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THE RODIA FAULT SYSTEM: AN ACTIVE COMPLEX SHEAR ZONE
{LARISSA PLAIN, CENTRAL GREECE)

R.CAPUTO

ABSTRACT

The detailed morphological and tectonic study carried out and here presented allows to better
define the geometry and the kinematics of one of the major shear zones bordering the actually sub-
siding Tirnavos Low (northern Larissa plain,). The Rodia Fault System is composed of several seg-
ments characterized by different directions and ages here described and tentatively analysed. The
complementary use of already existing data for the Pliocene-Quaternary stratigraphy enables also an
attempt of aging single segments of the fault and even an estimate of the Late Pleistocene-Recent
slip-rate along some of the segments. The whole set of data and its analysis bring to the conclusion
that the fault may be active in the future and consequently the seismic risk for the densely inhabited
area may be high. )

INTRODUCTION

Recent tectonic and morphotectonic studies of Thessaly (Central Greece) allowed to map for the
first time several faults with evident features of recent reactivations (Caputo, 1990). One of these is
the Rodia Fault System (RES). It is one of the few major structures of a larger system of faults
Which is performing the present-day subsidence of the Tirnavos Low (Caputo, 1990; Demitrack,
1986) interacting and partly superimposed on the NW-SE trending (Pliocene-Early Pleistocene)
Larissa Basin (fig. 1; Caputo & Pavlides, 1991).

The fault zone has a general E-W to ESE-WNW direction and bounds to the north the Tirnavos

W, there the Palaeozoic substratum is in direct contact with Pliocene and mainly Quaternary
deposits (fig. 2).

The Pliocene sediments of the Rodia Formation are restricted to the eastern sector of the area
and should probably represent an old delta getting southwestwards into the now extinct Larissa

- Schneider (1968) supposes that during Late? Villafranchian lacustrine and brackish sedimen-

) conditions persist. Micropaleontological dating of some samples collected in the northern Laris-
ﬁig 1N confirms that age for the higher lacustrine layers (Daniela Esu, written comm.). Only in
o dle Pleistocene the environmental conditions became typically subaerial. During Late Pleis-
Ththc and Holocene several episodes of deposition have been distinguished (Demitrack, 1986).
€y formed different and sometimes overlapping generations of scree cones and flood-plain

f:-_ébﬁosits and they were alternated to periods of pedogenesis during which different and characteristic
SOlls formed (fig. 7).
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Fig. 1: Tectonic sketch of eastern Thessaly where the Pliocene and Quaternary major struct - o s
shown. g — /
o /
2 /
GEOMETRY AND KINEMATICS OF THE RFS 3 = s 7
Although the general trend of the RFS is E-W to ESE-WNW, this shear zone is made of a ; / =
posite and complex system of faults of different directions (from NE-SW, through E-W to NV /
and pantly of different ages (at least from Pliocene to Recent). /

The kinematics observed along the fault is slightly variable. Nevertheless everywhere a
normal dip-slip component of movement is always measurable. Some segment of the RFS
show oblique-slip kinematics either with a sinistral component, as along the strand N
ghiropouli, or with a dextral component, as along the NE-SW trending segment N of Rodia.

The structural analysis carried out along the structure (Caputo, 1990) clearly shows that
has been involved by two distinct tectonic phases. The first phase occurred during Pliocene (-
Pleistocene?) and is characterized by a NE-SW direction of extension. During this phase, ﬂl! -
NW-SE trending sector of the fault was certainly active as some syn-sedimentary faulting ¢l
suggests. The segment N of Arghiropouli with a similar direction was also probably acti_v&

The second phase shows a roughly N-S direction of extension. It involves Late Pleistot

Tr

Fig. 2: Geological map of the RFS (simplified from eriginal mapping at scale 1:5.000). Pz = de
schists (Palacozoic); Tr = limestones (Triassic); P1 = Rodia Formation (Pliocene); L.Pl_ = New
luvium (Late Pleistocene); H3 = Rodia alluvium (Early Holocene); H2 = Deleria alluvium
Holocene); H1 = Pinios alluvium (Latest Holocene); 1 = aliuvial cones; 2 = a) faults, b) presumﬂd 0

strati ifi i : !
Quaternary stratigraphy modified from Demitrack (1986) Wnoiakr BIBAIOBAK
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Holocene deposits and activated the southernmost ESE-WNW trending segments of the fault 75,
along the actual Palaeozoic-Quaternary contact as well as along a new fracture system withip
younger deposits (see fig. 2 and later on).

