Earth and Planetary Science Letters 250 (2006) 281 – 291
www.elsevier.com/locate/epsl

Timing of Late Pliocene to Middle Pleistocene tectonic events in
Rhodes (Greece) inferred from magneto-biostratigraphy and
40
Ar/ 39 Ar dating of a volcaniclastic layer
Jean-Jacques Cornée a,⁎, Philippe Münch b , Frédéric Quillévéré a , Pierre Moissette a ,
Iuliana Vasiliev c , Wout Krijgsman c , Chrystèle Verati d , Christophe Lécuyer a,e
a

c

UMR CNRS 5125 Paléoenvironnements and Paléobiosphère, Université Claude Bernard Lyon I,
27 Bd du 11 Novembre 1918, 69622 Villeurbanne Cedex, France
b
FRE 2761 Géologie des Systèmes Carbonatés, Université de Provence, case 67, 3 place Victor Hugo, 13331 Marseille Cedex 3, France
Paleomagnetic Laboratory ‘Fort Hoofddijk’ Faculty of Earth Sciences, Utrecht University Budapestlaan 17, 3584 CD Utrecht, The Netherlands
d
UMR 6526 Geosciences Azur, Université de Nice Sophia-Antipolis, Parc Valrose, 06108 Nice Cedex 2, France
e
Institut Universitaire de France, France
Received 15 March 2006; received in revised form 18 July 2006; accepted 24 July 2006
Available online 7 September 2006
Editor: R.D. van der Hilst

Abstract
We discovered a volcaniclastic layer in the Plio-Pleistocene coastal sequences on the island of Rhodes (Aegean fore-arc,
Greece). Here, we present an integrated isotopic, magnetostratigraphic, and biostratigraphic (planktonic foraminifers) study for the
Haraki section, where this layer is found intercalated in several meters of sedimentary rocks corresponding to the Lindos Bay clay
Member of the Rhodes Formation. 40Ar/39Ar dating of the volcaniclastic layer provides an age of 1.89 ± 0.09 Ma, which is
consistent with our planktonic foraminiferal data. Magnetostratigraphic results show that the entire Haraki section is of normal
polarity and according to the isotopic results this corresponds to the Olduvai subchron (1.95–1.77 Ma). The new age determination
provides severe constraints for deciphering the sedimentary and tectonic evolution of Rhodes since the Late Pliocene, which can be
summarized in the following: (1) 500 to 600 m drowning during the latest Pliocene that could be related to the westward motion of
the Anatolian Plate; (2) at least 520 m of uplift at around 1.4–1.3 Ma related to activity of the sinistral strike-slip of the Pliny
Trench, the deep Rhodes basin being separated from the island of Rhodes; (3) a counterclockwise rotation of Rhodes, younger than
1.2–1.1 Ma, and possibly synchronous with the young clockwise rotation of the western Aegean arc.
© 2006 Elsevier B.V. All rights reserved.
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The island of Rhodes (Greece), located in the
easternmost part of the Hellenic sedimentary fore-arc,
resulted from the Cenozoic subduction of the African
Plate beneath the Aegean-Anatolian Plate (Fig. 1). During
the Pliocene, westward lateral motion of the Aegean-
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Fig. 1. (a) Location of Rhodes in the eastern Mediterranean; (b) location of the Haraki section.

Anatolian Plate resulted from Arabian-Eurasian plate
collision and the Aegean Sea started to collapse (e.g.
[1,2]). Rhodes was then exposed to tectonics controlled
by N70° trending sinistral strike-slip faults because of the
increasing curvature of the plate boundary [3]. Previous
studies suggest in addition that Rhodes underwent a
counterclockwise rotation phase after 1.8 Ma [4] and
some important vertical motions between 2.0 and 1.4 Ma
[5]. Vertical movements are still active today (e.g. [6–8]).
Despite recent efforts by Cornée et al. [5] (Fig. 2), the
chronostratigraphy of the Late Pliocene–Middle Pleistocene deposits of northeastern Rhodes is still poorly
understood, mainly because of a lack of absolute age
controls. In particular, the exact timing of the young
tectonic events is mostly unknown. In this study, a previously unrecognized volcaniclastic layer is described and
analyzed. Discrepancies between recently formulated
chronostratigraphies can now be resolved on the basis
of new, high-precision isotopic ages, combined with
magnetostratigraphic and biostratigraphic data. Altogether, these data shed new light upon the young tectonic
history of Rhodes, with vertical motion of this part of the
fore-arc and rotation of the eastern Aegean arc.

