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Abstract: The tectonic structure of the volcanic area among the islands of Kos, Nisyros and Tilos is
analyzed using as topographic base a digital map covering both onshore and offshore areas. The classi-
fication of faults in major and secondary structures separating blocks with Alpine basement outcrops,
post-Alpine sedimentary sequences, present-day marine basins and volcanic structures permitted the dis-
tinction of neotectonic units. Thus, several tectonic horsts are described with considerable relative uplift
of 1-2 km manifested by the outcrops of Alpine basement rocks at high altitudes (Dikeos, Kefalos, Kon-
dellioussa, Tilos). Several tectonic grabens are distinguished by the subsidence of neotectonic blocks at
about 600 m depth and the deposition of several hundreds of meters of Quaternary sediments (the basins
of Eastern Kos, Western Kos, Western Nisyros, Southern Nisyros and Northern Tilos). Some intermedi-
ate transitional tectonic blocks show step-like structures with tilted post-Alpine strata in between the
tectonic horsts and grabens (Antimachia plateau, Zipari and Kos — Knidos channel). The Quaternary
volcanic structures occur at the central subsided area of the regional tectonic graben between Kos and
Tilos forming a positive volcanic relief of more than 1.4 km around Nisyros. The maximum tectonic
throw observed between the neotectonic blocks of the area is about 2.5 — 3.0 km based on the displace-

ment of the top of the Alpine rocks.
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1. Introduction

The Hellenic Volcanic Arc is a magmatic expres-
sion of the active northeastward-directed subduc-
tion of the East Mediterranean oceanic lithosphere
at the northern part of the African plate below the
European continental plate (McKenzie, 1972; Le
Pichon and Angelier, 1979; Papanikolaou, 1993;
Jackson, 1994) (Fig. 1). Recent volcanoes occur at
Soussaki, Methana, Aegina and Poros to the west,
Milos and Santorini in the centre and Kos and Ni-
syros to the east of the volcanic arc. These volca-
noes were especially active during the Late Pleis-
tocene—Holocene, with some eruptions known in
historical times (Fytikas et al., 1976; Liritsis et al.,
1996). Volcanic activity at the eastern sector of the
Hellenic Volcanic Arc around the islands of Kos,
Yali and Nisyros started in the Pliocene (approx.
2.6-2.8 my) featuring large volumes of volcanic
products (Pe-Piper and Piper, 2002) including the
largest eruption in the Eastern Mediterranean,
represented by the ‘‘Kos ignimbrite’ at about 0.16
my ago, which produced more than 100 km’ of py-
roclastic material (Kos Plateau Tuff) whereas ash,
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pumice and pyroclastic flows devastated an area of
more than 3000 km® (Keller, 1969; Smith et al.,
1996; Allen et al., 1999).

The geodynamic position of Kos-Nisyros-Tilos
corresponds to the eastern edge of the Volcanic
Arc and of the Back-Arc Cretan molassic basin.
The general direction of the Hellenic Arc at its
eastern part is ENE-WSW parallel to the morpho-
logical trend of Kos Island. NW-SE trending faults
are delimiting the ENE-WSW structures of the arc
towards the east along the coastal zone of Minor
Asia.

The neotectonic structure of the area is shown by
the outcrops of the Alpine basement at uplifted
blocks — neotectonic horsts separated by the recent
and actual marine basins where subsidence has
prevailed during the last few millions of years. The
Alpine basement in the submarine area occurs at
great depths below the sea bottom covered by thick
post-Alpine sediments.

Thus, the submarine area between Kos and Tilos
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Fig.1. Simplified map of the present day geodynamic structure of the Hellenic Arc.

islands constitutes a regional neotectonic graben
(Papanikolaou and Nomikou, 2001) (Fig. 2). Nisy-
ros and surrounding islets represent the volcanic
structures that have intruded within this regional
graben as this was confirmed by the geothermal
drillings in Nisyros (Geothermika Italiana, 1983;
1984) which detected the Alpine basement rocks at
1800 m of depth.

2. Combined Onshore/Offshore data

A large data set was obtained from several multi-
beam bathymetric surveys carried out on R/W
«Aegaeo» during 2000 in the area between Kos,
Nisyros and Tilos islands. The resulted bathymet-
ric map was combined with onshore topographic
maps of the islands and the result was a synthetic
topographic map of the entire area both onshore
and offshore with a DEM (Fig. 3). Structural
analysis of the area both onshore and offshore
permitted the distinction of the faults in major and
secondary structures, based on their throw >200m
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or less (Nomikou, 2004). These faults have been
projected on the topographic map of the area to-
gether with their main kinematic character of rela-
tive vertical motion, with dentitions on the subsid-
ing blocks (Fig. 3).

