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SUMHARY. 

The sedimentary sequence of the Kirki-ESSimi 
basin and the Drymou-Melias ~eries (at the eastern 
margin of the basin) were sampled at 16 locations for 
Palaeomagnetlc and Magnetic Fabric lnvestigations. The 
basin occurs at the souther~ ~argln of the Rhcdope 
Masslf and is Tert,ary in age. 

Measurements of the Anisotropy of the Magnetlc 
Susceptlbility (Magnetic Fabric) were carried out on 
a total of 400 specimens from the above sampling 
Sites, uSing a Low Field Torqu~ Magnetometer (LFTM). 

The primary style depositlonal Magnetic FabriC 
exhi~ited by the majOrity _ of the sites allowed 
the est.mat,on of palaeocurrent directions in the basin 
area. 

T~o main palaeocurrent trends emerge, 
approxl~~tely N-S and E-W, mainly typifled by sites 
sltuated in the western and central parts of the baSin 
respectively. 

The sedimentological and geologlcal implica­
tions of these two main inferred palaeocurrent trends 
are summarized in terms of basiO infilling. 

1. INTRODUCTioN - GEOLOGICAL BACKGROUND. 

The estimation of the prefered grajn orientation in clastic 
sediments from the Anisotropy of their Magnetic Susceptibility 
15 a qUick and accurate method of finding a~cient current 
directions. Hamilton and Rees (1970 and 1971) suggested how~o 

interpret a given sedimentary magnetiC fabriC and prOVided the 
st.mulus for the use of the method in sedimentological studies. 
The method has been Widely used in the investigation of 
palaeocurrents 1n sedimentary basins (Crimes and Oldershaw, 
1967; Hamilton and Loveland, 1967; Rees et.a1., 1368; Von Rad, 
1971; A:<:lz-ur-Rah:nan et aI., 1975). 

The prinCipal objective of this study relates to the 
appraisal of the anisotropy of the ~agnet.c susceptibility of 
the sediments in order to delineate pOSSible palaeocurrent 
trends within the Klrki-EsslMi baSin. Such a study has a 
potential to show POSSible palaeoslope POSitions too. As there 
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is some geological eVidence that the disseminated-stratiformal 
mixed-sulphide mineralization is controlled by sedimentary 
structures, knouledge of palaeoslopes is relevant to recognision 
of these parts of the basin uhere penecontemporeneous mass 
movement of sediment has taken place. 

The locatlon pf the area of thiS study in N.E. Greece is 
shown in Fig.1. It has an areal extent of approximatelly 250 km'" 
and is sltuated to the north of the city of AlexandroupoliS. 

Geologically, the area comprises mainly the Y,irki-Essimi 
basin, uhich is one of a number of Tertiary extensional volcano­
sed,mentary basins, uhich occur on the southern margin of the 
crystalline basement of the Rhodope massif. The present outcrop 
o~ the Kirki-Essimi basin has an elongated shape wlth its long 
axis trending approximately E-W for 25 km and its short axis 
roughly N-S, for 10 km. 

At 1tS eastern margin the basin lies unconformably on the 
Drymou-Melias series, while its uestern margin IS concealed 
beneath a cover of Neogene and Quaternary sediments. The 
sedimentary rocks uhich form its northern boundary lie 
unconformably on the older crystalline metamorphic rocks of 
the Rnodope basement. At its southern margin, the 
volcanosedimentary rocks of the basin are separated from an 
Eocene basal unit of breCCia-conglomerate by a reaJor E-~ 

trend,ng fault. Penecontemporeneous movement along thiS fault 
has been an important factor in the development of the basin. 
At the south-western edge of the basin, south of the village 
of Kirki, another group of metamorphic rocks occurs, known 
as the "Phyllite series". This series together with the Drymou­
Helias series constitute the C,rcum Rhodope belt. It is a unit 
of low grade metamorphic rocks and lS conSidered by 
Papan,kolaou (1984) to be thrust onto the Rhodope MaSSif. 

Metamorphic rocks constitute the main group of rocks within 
the Rhodope Hassif proper. The metamorphic rocks of the eastern 
Rhodope MaSSif can be subdiVided into twO major units 
(Billett and Nesbitt, 1986), the Crystalline GnC1Ss unit and the 
Amphibolite and Serpentinite unit. 

