliastomi; even specu-
lations on a possible location of Phasis in this area exist (see
an overview in Gamkrelidze, 2012). Yet, to date there is nei-
ther detailed information about the Holocene evolution of the
Supsa fan and its environs nor on its occupation history.

Against this background, the overall aim of our study is to
provide the first data on the Holocene evolution of the Supsa
alluvial fan and its surroundings during the past millennia.
Therefore, we aim to (i) document the chronostratigraphy of
the fan, (ii) reconstruct the palaeogeographical and palaeoen-
vironmental evolution of the delta area, and (iii) differentiate
between the sediments originating from the Supsa and the
Rioni catchments. Furthermore, we intend to (iv) probe if ar-
chaeological findings can testify that the former conditions
favoured human occupation in this particular area.

2 Regional setting

2.1 Physical setting

The Kolkheti lowlands or Colchian plain, which roughly cor-
respond to the historical region of Colchis, form a triangular-
shaped coastal plain of western Georgia (Fig. 1). They are
limited by the Black Sea in the west, the slopes of the Greater
Caucasus in the northeast and the Lesser Caucasus in the
southeast (Fig. 1). The lower Likhi range connects both Cau-
casian ranges and forms the easternmost border, separating
the Colchian lowlands from the Kura catchment in eastern
Georgia, which discharges eastwards into the Caspian Sea
(Eppelbaum and Khesin, 2012).

Like the whole of Georgia, the Colchian plain is located
in the convergence zone between the Arabian and Eurasian
plates (Dhont and Chorowicz, 2006). During the closure of
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Figure 1. Map of the central part of the Georgian Black Sea coast, also known as Colchian plain or Kolkheti lowlands. It is dominated by a
vast alluvial plain, swamplands and several rivers of which the Enguri, Khobistsqali, Rioni and Supsa are the most important. The red frame
indicates the area shown in Fig. 2 (based on the ASTER digital elevation model, shaded model).

the northern Neo-Tethys Ocean (Sosson et al., 2010) and the
subsequent Alpine–Himalayan orogeny, this former Meso-
zoic to Cenozoic back-arc marginal extensional basin was
closed and the folded mountains of the Caucasus evolved
(Adamia et al., 2011; Forte et al., 2014). Triggered by the
northward drift of the Arabian plate, the ongoing continent–
continent collision between the Lesser Caucasus arc and
the Eurasian basement still has convergence rates between
∼ 12 mm per year in the eastern part and ∼ 2 mm per year in
the western part, e.g. the Colchian plain (Avdeev and Niemi,
2011; Yılmaz et al., 2013). There, convergence occurs along
the Adjara–Trialeti Thrust Belt (ATTB) in the south and the
Chaladidi–Tsaishi Thrust (CTT) in the north (Reilinger et al.,
2006; Forte et al., 2014) (Fig. 1).

Though the Caucasus mountains evolved from the same
tectonic processes they differ in their geology from the
Colchian plain: the Greater Caucasus in the north is a poly-
cyclic, folded-nappe formation (Okrostsvaridze et al., 2016)
and consists of a pre-alpine crystalline basement complex
and a younger cover of Mesozoic to Neogene ophiolites,

(marine) sedimentary and volcanic rocks. The Lesser Cau-
casus inherits additional andesitic pyroclastica and effusiva
(Mitchell and Westaway, 1999), as well as granite and gneiss
intrusions (Yılmaz et al., 2013).

In contrast, the Colchian plain primarily consists of Cre-
taceous and Palaeogene sediments and by volcanoclastics
(Bazhenov and Burtman, 2002). These deposits are over-
lain by Quaternary molasses and river terraces of eroded
material from the surrounding mountains and their foothills
(Adamia et al., 2011). Due to high fluvial sedimentation
and tectonic subsidence, the deposits reach a thickness of
up to 30–40 m in the western area (Adamia et al., 2011).
During the Holocene, these deposits and the large-scale sea-
level rise dominated the morphology on the Colchian plain.
Here, massive coastline changes were provoked, especially
by the reconnection of the Black Sea with the Mediter-
ranean Sea ∼ 8400 years ago (Ryan, 2007; Giosan et al.,
2009), and vast areas of former dry land drowned. Probably
around 3000 BCE, sea level nearly reached its present posi-
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Figure 2. Map of the research area. The Supsa fan is highlighted in light brown. The sites of the boreholes are indicated by red dots (based
on the ASTER digital elevation model, shaded model).

tion (∼ 1.5–0 m) (Brückner et al., 2010; Fouache et al., 2012;
Kelterbaum et al., 2012; Laermanns et al., 2017a).

Today, the central plain is dominated by four rivers (from
north to south): Enguri, Khobistsqali, Rioni and Supsa.
While the former three have their source areas in the Greater
Caucasus, the latter originates from the Lesser Caucasus
(Fig. 1). While the Rioni has a catchment of ca. 13 400 km2,
an average water volume of 13.38 km3 a−1 and a sediment
load of 6.02× 106 t a−1 before debouching into the Black
Sea (Berkun et al., 2015), the Supsa is considerably smaller:
with a catchment of ca. 1100 km2, a discharge of less than
3 km3 a−1 and a sediment load of 0.246×106 t a−1, the Supsa
can be considered as a river of regional importance only.
However, it contributes more water than the two northern-
most rivers Enguri and Khobistsqali with 1.25 and 1.89 km3

discharge and catchment areas of 460 and 1340 km2, respec-
tively (Jaoshvili, 2002; Berkun et al., 2015). The sediment
load of the Khobisqali is comparable (0.221×106 t a−1), and
the load of the Enguri is significantly higher (0.45×106 t a−1.
In general, the sediment load of the four rivers predominantly
consists of sand and silt (Jaoshvili, 2002).

The Supsa is the only river which has built a major lobate
fan in the Kolkheti lowlands, which in its centre rises up to
several metres over the surrounding swamp areas while its
outermost edges are of almost the same elevation (Fig. 2). It
is located directly north of the foothills where the Supsa dis-
charged into the former lagoon, the recent open plain. This
protected location may be the reason why the sediments were
not affected by longshore drift and, therefore, not transported
further along the coast. In this paper, the term “Supsa fan”
refers to this morphological feature. In contrast, the recent
river mouth of the Supsa is located further to the west, form-
ing an estuary which is comparable to those of the Enguri
and Khobistsqali rivers.

The Colchis shelf is only 10–15 km wide. It is dissected by
submarine canyons that were formed during sea-level low-
stands and are extensions of the (later) estuaries of Supsa, Ri-
oni and Enguri (Jaoshvili, 2002). While the dominant coastal
surface current runs anti-clockwise, annual fluctuations oc-
cur especially in front of the Rioni delta (Jaoshvili, 2002; Ko-
rotaev et al., 2003). During the last millennia, the long-shore
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drift has formed the wave-dominated Colchian coastline with
long-stretched, wide sandy beaches.

