
Figure 4. View of the Psathopyrgos coastal 
escarpment (looking to the W) and the small fan 
deltas draping its base.
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Introduction / Location

  The Psathopyrgos (Rodini) and Rion-Patras fault zones 
(Doutsos et al., 1985, Doutsos et al., 1988, Doutsos & 
Poulimenos, 1992, Kontopoulos & Zelilidis, 1997, 
Koukouvelas & Doutsos, 1997), are major active fault 
zones in the area of the Rion Straits and its junction with 
the western termination of the Corinth Gulf (Figs 1 & 2). 
They are located in the area of fastest extension in the 
Mediterranean (of the order of 14-16 mm/yr -  Avallone et 
al., 2004) and are major sources of seismic hazard.

Aims of geomorphological reconnaissance

  Geomorphological observations can provide information 
on active fault zones, in diverse ways. The aims of this  
reconnaissance study were:

- to complement existing knowledge on the pattern of 
faults that have been active after the latest Middle and 
Late Pleistocene (roughly, the last 200 ka) and,

- to identify faults affecting Holocene landforms and 
deposits, for the purpose of finding locations potentially 
suitable for geomorphological studies to estimate fault 
slip rates during the Holocene and, for geological studies 
to determine the timing of past earthquakes 
(paleoseismological studies, and in specific, sites suitable 
for fault trenching). No paleoseismological information is 
available for these fault zones, with the exception of off-

Along stretch A-B, the orientations of well-defined 
escarpment facets in 1:5,000 topographic maps, indicate 
a “zig-zag” active fault pattern (alternation of faults striking 

o o
~N66 E and N98-105 E  Fig. 3b). This pattern compares 
well with the wavy fault zone trace mapped by 
Koukouvelas & Doutsos (1997). 

The search for geomorphic evidence of recent (Late 
Holocene) faulting on land along stretch A-B is generally 
hampered by modification by man (highway, old national 
road, railway and smaller dirtroads), lack of appropriate 
exposures along most of the zone's length, and dense 
vegetation. Burial of geomorphic evidence of recent 
faulting is also probable at the small fan-deltas that have 
developed in front of the coastal escarpment. 
 At one case only there are clear geomorphic 
indications of an onland splay of the Psfz cutting across a 
small Holocene fan delta developed in front of the bedrock 
coastal escarpment  (Fig. 4). Here, a straight, steep scarp 
crosses the fan apex (max. height 17 m), paralleling the 
bedrock fault escarpment. The fault zone is not visible in 
outcrop. 

The intersection of the Psathopyrgos and 
Rion-Patras fault zones

In the area where the Psfz intersects with the Rion-
Patras fault zone (RPfz - Doutsos et al., 1985, 1988), Late 
Quaternary deformation is distributed in several NE-SW 
and roughly E-W faults. These are identifiable based on 
their distinct geomorphic signatures, lithological 
contrasts, but also exposure in outcrops (Doutsos et al., 
1988, Flotte et al., 2005, and this study).

whereas a further indication may be that the risers at the S 
side of both channels II and I have edges substantially 
higher than the risers at their N side (suggesting possible 
down-stepping of the fan surface across these channels).

In one case, a subtle scarp that appears to be 
natural (1 in Fig. 6, is found inside Arachovitika village) At 
location 2, scarps that could originally be tectonic have 
been reworked to terracettes by man. In both cases, to 
absolutely exclude the possibility of man-made features 
degraded to natural-looking scarps, more data than just 
surface geomorphological observations are necessary 
(e.g. geophysical  survey or trenching). 