The Drymou-Melias Series is a volcanosedimentary series 
of 800-900	 m in thickness comprising mainly shale, marl, sand­
stone, greywacke, and pyroclastic rocks. There is I1uch 
controversy as to whether the Series ~s of Middle Eocene or 
Upper Cretaceous age (Katirtzoglou et a1., 19811. 

It is belleved (Katirtzoglou et a1., 19811 that the Kirki­
ES5imi basin was formed by reactivation along older fault lines 
with a mainly E-W trend, primarily developing as a pull-apart 
basin (Sanderson et aI, 18861 on the southern elanks of ~he 

Rhodope Mass i f _ Jacobshagen (1977) suggests that tbe basin 
was created after an in~ense orogenic phase during Eocene ~l.es, 

which affected ~he whole Internal Hellenides area. Three .ain 
groups of rocks occur wi~hin the basin' 

i.	 A aarine sedimentary sequence of 
arg111ites and arenites. 

11. Extrusives and shallow intrusives. 
ill. Plu~onlcs. 

According to lGME drilling the ~hickness of the marine 
sedimentary sequence within the basin is 250 III (cited in 
Innocen~i et a1., 1984). 

Submarine extrusive and intrusive magmatiC actiVity took 
p13ce within the ba3in during late Eocene-Oligocene times. 
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There are no indications of continent~l volc~nicity. Volcanic 
rocks occur mainly in the central and western part of the basin 
(Nea Santa. Mavropetra etc.). Volcanic and intrusive rocks are 
of aCidic and intermediate composition and are represented by 
rhyolite, rhyodacite, dacite and andeSite. K/Ar ages 
determlned on selected samples from different Cenozoic basins, 
show that the volcanic aCtivity in western Rhodope occurred 
mainly during the Oligocene. An age of 30.0±0.8 ~a was found 
for the volcaniCS of the Kirki-Essimi basin (Innocenti et al., 
1986). 

In the Kirki-Essimi area plutonic rocks occur both in the 
Late Eocene volcanosedtmentary basin and intruded in the 
adjacent metamorphic basement. They form a series of monzonitic 
to granodioritic plutonic masses in a belt aligned 
apprOXimately SW-NE. the principal outcrop occurs in the 
Vicinity of Leptokarya. 

2.	 SA~?LE COLLECTION - MEASUREMENT OF THE ANISOTROPY 
OF MAGNETIC SUSCEPTIBILITY. 

Both oriented hand-samples and field-drilled cores have 
been utilized for the purposes of thiS study. The location of 
the sampllng Sites are illustrated in Fig. I. At each Site, the 
freshest, unaltered parts ~ere chosen for sampling and efforts 
were made to aVOid faults, shear zones and slumped beds. 

Three oriented hand-samples ~ere collected from each Site, 
large enough to extract at least three drillcores 2.54 Cm in 
diameter and 5-6 coo in length, from whiCh standard cylindrical 
speclmens could be cut. This procedure ensures that an adequate 
number of speCimens is available from each slte, in order to 
apply the necessary statistical procedures and achieve a 
reliable overall result. A triangular perspex table 
incorporating two mutually perpenticular spirit levels was used 
for the orientation of these samples and the accuracy of 
orientation is normally between ±2°-4° (Collinson, 1983). 

Field-drilled cores form the major part of the sample 
collection. Orientation of these cores was achieved by USing a 
standard core orientation table (Tarling, 1971l. It is 
estimated that these cores are oriented to an accuracy of ±2°_~ 

(Collinson, 1983). An effort has been .made to collect at least 
three groups of cores from different positions on the outcrop to 
COnstitute a site. 

MagnetiC bearing measurements were taken USing a magnetiC 
compass, ~hilst a sun compass was also used in the majority of 
the cases. Measurement of the shadow angle, later enabled the 
calculation of the true bearing by utiliZing a computer program, 
also USing the date and time when the measurement was Obtained, 
and the latltude and longtitude of the Site locality (Collinson, 
1983). The calculat-ed true bearing values ..ere found to be in 
very good agreement with the ~agnetic bearing values (corrected 
for the present declination of the E~rth's fleld in the area), 
the maximu~ difference being about ±3°. It i3 thus ~uggested 

that the magnetiC bearings can be used for the necessary 
corrections. 