underlined the uncertainties for dating the sedimentary
units from which a recent and rapid tectonic evolution
can be discussed. They proposed three lithostratigraphic
formations separated by major erosional unconformities:
the Rhodes Formation, composed of four Members, the
Ladiko-Tsampika Formation, composed of two Members, and the Lindos-Acropolis Formation (Fig. 2). In the

2. Geological setting and stratigraphy
The northeastern part of Rhodes consists of transgressive Pliocene–Pleistocene sediments resting upon a
deformed and deeply eroded, mainly calcareous, Mesozoic basement [9,10]. This basement has been faulted,
yielding a series of horsts and grabens that later conditioned the nature and distribution of the Pliocene–
Pleistocene coastal deposits [11]. Consequently, sedimentary facies changes are common, datings are poorly
constrained and correlations between separated graben
infillings are difficult to establish.
General stratigraphic studies were conducted by
Mutti et al. [10], Meulenkamp et al. [12], Hanken et al.
[11] and recently by Cornée et al. [5]. The last authors

Fig. 2. Sedimentary organisation of the Pliocene–Pleistocene deposits
of northeastern Rhodes (from Cornée et al. [5]).
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Rhodes Formation, the Kritika Member [10–17] is
considered either as Late Pliocene [18,19], or latest
Pliocene–Early Pleistocene [20], or Early Pleistocene
only [21,22]. The Kolymbia limestone Member [11,23–
25] was attributed to the Late Pliocene [5,26]. The Lindos Bay clay Member [11,27] was considered as
Pleistocene [12,28,29], or between 3 and 0.7 Ma [26],
or Early Pleistocene (i.e. a time span from 1.6 to 1.0 Ma)
[21,22], or Late Pliocene to Early Pleistocene (about
2.09 Ma up to around 1.4 Ma) [5]. The Lindos Bay clay
Member indicates a major tectonic drowning of eastern
Rhodes [5]. The Cape Arkhangelos calcarenite Member
[11,25,30] was attributed to the Pleistocene [11], between around 1.3 and 1.4 Ma [5]. The calcarenite
was deposited during a major tectonic uplift of Rhodes
[5]. The Ladiko-Tsampika Formation was deposited
in palaeovalleys after a major subaerial erosion [5] (Fig. 2).
The deposits of the Ladiko Member were considered as
Late Pliocene [11,14,31] or Pleistocene around 1.3–1.2 Ma
[5]. The Tsampika Member was considered as Pleistocene
around 1.2–1.3 Ma to 0.3 Ma [5]. The Ladiko-Tsampika
Formation is overlain by the littoral Lindos Acropolis
Formation [11] proposed to be younger than 0.3 Ma [5].
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The Haraki section outcrops along the track that
connects the main road to Agathi Beach (Fig. 1b)
(N36°10.863′–E28°05.355′). It is composed of about
6.5 m of Lindos Bay clay (Fig. 3). Three meters above
the base of the outcrop is an unconsolidated centimeterthick layer of volcaniclastic sediment (sample HAR4)
exhibiting very high sand-size crystal enrichment. This
crystal-rich volcanic sand, sensu Cas and Wright [32],
contains angular green amphibole, plagioclase and biotite with a subordinate muddy matrix. Neither vitric
fragments (pumice or glass shard) nor lithic fragments
(volcanics or else) can be observed. Such crystal concentration effect is well known in primary pyroclastic
processes [32] and may not be related to surface epiclastic process. Indeed, if the crystals had been reworked
and then deposited long after eruption, they would have
mixed with older detritus. The very high proportion of
fresh green hornblende, which is usually restricted to
pyroclastic deposits, and feldspar, together with the lack
of rock fragments, may rather reflect a syn-eruptive
feature of volcanic sands [33]. Thus, the volcaniclastic
layer should be considered as juvenile, not reworked. It
may result of first a typical physical concentration of