A comparison with the Neogene-Quatemary tectonic evolution of Thessaly (Caputo, 1990y
of the whole Inner Aegean Region (e.g. Mercier er al., 1987; 1989) confirms the existen
direction and the age of both phases, This brings to the conclusion that the RFS is part of a brogg,
faulr system and it is related to a regional and more or less uniform stress field. In particular g
younger N-S direction of extension has been largely proved to be still active all around. It generars
several earthquakes in the surrounding areas the more important of which are the 1941, [,
carthquake (M=6.1; Ambraseys & Jackson, 1990), the 1957, Velestino earthquake M=
Papazachos er al., 1982) the 1978, Thessaloniki carthquake (M=6.5; e.g. Papazachos & Ca
1983), the 1980, Volos earthquake (M=6.5; Papazachos ez al., 1983).

A part of the main and conterminous system of faults, SW of Arghiropouli two antithetic ming
faults exist. Both of them are nearly E-W and involve either the Triassic limestones and the Quate;
nary alluvial cones. Kinematically they show an almost pure dip-slip normal movement.

ce,

MORPHOTECTONICS OF THE RFS

A specific mapping at the scale 1:5.000 permitted to carry out a detailed morphotectonic stud
the area. Indeed, several morphological features are conclusive indicators of very recent tectonic
tivity along the fault zone.

An impressive morphotectonic feature along the fault is a system of wiangular facets
characteristic of the central sector of the RFS (fig. 3). In plan view from the analysis of ae)
photographs (provided by the Greek Geographical Military Service) as well as from frontal
(fig. 4) three generations of these morphostructures are recognizable. The largest set is the older
and consequenty the features are nowadays the less preserved and the more difficult to visua
The slope angle they define is quite small because of the retreat and erosion of the fault scarp. ]
intermediate set of triangular facets is certainly the better defined and shows a larger slope an
Contrary to the two previous sets, formed in the metamorphic Palacozoic rocks the third and s
set involves Late Pleistocene deposits too. Although these features are certainly the younger on
the higher erodibility of these poorly consolidated materials with respect to the substratum ca
quicker evolution of these tectonic morphologies.

In the central and eastern sectors, south to the main substratum-alluvium contact, within the L
Pleistocene and Holocene deposits, many morphological scarps exist, They have been mapped a
all along their length, the height has been measured. Both set of data are shown in fig. 3. In thism
is possible to observe that some of the scarps is in continuity with Quatemary faults and some ot
even dislocates and separates Quaternary deposits of different ages. At least for-these scarps
tonic origin must be claimed (see fig. 2). For the remaining ones several parameters suggest
mon and similar tectonic genesis. Indeed their linearity, their considerable length, their ui
height all along, their sharp profiles, the parallelism among them and their mainly E-W d
strongly support this hypothesis. Nevertheless, a different origin for some of the scarps may n
completely discarted. Only renching across them will permit to unequivocally and definetely di
guish between morphotectonic-features and not. .

Concerning the two antithetic faults, it must be noted that all along a clear nmrphologlﬂﬂ
exists. It has a similar shape in both the strong lithology of the substratum (i.e. Triassic l} ¢
as in the poorly consolidated recent deposits. A strip of colluvium and denser vegetation
downthrown block is also a characteristic feature. The same kinematics and geometry 2s W
very similar morphologies, have been observed just 10 km to the south along the Tirnavos F&85
(Caputo, 1992) one of the major structures bordering the Timavos Low (fig. 1).

Fig. 3: Geological and morphotectonic map of the central sector of the RFS. Three generations of
gular facets exist and are represented with dashed lines. In the minor and younger family Late Pl
deposits are involved too (see also fig. 4). 1 = metamorphic schists (Palaeozoic); 2 = Rodl? g
(Pliocene); 3 = New Red Fan alluvium (Late Pleistocene); 4 = Rodia alluvium (Early Holocene): 5
alluvium (Middle Holocene); 6 = Pinios alluvium (Latest Holocene); 7 = faul%@m%}%lﬂgﬁﬁﬁcu
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AGE OF FAULTING

The RFS is composed of several segments showing a different and partially indipendent history.
/ Aging the evolution of each single segment is probably beyond the limits of the present knowledge.
' , for some of them it is possible to establish a relative chronology and age boundaries

For example the NW-SE trending set (A in fig. 5) developped in the castern sector strongly af-
i i . Along some of the faults an intraformational breceia has been

fer of the deposition of the New Red Fan alluvium (Late Pleistocene). On these deposits rests a
id belonging to the younger Deleria Fan alluvium (Early Holocene) which is cut by the segmen:

\_\ . ' E. Pleist. L.Pleist. H
~
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i i ; ithetic faults (I in fig. 5). Thus they pre.