At	 least three drillcores were extracted from each oriented 
hand-sample, USing a standard laboratory core dr,lling system. 
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Nor~ally tWO speCimens ~ere cut from each of these cores as well 
as the ones collected in the field as previously described. In 
order to minimize errors due to specimen shape effects in 
anisotropy measure~ents a length/diameter ratio of 0.80-0.90 ~as 

adopted, as suggested by Noltimier (1971). 
The strike an~ dip of each sampled sedimentary unit were 

measured in the field and subsequently a correction for 
tectonic tilt was made. 

Highly sensitive instruments are required, in order to 
accurately measure the anisotropy of magnetic susceptibility. 
For sediments the Low Field Torque Magnetometer (lFTM) (K,ng 
and Rees, 1962) is the most com~only used in measuring directly 
suscept,bility differences, rather than the magnitude of th~ 

indiVidual susceptibil,ty axes. The different types of the 
currently available instruments for measuring the magnetic 
fabric of rocks, together with their respective sensitivity and 
accuracy, are reviewed by Hrouda (1982). 

The 101./ field torque magnetometer (LFT~) has been used 
throu6~out thiS study to measure magnetiC fabriC. King and Rees 
(1962) d,scuss in detail the construction and operation of thiS 
instrument. Essentially, a perspex sample carrier, suspended on 
a vert,c31 torsion fibre, hungs at the centre of a vertical 
Helmhcltz pair. The COils are mounted on a stage that can be 
rotated up to 180° about a vertioal aXis. A tuned alternating 
fleld (50 Hz) is produced by the coils and can be var,ed from 
0.0 to 100.0 Oersteds. 

Whe~ a sample is at the center of the COils, the field will 
induce a moment along the direction of maximum susceptibility in 
the horizontal plane of the sample. The induced mo~ent Will be 
deflec:ed into the dlrection of the applied field by the 
influe:lce of a torque T (King and Rees, 1962): 

T = 1/2·v·H ·(k,-k;z) ·sinLe (ll 
where: v is the speCimen volume, H is the field's strength, 

ethe orientation of COils, and k , and k", the two 
princlpal axes of susceptibility in the plane of 
measure~ent at right angles to each other. 

The induced moment will follow the alternating field, but since 
the maximu~ aXiS is "double ended", T Will be in the same sense 
throughout the alternating cycle. Thus, the net torque due to 
remanence component is zero, however, since during each half 
cycle the sense of rotation is equal and oppOSite, arresting any 
contribution it makes to the total deflection. Deflections are 
measured USing a standard optical lever, where a light spot is 
reflected from a mirror affixed to the sample carrier onto a 
graduated scale. Five deflections are measured (With the 
Helmholtz coils oriented a.t 0", 45°, 90", 135° and 180"') for 
each of three orthogonal planes, giVing a to~al of fifteen 
deflec~ion values, WhiCh are suffiCient to outline three torque 
curves. Details concerning the operation of ~he LFTM, as well as 
the calibration procedures are given by Hcunslow (1984). 

The deflections in each plane of measurement are deduced 
according to the follOWing equations: 

F.= ((Do+D180 1/2-D90 )/4 (2) 
G.= '0.5 -D135 )/2 (3) 

where i is X, y or z depending on the plane of measurement and D 
are the deflectioos at COil azimuths of 0"'. 45", 90"', 135'" and 
180"'. The parall1eter~ IG~ (King and Rees, 1962) and Mean 
Amplitude (MA) (Hounslow, 1984) can also be used in order to 
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investigate the relevant dominance of the sin28 component over 
o~her harmonics. 

lG~= (IG,/~A) * 100 (4) 

where the mean amplitude is given by: 
HA= ((F."'+G,"')/4J'/"2/3 (5) 

In this study specimens wlth HA<0.050 Cm and/or IG~>100 

(Spais, 1987)·, .were rejected as too weak "to provide reliable 
data or unreliably measured. 