Fig. 3. Lithostratigraphy, planktonic foraminiferal stratigraphy and magnetostratigraphy of the sediments recovered from the Haraki Section. Tick
marks show location of samples analyzed for biostratigraphy (labels 1–10) and for magnetostratigraphy (labels A–L). Circles represent the directions
obtained from the thermal demagnetization diagrams and squares represent those from the alternating field demagnetization. Both thermal and
alternating field demagnetizations provided results interpreted as reliable primary magnetizations. Dashed lines represent declination and inclination
of the geocentric axial dipole field for the present latitude of Rhodes Island.
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pyroclastic crystals during an explosive volcanic eruption and, second, a pene-contemporaneous mass flow
redeposition in a deep marine environment (400–600 m
depth [11,34]). Such syn-eruptive epiclastic transport
may account for the preservation of the angular shape of
crystals and crystal fragments and could be responsible
for deposition through appreciable distances [32].
However, it must be pointed out that no volcanic
activity is known on the island of Rhodes after 27.2 Ma
[35].
3. Materials and methods
3.1. Ar/Ar dating
Crystals of amphibole and plagioclase were extracted
from the sediment and were analyzed by 40Ar/39Ar step
heating procedure. Their chemical compositions were
determined by electron microprobe analyses at the University of Montpellier II, France (Table A in Appendix A).
Plagioclases are andesine with composition falling into
the range An33.8–An47.5 and with K2O content between
0.4% and 0.7%. Amphiboles are magnesio-hornblende
with Mg# in the range 62.5–67.7 and with K2O content in
the range of 0.6–0.8%. Despite their optically fresh
aspect, biotites were not analyzed because they are altered, as revealed by their water content larger than 10%
(Mg# in the range of 61.2–62.2).
Samples were crushed and plagioclase and amphibole crystals were concentrated by using standard heavy
liquid and/or Frantz magnetic separator. The grain size
for the amphibole and plagioclase crystals was in the
order of 160–200 μm. The separated crystals were
cleaned in 1 N nitric acid to dissolve possible carbonate
impurities, then rinsed in successive ultrasonic baths of
distilled water and pure alcohol. Finally, the grains were
selected under a binocular microscope.
All samples were irradiated for 1 h or 1.2 h in the
nuclear reactor at the McMaster University in Hamilton
(Canada), in position 5c along with Alder Creek Sanidine (ACs-2) neutron fluence monitor for which an age
of 1.193 Ma is adopted and is equivalent to an age for
Fish Canyon Sanidine of 28.02 Ma [36]. The estimated
error bar on the monitor 40Ar⁎/39ArK ratio (directly
related to the flux gradient) is ± 0.4% (2σ) in the volume
where the samples were included. 40Ar/39Ar age deter-
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minations were performed in the Geosciences Azur
laboratory at Nice (France). The step-heating experiments on the amphibole and plagioclase bulk samples
(Table B in Appendix A) were performed in a doublevacuum tantalum crucible system heated by a highfrequency furnace, and connected to a stainless steel
purification line with two GP50 Al–Zr Getters operating
at 400 °C with an (LN2 + Cl2CH2) cold trap. The mass
spectrometer is a 120° M.A.S.S.E. flight tube fitted to a
Baur-Signer GS-98 source and a Balzers SEV217 electron multiplier. For a small cluster (3 mg) of plagioclase
grains, gas extraction was carried out with a continuous
Synrad 48-5 CW CO2 laser beam; the mass spectrometer
is a VG 3600 working with a Daly detector system. On
the laser line, the gas was purified in stainless and glass
extraction line using two Al–Zr getters (working at
400 °C and ambient temperature, respectively) and an
LN2 cold trap. The typical total blank values for the
extraction and purification laser system are reported in
Table C. Mass discrimination for both mass spectrometers was monitored by regularly analyzing one air
pipette volume (Table C in Appendix A). The criteria for
defining plateau ages are: (1) plateau steps should
contain at least 70% of released 39Ar, (2) there should be
at least three successive steps in the plateau and (3) the
integrated age of the plateau should agree with each
apparent age of the plateau within a 2σ confidence
interval. All the subsequent quoted uncertainties are thus
at the 2σ level.
3.2. Palaeomagnetism
Oriented hand samples for magnetostratigraphy were
taken in the field and were drilled later in Fort Hoofddijk
laboratory of Utrecht University using compressed air. To
establish the polarity pattern of Haraki section at least one
specimen from eleven out of twelve layers (one level
failed) was stepwise thermally demagnetized. The demagnetization was performed with small temperature
increments of 20–40 °C up to a maximum temperature of
620 °C, in a magnetically shielded, laboratory-built,
furnace. The natural remanent magnetization (NRM) was
measured on a horizontal 2G Enterprises DC SQUID
cryogenic magnetometer (noise level 3 × 10− 12 A m2).
Additionally, where existing, a second sample was demagnetized using alternating field demagnetization. The