The regional climate is characterized by high precipita-
tion (> 2000 mm per year) and average annual temperatures
around 14 ◦C, without regular winter frosts (the mean Jan-
uary temperature is 6 ◦C in Batumi) (Box et al., 2000; see
also Denk et al., 2000; Hijmans et al., 2005). This warm and
humid climate, combined with the high relief in the upper
river courses, led to high rates of weathering and erosion,
which in turn result in the high sediment load of the rivers.

Extensive wetlands with swamps, peat bogs, shallow
lakes, open reed areas and forests of evergreen understory
cover huge parts of the Colchian plain, while mixed forests
dominate the neighbouring foothills (Box et al., 2000). As
a result of centuries-long deforestation and drainage activi-
ties, most of the natural vegetation along the coast, rivers and
foothills has been replaced by open grassland and farmland
(de Klerk et al., 2009). Thus, an extensive system of drainage
ditches and ridge-and-furrow fields forms a significant part
of the recent relief on the Colchian plain (Nikolaishvili et
al., 2015). This holds especially true for the slightly ele-
vated Supsa fan where drier conditions exist in contrast to
the swampier surroundings.

2.2 Human occupation

Georgia has been populated since the Palaeolithic; bones dis-
covered at the site of Dmanisi are presently the oldest ho-
minid remains outside of Africa (Lordkipanidze et al., 2007).
During the Holocene, an early transition from hunting and
gathering to farming and animal husbandry set in between
10 000 and 9000 BCE (Arslanov et al., 2007). People spread
from the foothills into the plain where the oldest settle-
ment sites of Ontsakoshia (Janelidze and Tatashidze, 2010)
and Ispani (Connor et al., 2007; de Klerk et al., 2009) date
back to the transition between the Chalcolithic and the early
Bronze Age in the mid-third millennium BCE. Since the
early Bronze Age settlement mounds in the northern part of
the Colchis have yielded evidence for the evolving Colchian
culture (Lordkipanidze, 1991; Sens, 2009; Laermanns et al.,
2017b). The region experienced its heyday between the sixth
and fourth centuries BCE under the Kingdom of Colchis
– a time of intensive trade contact with (mainly Milesian)
Greek merchants, who had founded several colonies along
the Colchian Black Sea coast (Sens, 2009; Gamkrelidze,
2012). In the late second to early first century BCE, Colchis
fell into the sphere of influence of the Kingdom of Pontus.
Later it became a client state of the Roman Empire (Gamkre-
lidze, 2012) and finally a Roman province (Rayfield, 2013).

Our knowledge of ancient Colchis is to some extent based
on ancient Greek and Roman writers. One of the oldest ac-
counts is the mythical journey of Jason and the Argonauts,
a small band of heroes named after their ship Argo, who
embarked for the Kingdom of Colchis on their quest to
find the “Golden Fleece”. Described in Homer’s Odyssey

(eighth–seventh century BCE), as background of Euripides’
play Medea (fifth century BCE) and as subject of the epic
poem Argonautica (Greek: Aργoναυτ ικά) by Apollonius
Rhodius (third century BCE), this myth is one of the most im-
portant narratives of Antiquity (Okrostsvaridze et al., 2016).
Besides its adventurous story of Jason and his comrades,
the saga reflects the impressions of Mycenaean Greeks from
their first voyages to the Colchis in the late second millen-
nium BCE (Okrostsvaridze et al., 2016). In the literature,
opinions differ as to whether the Golden Fleece represents
sheep skins which were used for the extraction of placer gold,
as described by Strabo (Book XIII), Pliny the Elder and Ap-
pian of Alexandria, who all praise the gold and silver rich-
ness of the Colchian rivers (Okrostsvaridze et al., 2016), or
if it symbolizes the wealth of Colchis in general (Braund,
1994).

2.3 Research area

Our investigations focus on the Supsa delta region and its ad-
jacent areas, i.e. on the southernmost part of the Colchian
plain (Fig. 1). Here, the Supsa River leaves the foothills
and forms its lobe-shaped alluvial fan. The eponymous vil-
lage covers the central part of the fan, while its surround-
ings are dominated by farmland (Fig. 3b). The prevailing
ridge-and-furrow fields, which are divided by an extensive
network of drainage channels, have overprinted the natural
fluvial structures (cf. Fig. 2). Only in few swampy grassland
areas have near-natural conditions prevailed. The recent river
mouth is located ca. 6.5 km west of the fan apex. The graded
shoreline is formed by a straight beach with several beach
ridges behind, and it is strongly influenced by the northbound
long-shore current (Korotaev et al., 2003). North of the river
mouth, the villages Maltakva and Grigoleti stretch atop the
linear structure of the coast-parallel beach ridges. The coast
section is separated from the alluvial fan by swamplands and
peat bogs which extend to the southern shores of Lake Palias-
tomi (Figs. 2, 3a). On the southern side of the river mouth,
the foothills reach close to the graded shoreline.

Within this area several archaeological sites are known.
Whole amphorae and fragments from Heraclea Pontica and
Sinope were unearthed between the village Maltakva and the
Supsa river mouth (Figs. 1, 2); they date to the fourth and
third centuries BCE (Sadzradze et al., 1999). At the villages
of Ureki and Maltakva, several Colchian amphorae (second
and first centuries BCE) were found (Miron and Orthmann,
1995; Gamkrelidze, 2012). Some historians (e.g. Shafranov,
1880, in Gamkrelidze, 2012) even speculate that the an-
cient city of Phasis was located on the southern shore of
Lake Paliastomi at the river mouth of the Supsa. Further up-
stream, many smelting furnaces were discovered through dif-
ferent surveys (Khakhutaishvili, 2008, 2009; Erb-Satullo et
al., 2014). Their spatial concentration can be explained by
the occurrence of chalcopyrite, the dominant copper-bearing
mineral in quartz veins or iron oxide matrices (Gugushvili
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Figure 3. (a) Natural swamp forest vegetation close to the site of sediment core PIC 2 on the banks of the Pichora River. (b) Northward view
from the foothills to the south of the village of Supsa. The ridge-and-furrow system of the agrarian areas is contrasted by the swamplands in
the background (photos: Hannes Laermanns, 2014, 2015).

et al., 2010; Erb-Satullo et al., 2014). Chalcopyrite out-
crops due to tectonic faults and erosion at the Adjara–Trialeti
Thrust Belt (Okrostsvaridze et al., 2016).