Morphotectonic analysis of the Kos-Nisyros-Tilos
area shows the dominance of structures in the
ENE-WSW direction. This trend is controlling the
overall morphology of Kos Island and also the
three successive basins of Western Nisyros, West-
ern Kos and Eastern Kos. The same ENE-WSW
trend is observed in the medial ridge separating the
basins north and south of Kondellioussa and Nisy-
ros islands. More to the south towards Tilos Island
the ENE-WSW trend is substituted by a NE-SW
trend in the west intersected by an E-W trend in
the east. Some characteristic ENE-WSW faults are
those running parallel to the southern coast of Kos
Island and especially the one along the Dikeos Mt.
coast and also those observed on both sides of the
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Fig. 2. The general structure of the regional neotectonic graben between Kos and Tilos islands.

Kondellioussa plateau separating the Western Ni- wards the ESE offshore, controlling the geometry
syros Basin in the north from the Southern Nisyros of the marine basins of Western and Eastern Kos.

Basin in the south. The throw of these ENE-WSW
faults is more than 2 km, as this can be estimated
by the 900 m of elevation of the deepest tectonic The morpho-tectonic map of the area of Kos-
unit of Kos Island, consisting of Palacozoic meta- Nisyros-Tilos can be transformed to a neotectonic
morphic rocks on Dikeos Mt. on the uplifted block sketch map characterized by the distinction of neo-
and the subsidence of the Alpine rocks at more tectonic blocks bordered by major faults (Fig. 4).

3. Neotectonic Blocks

than 1200 m depth, because more than 600 m thick Each neotectonic block is characterised by its mor-
Plio-Pleistocene sediments were detected during phology which is different across its tectonic mar-
the lithoseismic air-gun survey of the basin below gins from that of the neighbouring blocks. The dif-
the 600 m deep sea bottom of the Eastern Kos Ba- ference may comprise the intensity of the relief,
sin. The estimation of throw for each fault can be expressed by the slope gradients and/or the relief
made from the elevation of the geological forma- orientation, and its average elevation either posi-
tions on Kos and Tilos islands using the available tive or negative. Additionally, each neotectonic
maps and tectono-stratigraphic diagrams onshore block may present a different tectono-stratigraphy
(Geological Map of Kos Island, sheets Kos 1998 referring to the Alpine formations and/or the post-
and Kefalos 1994; Geological Map of Tilos, 1985; Alpine sediments and eventual volcanic forma-
Papanikolaou and Nomikou, 1998) and the depth tions. The general dip of the strata and of the vol-
of the geological formations offshore using the canic products may indicate the nature of vertical
available bathymetric and geological maps and/or tilt motions during or after the deposition of
(Nomikou, 2004). each geological formation.

Some major faults with WNW-ESE trend run per- The neotectonic blocks are distinguished in tecton-
pendicular to the regional Kos-Tilos graben system ic horsts, tectonic grabens and transitional blocks
with disruption of Kos Island into three blocks. on the basis of their general character of uplift, or
The central block of the Antimachia plateau forms subsidence or tilt. The neotectonic blocks charac-
a neotectonic graben between the two adjacent terised as tectonic horsts show a relative uplift to-
blocks of Kefalos in the west and Dikeos in the wards all surrounding blocks. Similarly, the neo-
east. The Alpine rocks are cropping out only in the tectonic blocks characterised as tectonic grabens
two horsts whereas the Antimachia plateau is made show a relative subsidence towards all neighboring
only of outcrops of Plio-Quaternary formations blocks whereas the neotectonic blocks character-
(Willman, 1983). Thus, the WNW-ESE faults are ised as transitional show mixed relative motion
marginal faults of the Antimachia graben which with uplift from one side and subsidence on the
was an area of marine sedimentation during Qua- other. The neotectonic blocks will be described in
ternary between the two horts of Kefalos and the following according to the above distinction.

Dikeos which for quite a long period were separate
islands. It is remarkable that the WNW-ESE mar-
ginal faults of the Antimachia plateau continue to- Kos Island constitutes a synthetic tectonic mega-

3.1 Tectonic horsts

559

Wnoeiakr BiBAI0BAKN Ocd@pacTog - TuRua MNewAoyiag. A.M.O.