Fig. 4. Ar/39Ar age spectra, 37ArCa/39ArK spectra and the corresponding inverse isochrons. All errors are quoted at 2σ level (plateau and isochron
ages, initial intercept). The uncertainties on the 40Ar/39Ar ratios of the fluence monitors (0.4% at 2σ) are included in the calculation of the plateau age
uncertainties, but the error on the age of the monitor is not included in the calculation. Uncertainties on the apparent ages on each step are quoted at the
1σ level. In the inverse isochron diagram, the data in grey colour are the steps not considered for the plateau age nor for the isochron age. For each
dating, isochron data and the corresponding steps of the age plateau have the same number (1 to 6). MSWD = mean square of weighted deviates.
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demagnetization steps were: 0, 3, 5, 8, 10, 15, 20, 25, 30,
25, 40, 50, 60, 70, 80, 90, 100 mT. The NRM for the
alternating field demagnetized samples was measured
using an in-house built robotized sample handler controller, attached to a horizontal 2G Enterprises DC SQUID
cryogenic magnetometer. The directions of the NRM
components were calculated by principal-component
analysis [37].
Furthermore, several rock-magnetic experiments
were performed to identify the carriers of the magnetization. Thermomagnetic measurements were performed
in air up to 700 °C for 2 powdered samples from diverse
lithologies on a modified horizontal translation type
Curie balance (noise level 5 × 10 − 9 A m 2 ) [38].
Hysteresis loops were measured for 2 samples on an
alternating gradient magnetometer (MicroMag Model,
Princeton, noise level 2 × 10− 8 A m2) to determine the
saturation magnetization (Ms), remanent saturation
(Msr), coercive force (Bc) and remanent coercivity
(Bcr). First order reversal curves (FORC) [39,40] were
measured for 2 samples to evaluate the magnetic domain
situation, the presence of magnetic interactions and the
magnetic mineralogy. For each FORC diagram, 200
curves were measured with an average time of 0.2 s per
data point.

3.3. Planktonic foraminiferal analysis
Our planktonic foraminiferal analysis is based on the
study of 10 samples (∼0.7 m spacing), collected between
the base and the top of the Lindos Bay clay recovered in
the Haraki section. Sample spacing was lower (∼0.1 m) in
the vicinity of the volcanic sand (Fig. 3). Samples were
washed over a 65 μm screen. The residue was dry-sieved
and the size fractions coarser than 125 μm were used for
further investigations. About 1500 specimens were
picked under a binocular microscope and identified following the taxonomic concepts and nomenclature of
Kennett and Srinivasan [41].
4. Results
4.1.

40

Ar/39Ar geochronology

The plagioclase bulk sample (#m1789) displays a
plateau age of 1.95 ± 0.06 Ma (corresponding to 72.7% of
39
Ar released) whereas it gives a saddle-shaped age
spectrum characterized by disturbed apparent ages,
around 4 Ma, at very low temperature and at highest
temperatures (Fig. 4). The inverse isochron (36Ar/40Ar vs.
39
ArK/40Ar) for the five plateau steps only yields an age of

