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TﬁE‘ STRUCTURE OF THE UPPER CRUST IN THE KARDITSA
SUBBASIN (C.EN'I‘RBL GREECE) AND THE CONTINUATION
" OF THE OPHIOLITES BENEATH ITS SEDIMENTS

G. Tsokas", C. Papazachos', G. Vargemezis®,
M. Fytikas' and A. Angelopoulos™”

ABSTRACT

- The relief of the basement is studied beneath the sediments of the Karditsa
subbasin by the use of gravity and aercmagnetic data. These data were supple-
mented by susceptibility and remanent magnetization measurements on the
ophiolites at the margins of the subbasin, density measurements on rock
samples and a Nettleton profile. The basement appears to dive eastwards of the
mountain chain and it is uplifted near the city of Scfades. The magnetic map
shows clearly the continuation of the ophiolites under the subbasin. Spectral
filtering and deconvolution revealed the existence of two discernible bodies
on NW-SE ranging alignment while forward modeling was employed to quantify
their characteristics.

EYNOW¥H

H oviywon tou unof&fpou k&tw and 1o ({Huatae 1n0¢ Kapditooe pehetdtol pe 1n
xphon PapuT LKOV Kol QepOpayvnT LKOV dedopévuv. Ta Sedopévo aqUTd CURTANPOVOVTOL
RE PETPNCELG PayVNTLKAGC EMLSEKTIKOTNTIGC KAl MNUPpaHEVOUOXC HayVATLONG OIoug
OPELOALBOUC OTa dpLa TNC UMOAEKGVNG, UETPNAOELC NMUKvOINTQs of Sidpopa S iypotoa
Xoru pla topn Nettleton. To undBafpo palvetol va Budiletal avatoilxd amd 1nv
OpPOOE PG KOl OQVERXETOL XOVI& otnv néin 1wy Zoe&dwv. O poyvnt LxéGC X&ping
deixvel xaBopd TN oUvEXELQ TwVY o@PfLloAlBwY K&Tw and tnv unohekdvn. PoaOPNT LKA
av&huon xot omoouvvEArLEn deilyvouv tnv noapfn 390 SiaxplTov cwudtwvy Pe BA-NA
YPOUU LKA avdnTuln £vOo an’ euBelag HOVIEAX XPNOLHOTIOLRBNKaY v TNV Nooot tkonoinon
1OV YXPAKINPLOT LKOYV TOUC.

EIZATQTH - INTRODUCTION

The subbasins which form the plain of Thessalia (central Greece) are
morphologically well defined features. The plain itself {(fig. 1) is the
~ largest one in Greece and covers parts of four isopic zones {(Aubouin, 1959).
From east to west these zones are the Axios-Vardar, Pelagonian, Subpelagonian
and Pindos (Mountrakis et al., 1983).

The alpine regional geology of the major area is well known with respect to
the description of the main lithological units and stratigraphy (Aubouin,
1959; Vergely, 1988; Katsikatsos et al., 1986; Kilias and Mountrakis, 1987).

2 Geophysical Laborateory, Aristotle University of Thessaloniki, 54006
Thessaloniki, Greece.
Department of Geology, Aristotle University of Thessaloniki, 54006
Thessaloniki, Greece.

- IGME, Mesogion 70, 11527 Athens.

Wnoiakn BiBAI0BAKN "OedppacTog” - TuRua Mewloyiag. A.MN.O. 107



Caputo (1990), Caputo and Pavlides
(1991, 1993), and Pavlides (1993)
studied the post-alpine evolu-
tion of the tectonic regime and
suggest a model consisting of
two distinct extensional phases.
The oldest cne, dated during late
Miocene-Pliocene, was caused by
a N51°E extentional field. This
field reactivated the structures
which had been created by an apline
phase. It mainly deepended the
graben structures which form the
NW-3E trending subbasins of
Karditsa and Larissa. The younger
phase, which is still active,
has given structures ranging E-
W, which are clearly visible in
the Eastern part of the plain of
Fig. 1: The plain of Thessalia is shown by Thessalia.
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Pewiphocic, N: topun Nettleton, 9efine the structural setting of

Synuatiguoi: Fa: odaveoiou, Mi: the subbasin of Karditsa (fig.
Mnipénohng, Ka: FKavahiou, Le: 1). This feature occupies the
Azovtapiov south-western part of the plain
of Thessalia. Magnetic and Gravity data have been used. These data were
implemented by density, apparent susceptibility and remanent magnetization
measurements and the results of 3 deep drillings.
Ophiclites outcrop all around from the north-western to the southern
margins of the studied subbasin. Thus, the analysis of the magnetic data aimed
also to reveal their existence or not beneath the sediments.