3 Methods

3.1 Geochemical and sedimentological analyses

The coring sites of the delta area were chosen due to their ac-
cessibility and relevance. The sediment cores were retrieved
using a Cobra TT (Atlas Copco) percussion-coring device.
Only sediment core PIC 2 was taken further north, at the
riverside of the Pichori, which discharges into Lake Palias-
tomi (Figs. 1, 2). The diameter of the drill heads were 6 and
5 cm, respectively, and coring reached a maximum depth of
12 m below surface (b.s.). These sediment cores form the ba-
sis for further stratigraphic and geochemical analyses and in-
terpretations. Core description in the field encompassed sed-
iment texture, colour and CaCO3 test (with HCl, 10 %) of the
different sediment units. Samples were taken with intervals
of ca. 20 cm for further treatment in the laboratory.

All analyses were conducted in the laboratory of the In-
stitute of Geography, University of Cologne, Germany. The
samples were oven-dried at 40 ◦C for 48 h, subsequently
sieved < 2 mm and gently crushed with a mortar to disin-
tegrate the aggregates.

For granulometric analyses, the samples were pre-treated
with hydrogen peroxide (H2O2, 15 %) to remove organic
matter and with sodium pyrophosphate (Na4P2O7, 46 gL−1)
to avoid coagulation. Before measurement, the samples were
shaken for at least 12 h in an overhead shaker. Granulo-
metric analyses were performed in 116 channels from 0.04
to 2000 µm with a Laser Diffraction Particle Size Analyzer
(LS 13320 Beckmann Coulter™), where each sample was

measured three times using the optical Fraunhofer model.
Grain-size parameters based on Folk and Ward (1957) were
calculated using the GRADISTAT software version v8 (Blott
and Pye, 2001). All grain-size categories are given according
to the norm based on AG Boden (2005).

After separating the< 63 µm fraction by sieving, the grain
shape of samples from the sandy beds was analysed using
a Retsch CAMSIZER® P4. This fraction was measured in
52 channels up to 22.4 mm to define roundness, sphericity
and elongation using the principle of dynamic image analy-
sis (ISO 13322-2) to identify different deposition modes and
possible sources. The results were calculated using the soft-
ware CAMSIZER® 4.4.1.

Loss on ignition (LOI) was measured to estimate the or-
ganic matter content of the sediments. A total of 5 g of sam-
ple material were oven-dried at 105 ◦C for 12 h, and subse-
quently ignition was determined in a muffle furnace (Carbo-
lite ELF) at 550 ◦C for 5 h. Although possible uncertainties
may result from the combustion of clay minerals, sulfates
and/or carbonates, LOI is often used to estimate the organic
matter content (e.g. Barsch et al., 2000; Heiri et al., 2001).

Element concentrations (Ca, Al, Fe, K, S, Cu, Zn and Pb)
were measured by a portable XRF Analyzer (NITON XL3t,
Thermo Scientific, analyticon) to draw conclusions on the
depositional environment (marine or terrestrial origin) and
on human influence (Oonk et al., 2009; Dung et al., 2013;
Dirix et al., 2015). Triplicate measurements were performed
on pellets of dried and ground sample aliquots, which were
pressed into a Teflon ring with 12 Nmm−2 and subsequently
covered with a 4 µm polypropylene film (X-ray film, TF-
240-255). A gold anode emitted X-ray (70 kV) needed to
perform measurements within the “mining-minerals-mode”,
which uses four different filters for 40 s each. The secondary
X-rays of element-specific wavelength are detected and pro-
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cessed by a digital signal processor. Si concentrations (in
ppm) are calculated from the element-specific fluorescence
energies and compared with external and internal reference
materials (STDS-4, BCR142R, BCR-CRM 277). Magnetic
susceptibility (MagSus) measurements were performed three
times for each sample using a Bartington MS2B sensor.

Principal component analyses (PCAs) were applied using
the software PAST (version 3.1.1, Hammer et al., 2001) to
establish a statistically validated distinction of the different
depositional facies (e.g. Zhang et al., 2002; Borůvka et al.,
2005; Zhang and Mischke, 2009; Laermanns et al., 2017a).
Therefore, standardized values of the granulometric param-
eters (mean grain size, sorting, kurtosis and skewness) were
used to differentiate between the depositional modes (Folk
and Ward, 1957). Additionally, a selection of the measured
geochemical parameters, Ca, K, Fe and Cu, that provided in-
formation about the origin of the sediments and, in the case
of Cu, possible human activity were standardized and added
to the PCA (Oonk et al., 2009; Dung et al., 2013; Dirix et al.,
2015). An additional PCA was applied for the sandy layers
to differentiate their origins. The distribution of the data was
explained by the first two components of each PCA.

3.2 Dating techniques

A total of 12 samples (plant remains and charcoal) from the
three sediment cores SUP 3, 4 and 10 were taken for radio-
carbon dating (Table 1) at the 14CHRONO Centre, Queens
University Belfast, Northern Ireland, UK. All ages were cali-
brated using Calib 7.1 (calibration data set: intcal13.14c; Stu-
iver and Reimer, 1993; Reimer et al., 2013). An age–depth
model was calculated for the sediment core SUP 4 using the
R-based software Bacon 2.2 (Blaauw and Christen, 2011).

4 Results

4.1 Sediment cores

4.1.1 SUP 3

SUP 3 was cored in the northern part of the Supsa fan
(Figs. 2, 4, 5). The lowermost section (11.00–10.16 m b.s.)
is composed of brown to dark brown silty to sandy peat. The
layer is characterized by a heterogeneous grain-size compo-
sition, poor sorting and low values for all of the measured
parameters. Between 10.16 and 8.75 m b.s., (dark) brown-
ish grey clayey silt occurs with a more homogeneous grain
size (< 7 µm). The layer of fine to medium sand at 8.75–
6.33 m b.s. is characterized by sharp boundaries, also indi-
cated by the sudden rise in the mean grain size with values
of > 100 µm and elevated values of Ca, K, magnetic suscep-
tibility (MagSus), Ca/K and Ca/Fe ratios. In contrast, the S
content remains low. From 6.33 m b.s. to the surface, grey-
ish brown to grey silts dominate with changing sand and clay
contents and low values of LOI, MagSus, Ca/K and Ca/Fe.
Only between 4.53 and 4.00 m b.s., two layers of peat and

sand are interdigitated, each ∼ 25 cm thick and confined by
sharp boundaries. While the peat shows high LOI values (up
to ∼ 47 %), the sand is characterized by a sharp peak in its
Ca/Fe ratio.