Fig. 5. Orthogonal projections of stepwise thermal (th) and alternating field (af) demagnetization (Zijderveld) diagrams of samples from the Haraki
section. The sample codes are in the upper right corner. Solid (open) circles represent the projection of the ChRM vector-end point on the horizontal
(vertical) plane. Numbers indicate temperature (th) or magnetic field (af) steps in °C or respectively mT. The diagrams are represented with tectonic
corrections (tc). The arrows indicate the interpreted ChRM directions, D, declinations and I, inclinations.
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1.95 ± 0.14 Ma (initial atmospheric 40Ar/36Ar ratio of
294.9 ± 12.1, MSWD = 16.9, Fig. 4). The initial 40Ar/36Ar
ratio value is indistinguishable from that of air (295.5)
indicating that no extraneous argon is considered in the
calculated ages. The laser experiment of a small cluster of
transparent plagioclase crystals (#h479) displays a plateau
age of 2.15 ± 0.19 Ma (corresponding to 88.13% of 39Ar
released). The inverse isochron for the three plateau steps
gives an age of 2.04 ± 0.80 Ma (initial atmospheric
40
Ar/36Ar ratio of 303.1 ± 49.7, MSWD = 1.73, Fig. 4).
The age obtained by laser experiment is slightly older than
the one obtained in the furnace but still concordant. This is
the result of the small number of steps not allowing to
distinguish at the highest temperatures the argon excess
observed in the furnace experiment. Thus, this age includes an excess argon component as shown by the
slightly higher initial atmospheric 40Ar/36Ar ratio.
Both amphibole bulk samples (#m1791 and m1824)
display similar plateau ages of 2.06 ± 0.14 Ma and 2.06 ±
0.17 Ma, corresponding to 97.5% and 96.1% of 39Ar
released, respectively. The inverse isochron ages, calculated only for the plateau steps, are slightly younger but
concordant with the plateau ages: the experiment #m1791
provides an age of 1.90 ± 0.14 Ma (initial atmospheric
40
Ar/36Ar ratio of 300.2 ± 7.9, MSWD = 7.3, Fig. 4) and
the experiment #m1824 provides an age of 1.88 ± 0.06 Ma
(initial atmospheric 40 Ar/36 Ar ratio of 300.5 ± 2.8,
MSWD = 0.9, Fig. 4).
All measured ages are concordant at the 2σ level
showing that the amphibole and plagioclase crystals belong
to the same eruption or cycle of eruptions. This confirms
that the crystal-rich volcanic sand is not reworked by
surface epiclastic process but is mainly related to
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pyroclastic processes. The weighted mean age of the four
concordant isochron ages is 1.89± 0.09 Ma (2σ) and is
retained as the best estimate of the volcaniclastic layer age.
4.2. Rock and palaeomagnetism
The Haraki samples are characterized by high initial
intensities of the NRM, in the range of 3–45 mA/m. The
susceptibility of the samples decreases continuously,
without any visible increase upon heating to the highest
temperatures (620 °C) suggesting the presence of an iron
oxide as the carrier of the magnetization. The thermal
demagnetization diagrams are characterized by linear
decay of the NRM to temperatures of 580–620 °C (Fig.
5a, b, d and e). The alternating field demagnetization
diagrams show that almost all the magnetization is
removed in fields of 90–100 mT (Fig. 5c and f),
suggesting a relatively soft, low coercivity component,
likely magnetite. The Curie balance measurements
(Fig. 6a) reveal that the dominant magnetic carrier for
this group of samples is a mineral with a maximum
blocking temperature (Tb) in the range of 580–620 °C,
close to the Curie temperature (Tc) of magnetite [42]. The
FORC diagrams (Fig. 6b) infer an interacting multidomain (MD) state of the magnetic minerals with a
maxima around 15 mT [39,40]. Furthermore, the hysteresis curves, up to fields of 2 mT, are almost closed
around 300 mT (Fig. 6c). It confirms the presence of a
(dominant) low-coercivity mineral (most likely magnetite)
accompanied by a high-coercivity mineral like hematite
and/or maghemite.
Based on the results of rock magnetic analyses, we
conclude that the main carrier of the demagnetization is a