The plane which contains the k •• x and k.n~ a~es is defined 
as the magnetic foliation plane, and the k~._ axis is the 
magnetic lineation. The use of various parameters has been 
prcposed in order to compare the relative strength of lineation 
and foliation and also evaluate the degree of anisotropy 
exhibited by the various speCimens (Hrouda, 1982). In thiS study 
the follOWing para~eters have been adopted: 

LIN= Ikm._-k'n~l I k._ an (6 ) 
FOL= (k..... +k .. )/2-k_ I/k (7),n ,n n 

q= LI N/FOL 
= (k_._-k,n~)/(k_._+k.n~)/2-k,,'n) (8) 

hX= «k.... -k... n l/k.,n)*100 (9) 
The azimuthal anisotropy quotier.: "g" (Rees. 1966) varies from 
0.0 for pure foliation to 2.0 for pure llnea~ion, Yhilst the 
strength of anisotropy is measu~ed by the perce~t anisotropy 
(hYoJ para~eter, ~hiCh is very useful in comparlng the degree of 
a I i g nmen t 1 nage ~ era I sen s e , be t '" e e n two s pe c i me ns wit h s i J:l i I a r 
magnetiC mineralogies. For sedi~ents, the value of thiS 
parameter is generally less than 10 (Hamilton and Loveland, 
19671. As suggested by Crimes and Oldershaw (1967), it is usual 
to refer to the angle between the k •• directlon and then 

palaeovertlcal as "f-angle". 
Subsequently speCimens exhlbiting q>0.670 and/or f>30° 

~ere rejected from the palaeocurrent estimatlon as they do not 
appear to possess a pr,mary-style Anisot~opy of MagnetiC 
Calculation of the prinCipal susceptlbillties and their 
directions, together with parameters qt h~, LIN, FOL,IG% and MA, 
from the deflection data and the bulk susceptibility of each 
~pecimen was carried OUt by USing program "ANISZ" on a Hewlett­
Packard HP86 computer. 

In order to reduce the in~trumental noise effects a 
"holder correction" (Hounslow, 1984) was applied on all data. 
Measurement of the aniSOtropy of the perspex holder used are 
regarded as defining a weak sin2 curve, which is subsequently 
subtracted from the sample curve in order to improve the 
apprOXimation of the magnetiC fabriC of the sample. For the 
speCimens of the present Study though, no .appreciable difference 
is revealed for the directions of the prinCipal axes of the 
susceptibility. even for very weakly anisotropic speCimens. 

All directional magnetiC fabriC data for this study are 
conventionally represented by the orientations of the k~ __ and 
km • n axes plotted on the upper hemisphere of an equal area 
projection. Plotting of the k,n .. axis was om"tted on the basiS 
that it3 direction can always be deter~ined from the two other 
prinCipal susceptibility axes, since the three axes are 
orthogonal. Additionally rose dlagrams of the k••_ aZimuths 
plotted at a class interval of 100 are presented for all 
indiVidual Sites to better aid the Visual identification of any 
preferred directlonal trends. 

Since two indiVidual LFTMs, were used during the course of 

197 Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



thiS study, one in the Geology and the other in the Oceanography 
Department intercalibration of the t~o instruments was carried 
out by ~easuring a selection of 10 specimens us~ng both 
instruments and by sUbsequently compar~ng both the direct~onal 

as well as the magnitude data. The results are in very good 
agreement for all .specimens suggesting that data obtained on 
either of the two instru~ents ~s identical (Spais, 1987). 

In Order to calculate mean directions of the principal 
susceptibility axes for individual layers and Sites Flsher 
(1953) statistics was applied for the k. i " axes. Since the k.&~ 

are ROre or less co-planar produCing an almost two-dimens,onal 
distribution Von Mises statistics (Hardia, 1972) was applied in 
thiS case 1n order to ~alculate mean trends and their associated 
error (Circular Standard Deviat,on) parameters. 

3. RESULTS PRESENTAT10N AND DISCUSSION. 

The a2i~uthal anisotropy quotient (q) (Rees, 1966) is 
conSidered as a very sensitive indicator of the character of the 
magnetiC fabric possessed by a speci~en. A number of preViOUS 
studies sought to try to define various limits on th,s parameter 
as a means of identifying different condit~ons and/or 
env,ronments of sedimentation (Hamilton, 1967; Hamilto~ and 
Rees, 1970; Rees and Woodall, 1975; Frederick, 1972J. Values of 
q ranging between 0.06 and 0.42 were suggested for sediments 
formed by grain-by-grain depOSition onto a flat surface, ~r.,lst 

hig~er values ranging between 0.43 and 0.67 are conSidered as 
more representative for sed,~ents depOSited by avalanching down 
angle of repose slopes. Lcwer values (0.06<q<0.21) were 
suggested for still water sedi~entation on slop~ng beds. 