Wery high seismic activity has

ETPOMATOI'PA$IA - STRATIGRAPHY
The main lithological units which occur in the studied area can be grouped
into two major groups, that is, the Post-alpide sediments and the Alpide and
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re-alpide series (Caputo, 1990‘). In pa-:tic:l;ar, the western limit of the
ayea) (Figl 1) pelongs"¥o whe Pindos zone (Lekkas, 1988; Caputo, 1990).
.Dhs ophiolitic seniés which crops out along the northwestern and southwest-
érn Qprder of the Karditsa basin consists mainly of mafic and ultramafic rocks,
as basalts; beridotites and gabbres. A complex carbonatic series is present in
the:nbft?ﬁestéfn margin of the subbasin. Oglitic limestones, calcirudites,
pelities, chartyjlimestones and radiclarites/compose mainly this series. These
are of Jurassie to Paleceene age. A typiral intercalation of sandstones and
pelites composenthesFPlyschoof Maastrichtian to Early Eocene age (Caputo,
1990) . It underlies the ophiolitic and calcarecus rocks which refered above as
a conseguence of the Alpide tectonic action.

All the units mentioned above belong to the Pre-Alpide series of the Pindos
zone. Caputo (1990) named all units which deposited to the Alpide paroxysm of
this area of the Hellenides as “Late and Post-Alpide sediments”. This termi-
nology is followed here.

Generally, in the central-southern part of the plain of Thessalia the
ophiolitic-radiolarirtic complex of the Subpelagonian zone crops cut. It mainly
consists of alternated pelites, radiclarirties and marly limestones apart from
the magmatic rocks as peridotites, dunites, gabbros, serpentinites, diabase-
dolerites and diorites. This complex is of Jurassic to Early Cretaceous age.
Westwards of the city of Karditsa, at the margins of the subbasin, a terrig-
enous and clastic sedimentary sequente crops ‘out. This series has been named
as "Karditsa seguence® and consists of three formations, the Mitropeclis, the
kanalia and the Fanari. The first one consists of conglomerates, reddish
sandstones and mudstones and it is dated to Middle-Late Oligocene. The second
one 1s a well cemented series in general. It overlies the first one and
includes, conglomerates and sandstones. The third one, i.e. the Fanari forma-
tion, is the younger of the Karditsa sequence dated to Burdigalian. It mainly
consists of grained material as marls or siltstones alternating with sand-
stones. At the southern margins, a limited outcrop of a Neogene series named
the “Leordari series" is present. In general, the basin is masked by a
Holocenic sedimentary cover of alluvial origin.

Two deep commercial boreholes were drilled in the subbasin near the village
Agnantero. Their exact locations are shown in figure (1) where they have been
annotated as AGN1 and AGN2. These boreholes drilled about 200m of Plic-quaternary
sediments, 500m of the Karditsa sequence sediments and penetrated the basement
(Senonian limestones) at the depth of = 800m up to = 950m. Ancther commercial
borehole was drilled approximately 9Km eastwards of the city of Sophades. The
exact location is marked in figure (1) and it is a bit out of the area where
gravity data existed. The borehole is annotated as AL4. The metamorphic basement
was met at the depth of 690m and it is of ophiolitic origin. The plioguaternary
sediments are approximately 330m thick just above a 220m thick Karditsa sequence
sediments which lie on the ophiolithic basement.

TA TEQ$YLIKA AEAOMENA - THE GEOPHYSICAL DATA

The gravity campaign which produced the data used in this study took place
in the years 1964 and 1965. It was carried out by the Institute Francais du
Petrole (I.F.P.) on behalf of the Greek Institute for Geology and Mineral
Exploration (LaPorte and Viltard, 1966). A total number of 1088 stations were
measured resulting to density of 1.2 station/Km’. Also, two Nettleton profiles
were carried out each one consisting of 56 points. As it is reported by I.F.P.,
these profiles were located at the borders of the subbasin, presumably on
the units of “Karditsa formatiocn”. They resulted in a density contrast of
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w"10.25 £ /m’ Petween ‘the "Karditsa Formation” aniﬁ; the Pre-alpide units However,

i.F.P_used a density of 2.10 t/m’ for the cempilation of the Bouguer map.