26" 40" 26" 45 26755

2718 2728

SYNTHETIC TECTONIC MAP OF
KOS-NISYROS-TILOS VOLCANIC FIELD
(BASED ON DIGITAL TOPOGRAPHIC RELIEF)
36755

SCALE 1:100.000

PARASKEVI NOMIKOU, 2004

Western
Kos

Basin
kS

Southern
Nisyros
Basin

PERGOR

S8s83885885 38888838

g

Western
Nisyros
Basin

36°55

36°50

Eastern
Kos
Basin

3645

36°40

36°35

o+ Northern
Tilos Basin

3630

3625

i

i Major Fault Zones (Throw >200m)
320
— Secondary Faults (Throw <200m)

Fig. 3. Synthetic Tectonic map of Kos-Nisyros-Tilos Volcanic
tric surveys and combined with onshore hypsometric data.

27 200

7 05'

ﬁeld ba:;d on data dbtained from multi—Beam bathyme-

T s 2730

horst of ENE-WSW direction including three
successive multi-blocks: Kefalos multi-block (1)
in the west divided in Kefalos Peninsula (la),
Western Kefalos (1b) and Southern Kefalos (1c),
Antimachia block (2) in the middle and Dikeos
multi-block (3) in the east divided in Dikeos mt.
(3a) and Zipari block (3b) (Fig. 4). All these blocks
constitute the Kos mega-horst bordering from the
north the successive grabens/basins of blocks 4, 5
and 6. However, the tectonic horsts showing
relative uplift from all surrounding blocks are only
blocks la of Kefalos peninsula and 3a of Dikeos
mt.

The tectonic horst of Kefalos Peninsula (1a) is
made of Alpine metamorphic formations belonging
to the lower tectonic unit covered by molassic
sediments of lower Miocene age and small tectonic
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klippen of Tripolis nappe. Pliocene and Pleistocene
sediments and volcanic rocks occur above the
Alpine formations with extended outcrops mainly
at the southern part of the peninsula. The post-
Alpine sedimentary sequences are dipping to the
west and thus, the kinematic character includes
uplift together with westward tilt. The marginal
faults of the block comprise: (i) the WNW-ESE
fault separating Kefalos Peninsula from
Antimachia block both onshore and offshore, (ii)
the N-S fault separating Kefalos Peninsula from
the Western Kos Basin, (iii) the NW-SE fault
separating Kefalos Peninsula from the Western
Kefalos block at the western margin of Kefalos
and (iv) the E-W fault separating Kelalos
Peninsula from the Southern Kefalos block along
the southern margin.
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The Dikeos block (3a) shows very intense relief
with higher elevations up to 900 m at Christos
summit and is made mainly of Alpine rocks,
including the three lower tectonic units (Palaeozoic
of Dikeos Unit, Mesozoic of Zia/Tripoolis Unit
and Upper Cretaceous—Eocene of Eastern
Kos/melange Unit) together with the Late Miocene
intrusion of a monzonitic pluton. Considering that
the depth of crystallization of the monzonite was at
least 3-5 km a strong uplift of several km has oc-
curred since the Late Miocene. The horst is bor-
dered by ENE-WSW major fault zones both to-
wards the Eastern Kos Basin (6b) in the south and
towards the Zipari block (3b) in the north.

The Kondelliousa horst (7) is made of Mesozoic
limestones cropping out on the island covered by

NEOTECTONIC SKETCH MAP OF
KOS-NISYROS-TILOS AREA
(Nomikou, 2004)
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Fig. 4. Neotectonic Sketch Map of the Kos-Nisyros-
Tilos area. The neotectonic blocks are shown together
with their general kinematic character of uplift, subsi-
dence or tilt as well as the volcanic structures. The main
outcrops of the Alpine formations are shown at the up-
lifted blocks whereas the basinal areas of actual marine
basins are shown at the subsided blocks and the general
dip of the sedimentary sequences is shown at the tilted
blocks.

561

post-Alpine sediments occurring on the submarine
plateau developed westwards. The sediments are
tilted to the SW and thus, the general kinematic
character is uplift together with south-westward
tilt. The Kondellioussa horst is bordered by two
marginal faults trending NE-SW and ENE- WSW
which have produced a subsidence of more than
1.3 km both towards the Western Nisyros Basin to
the north and towards the Southern Nisyros Basin
to the south. This subsidence is estimated by the
depth of the two basins (about 600 m for Western
Nisyros and more than 1000 m for Southern
Nisyros) together with the 600 m minimum
thickness of the sediments detected through the
air-gun lithoseismic survey.