Fig. 6. Rock magnetic measurements for the sample HAR B (considered characteristic for the section). (a) Thermomagnetic runs performed in air on a
modified horizontal translation-type Curie balance (noise level 5 × 10− 9 A m2) [38]. Heating (solid line) and cooling (dashed line) were performed
with rates of 10 °C/min. The cycling field varied between 150 and 300 mT. (b) Hysteresis curve measured for − 2 T ≤ B ≤ 2 T, on an alternating
gradient magnetometer (MicroMag Model Princeton, noise level 2 × 10− 8 A m2). In the figure, the results up to ±500 mT are shown, with applied
paramagnetic contribution and mass corrections. (c) Representative FORC diagrams. Smoothing factor (SF) = 3, 10 contours, MD with low coercivity
and peak position ∼ 14 mT.
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detrital, multi-domain magnetite. This mineral is known to
be a stable, reliable carrier of the magnetization preserving
usually a characteristic remanent magnetization ChRM.
The magnetization directions can be reliably determined in
the demagnetization diagrams and reveal only normal
components in the Haraki section, both in the thermally
demagnetized samples and after alternating field treatment
(Fig. 3). The consistent directions and the results of the
rock magnetic analyses warrant the conclusion that the
ChRM is the original NRM acquired during deposition.
Hence, we can conclude the entire Haraki section must
have been deposited during a period of normal polarity of
the Earth's magnetic field. Unfortunately, sample orientation and laboratory treatment have not been careful enough
to reliably determine the sense of vertical axis rotation
from these results.
4.3. Foraminifers
Planktonic foraminifers are abundant in all samples
and their preservation ranges from moderate to good. A
rich fauna of 24 taxa was thus documented. All samples
provided typical specimens of Globigerinoides extremus, for which the last appearance datum (LAD) has
been calibrated at 1.77 Ma (top of Olduvai subchron) in
the Mediterranean region [43–45]. The benthic foraminifer Hyalinea balthica was not discovered in any of
the 10 samples. Likewise, none contains a significant
number of sinistrally coiled specimens of Neogloboquadrina pachyderma, which would have indicated an
age younger than 1.80 Ma for the Lindos Bay clay
recovered in the Haraki section. The top 1.5 m of the
section provided in addition numerous specimens of
Globorotalia inflata, for which the first appearance
datum (FAD) has been calibrated at 2.09 Ma (early
Matuyama) in the Mediterranean region [43,45,46]. The
co-occurrence of G. extremus and G. inflata suggests
that at least the top of the Haraki section was deposited
during the 2.09–1.80 Ma time span (Late Pliocene, Olduvai
subchron or top of Chron C2r.1r), and corresponds to the
upper part of planktonic foraminiferal Zone PL6 of
Berggren et al. [43]. The lower part of the section (below
the volcaniclastic layer) appears to be biostratigraphically
uncertain because of the lack of key species.
5. Discussion
5.1. Integrated chronostratigraphy
The occurrence of pyroclastic fallout at 1.89 ± 0.09
Ma in Rhodes Island is problematic regarding its forearc location and the lack of volcanic activity since the

Oligocene. However, a Pliocene–Pleistocene volcanic
activity is known in the Kos-Nysiros area located
less than 100 km northwest of Rhodes (Fig. 1a), at
the eastern end of the modern Hellenic volcanic arc
[35,47–51]. The volcanic activity in Kos island started
during the Pliocene and went on through the Early
Pleistocene (3.4–1.0 Ma; K/Ar datings), with calcalkaline dacitic and rhyolithic domes and rhyolithic
phreatomagmatic deposits [49]. Highly porphyritic
andesitic lavas were also emplaced in Pachia, Perigusa
and in the lower part of the succession in Nisyros island
since ∼3 Ma according to DiPaola [47]. The mineralogical assemblage of the HAR4 sample in Haraki may
correspond to a calc-alkaline andesitic to dacitic composition of the magma that fits the chemistry of the
investigated pyroclastic crystals.
In the Haraki section, the 40 Ar/ 39 Ar age determination of 1.89 ± 0.09 Ma for the volcaniclastic layer is
biostratigraphically corroborated by the co-occurrence
of G. extremus and G. inflata in the sediments that
rest directly upon it. The normal magnetic polarity
identified along the whole section is consequently assigned to the Olduvai subchron (C2n, 1.950–1.770 Ma;
[44]) in the astronomically calibrated timescale
(APTS). These data suggest therefore a Late Pliocene
age for the lower part of the Lindos Bay clay Member,
corroborating previous interpretations by Cornée et al.
[5]. Consequently:
(1) Under the latest Pliocene Lindos Bay clay, the
Kolymbia limestone and the Kritika Members are
Late Pliocene in age (presence of G. inflata in the
Kritika Member: [14,31]);
(2) The Lindos Bay clay Member was deposited between the latest Pliocene (Olduvai subchron in
Haraki and Vagia sections) and the Early Pleistocene (around 1.4 Ma, determined from the FCO
of H. balthica in the Faliraki section [21,22]);
(3) The two normal magnetic polarity intervals in the
overlying Ladiko-Tsampika Formation have to be
assigned to the Jaramillo and Brunhes subchrons,
Early to Middle Pleistocene.
5.2. Timing of tectonic episodes
The Pliocene–Pleistocene deposits of eastern Rhodes
recorded tectonic events of short duration (100–200 kyr
long), separated by longer low-subsidence periods (400
kyr–1 Ma) (Fig. 7):
(1) In the now confirmed latest Pliocene, between
around 2 Ma and around 1.8 Ma, Rhodes was
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Fig. 7. Late Pliocene–Middle Pleistocene tectonic episodes in eastern Rhodes. Appolakia basin [3]; Rhodes basin [53]; Crete [58]; southwestern
Turkey [1]; western Aegean arc [4,54–57].