The Drepanon scarp (scarp 3 in Fig, 6) is most 
probably a fault scarp (modified perhaps by recent erosion 
by the Volinaios torrent along parts of it), because: a) it is 
conspicuously straight and parallels the direction of 
known faults, b) a fault with the same strike and down-to-
the-N sense of displacement is visible in outcrop at 
location 4 in Pleistocene deposits, c) the scarp is 
recognizable also across the terrace at the E side of the 
Volinaios channel and it is aligned with an incised stream 
farther E, and d) the channel of Volinaios R. becomes 
conspicuously narrower at its intersection with the scarp 
(possibly due to emergence of a harder, less easily 
erodible Pleistocene formation). Man-made modification 
is ubiquitous (the Drepanon village is built on and around 
the scarp), leaving no space for paleoseismological 
studies. 

The “german road” scarp (scarp 5 in Fig. 6): runs 
parallel to the general direction of the RPfz, traverses a 
Holocene fluvial terrace, and is associated with a marked 
deflection of a stream that flows to the NW. Surface 
observations alone, are not enough to certify that this 
deflection corresponds to dextral horizontal displacement 
(compliant with the dextral character of the RPfz).

Scarp 5 cannot be placed in the the context of a 
much longer, continuous fault, at least not on geomorphic 
grounds. Given the complex (zig-zag) fault pattern that 
characterises the broader area of the Psfz -RPfz 
intersection, scarp 5 need not correspond though to a fault 
more than a few hundred meters long. The deposits at the 
base of the scarp were removed during the construction of 
a dirtroad by the german army during World War II. A 
secondary scarp just S of the main one is better 
preserved, and is a target for paleoseismological 
trenching (was attempted, but permission from the land-
owner was not granted).

 

fault evidence from uplifted shorelines at the eastern 
termination of the Psathopyrgos f.z. (Palyvos et al., 2006 
and subm. paper)

  Apart from the above, identifying presently active fault 
strands on land is important with respect to selection of 
sites for monitoring (e.g. geodetic, geochemical) in the 
future.

Study methods: geomorphological observations in the 
field, on 1:15,000 scale aerial photographs and on DEMs 
constructed from 1:5,000 HAGS maps, detailed 
topographic surveys and, stratigraphic observations in 
two exploratory trenches. 

The Psathopyrgos (or Rodini) fault zone 
(Psfz) 

  It has an E-W general direction (Fig. 3) and is considered 
to be a presently active structure bordering to the south 
the westernmost part of the Gulf of Corinth (e.g. Doutsos 
et al., 1988, Doutsos & Poulimenos, 1992, Koukouvelas & 
Doutsos, 1997, Flotte et al. 2005). Its geomorphic 
expression is a steep, up to 500m-high coastal 
escarpment (stretch A-B in Fig. 3) where Mesozoic 
bedrock has emerged. The f.z. ru ns along the base of the 
coastal escarpment, but an offshore, parallel branch has 
also been identified (Piper et al., 1990, Papanikolaou et 
al., 1997, Sakellariou et al., 2001). Recent faulting is also 
possible on secondary faults higher on the escarpment 
(Koukouvelas & Doutsos, 1997). 

Uplift rates estimated from the marine deposits at 
Drepanon, at the hangingwall of faults 1-4 (0.6-0.8 mm/yr, 
Houghton et al. 2003, Stamatopoulos et al. 2004) are 
substantially lower than uplift rates on their footwalls (Fig. 
3 inset  from Palyvos et al., 2007). This indicates that 
faults 1-4 have been active in the Late Pleistocene. 
Conclusive evidence regarding their activity in the 
Holocene are lacking though.The fact that Middle-Late 
Pleistocene marine deposits are found uplifted at the 
hangingwalls of faults 1-4, indicate that active faults are 
found also to their north. In Fig. 3 we place a crude trace of 
a probable E-W fault zone at the prolongation of the 
general trace of the Psfz (fault trace 5, coincident with the 
trace of Flotte et al., 2005), along the abrupt, linear 
northern limit of the lowlands of Drepanon (zone X-X' in 
Fig. 6). 
 Zone X-X' is occupied by the old and new national 
road, partly the railway, villages, sparse houses, 
cultivation terracettes and secondary roads. Along X-X’ 
there has also been important, very recent natural 
modification (fluvial erosion), as indicated by well-
preserved paleochannels and terrace risers of the large 
torrent Volinaios (I, II and III in Fig. 6, from relatively older 
to more recent).  Paleochannel II has a southern edge 10 
m high, and is still completely infilled by a lobe of the 
Volinaios fan (Fig. 6), indicating that high sedimentation 
rate is a further problem, that would lead to quick burial of 
subtle features such as coseismic scarps.