In thiS study the value of 0.67 was adcpted as an upper 
limit for q, but no further claSSification of its values has 
been attempted, apart from lim~ted speculation concern~ng the 
sed,mentation enVironment at different locations within the 
basln. Hence, all specimens With q values lower than thiS limit 
are conSidered as posseSSing priQary style magnetiC fabriC and 
thus inherently prOVide important infor~ation about any 
prevailing palaeocurrent direction during their depOSition. 

Some interesting conclUSions can be drawn from a study of 
magnetiC fabriC results from Site ES21 and pOSSibly generalized 
for the rest of the basin sites. The mean h% and q values for 
the sampled layers of Sites ES20 and ES21 are illustrated in 
Fig.2. 

Application of the bedding correction contributes to both 
the improvement of the clustering of the kmin axes as well as to 
the restOration of the k •• n axes near to the palaeovertical 
(Fig.3). It does thus prOVide conclUSive eVidence that the 
magnetiC fabriC under study is of primary origin and predates 
the tectonically-related tilting for which the bedding 
correction was applied. EspeCially for sites ES20/21 it also 
suggests that no further major Within-site folding has affected 
the Sites. Fig.4 illustrates the orientation of the 
susceptibility axes for the sampled in detailed Site ES21. 
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The similar palaeocurrent trends inferred for the arbitrary 
division of site E521 lnto three parts (as illustrated In Fig.5) 
suggests that no major change in palaeocurrent direct,on 
occurred during the inf1lling of the baSin, at least in its 
central part, for the time-span covered by the sampled 
sedi mentary interval. 

Primary style magnetic fabriC is exhibited by the rest of 
the sites Wtthin the K1rk1-Essimi baSin, except site ESI3, Which 
eXhibits a deformational style magnetic fabriC. Typical 
examples are de~onstrated by Figures 6,7,8,9 and 10 for Sites 
£504, E505, E512, E514 and ES16 respectively. 

Site ES13 is the only indiVidual site Within the baSin 
sho~ing totally deformational-style fabrics. SpeCimens eXhibit 
comparat1vely low h% values (1.66±0.20l. The extremely high q 
values (1.522±O.088) combined With the shallow k.'n axes 
or,entat,on (f)66~), strongly sugse3~ a deformational style 
fabriC. F1g.9 demonstrates the close group1ng of the kmax axes 
about a direction of Dec=126.1o, Inc:=-49.4°, 095=3.3°), while 
kmin directions appear to girdle within a plane normal to the 
kmax directton. ThiS suggests tha~ the deformational-style 
fabriC observed was produced by a str~ss aligned along a NNE-SSW 
trend (at 36~E). 

Prlmary style magnetiC fabriC is exhib,ted by the Drymou­
Kelias Sites DMI8, DM19 and D~20 and thus palaeocurrent 
directions are deduced for these sites. The orientat,ons of the 
K __ and k•• o..::<:e3 for site DM18 are illustrated in Fig.12m n 

together With the inferred palaeocurrent direction. The h% and q 
parameters for the Drymou-Helias Sites are compared to those of 
the Klrk1-Esslrni basin Sites, a slmilar range of values are 
dertved for both h% and q. The distrtbutlon of h% values appears 
to be somewhat broader in the case of the Drymou-Melias Sites 
ccmpared to the Kirki-Essimi sttes, whilst very Similar 
sedimentation conditions for both groups are suggested by 
closely Similar distribution of q values. 

In terms of inferred palaeocurrent directions an almost 
southerly palaeocurrent trend is suggested for Sites DM18 and 
DM22, in contrast to an easterly one deduced for site DM19 
situated near to the southern margin of the Drymou-Melias 
series. There is also a Significant difference of about 30° 
between the palaeoflow directions inferred for the first two 
Sites, although they are only a few meters apart. 