ANéctleton profile was carrigd gut, £or the needs of the present study in
Maxzch of 119931 The profile. is marked in figure (1) and it is located close
to .a.village named Agia Paraskevi. A density of 2.10 t/m' resulted for the
neax «sUf facge jsedin€nts,

The'dgnsity of rock samples extracted from the main lithological units of
the' studied agea was akso measured. The' sample were collected for two
purpases, o measure the'density and tolf define the remanent magnetization
vector. The resulted densities are shown.in table (I) along with the
remanent magnetization parameters and the in situ measured apparent
susceptibilities.

The aeromagnetic data used in this work were produced in 1964. The
campalgn was executed by the C.G.G. {Compagnie General des Geophysigue) on
behalf of I.G.M.R. The flight level was 2100m above sea level.

EPMHNEIA TON BAPYTIKON KAI MATNHTIKON AEAOMENQN - INTERPRETATION OF THE
GRAVITY AND MAGNETIC DATA
Figure (2) shows the Bouguer anomaly map after the extraction of the first
order regional trend. The map reflects mainly the relief of the top of the
Pre-alpide formations because the dominant density contrast is between them
and the lighter Post-alpide units. The main feature is the northwestwards
trending gravity low which presumably reflects the Karditsa graben, i.e. the
structure which caused the subbasin. The anomaly is well defined and separated
from the low values of the northwest corner of the map.
A positive anomaly of more than lZmgals 1is present NE of the city of
Karditsa and coincides with an outcrop of the limestone of the Subpelagonian
zone. The ancmaly is , presumably, caused by an uplift of the basement as
revealed by the cutcrop. It will be called onwards, as the “Sofades” uplift
for distinction. A gravitational high seems to taper the Karditsa graben in
its northwest end. This 1is lower in magnitude than the anomaly of the
*Sofades” uplift and strikes in the NE direc-
tion. The probable fractures, as it can be
deduced by the gualitative study of the Bouguer
map, have been marked by dashed lines in figure
{2). The solids lines represent major fractures
identified in our field inspection. It can be
seen that the NE-SW and NW-SE systems are very
pronounced. The presence of the E-W direction
is rather limited.
A first order residual total magnetic field
anomaly 1is presented in figure (3). It shows
clearly an axis of strong anomalies which strikes
NW-SE. This is related to the ophioclitic belt
which is concealed under the sediments and other
units of the subbasin. As it is shown in figure
(1), ophiolites expose themselves at the north-
Fig. 2: A first order residual western and southeastern region out of the stud-
of the Bouguer anomaly 1led area. Therefore, they must form a continuous
map of the area. The belt which crosses the studied area in the
contours are in mgals. diagonal sense.

Ix. 2: Yndhoiunmo nowing 1&éng Since, the data were transformed into the
1ou x&otn aVwpaAiag wavenumber domain, 2-D power spectra were calcu-
Bouguer 1ng nEPLOXAS. Jated as well as their azimuchally averaged ver-

e 13““4”A“C TLvEE 9E <ions. The last operation was performed because
maals.
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First order residual
field map of
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magnetic data. The
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set to the wavenumber
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a linear relatilnship exists between the depth
to ,exvain types of causative source (or group
of sources) and the slope of the logarithmic
power spectrum of the relevant anomaly. The
method is commonly applied along profiles
(Speetor and Grant, 1970}, but it can be also
applied to map by radially averaging the 2-D
power spectrum, (Mishra and Naidu, 1974; Hahn et
al., 1976 # Kirdakidis and Brooks, 1989). In the
azimuthally averaged logarithmic power spectrum
of the magnetic total field data, two sourcas
of magnetic disturbances were clearly discernible.
Thus, two straight lines were fitted to the
linear segments of the spectrum. The least squares
line fitted at the relatively lower wave numbers
indicated a depth to the upper surface of the
source egual to 3.3 Km while the other, at
higher wavenumber, a depth of 2.7 Km.