Indications of Holocene faulting. Paleochannel I 
exhibits a conspicuously steep turn upon intersecting 
zone X-X', a fact that may be due to fault control (e.g. 
Pavlides et al., 2004, for an example at the Eliki fault 
farther E). The same may be true also for channel II, 

The Rion-Patras fault zone

The Rion-Patras fault zone (Fig. 3) has a NE-SW 
general direction and extends along the rangefront that is 
found behind the large alluvial fans of the Rion-Patras 
coastal plain (Doutsos et al., 1985, Doutsos et al., 1988, 
Kontopoulos & Stamatopoulos, 1990, Kontopoulos & 
Zelilidis, 1997, Flotte, 2003, Stamatopoulos et al., 2004, 
Flotte et al. 2005). The rangefront consists of uplifted Plio-
Pleistocene deposits and has a linear general trace when 
viewed at an appropriately broad scale. Yet, at a closer 
look, the RPfz does not correspond to a well-defined 
escarpment. The rangefront morphology is rather 
complex, including segments with varying slope 
orientations. Similarly to the area of the RPfz-Psfz 
intersection, lowland areas are found in front of stretches 
of the rangefront, bound by smaller escarpments on their 
seaward side, a configuration suggesting differential 
movements of blocks within the Rpfz. Smaller faults 
accommodate the internal deformation of these blocks.

Although erosion has been intense and landsliding 
abundant (Rozos, 1991), identification of geomorphic 
discontinuities that correspond to faults active in the late 
Middle Pleistocene-Holocene is still possible. The fault 
pattern that emerges agrees (with minor differences) to 
the one identified from geological mapping by Doutsos et 
al. (1988), consisting of NE-SW faults with shorter E-W 
and ESE-WNW faults between them. A third direction of 
faults associated to geomorphic signatures indicating 
active participation to deformation since the late Middle 
Pleistocene, is NNE-SSW. 

The RPfz in general has been active since the latest 
Middle Pleistocene, since it displaces late Middle 
Pleistocene (MIS 6, ca. 170 ka) marine deposits, which 
occur at different elevations, in-between RPfz faults (Fig. 
3). However, faults that have been active in the latest 
Middle Pleistocene and Late Pleistocene  may not be 
active, or have little contribution in the deformation during 
more recent periods (the later part of Late Pleistocene and 
the Holocene). Making such distinctions generally 
requires more data than those we have at present. In 
some cases though, reconnaissance geomorphic 
observations can provide hints. E.g. fault 1 in Fig. 9 is 

Figure 3. The complex geometry of the active Psathopyrgos and Rion-Patras fault zones, as it can be 
inferred from geomorphic and lithological discontinuities. The map (and inset) contains (with modification) 
faults previously known from geological studies (Tsoflias & Loftus, 1971, Doutsos et al., 1988, Doutsos & 
Poulimenos, 1992, Kontopoulos & Zelilidis, 1997,  Koukouvelas & Doutsos, 1997,  Flotte et al. 2005).  Only 
(or, mostly) faults active after the later Middle Pleistocene are depicted.  Beige-colored areas correspond to 
major landslides (modified from Koukouvelas & Doutsos, 1997 and Rozos, 1991).  Inset: lithological map 
(without most of the secondary fault zones).

NAFZ: North Anatolian  fault zone, 
NAT: North Aegean Trough, HSZ: Hellenic subduction zone. 