rapidly drowned during the deposition of the
Kolymbia limestone and Lindos Bay clay, with a
vertical motion which reached 500 to 600 m
[5,34,52];
(2) At around 1.4–1.3 Ma, Rhodes was uplifted during
the deposition of the Cape Arkhangelos calcarenite.
The vertical motion was at least 520 m [5];
(3) At now confirmed around 1.1–1.0 Ma the LadikoTsampika Formation suffered an extensional
tectonic event (TS4 sequence of Cornée et al. [5]).
These tectonic events may be linked to the young
tectonic evolution of the Aegean sea:
(1) The important vertical motions during the latest
Pliocene and the Early Pleistocene are coeval with
the Pliocene–Pleistocene crustal uplift of the Aegean internal arc because of the lateral extrusion of
the Anatolian plate since around 3 Ma [1,2]. At this
moment, volcanic activity occurred in the eastern
Aegean volcanic arc in Kos and Nysiros and the
deep Rhodes basin was probably created [53].
Because of the increasing curvature of the fore-arc,
Rhodes and the Rhodes basin were then separated
at around 1.4–1.3 Ma, probably along the sinistral
Pliny-Strabo trench strike-slip zone [3,5] (Fig. 1).
(2) A 10° counterclockwise rotation of the eastern
Aegean arc was proposed to occur after 1.8 Ma
[4]. In this study, some of the samples from
Rhodes were taken from the lower part of the
new Ladiko-Tsampika Formation. Consequently,

the counterclockwise rotation of Rhodes occurred after around 1.2–1.1 Ma and it is
associated with a low subsidence period (around
0.1–0.2 mm/yr [5]). The rotation of Rhodes is
not related to major vertical motions, but
occurred a short time after (Fig. 7). It may,
however, be synchronous with the young
clockwise rotation of the western Aegean arc
[54–57] which was proposed to begin after
1.8 Ma, in some areas at around 0.8 Ma [4,57];
(3) The sequence TS4 of the Ladiko-Tsampika
Formation, now confirmed at around 1 Ma,
recorded an extensional tectonic event with
faulted blocks and south to southeastward
slidings [5]. This extensional event is coeval
with the major change in the tectonic regime of
the Aegean fore-arc: at around 1 Ma extension
in central and northern Greece changed rapidly
from NE–SW direction to NNW–SSE direction
[4].
6. Conclusion
The age determination of 1.89 ± 0.09 Ma for the volcaniclastic layer analyzed in the lowermost part of the
Lindos Bay clay Member, associated with new magnetostratigraphic and biostratigraphic data, allows to
calibrate the chronostratigraphy of the Pliocene–Pleistocene deposits of northeastern Rhodes. The Kritika and the
Kolymbia limestone Members were clearly deposited
during the Late Pliocene. The overlying Lindos Bay clay
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Member is dated from the latest Pliocene to the Early
Pleistocene at 1.4 Ma. The Cape Arkhangelos calcarenite
is Early Pleistocene in age, at approximately 1.4–1.3 Ma.
The new Ladiko-Tsampika Formation is dated from
around 1.2 Ma to around 0.3 Ma. These ages suggest the
following tectonic evolution of Rhodes: (1) 500 to 600 m
of drowning during the latest Pliocene that could be
related to the Anatolian Plate westward motion; (2) at least
520 m of uplift at around 1.4–1.3 Ma, related to the
activity of the sinistral strike-slip of the Pliny and Strabo
trenches; when the deep Rhodes basin separated from
Rhodes; (3) Rhodes underwent a young counterclockwise
rotation, since around 1.2–1.1 Ma, probably synchronous
with the young clockwise rotation of the western Aegean
arc; (4) an NNW–SSE trending extension is recorded
during the deposition of the Ladiko-Tsampika Formation
at around 1 Ma, as in central and northern Greece.
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