4.1.2 SUP 9

The sediment core SUP 9 was taken 150 m south of the
SUP 3 site (Fig. 2). The lowermost part (10–9.55 m b.s.)
consists of organic-rich (brownish) clayey silt. Then fol-
lows heterogeneous grey silt to silty sand. From 7.13 to
3.41 m b.s., homogeneous (brownish) grey clayey silts domi-
nate once again; the mean grain size does not exceed 10 µm.
Only an intercalation of brownish silt between 5.75 and
5.33 m b.s. stands out with coarser grain size and different
colour. At 3.41 m b.s., an abrupt disconformity occurs with
a shift to a 2 m thick heterogeneous brownish grey to grey
fine to medium sand. The main grain size slightly decreases
towards the upper facies limit at 1.41 m b.s., where brown
sandy silt was deposited. The uppermost part (0.72–0 m b.s.)
is formed of brown to reddish brown loamy silt.

4.1.3 SUP 4

SUP 4 was cored at the western margin of the Supsa fan
(Figs. 2, 6). The basal part consists of (brownish) grey silty
fine sand with very poor sorting, low MagSus and relatively
low Ca/Fe and Ca/K ratios but high LOI values. This layer
gradually merges into the subsequent peat, which stands out
with high Ca/Fe and Ca/K ratios and low MagSus values.
Above a sharp boundary, well-sorted clayey silt shows high
concentrations of Pb, Zn and P as well as low values of S.
At 9.46–9.23 m b.s. another peat occurs, which differs from
the lower peat in terms of smaller matrix grain size, better
sorting and very high S values. While its lower boundary is
hard to define due to the gradual transition from the silt be-
low, the upper boundary is rather sharp. Between 9.23 and
2.31 m b.s. grey silt occurs. The lowermost (9.23–7.53 m b.s.)
and uppermost (4.62–2.31 m b.s.) parts of this unit are char-
acterized by relatively low Ca/K and Ca/Fe ratios, while
S, Pb and Zn reach very high levels. By contrast, the in-
between section (7.53 and 4.62 m b.s.) shows higher sand
content, poorer sorting, elevated Ca/K and Ca/Fe ratios, as
well as a high MagSus. After a disconformity follows silty
sand with elevated values of Ca/K, Ca/Fe and MagSus. The
uppermost part of the core (1.88–0 m b.s.) is silty loam with
a similar geochemical composition as the sand below.

4.1.4 SUP 10

Northwest of SUP 4, SUP 10 was cored beyond the west-
ern margin of the alluvial fan of the Supsa (Figs. 2, 7).
The stratigraphy is dominated by fine to medium sand with
interdigitated peats. From the maximum depth at 12 to
10.46 m b.s. (dark) grey fine sand shows high Ca/Fe and
Ca/K ratios. After a disconformity follows a sequence of
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Table 1. Radiocarbon data set. Measurements were carried out at the 14CHRONO Centre, Queens University Belfast, Northern Ireland, UK.
All ages are calibrated using Calib 7.1 (calibration data set: IntCal13.14c; Stuiver and Reimer, 1993; Reimer et al., 2013) and are presented
with 2σ .

Sample ID Lab code Depth below δ13C Material Conventional Calibrated 14C age
surface (m) (‰) 14C age BP (cal BCE/CE), 2σ

SUP 3/14 UBA-34221 4.32 −30.5 Wood 2180± 27 359–171 BCE
SUP 3/22 UBA-34222 6.40 −28.5 Wood 3818± 30 2434–2143 BCE
SUP 3/34 UBA-34223 10.50 −26.1 Wood 4423± 58 3336–2913 BCE
SUP 4/6 UBA-26767 1.35 −28.3 Plant fragment 854± 28 1053–1257 CE
SUP 4/11 UBA-26768 2.35 −21.0 Wood 1214± 34 690–891 CE
SUP 4/19 UBA-26769 4.70 −30.9 Wood 2281± 37 404–209 BCE
SUP 4/23 UBA-26770 5.70 −24.7 Wood 2404± 39 749–396 BCE
SUP 4/36 UBA-26771 9.27 −26.3 Wood 4699± 42 3631–3370 BCE
SUP 4/39 UBA-26772 9.75 −27.6 Wood 5111± 74 4045–3711 BCE
SUP 4/41 UBA-26773 10.50 −24.9 Wood 4983± 38 3795–3660 BCE
SUP 10/23 UBA-34224 6.72 −26.4 Wood 1126± 27 778–990 CE
SUP 10/29 UBA-34225 7.52 −25.7 Wood 3492± 29 1893–1701 BCE

Figure 4. Sediment core SUP 3 from the maximum depth at 11 m b.s. (bottom right) to the surface (top left). Outer diameter of auger heads:
6 cm (0–4 m) and 5 cm (4–11 m) (photo: Hannes Laermanns, 2013).

several peat and organic-rich greyish brown strata with low
Ca/Fe and Ca/K ratios, while LOI rises up to > 20 %. In
general, this sequence is characterized by heterogeneous but
generally low values of Fe, Cu, Zn, Pb and Ca. At 7.91–
7.51 m b.s., massive wood occurs. Between 7.51 and 6.56 m,
the brownish grey silt contains many ceramic fragments, up

to 2 cm long. In this unit Ca/Fe and Ca/K reach their mini-
mum values, while Fe, Al, Pb, Zn and Cu rise significantly.
Then grey medium sand follows with a changing mean grain
size of 90 to 450 µm. The sand unit is characterized by sharp
lower and upper boundaries, low LOI contents, as well as
low Ca/K and Ca/Fe ratios. The upper 2 m consists of grey
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Figure 5. Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment core SUP 3 from the northern part of
the Supsa fan (location in Fig. 2). The sediment core is dominated by fine-grained alluvial layers, which are interdigitated with peats in the
lower part of the fluvial deposits (see Fig. 3).

Figure 6. Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment core SUP 4 from the western edge
of the Supsa fan (for the legend, see Fig. 5). Except from the peat interdigitations below 9 m b.s., the entire sediment core consists of fine-
grained lagoonal to alluvial deposits, documenting the gradual change from a lagoon to a floodplain environment. The age–depth model was
established with the R-based software Bacon 2.2 (Blaauw and Christen, 2011).
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Figure 7. Profile, facies interpretation, granulometry, geochemistry and 14C age estimates of sediment core SUP 10 from the area between
the coast and the Supsa fan (see Fig. 2). Above fluvio-littoral deposits, peat is interdigitated with alluvial silts and topped by a layer with
many ceramic finds at 7.51–6.56 m b.s. Then fluvial sand dominates until 2 m b.s. (for the legend, see Fig. 5).

to greyish brown loamy to clayey silt, in which Zn and Pb
rise up to the surface.