. 5). Coeval deposits are also involved by tht? two ?nnthenc
S{ag1 tgauSl)tin g?el}rnfomgnately. upper age boundary is available only for the segment H Indeed, two
scree cones of the Pinios alluvial deposits partly cover it and do not show any tectonic defol'rnano.;__;,_
Lower but not upper age boundary is also available for segment B (fig. 5) the Rodia Fan alluyia)

sediments,are deformed. ' ‘ .
Both central segments of the fault system involve Quaternary materials. The northem one (E iy

E F
A\ I

Fig. 7: Schematc

P - cross-section of the
z | morphotectonic S A I g

‘ scarp I, IT and II refer to the

three generations of trian-

1045 m gular facets. E and F are

the two segmenis of the
central sector (see fig.
5a). Other symbols as in
fig. 3. See text for further
explanations.

stream
incision

fig. 5) corresponds to the substrarum-alluvium contact. The important system of triangular facets
clearly indicates a quite large amount of moverment in relatively recent times. The fact that the lower
of these morphologies involves Late Pleistocene deposits proves that some faulting is certainly
ger while the other two sets suggest that faulting is probably also older.
nally segment F (fig. 5) is probably the most recent one because it deformes the Late Holocene
s alluvial deposits which are the younger ones affected by the RFS.

CPndcnsing we may assess two things: first, E-W segments are commonly younger than NW-SE

Ing ones and, second, there is a
Omenon is quite common for normal
art & Hancock, 1990). If this is the ¢

general basin-ward migration of faulting. This lartter
faults and described in similar tectonic environments (e.g.
ase, activity on segment F possibly post-dates faulting on

ent E. In fig. 5b is summarised and represented the stratigraphy of faulting.

DISCUSSION

For the displacement occurred along the RFS there are three major evidences of large cumulative
nts. First is the tilting of Quaternary and Pliocene sediments towards N and NE, respectively
larter up 1o 30-40 degrees). Second is the huge shear zone (1-2 meters) along the contact be-
R the substratum and the Late Pleistocene deposits (fig. 6). Third is the previously described
M of triangular facets.
ing to the age of the involved materials, all these feanires quantitatively indicate some
eter of displacement since Late Pleistocene and some hundred since Pliocene. A deforma-
al 15 representative for the whole shear zone. In the Timavos Low, Doutsos (1980) suggests a
atible thickness of Pliocene-Quaternary sediments with a maximum of probably more than 500
the centre of the basin. On the other hand, each single segment of the fault System may behave
Uy and separately as discussed when aging the fault evolution.
i :;c “;19 may tentati:ely do more is to estimate a slip-rate during the Late Pleistocene-Recent
] . stocene 5 Vi { for the central sector of the RFS. The Late Pleistocene Rodia Fan alluvinm
Fig. 6: The wide shear zone between the Palaeozoic subsmmmf(?sgél;l)eanq,iﬁl{ﬁ,&,%}fé’,’ﬁ 1001Kn : %ﬂi’é‘% le"10otwall block of segment E and forming the younger set of trangular facets
(left) along the segment E in the central sector of the RFS. Hammer fo . -
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(fig. 4) are at 10 to 20 m higher than the corresponding downthrown sediments. The same depogjpg
have been upthrown of about 5-6.m by segment F as localized erosion down to the new refatiye
base-level of some stream indicates (fig. 7). According to these minimurm amounts of cumulagy,
displacement and the maximum time-span of activity, the average slip-rate for the whole central sq:
tor is in the order of few mm per year. Similar values have been suggested for other recent and a¢.
tive faults of Thessaly (Tirnavos Fault, Caputo, 1992); Nea Anchialos Fault Zone, Caputo, 1990) ag
worldwidé (e.g. Cabrera er.al., 1987; Bell and Katzer, 1990).

As mentioned above all the surrounding regions show a-diffuse seismicity and a strong activity,
In the frame of the actual regional stress field characterized by a N-S direction of extension, the RFs
contains geometries that are mechanically perfectly suitable for future slips. According also to the
Late Pleistocene and Holocene tectonic evolution described and outlined in the present paper, the
seismic potential is quite high. If we consider the dense population living in the Larissa plain and the
soft materials on which most of the buildings stand on it is clear that the seismic risk generated by
the RFS is slightly high. Future investigations to understand the palacoseismic evolution of the areg
are of scientific primary importance but especially from a socio-economical point of view.
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