The Tilos horst (10) is made of Alpine formations
covered by post-Alpine sediments occurring on the
submarine plateau developed towards the south-
west of Northern Tilos Island. The sediments of
this plateau look very similar at the lithoseismic
profiles with those occurring over the neighbour-
ing plateau of Kondellioussa and show the same
tilt towards the SW. The tectonic margins of Tilos
horst are made by a NE-SW oriented fault towards
the Southern Nisyros Basin and another fault of E-
W direction towards the Northen Tilos Basin. Both
faults are producing an asymmetry of the basins
with the deepest subhorizontal parts reaching the
margins of Tilos Horst. The fault throw is more
than 1 km as the depths of the basins (about 600 m
in Northern Tilos and more than 1000 m in South-
ern Nisyros) and the minimum thickness of the
sediments (more than 600 m detected on the air-
gun profiles) imply.

3.2 Tectonic grabens

Five submarine basins can be distinguished within
the regional graben of Kos - Tilos area (Nomikou
& Papanikolaou, in press). The intermediate horst
of Kondellioussa (10) and its northeastward
volcanic prologation of Nisyros and surrounding
islets separate three basins (4,5 and 6a-6b) along
the northern sub-graben and another two basins
(8,9) along the southern sub-graben.

The Eastern Kos Basin (6) comprises a main block
of a tectonic graben (6a) with an average seca-
bottom depth of 630m and a minor block of a more
shallow subsided area (6b) towards the northeast
between Eastern Kos and the Peninsula of Knidos
in the opposite coast of Minor Asia. The tectonic
boundary between the two blocks of Eastern Kos
Basin is a WNW-ESE oriented fault which is the
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submarine prolongation of the fault separating the
Antimachia plateau from the Dikeos mountain on
Kos Island. The fault throw is more than 300 m as
this is indicated by the difference in the depth of
the two submarine blocks (about 630 m for block
6a and about 300-350 m for block 6b). The
tectonic boundary of both blocks of Eastern Kos
Basin towards the north is the major ENE-WSW
fault which contols all the southern costal area of
Kos Island. The throw of this fault is more than
700 m in the sector between blocks 6a and 2
(Marine Pleistocene sediments at 100 m of
elevation on Antimachia plateau and 600 m depth
plus more than 600 m thick sediments in the
Eastern Kos Basin) and more than 1700 m in the
sector between blocks 6b and 3a (Alpine rocks at
900 m of elewvation on Dikeos mt and more than
400 m of sediments bellow the 350 m deep sea
bottom of eastern Kos block).

The Western Kos Basin (5) comprises a volcano-
sedimentary sequence of more than 500 m
thickness below its average depth of 520m. The
basin is separated from the Eastern Kos Basin by a
relatively shallow rise between Yali and Kos with
a depth of 400m. Its western boundary towards the
Kefalos Peninsula is an N-S fault producing an
asymmetry of the basin with the maximum depth
occurring near the western margin. The fault throw
is more than 1300 m comparing the 300 m of ele-
vation of the Kefalos Peninsula with the 520 m of
depth of the basin and the more than 500 m of vol-
cano-sedimentary thickness below the sea bottom.
The southern part of the basin is bounded by the
volcanic structures forming the islands of Per-
goussa, Pachia, Nisyros and Yali.

The Western Nisyros Basin (4) is bordered
between the Kondelioussa tectonic block (7)
towards the south and the Western Kefalos
platform (1b) towards the north. Its average depth
is 550 m and the volcano-sedimentary thickness
below its sea bottom exceeds 600 m. The basinal
area of Western Nisyros Basin is characterized by
a complex sea-bottom morphology with a number
of flat-floored elongate basins of E-W direction
alternating with parallel ridges which according to
the air-gun profiles represent volcanic intrusions.
The northern tectonic boundary of the basin is
formed by two intersecting faults of E-W and NW-
SE direction separating the tectonic graben of
block 4 from the intermediate marginal blocks 1b
and 1c of the Kefalos Peninsula. The most
important marginal fault occurs in the southern
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part of the basin with a ENE-WSW direction
separating it from the tectonic horst of
Kondeliousa(7).