4.1.5 SUP 5

Sediment core SUP 5, conducted on a grassland ca. 200 m
north of the foothills (Fig. 2), is one of the two sediment
cores taken on the southern riverside of the Supsa. The en-
tire 10 m core consists of clayey to loamy silt. Its lowermost
part contains several plant fragments. The sand content in-
creases slightly between 8.31 and 4.56 m b.s. In the upper
2 m, the grey to dark grey colour of the core changes to a
greyish brown.

4.1.6 SUP 6

SUP 6, the second core taken from the southern side of the
Supsa, originates from an outlet of a small tributary valley
ca. 600 m southeast of the SUP 5 site (Fig. 2). In contrast to
the fine-grain-dominated stratigraphy of SUP 5, SUP 6 con-
tains several layers of medium sand (mean grain size varies
between ca. 100 and 380 µm) from its maximum depth at 8
to 0.88 m b.s. The single sand layers can be divided by the
occurrence of pebbles (< 3 cm) at different depths. Above a
small silt layer at 3.58–3.52 m b.s., the Ca/K and Ca/Fe ra-
tios fall to lower levels, while the concentrations of Zn and
Cu rise. The uppermost 0.88 m of the core consists of brown
sandy loam with some pebbles and coarse plant fragments.

4.1.7 SUP 7

SUP 7, the westernmost sediment core, is from a grassland
between the coast and the village of Ureki (Fig. 2). The low-
ermost part (5–1.91 m b.s.) consists of dark grey medium
sand with a mean grain size between ∼ 140 and 300 µm.
Above, grey clayey silt was deposited between 1.91 and
1.16 m b.s. Homogeneous grey fine sand (mean grain size
∼ 50 µm) follows at 1.16–0.77 m b.s. The uppermost part is
built up of (greyish) brown loamy silt.

4.1.8 PIC 2

PIC 2 was cored on the banks of the Pichora River (Figs. 2,
3a). Its lowermost part consists of dark grey to greyish brown
medium sand. While P, Zn and S remain at low levels,
a marked decrease in Ca, Ca/Fe and Ca/K values occurs
within this layer. The subsequent stratum (2.93–1.26 m b.s.)
of poorly sorted loamy silt is clearly separated from the
previous and subsequent sand layers; it reveals slightly in-
creased values of Pb, Zn, P and S, while Ca/K and Ca/Fe
ratios remain at low levels. The upper sand layer stands out
with a mean grain size of up to ∼ 320 µm, comparable to the
sand layer in the lower part of the core. Most of the geo-
chemical values are close to the loam layer in between. The
uppermost part is a humus-rich fine-grained deposit.
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4.2 Radiocarbon dating results

Altogether, 12 samples from the sediment cores SUP 3,
SUP 4 and SUP 10 were 14C AMS dated (see Figs. 5 to 7,
Table 1). The results are given with 2σ confidence interval.

The seven age estimates from SUP 4 cover a time span
of roughly 5000 years (3756 BCE to 1261 CE; mean ages).
Though the 2σ ranges of the two lowermost samples,
SUP 4/39 and SUP 4/41, overlap, an age inversion cannot be
excluded. The age estimates from SUP 3 cover∼ 3000 years
and ca. 6 m of sediment. For SUP 10, only two samples
were used for radiocarbon dating. They derive from the lower
and upper facies limit of the archaeological layer at 7.51–
6.56 m b.s., covering a time span between 1893–1701 BCE
and 778–990 CE (∼ 2480 to 2900 years).

4.3 Statistical analyses of the sedimentological and
geochemical data

By means of a principal component analysis using granu-
lometric parameters (mean grain size, sorting, kurtosis and
skewness) and the geochemical parameters Ca, K, Fe and
Cu, the three main components were estimated as follows:
PC 1: 41.4 %; PC 2: 24.9 %; and PC 3: 11.6 % (Fig. 10a, b).
The majority of samples in Fig. 10a cluster on the left side
of the y axis (quadrants I and III) and refer to high values of
Cu, Fe and skewness. They are considered to be of lagoonal
or alluvial origin. The poor sorting and scattered distribu-
tion in quadrant III coincide with high values of loss on igni-
tion (cf. Figs. 5–9), and, therefore, an enrichment of organic
matter. In quadrant II, samples with high values of Ca, mean
grain size and (to a certain extent) K are considered to be of
fluvial origin. Quadrant IV shows samples of the sediment
core PIC 2 and the lower part of SUP 10. Between these two
groups sandy samples that derive from SUP 7 are situated.

Further, a PCA (Fig. 10c, d) that focuses on the sandy sed-
iments was calculated with 25 representative samples. Be-
sides the factors used in the former model, the grain shape pa-
rameters of roundness (RNDS), sphericity (SPHR) and elon-
gation (the length–width ratio b/l) (Kasper-Zugbillaga et al.,
2005; Eamer et al., 2017) were included. Within this PCA,
the first three axes explain 40.3 %, 25.5 % and 14.5 %, re-
spectively. The outlier position of the samples of sediment
core PIC 2 and the lower part of SUP 10 is confirmed, as
well as the exception of the samples of SUP 7.

5 Discussion

5.1 Facies determination

Based on the granulometric, geochemical and statistical re-
sults, six different depositional facies units were defined.

– Facies A: sublittoral to littoral.

The majority of the relatively well-sorted medium sand
of SUP 7 stands out with very coarse mean grain size
up to ∼ 300 µm and a unimodal grain-size distribution.
This points to hydrodynamic conditions with rather high
sediment transport capacities, consistent with wave-
dominated coastal conditions (Folk and Ward, 1957;
Hesp, 2002; Dingler, 2005). The geochemistry is char-
acterized by relatively high values of Ca and K and low
values of Fe. In Fig. 10 A they scatter between the two
outlier groups in quadrants II and IV. However, a sep-
aration from facies D remains challenging due to the
proximity of the Supsa river mouth and its fluvial de-
posits. Nonetheless, the littoral deposits show a slightly
better sorting.

– Facies B: alluvial (overbank deposits).

Although they are of riverine origin, similar to facies E,
these deposits are listed separately due to their different
characteristics and deposition modes. Facies B is char-
acterized by silty to clayey sediments with elevated K
and Ca contents and relatively low LOI values. It can be
found in all of the analysed drill cores and dominates
the stratigraphy of SUP 3, SUP 4 and SUP 6. It was de-
posited as a suspended sediment load across the flood-
plain surface by diffuse and channelized flows (Dunne
and Aalto, 2013). These overbank fines are accumu-
lated in slack waters of floodplain depressions (Blair
and McPherson, 1994). In this facies, coarser layers
with varying fine sand content and Ca/Fe and Ca/K val-
ues represent fluctuating hydrodynamic conditions dur-
ing the outflow of fluvial deposits, e.g. during the for-
mation of crevasse splays by breaching of levees of the
Supsa (or Rioni) River (North and Davidson, 2012).