The strong near horizontal magnetiC foliation eXhibited by 
all Sites (except E513) is conSidered as an indication of the 
dominance of graVitational orienting couples during basin 
infilling. It can also be stated that for the Kirki-Essimi baSin 
sites there is no eVidence of extenSive alteration, and 
bioturbation is absent. Thus no post-depOSitional modification 
to the fabriC (Ellwood, 19841 is likely from these sources. 

No estimation of palaeocurrent directions USing any other 
conventional sedimentological method, has been attempted before 
for the ~hole, or part, of the sedimentary sequence of the 
Klrki-Essimi basin. Therefore, the reliability of the inferred 
palaeocurrent direction from thiS magnetiC fabriC study, cannot 
be directly evaluated by comparison to the results of any other 
independent technique. However, the usefulness of the method 1n 
dedUCing palaeocurrenc trends can be appraised. 

The palaeocurrent trends/directions inferred for each of 
the sites studied, are presented in Table 1 and illustrated in 
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Fig.13. The small number of specimens rejected from the 
palaeocurrent calculation, together ~ith the low error 
parameters (csdl associated ~ith most of the sites, suggest that 
the technique can be successfully applled to the clastic 
sediment sequences of the baSin in order to ceduce 
palaeocurrent directions. Only 18% of the specimens measured had 
to be excluded fro~ the analysis of the palaeocurrent directions 
and only about 50% of these actually exhibited deformational­
style magnetic fabric; the rest being rejected on the baSis of 
possessing weak magnetic fabric. 

There appears to be a difference in palaeocurrent trends on 
either side of the prominent NW-SE striking fracture/fault 
system as indicated by the palaeocurrent directions inferred by 
si~es ESI0 and ESl1 (particularly the latter. which is the only 
site suggesting a northerly directed palaeocurrent). 

Relatively well-defined (Q9s<15.0) st~ble re~2nence 

directions were obtained for sites ES02, ES04, ESlI, ES12, ES14 
and ESIS. These remanence dlrections imply relative rotations if 
compared to the present Earth's field in the area. The 
palaeocurrent trends were subsequently corrected for the 
respective rotation deduced for each of these sites. For the 
rest of the sites large Q95 values of up to 40°, do not allow 
application of similar correction. 

Table 2 illustrates the corrected palaeocurrent dlrection 
for each of these Sites, together ~ith the magnitude of the 
correc~ion, Which is POSitiVe for the sites for whiCh the 
originally inferred direction had to be rotated clockWise and 
Vice v~rsa. The corrected directions are also shown in the map 
of Fig. 14. Both Table 2 and Fig.14 imply that corrections of 
the order of 40~-50°, are reqUired for sites ES04 and ES11. 
Appllcation of the correction Significantly alters the inferred 
palaeccurrent directlons, suggesting near longltucinal 
palaeocurrent directions for both sites. The overall 
palaeocurrent pattern previously established for the basln is 
therefore modified as a consequence probably suggesting a 
depOSitional fan environment. However, for the remalning SiteS 
to ~hlch similar correctlon was applied, it did not result in 
any Significant change of the palaeocurrent trends deduced 
ini~ially. 

AnalYSiS of the magnetiC fabriC results for the Kirki~ 

Essimi baSin indicates an episode, or episodes, of baSin 
infilling dominated by sedimentation conditions giVing rise to 
primary style fabriCS. Two dominant palaeocurrent trends emerge 
tN-S) and (E-Wl. The (E-Wl trend is typified by sites ES14, ES1? 
and ES20/21, Which aTe situated in the middle and probably 
deepest paT~ of the Kirki-Essimi basin and are closely 
associated ~ith the occurrences of the stratiform sulphide 
mineralization. For sites ES14 and ES20/21 the mean transport 
direction indicates an unidirectiOnal current flow, whiCh is 
likely to represent a longitudinal (aXial) flow direction Within 
the baSin. 

For Sites ES02, ES03, ES04 and ES05 , a southerly transport 
direction is implied (at least consistently for ES02, ES04 and 
ESOS). An explanation for thiS can be sought in terms of 
transverse palaeocurrents flOWing south~ards away from the basin 
margins formed by the Rhodope crystalline basement to the north. 
In general terms it is pOSSible to infer from these 
observations, that palaeoslopes may have eXisted to the north 

200 Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



and ~est of the present basin configuration. The configuration 
of such slopes ~ould have had a controlling effect in 
determining the form of sediment transport into the basin. The 
fact tha~ all sltes for ~hich aXial palaeocurrent direct.ons are 
inferred, are situated in the central part of the basin is 
considered to be an important feature of the palaeocurrent 
pattern ~ithin the basin. 