By inspection of the azimuthally averaged
power spectrum, wavenumber filters were de-
signed. After multiplication of the filters by
the spectrum and return te the space domain,
the filtered versions of the maps resulted. It
was hoped that such a procedure would isolate
the anomalies caused by the ophiclitic bodies.
Thus, their spatial distribution would become
apparent and further guantitative study could
ke done. Figure (4} shows such a resulted map
after high-pass filtering. The low-cut
wavenumber of the particular filter is 0.05Km”

representing a wavelength of 20Km, and the
roll-off ramp was arbitrarily set to 10% of
the whole wavenumber band. Two magnetic anomalies
are well posed in the filtered magnetic map
indicating the presence of two magnetic bodies.

It has been already refered that ophioclite
outcrops occur at the limits of the studied
subbasin which are shown in figure (1}. In par-
ticular, those of the western side belong to
the Pindos zone. However, the respective bodies
seem to be of small volume since they do not
pose themselves in the residual magnetic field
map (fig. 3). An attemp was made to isclate
their magnetic effect by filtering the map and
leaving the high wavenumber (cut-off egqual to
0.125 Km' or approximately to the wavelength of
8Km) . Anomalies of much smaller wavelengths than
those attributed to the main ophiolitic bodies
resulted. Their magnitudes (peak to peak 30nT)
are alsoc much smaller. Therefore our initial
interpretation was reinforced.

ANTILTPO$H TON MAINHTIKON AEAOMENQN - INVERSE
FILTERING OF MAGNETIC DATA

Tsokas and Papazachos (1992} proposed a 2-D
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| inverse filtéring scheme which' results in transformed anomalies which are
"cent exed 'at. the epicenterwofy the.disturbing bodies. Also the lateral extent

of-the targets Qs delinedted fairly well and the magnitude of the resulting
anomalies is "a“measure of"their "magnetization. The scheme is based on the
congideration of the total field anomaly as being the product of the
convolution [af.twolanalytically. determined functions. One of those is
chésen guch that it modifies the amplitude of the anomaly while the other
cont{pls the partern (Karousova and Karous, 1989; Tsckas and Papazachos,
1993, Tsokas et al., 1991). The second function was reasonably named as
"shape function® and its inverse is computed in the Wiener mode. This is an
optimun filter operator, in the least squares sense, to be convolved with
the data.

The success of the procedure depends on the proper choice of the model, the
anomaly of which will be inverted and serve as filter. Therefore, all the a
priori information must be used in its construction. In our case, the available
information is that concerning with the strike of the zone, its probable dip
and the power spectrum depth estimates. However, a global filter was computed
although the power spectrum indicated two sources of magnetic anomalies buried
at different depths. Also, the dip was considered unique. Thisz approximation
can not affect the result in an observable manner since all other parameters
were constrained.

The prism was rotated by 6=35 clockwise with respect to the North. Its dip,
p, was set to 40°, while the length of the dipping side was considered 0.05Km.
Its upper surface was a sguare of 2X2Km’. The burial depth, h, was considered
as 3.0Km, which is the average depth of the two sources indicated by the power
spectrum. The “shape function® was then computed following the McGrath and
Hood {1973) algorithm (Grant and West, 1965).

The result, afrer convolution of the filter produced as described above with
the data of figure (4), is shown in figure (5) in the form of a grey scale
image. The projection on the surface and the position of the magnetic bodies
is revealed in that figure.

MATNHTIKA KAI BAPYTIKA MONTEAA - MAGNETIC AND GRAVITY MODELLIMNG

The shapes of the magnetic anomalies which were attributed to deep seated
ophiclitic bodies lead to a 3-D modeling approach. The method employed to
produce the effect of the 3-D bodies is that proposed by McGrath and Hood
(1973). The depth to the upper surface of the prisms was constrained by the

Fig. S5: l6-rones grey scale image of the lateral
distribution of magnetization after the
application of the inverse filter. Wval-
ues vary from -10000 to 10000. all wval-
ues below 500 are depicted with white
colour to highlight the result. The range
500-10000 was divided to 15 egual grey
levels.

Ex. 5: Eixkdva 16 1odvww 10U vwRDpL ng opltldvriag
KolowopAg 1nNg¢ HeayvRtliong HET& 10
aviigteopo gLhtpodplopo, 01 T1pEQ
prrafaiioviatr ondé =-10000 péxpe 10000,
TOMEG 0L TLpEg k&tw and 500 poivovral
ooy GONPEC ¥Id va TOVIOSIEL 1o anotficapa,
Qv tipég 500-10000 pwolotnkow o 15 [o;
SlLootAuata.
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power spectral depth estimates. On the other
hand, the lateral dimensions and the position
of the bodies were approximately delineated
o by the inverse filtering.