– Facies C: semi-terrestrial (peat and organic-rich de-
posits).

Facies C is characterized by poor sorting and consid-
erably elevated LOI and K values. The numerous well-
preserved macroscopic plant remains and, to some ex-
tent, elevated Fe and S values point to anoxic conditions
(Turney et al., 2005). The high TOC/N ratios (Joosten et
al., 2003) indicate the dominance of cellulosic plants of
peat bogs (Meyers and Teranes, 2001). Although there
are many layers with high LOI values and plant frag-
ments, real peat layers were only found in drill cores
SUP 3, SUP 4 and SUP 10, where LOI rises above
30 %–40 % (AG Boden, 2005).
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Figure 8. Profiles, facies interpretation, granulometry and geochemistry of the sediment cores SUP 5, SUP 6 and SUP 7. The former two
are located at southern banks of the Supsa in the vicinity of a smaller tributary, the latter is located close to the coastline south of the recent
river mouth (cf. Fig. 2).
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Figure 9. Profile, facies interpretation, granulometry, and geochemistry of sediment core PIC 2 from the banks of the Pichora River ca. 7 km
north of the Supsa fan (Figs. 2, 3a). The sand-dominated core is strongly influenced by Pichora and Rioni deposits.

– Facies D: lagoonal or coastal lake.

In terms of grain size and geochemistry, the sediments
of this facies closely resemble the sediments of Fa-
cies B. However, facies D stands out for slightly higher
Ca/Fe and Ca/K ratios and lower Si and Ti contents
(Cuven et al., 2011; Martin-Puertas et al., 2011). The
strong resemblance to Facies B can be explained by the
slow transition from a still water environment to deltaic
semi-dry conditions. Since there is no microfaunal ev-
idence, it remains challenging to estimate the salinity.
Therefore, we cannot differentiate between a lagoon and
coastal lake. Although deposited under low-energy con-
ditions, several samples from the lagoonal or coastal
lake strata reveal a coarser grain size. The granulomet-
ric variations may be explained by changing conditions
within the water body, such as the floods from the land-
ward side and storm surges or tsunamis from the sea-
ward side.

– Facies E: fluvial.

A large portion of the sandy deposits in the sediment
cores are characterized by moderate to poor sorting and
slightly elevated Fe and K values, which hints at an in-
creased input of terrestrial material (Arz et al., 1998;
Kujau et al., 2010). They were found in sediment cores
SUP 3, SUP 4, SUP 6, SUP 7, SUP 10 and PIC 2 and
can be assumed to be of fluvial origin, primarily linked
to sediment input by distributary channels of the Supsa.
The varying grain size, for instance, can be explained
by river avulsion and channel migration, as well as de-
position during larger floods in areas close to distribu-
tary channels. Though there are some terrestrial mark-
ers (e.g. increased Fe and K values; cf. Davies et al.,
2015), and, in general, this facies is quite heterogeneous
(Dunne and Aalto, 2013), the differentiation from fa-
cies A remains challenging. The similar characteristics
can be explained by the close proximity of the river
mouth to the shoreline. Many littoral deposits derive
from the Supsa, are only transported for a short distance

along the shore and are then redeposited by the sea. By
means of the lower values of roundness and sphericity
(Fig. 10c), an approximate separation can be achieved
(cf. Kasper-Zubillaga et al., 2005). The lowermost stra-
tum of sediment core SUP 10 shows a slightly better
sorting than most other layers of this facies. A certain
marine or littoral influence may be assumed; this will
be discussed in Sect. 5.3. Furthermore, facies E is dif-
ferentiated from facies B, although both derive from
the rivers and may also have the same origins. How-
ever, the fine-grained facies B is deposited as suspended
sediment load across the floodplain surface (Dunne and
Aalto, 2013), while facies E is limited to areas close
to the stream currents where coarser sands are accumu-
lated.

– Facies F: anthropogenic.

This facies occurs only in the sediment core SUP 10
between 6.56 and 7.51 m b.s. The fine-grained matrix
closely resembles facies B. However, the large number
of burnt clay, ceramic fragments and charcoal indicates
a human-induced deposition or, at least, a strong post-
depositional human influence. In the other cores, only
random finds of burnt clay fragments and charcoal indi-
cate a possible human activity.

5.2 Implications for the local relative sea-level evolution

As for reconstructing former sea levels, the most reliable
samples of this research derive from peat layers, which are
directly related to the back-barrier groundwater table and,
thus, to the local relative sea level (Pirazzoli, 1996; Vött,
2007; Brückner et al., 2010; Laermanns et al., 2017a). Re-
garding the stratigraphical position of most peat layers – they
are superimposed by lagoonal or coastal lake deposits – a
peat growth in a situation comparable to the swamps and
peat bogs of floodplains today and a subsequent drowning
in the course of relative sea-level (RSL) rise seems most
likely. Although the peat might also derive from riverine en-
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Figure 10. Principal component analyses (PCAs) to decipher the origins and depositional modes of the sediments. (a) PCA uses the geo-
chemical parameters Ca, Fe, K and Cu, as well as the granulometric parameters mean grain size, sorting, skewness and kurtosis (PC 1:
41.4 %; PC 2: 24.9 %; PC 3: 11.6 %). The axes represent components 1 and 2, while PCA B is based on the components 1 and 3. Panels (c)
and (d) show PCAs on a selection of sandy samples using the parameters of PCA A plus the grain-shape parameters roundness (RNDS),
sphericity (SPHR) and elongation (b/l) (PC 1: 40.3 %; PC 2: 25.5 %; PC 3: 14.5 %), plotted on the components 1 and 2 (PCA C) and
components 1 and 3 (PCA D).

vironments of the Supsa fan, such as oxbows, we assume a
comparable groundwater table due to the proximity to coast
and floodplain environments and, therefore, an indirect sea-
level indicator even if marine layers were not reached. In
any case, a vertical error range should be considered for

RSL reconstructions based on these peat layers, the extent
of which is still debated. Only limited data exist to com-
pare and quantify compaction (Törnquist et al., 2008). While
Pirazzoli (1996) calculated a general vertical error bar of
ca. 0.5 m, recent publications instead hint to varying rates,
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Figure 11. Sea-level index points based on radiocarbon dating
of the Supsa delta region with the first estimated sea-level trend
(SUPSA, in green). An arrow pointing downwards indicates 14C-
dated material from an alluvial context; a cross indicates 14C-dated
paralic peat. For comparison, sea-level curves from the central part
of the Colchian plain (KUL) and from sites on the Taman Peninsula
(southwestern Russia, northeastern Black Sea: SEM, GOL, DZHI)
are also shown. KUL: Kulevi area north of Poti (Laermanns et al.,
2017a); SEM: Semebratnee (Brückner et al., 2010); GOL: Golubit-
skaya (Kelterbaum et al. 2011) and DZHI: Dschiginka (Fouache et
al., 2012).