The occurrence of two principal palaeocurrent trends, 
suggests the possibility that at different times during bas1n 
infilling, one or the other of these trends has been dominant. 
Alternat,vely, margin and axial transport directions may have 
co-existed. The latter appears to be a stronger' pOSSibility, 
particularly 1n the light of the results for sites ES20/Z1. 
~hich suggest that they const1tute of a similar palaeocurrent 
trend throughout the time-span covered by the sampled 150 m of 
thiS sequence. . 

The secondary (deformational) style magnetiC fabriC 
exhib,ted by Site ESi3, can be attributed to a co~presSional 

stress al1g~ed along a NNE-SSW trend. Whether thiS represents a 
general feature of the area, being associated to the N-S 
extension d:H1ng basin evolution (Sanderson et aI., 1986), or it 
reflects a ~ore local,zed tectonic episOde is not kno~n. It is 
noted that the direct10n of the inferred stress is almost 
perpendicular to the present outcrop boundary bet~een the Essimi 
volCan1CS and the adjacent sediments. As thiS sIte is in close 
prOXimity to thiS boundary, then it is also POSSible that its 
fabr.c was affected by local,zed stresses Imposed by the 
extru3ion of the Ess1ml volcanics. As the observed deformational 
m~gnetlc fa~ric character1stics are compatible ~ith both the N-S 
extension, ~hich is a general feature of the baSIn area as ~ell 

as the volcan1c1ty in the Essimi area, it is very probable that 
they have both contrlbuted to the resultant magnetIc fabric. 

The palaeoc~rrent d,rect,ons inferred for sltes ES1S and 
ESl7, ~h1ch are situated very close to the northern boundary of 
the baSin sedimentary sequence with the metamorphic basement are 
alignec apP:oxi~ately perpendicular to the boundary. There is a 
real posslb,lity here that sedi~entation. at these Sites, took 
place on a slop1ng surface, but thiS cannot be proved 
conclUSively as there is no independent eVidence as to the exact 
position of the northern boundary of the baSin. or its form, 
during the basinal infilling phase. 

S,milar problems are enco~ntered in the interpretation of 
the magnetiC fabric eXhibited by sites ES10 and ESl!. The 
palaeocurrent directions appear to parallel the deep 
fracture/fault system (see Fig. 131, WhiCh has probably affected 
the sedimentatIon regime in its ViCinity, altering probably the 
local palaeobathymetry of the baSin in thiS area. On the basis 
of q and f-angle values, the magnetiC fabriC of these sites is 
cons1dered as pr,mary and therefore the palaeocurrent directions 
ded~ced as realistic. After applying the rotation correction to 
sIte ESil, the resulting palaeccurren" direction 1S still 
lncompatible ~.th the directions inferred for the rest of the 
sltes in th,s part of the basin. Therefore, it can be inferred 
that sediment transport in the ViCinity of thiS major fault is 
strongly influenced by it. 

Alternat1vely, taklng dn overView of the few well-
determined palaeocurrent directions, excluding sites ESlO and 
ES11. it is POSSible that the pattern of transport directions 
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revealed by this study represents a depositional fan 
enVironment. Such a fan ~ould be sourced in the north-north~est 

of the area and merge dictally to the south ~ith axial 
transpport systems. The major fault-system transecting the 
basin, may itself have influenced the easterly and south­
easterly margins of this fan, contributing to the slightly 
anomalous palaeocurrent d,rection shown by site ES12. Further 
speculation in the absence of other confirmatory 
sedimentological eVidence is not ~arranted. 

The directions inferred for sites DH18 and DM22, appear to 
be controlled by the t~o faults situated on either side of the 
Sites. Unfortunately no ~ell-defined stable remanence direction 
was obtained for either Site, in order to appropriately correct 
for any rotation. The Significantly different palaeocurrent 
directions deduced for these t~o Sites might also be explained 
if unkno~n tectonic effects are not properly accounted for when 
applying the bedding correction. 