Figure 2. Regional morphotectonic setting and offshore fault pattern. The reconnoitered area is indicated 
with yellow rectangle.
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Figure 1. Regional geodynamic setting 
(Armijo et al.,1999). The Anatolian plate is 
moving towards the west, along the North 
Anatolian fault zone (NAFZ) - arrows depict 
GPS velocities relative to a stable Eurasia. 
The NAFZ propagated during the last 5 Myr 
or so into the extending Aegean (ext. Since 
10-20 Myr), causing increased activity and 
faster extension(red colour) in pre-existing 
extensional domains (orange). The fastest 
extension is observed in the western part of 
the Corinth Gulf. 

associated to downstepping of the topography in 
Pleistocene deposits, but does not appear to offset the 
well-defined terrace in the Haradros valley.

Strong geomorphic indications that at least the 
North-Western (“exterior”) faults in the part of the RPfz 
shown in Fig. 9 should be active in the Holocene, are the 
very young (Latest Pleistocene and probably also 
Holocene) suspended fluvial terraces that are found in 
valleys of larger or smaller streams that cross the RP 
rangefront (T in Fig. 9). It is probable that also the apex of a 
Late Pleistocene (?) alluvial fan (or, a fan above a marine 
terrace - indicated by F and question mark in Fig. 9) has 
been displaced by a recently active, “exterior” fault. 
Kontopoulos & Stamatopoulos (1990) have depicted such 
a configuration, documenting also an important change in 
the thickness of the fanhead deposits of Selemnos R.

Finding geomorphic evidence of recent Holocene 
ground ruptures along the part of the RPfz shown in Fig. 9 
is very difficult, due to intense man made modification 
along most of the “exterior” escarpments, landsliding and, 
high deposition rates at the large fans of the Haradros and 
Selemnos Torrents. In addition, the complexity of the RPfz 
suggests that surface ruptures may be distributed to more 
than one fault (with smaller displacements in each fault, 
i.e. even more difficult to preserve in the surface 
morphology).

About 70-80 m in front of the main “exterior” 
escarpment behind the university of Patras Campus, we 
mapped a gentle but distinct scarp about 1.5 m high, that 
we could follow for a distance of ca. 150 m (gray line with 
teeth in Fig. 9). The direction of this scarp was parallel to 
the main escarpment and at the projection of escarpment 
2 (Fig. 9), suggesting that it could be the geomorphic 
expression of a secondary fault splay running through 
Late Holocene deposits in the hangingwall of the main 
fault zone (a configuration quite common in normal fault 
zones). Still, based on surface observations alone, the 
possibility that the scarp may have been a) erosional or, b) 
an old man-made scarp that was degraded to look like a 
natural feature, could not be excluded. 

 

The best way to provide a firm answer is trenching, 
which was decided also because favourable deposits for 
paleoseismic interpretation were to be expected in this 
location. The fine fluvial deposits exposed in the trench 
contained well-defined coarser layers (sands and fine 
gravel) that clearly demonstrated the absence of faulting 
under the surface scarp morphology (Fig. 10).. The scarp 
was a degraded, old man-made scarp, and provides a 
characteristic example of landform convergence and how 
it can become a serious problem for paleoseismology in 
areas of long-lasting human habitation.

A second, shallower trench (trench 2) was excavated 
for reconnaissance purposes in front of the base of the 
main escarpment, across a small and gentle scarplet. The 
scarplet was also in this case man-made. The trench 
exposed though reverse faults bringing (Pleistocene?) 
clays above Late Holocene colluvium (containing ceramic 
fragments and a filled man-made ditch). This reverse 
faulting represents the lower part of a landslide that is 
found on the main escarpment near the trench location
(indicated by “L” in Fig. 9). Normal faulting in the Late 
Holocene deposits that are found below the reverse faults 
is possible, but further, deeper trenching is necessary for 
verification. 

General conclusions

The central and eastern part of the Psathopyrgos 
f.z. (Psfz) has the relatively simplest geomorphic 
expression of all fault zones examined, but even so, the 
limestone coastal escarpment consists of facets arranged 
in a distinct zig-zag pattern. 