depending on grain size distribution, organic matter and wa-
ter content (Horton and Shennan, 2009). These factors affect
not only the peat layers but also with varying influence the
(fine-grained) Holocene sediments below (Bungenstock and
Weerts, 2010). From such layers derive the samples that were
taken from alluvial facies. These index points serve as indi-
cators for the maximum sea-level position at a certain time.
Besides compaction, other mechanisms, such as tectonic sub-
sidence, must be taken into consideration (Bungenstock and
Weerts, 2010). Therefore, the sea-level position for each data
point can only be seen as a relative indicator (Fig. 11) and
must not be transferred to other locations, where different
sedimentary and tectonic settings may prevail (Bungenstock
and Weerts, 2012).

Although establishing a relative sea-level curve for the
Supsa area remains challenging due to the small number of
radiocarbon-dated index points of the former sea levels, a
local relative sea-level position at about −10 to −8 m can
be reconstructed for the time between 4000 and 3500 BCE.
Later, during the first millennium BCE, a gradual but rel-
atively steep rise from −5 to −3/−2 m is suggested. Dur-
ing the second millennium CE, the RSL approximates the
modern level. We are aware that these 14C-dated sea-level
indicators and the limited knowledge about tectonics, com-
paction and subsidence rates (Gamkrelidze, 1998; Adamia
et al., 2011) include several uncertainties (Brückner et al.,
2010). Furthermore, changes in the coastline, e.g. opening or

closing of the lagoon (Lake Paliastomi) or dislocations of the
palaeochannel of the Supsa, might have had a major influ-
ence on the samples’ setting as well. However, the compar-
ison with earlier studies of the region reveals at least sim-
ilar trends. In general, the sea-level evolution in the Supsa
area mirrors the investigations between the rivers Rioni and
Khobistskali (Laermanns et al., 2017a). However, the steeper
RSL rise from the fourth to the first millennium BCE pre-
sented there (Fig. 11) might be attributed to the different lo-
cation closer to the Rioni and the resulting different com-
paction and subsidence.

There are several similarities between these RSL data from
Georgia and those from the Taman Peninsula at the sites of
Semebratnee (Brückner et al., 2010), Golubitskaya (Kelter-
baum et al., 2011) and Dschiginka (Fouache et al., 2012).
Especially when compared to the RSL curves of Semebrat-
nee and Golubitskaya for the last ∼ 3000 years, these curves
look much like the one from the Supsa delta region. Before
2000 BCE, our RSL indicators fit well with the curves of Se-
mebratnee and Dschiginka. In general, the RSL curve from
the Colchian coast of Georgia resembles those of the Taman
Peninsula and others of the Mediterranean quite well (Vött,
2007; Vött et al., 2007; Brückner et al., 2010). As already
stated, the differences between the single curves most likely
originate from local effects, such as different subsidence and
compaction rates as well as local tectonics. It is in any case
noteworthy that no hints for significant sea-level oscillations
during the mid-Holocene to late Holocene, as proposed by
various authors (especially Balabanov, 2007), were detected
in our data.

5.3 Palaeo-environmental evolution of the Supsa delta
area

The sediment record elucidated by the drilling from the
Supsa area yields some hints for the landscape change that
has taken place since the mid-Holocene. While being a con-
tribution to the complex formation of the fan, the data from
individual cores can only provide local information. How-
ever, several repetitive patterns were identified, so that the
general process pattern can be revealed.

The sands in the lowermost part of sediment core SUP 10
closely resemble, in terms of geochemistry, sorting and grain
shape parameters (Figs. 7, 9 and 11), those of sediment core
PIC 2, suggesting a littoral relocation of deposits originating
from the Rioni; this may explain their differentiation from
the Supsa fan deposits. Due to their slightly better sorting
and a possible relocation, they were considered not to be de-
posits of the alluvial fan sensu stricto and were classified as
fluvio-marine deposits instead (Fig. 7). Considering the 25-
times higher sediment load of the Rioni today (Berkun et al.,
2015), this seems quite likely. However, there is no evidence
for a progradation of the Supsa fan to any of the investigated
sites before 3000 BCE (Fig. 12a). Instead, the growth of par-
alic (coastal) peat continued, comparable to the Rioni area
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Figure 12. Palaeoenvironmental evolution of the Supsa delta re-
gion and adjacent areas. The transformation from lagoonal condi-
tions (a) to an alluvial plain took place since at least 3000 BCE.
The Supsa River built a remarkable fan that prograded first north-
wards (b) and later shifted westwards (c). During the first millen-
nium BCE, Colchians and Greeks settled between the fan and the
coastline which is documented by ceramic finds and graves, among
other sources.

further north (Laermanns et al., 2017a). This holds true for
northern and western parts of the Supsa fan, where at the
sites of the sediment cores SUP 3 and SUP 4 peat growth
is indicated since the mid-fifth to the mid-fourth millennium
BCE (Figs. 5, 6 and 12, Table 1). This indicates that at least
since some time before 3000 BCE, a sand spit had evolved by
the longshore drift, which separated the research area from
the open sea. Since then, lagoonal conditions represented
the continuation of the Holocene transgression (Ryan, 2007;
Giosan et al., 2009; Fouache et al., 2012). When the growth
of the paralic peat could not keep pace with the ongoing rise
in sea level, it was covered by fine-grained sediments related
either to standing water bodies, such as shallow lagoons or
coastal lakes, or to alluvial deposits (for SUP 4, see Fig. 6).

In contrast to this general process, which can be assumed
for the entire Colchian plain during the mid-Holocene, the
evolution of the Supsa fan forms an outstanding element
of the local geomorphology. While in the open plain fine-
grained material dominated the stratigraphy, the Supsa River
introduced an exceptional share of coarser sediments on the
plain, related to the formation of the semi-circular alluvial
fan just north of the foothills of the Lesser Caucasus. Its nat-
ural shape is clearly visible and protrudes beyond the sur-
rounding plain, although the intensive agricultural use and
drainage systems have strongly reshaped the terrain.