The Southern Nisyros Basin (8) constitutes the
northern end of the large Karpathos Basin
extending towards the south-southwest which
reaches great depths of more than 2000m. It is a
characteristic tectonic graben bordered by NE-SW
trending marginal fault zones which separate it
from the tectonic horst of Kondelioussa (7) in the
west and the tectonic horst of Tilos (10) in the east.
Towards the north-east a peculiar morphology is
observed, result of a large deposit of volcanic de-
bris avalanches derived from Nisyros Island (Ti-
baldi et al, 2008).

The Northern Tilos Basin (9) forms an
assymmetric graben of E-W direction with depths
around 600 m. It is separated from the Southern
Nisyros Basin (8) in the west through a shallow
rise with less than 400 m depth observed between
Tilos and Nisyros islands. It is bounded to the
south by an E-W marginal fault zone with throw
more than 1400m separating it from the Tilos tec-
tonic horst (10). The northern boundary is formed
by a rise of about 400 depth developed between
Nisyros and Knidos Peninsula with an ENE-WSW
direction.

3.3 Transitional Tectonic Blocks

The Antimachia tectonic block (2) comprises
outcrops only of Neogene and Quaternary
sediments observed bellow the widespread Upper
Pleistocene volcanic breccia and pumice of the
“Kos Ignimbrite” which forms the planar surface
of the Antimachia plateau. It is characterized as
tectonic graben between the adjacent tectonic
horsts of Kefalos (1a) and Dikeos (3a). However, it
presents an important uplift relatively to the sub-
marine tectonic grabens of Western Kos Basin (5)
and Eastern Kos Basin (6a). This relative uplift is
confirmed by the occurrence of marine Pleistocene
sediments on the Antimachia plateau at altitudes
around 100-120 m. The lack of outcrops of Alpine
formations as well as of Miocene continental depo-
sits (known from the adjacent horsts of Kefalos
and Dikeos) implies a relative subsidence of more
than 1000 m with respect to Dikeos and more than
600 m with respect to Kefalos. The tectonic throw
between Antimachia block and Zipari block is only
a few hundreds of m. The post-Alpine sedimentary
formations below the Kos Ignimbrite are tilted to
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the NW by 10 -15 degrees around an ENE-WSW
axis.

The tectonic block of Zipari (3b) comprises thick
alluvial sediments observed all along the northern
coast of Kos and Neogene continental sediments
tilted towards the north. Small outcrops of Alpine
rocks belonging to the Prophitis Ilias/Pindos
tectonic unit occur in the hills of Zipari block.
Thus, there is strong subsidence in relation to the
tectonic horst of Dikeos (3a) and a relative uplift in
relation to the tectonic block of Antimachia (2).

The two marginal tectonic blocks of Kefalos (1b
and 1c) are subsided areas of the Kefalos Peninsula
horst but they are uplifted blocks in relation to the
Western Nisyros Basin (4). The tectonic block of
Kos-Knidos channel (6¢) also presents subsidence
in relation to the tectonic horst of Dikeos (3a) and
uplift in relation to the tectonic graben of the East-
ern Kos Basin (6a).
26 40

26° 50' 27° 00
L L

4. Conclusive remarks and discussion

The neotectonic structure of the Kos-Nisyros-Tilos
area is a complex tectonic graben between the Kos
tectonic horst in the north and the Tilos tectonic
horst in the south. The complexity is produced by
the occurrence of the intermediate Kondellioussa
horst which towards the northeast is substituted by
large volumes of recent volcanic rocks dividing the
basins on both sides of Nisyros and continues up to
the Knidos Peninsula in the coastal area of Minor
Asia. The volcanic relief is developed both off-
shore and onshore and starts from 670 m of depth
up to 700 m of elevation. Thus, the overall vol-
canic relief is of the order of 1400 m as this is
shown on the Shaded relief — topographic map
given in Fig. 5.

The vertical motions between the neotectonic
blocks as estimated from the throws of the mar-

NEOTECTONIC BLOCKS OF KOS-
NISYROS-TILOS VOLCANIC FIELD
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ginal faults are about 1 — 2 km. This general subsi-
dence observed at the regional Kos — Tilos Graben
is equilibrated by the positive relief produced by
the volcanic extrusions penetrating through the
average depth of 600 m observed over all the ma-
rine basins surrounding the Nisyros volcanic field.
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