The plane view of the concluded model along
with the produced effect is shown in figure
{6). The anomaly of this map matches that of
re (4) in most aspects. The northern body is dipping at an angle of 45°.
is considered to be buried 3.3 Km® beneath the flight level and its cross
rion is 13X14 Km wide. Its extent along the dipping direction s 0.1Km. The
thern body is consisting of two parts which are positioned 70° apart one
tive to the other 9Km long. This prism was considered vertical sided and
- distance from its upper surface to the flight level is 2.7Km.
he magnetization parameters used are those assigned to the ophiolites of
s zone as shown in table (I). It does not mean that the entire ophiolithic
t belongs to the Pindos zone. This is a question to be answered by drilling
the future. Note that only the magnitude of the remanent magnetization
ers between the cphiolites belonging to the different zones. The variance
igh enough which means that the various components of the ophiolites show
de and overlapping range of values. Therefore, the remanent parameters
not be assessed without having cores of the material of the bodies.
‘Modeling of the gravitational field was attempted along the profiles which

annotated as AAR' and BB’ in the figure (2). The 2-D computational
orithm used was that given by Won and Bevis (1987) which was based on the
hod of Talwani et al. (1959). That algorithm was used for the Subpelagonian
Pindos substratum which was considered as extending to infinity. The
iolitic bodies, the Sofades limestone, the Karditsa seguence and the Plio-
istocene sediments were considered as being of 2 1/2-D. Their effect was
culated using the Rasmussen and Pedersen (1979) algorithm. The concluded
2ls along the profiles AA‘ and BB' are depicted in figure (11). The profile
crosses the area of the commercial boreholes in the village Agnantero.
The near surface layer was considered as being the package of the Plio-
Pleistocenic sediments having a density of 2 10t m’ obtained by the Nettleton
file. The Karditsa sequence which underlies the shallowest formation was
sidered as having a density of 2.30 t'm?. This wvalue is justified by the
surements of table (I) and the Nettleton profiles which were carried out
I.F.P. The density of the other units were constrainted by the values given
n table (I).
The profile BB' crosses the Sofades uplift, which is depicted in figure
), as well as the Karditsa graben. The Post-alpide units of the graben seems
reach a maximum depth of 650m below sea level. The same gquantity reduces to
Om at the Northern side of the profile. The Sofades uplift shows an extent
approximately 12Km.
The thickness of the recent sediments plus that of Karditsa formation is
h smaller along the profile AR‘, as deduced from figure (7). The Karditsa

poRo | seems: Lo {Fr]acﬁgkﬁaBlwﬁ%&)%g&o%f- 'Isu%%rg F?(ﬁ)}gy‘fag.sﬁﬁ'l.é? vel. The graben

113



Table I?ﬁé%iﬁ?&ffal ﬁﬁrﬁﬂéiagﬁ on samples om the main lithological units

: Quthgpp;pg praynﬁ Lhe §ggd+£sa subBasin, The apparent susceptibili-
’ ries’ wers meéasured in sdtu: the v%luqs presented here are the averages
y of allarge number of readings. :
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north - east of the city of Sofades seems to be o the same depth.

The ophiolitic bodies seem to be overlain by limestone. The density of
these structures was considered 2.70 t m’, which is the value obtained for the
ophiclites of Pindos zone according to table (I). This is a compromise,
because the true density of the bodies can not be accuratly assessed without
drilling. Any assumption is crude, since the variance of the values for the
ophioclites of both zones is very big. Indeed, if we judge only by the location
of the bodies, as revealed in figures (5) and (6), it can be concluded that
the southern one belongs to the Subpelagonian zone.

CYMINEPATMATA - CONCLUSIONS

The Sofades uplift bounds the Karditsa graken in its northeastern limit.
It seems to consist mainly of limestone of the Subpelagonian zone. It’s
lateral extend is 12X15Km.

The depth of the Karditsa graben, which is responsible for the formation of
the subbasin, reaches a maximum of the order of 600m below sea level of about
the same order is the depth of the second graben at the northeastern side of
the Sofades uplift. These estimates are shallower than the depth to the
basement obtained by the boreholes in Agnantero.

The ophiolites which expose themselves all around the Karditsa subbasin,
form the northwestern to the southern boundaries, seem to constitute a
continous belt. It is concealed under the other units of the subbasin but
produces pronounced magnetic effects.
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