Furthermore, the sandy sediment of the Supsa fan can be
separated from sandy deposits of the Rioni-dominated flood-
plain sediments by higher K and Fe contents, a higher grade
of sphericity and slightly poorer sorting (Fig. 10), which
most likely derived from the different geologic settings and
transport distances. The typical interdigitations of alluvial
fan-related distributary channels and fine-grained alluvial de-
posits are reflected in sediment core SUP 3 and in the up-
per part of SUP 10. The chronostratigraphy of SUP 3 in
the northern part of the fan indicates that channel deposits
of ∼ 2.40 m thickness reached that site after the mid-third
millennium BCE (Fig. 12b). Similar deposits were found in
sediment cores SUP 4 and SUP 10 in the western section of
the fan, although of different thickness and grain size; here,
these channel deposits accumulated considerably later, i.e. in
the first millennium CE (Fig. 12c). A comparable layer re-
curs in the northern sediment core SUP 3 as well, just above
a peat layer, which dates to the second half of the first mil-
lennium BCE. These results indicate that the main activity
and progradation of the Supsa fan shifted between the second
millennium BCE and the first millennium CE from north to
west.

Besides this general fan evolution several areas were
only marginally affected by the progradation. Sediment core
SUP 5, where only fine sediments were found, exemplifies
that close to the foothills of the Lesser Caucasus the qui-
escent depositional conditions of the central Colchian plain
have prevailed over a longer period. However, the neighbour-
ing sediment core SUP 6 shows river-dominated deposits
from the small tributary valley (Figs. 1, 12).
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In contrast, the area west of the Supsa fan, around the mod-
ern river mouth, reveals a different stratigraphy. In the sedi-
ment core SUP 7 (Fig. 2), coarse sand that is most likely of
littoral origin dominates, which is reflected by the relatively
high Ca/K and Ca/Fe ratios and the low Fe contents (Davies
et al., 2015). However, the lower sections resemble, to a cer-
tain extent, the (fluvial) deposits of the sediment cores taken
from the Supsa fan, although the main grain size is coarser
and comparable to the fluvial deposits of sediment core PIC 2
in the Rioni catchment. Plus, the sand is better sorted, which
indicates littoral relocation and reworking through longshore
drift (Folk and Ward, 1957; Hesp, 2002). The location in the
PCAs in Fig. 10 confirms the different composition and de-
position. Conditions gradually change upwards, document-
ing the increasing influence of the Supsa River at the site of
SUP 7.

Considering the sediment successions at all the investi-
gated sites we can assume that already before 3000 BCE the
research area was already characterized by standing water
bodies, likely related to lagoonal environments with fine-
grained sediments, separated from the open sea by a con-
tinuously evolving beach barrier complex. Due to contin-
ued riverine sediment input, the lagoons silted up (Berkun
et al., 2015) and extended peat bogs formed landwards of the
beach ridges. Comparable processes are known from the cen-
tral Kolkheti lowlands (Laermanns et al., 2017a), as well as
from areas further south (Connor et al., 2007; de Klerk et al.,
2009). The formation of the Supsa fan has advanced at least
since the third millennium BCE, first to the north and later to
the west.

5.4 Human occupation

Traces of human occupation in the research area can be found
in sediment core SUP 10, where the entire layer between 7.51
and 6.56 m b.s. is full of brick fragments, ceramic remains
and charcoal fragments. Obviously, a human settlement ex-
isted at or close to this coring site. The radiocarbon ages from
the uppermost part of the layer below and the uppermost
part of the archaeological stratum, indicate an occupation be-
tween 1893–1701 BCE and 778–990 CE (Table 1). The huge
age gap within a rather small vertical distance could have
been caused by the removal of sediments at the beginning
and during the settlement periods. Although the homogene-
ity of the brick fragments hints at a same origin, it remains
unclear if this settlement is of Colchian, Greek or Roman
and/or Byzantine origin. In any case, besides the artefacts,
the geochemical evidence, namely the sharp increase in Cu
and Zn values, confirms human activities.

The area of the findings is located between the present
shoreline in the west and the northern part of the Supsa fan in
the east. This suggests that ancient people settled in the vicin-
ity of the swampy but fertile back-barrier areas, which had
been built up by alluvial deposits since at least ca. 2000 BCE
(in the case of the SUP 10 site). According to the radio-

carbon ages, the gradual shift to a floodplain environment
was completed between the 9th and the 11th centuries CE
(Figs. 5, 6). Such settlement locations are known from differ-
ent sites along the Colchian coast, e.g. close to Ureki (Miron
and Orthmann, 1995; Gamkrelidze, 2012) or near Kobuleti,
where the ancient settlement of Ispani was situated in a simi-
lar back-barrier position (Connor et al., 2007; de Klerk et al.,
2009); it was later covered by sands.

6 Conclusions

Based on the analysis of eight sediment cores a significant
landscape change could be proven for the Supsa delta fan and
the adjacent areas on the Colchian plain. By using a combi-
nation of sedimentological and geochemical parameters, dif-
ferent depositional facies were identified. Their succession
reflects the palaeoenvironmental evolution of the area over
the last 6000 years. The southern part of the Colchian plain
underwent a similar morphogenesis as the areas of the Rioni
and other rivers further north (Laermanns et al., 2017a). Al-
though the complex setting of the delta forms a challenging
geo-archive, several general trends can be assumed.

After the deceleration of the postglacial sea-level rise
around 7000 years ago (Brückner et al., 2010), deltaic
progradation became the dominant landscape-forming
coastal process (Anthony et al., 2014). In the research area,
a beach barrier complex evolved, which led to the forma-
tion of extended lagoons. Thus, the area was separated from
the open sea by longshore-transported sediments. The Supsa
River debouched into this vast lagoon and later floodplain
environment. It has formed a remarkable alluvial fan at least
since the third millennium BCE. This fan stands out with
its elevated relief and a sediment stratigraphy that can well
be differentiated from the Rioni-dominated deposits of the
Colchian plain by grain-shape characteristics and geochem-
ical parameters. The beach barrier complex first developed
with material that had been eroded from cliff sections to the
south and later also by sediments that originated from the
Rioni and the Supsa rivers.

The indicated sea-level evolution must be considered with
caution due to limited information about subsidence and
compaction rates, the complex delta setting, and only a few
index points. Nevertheless, an overall continuous rise is sug-
gested, and the sea-level trend resembles the RSL curves
from the Taman Peninsula (Fouache et al., 2012) and the cen-
tral parts of the Colchian plain (Laermanns et al., 2017a).
However, considering the mentioned challenges, our results
should rather be taken as an indication for the sea-level trend,
not as a sea-level curve.

Data availability. All data presented in this study were collected,
analysed, and interpreted by the authors and are published here. If
single amounts of concentrations are not given in tables, they are
shown in the graphs (e.g. Fig. 5) so values are publicly accessible.
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