Geomorphological complexity increases in the area 
of the intersection of the Psfz and the Rion-Patras f.z. 
(RPfz), where deformation is distributed in faults 
paralleling the general directions of both fault zones. 

Uplifted marine deposits of MIS 6 (ca. 170 ka) in the 
Drepanon area occupy rhomb-shaped blocks at the Psfz 
and RPfz intersection area, a fact that explains the slower 
coastal uplift rates estimated there, compared to uplift rate 
estimates to the SE and SW 

The RPfz is characterised by geomorphic 
complexity also to the SW of its intersection with the Psfz, 
lacking fault escarpments that extend laterally for more 
than a few km 

Geomorphic evidence of Holocene faulting are 
present along both the Psfz and RPfz, in the form of 
cumulative fault scarps and suspended fluvial terraces

Finding geomorphic evidence of recent (last 2 ka) 
ground ruptures along the Psfz and RPfz (and locations 
suitable for paleoseismological studies) is very 
problematic, due to intense man-made modification 
(roads, villages and grading of terrain into terracettes for 
cultivation). Natural geomorphic processes are a further 
problem, be it fluvial erosion (avulsing channels on fan 
heads) “erasing” possible geomorphic evidence of recent 
faulting, or, high rates of fluvial deposition burying such 
evidence at other locations. The identified structural 
complexity suggests that at least in parts of the RPfz and 
Psfz, coseismic deformation is expected to be distributed 
in more than one faults near the surface, a fact that in 
combination with all the above, decreases the potential of 
preservation of geomorphic evidence of recent 
earthquakes. Gravitational movements along faults that 
may be inactive in the Holocene are a further factor 
introducing ambiguity in surface geomorphic evidence. 

Geophysical surveys are indispensable to detect 
possible buried faults in the large Holocene fans of the 
area, where present-day sedimentation rates are high and 
small coseismic fault scarps would be difficult to preserve 
at the surface.
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Figure 9. Detailed morphology along part of the Rion-Patras f.z. at the longitude of the University of Patras 
Campus, from HAGS 1:5,000 topographic maps and a hillshaded DEM constructed from 4m contours therein. 
Small (<4 m high) scarps (possible tectonic scarps) are indicated by toothed line, larger geomorphic discontinu-
ities indicative of faults are indicated by arrowheads (fault traces in Figure 1). Red-colored scarps are locations 
of present-day non-seismic deformation. Gray shading  indicates suspended Holocene fluvial terraces. 
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Figure 5. Top: Probable cumulative fault scarp across the apex of a Holocene fan at Panagopoula. Map 
location in Fig. 3. F: fan deposits, L: landslide, B: Mesozoic Carbonate Bedrock. 4 m contours from 1:5,000 
H.A.G.S. topographic diagrams. Bottom: Topographic profiles across the scarp and along the stream channel, 
from field topographic survey (gray lines). Black dots indicate surveyed points, elevations refer to arbitrary 
datum (not mean sea level).  

Figure 7. Detailed morphology at the western part of the Psathopyrgos fault zone, depicted by contours 
every 4m from HAGS 1:5,000 topographic maps and a hillshaded DEM constructed from these contours. 
Small (<4 m high) scarps (possible tectonic scarps) are indicated by toothed line, larger geomorphic disconti-
nuities indicative of faults are indicated by arrowheads (fault traces in Fig. 3). Roman numerals indicate recent 
paleochannels of the Volinaios torrent.

Figure 8. Very detailed topographic map and 
profile of the «german road» scarp, from field sur-
vey with total station. A secondary scarp is present 
behind the main one that has been modified by the 
construction of a dirtroad.

Figure 8

Figure 10. Views of the 
trenches excavated at the 
Univ. Of Patras campus. 
Trench 1exposed no fault 
zone. Trench 2 exposed 
reverse faults associated to 
Holocene landsliding (Pleisto-
cene fines thrusted over a 
man-made channel with 
ceramic tiles inside it).
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