The dominance of an easterly palaeoflo~ direction obtained 
f~r site DM19 could indicate bottom current transport out of the 
Klrki-Essimi basin towards another deeper basin situated to the 
east, both being marginal basins peripheral to the Tethys 
ocean. All these suggested interpretations are advanced on the 
basis of the present basin configuration. It is POSSible that 
thiS configuration might have been very different when 
sedimentation took place in Eocene times and it is posslble that 
all sltes (inclUding DMl8, DM19 and DM22l ~ere ~ithin the same 
baSin. On the basis of the magnitude parameters h% and q, alone, 
it can be suggested that the Kirki-Essimi and the Drymou-Melias 
sites are very similar as far as their magnetic fabriC is 
concerned. 

4. CONCLUSIONS. 

The very small percen,age of specimens, which had to be 
rejected from palaeocurrent es,iroation is indicative of the 
success of the me,hod as a means of palaeocurrent analysis for 
the clastic sedimentary sequence of the Kirki-Essimi basin.The 
vast majOrity of the speCimens measured exhibited primary style 
dePOSitional 2agnetic fabriC, characterized by q and f-angle 
values smaller than 0.67 and 30°, reSpecT-ively. 

Almost 50% of ~he rejected speCimens sho~ed deformational 
style magnetic fabriC, ho~ever ooly one Site (ES13l exh,bited 
entirely deformational magnetic fabriC. The direction of the 
compressional stress inferred is generally compatible with the 
N-S extension suggested for the area. The magnetic fabriC of 
thiS Site could have also been partially affected by the 
intrusion of ~he neighbouring Essimi body. 

The two .ain palaeocurrent trends emerging, a N-S and an 
E-W one, are mainly typified by siteS Situated in the western 
and central partS of the baSin respectively. On the baSiS of the 
results for Sites ES20 and ES21 from WhiCh no Significant change 
in palaeocurrent trend is suggested throughout the sampled 150 
m, it appears that these two trends co-eXisted rather than one 
Of the two being dominant at different times during baSin 
infilling. Such palaeocurrent may have been related to the 
eXistence of palaeoslopes at the north and west of ~he present 
baSin configuration. 
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An alternative palaeocurrent pattern results by taking into 
account the relative rotations of the sites as suggested by the 
palaeomagnetic results. This can be interpreted to suggest a 
depOSitional fan environment. The fan ~ould have its source 
Situated in the north-northwest of the area and merge distally 
to the south ~ith axial transport systems. 

The approXimate easterly palaeoflow directions deduced for 
sites DM18 and DM19 may indicate bottom current transport out of 
the Kirki-EsSirni basin and probably towards another deeper 
basin. both being peripheral to the Tethys ocean. However. the 
limited number of sites does not allow a preferred 
d!fferentiation between the two models. 

In the light of the results of the present study it is 
suggested that local fluctuations of palaeocurrent trends in the 
ViCinity of the mineralized area to the north-east of Essimi 
(towards the Prophetls Elias region) can be studied further. 
This Will re~uire more extenSive saupling in that part of the 
baSin. Most importantly though, the dlfference in palaeocurrent 
trend recognized on either side of tr.e main fault system. should 
certainly be better established. ExtenSive sampling in the 
eastern and north-eastern part of ~he basin is a prere~uisite 

for any such attempt. 
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Ta bl e 

Palaeocurrent and mean directiOns foe the Kieki-Essimi basinkmin 
and the Dcymou-Melias sites. 

SITE PC DIRECTION Mean Kmin 

CODE Trend I 0 E I (csd) Dec / Inc (Q95) N / No ('lrej) 

ES02 S 186.5 I ( 6.8) 34l.4 / -80.4 (14.7) 4 / 14 (71.4) 

ES03 S-sw 209.4 I( 6.4) 352.1/ -83.5 (14.2) 5/ 9 (44.4) 

ES04 S-sw 194.11(13.9) 038.0 / -84.2 I 7.5) 14 / 14 ( 0.0) 

ES05 S-SW 203.21(14.6) 319.3/ -75.9 ( 3.3) 14 / 14 ( 0.0) 

ESI0 NW-SEI148.61117.5) 058.8 / -83.0 I 4.8} 11 / 11 ( 0.0) 

ESll N-NW 1335.2 1(11.6) 117.0 / -76.9 ( 7.0) 11 / 11 ( 0.0) 

ES12 S-sw 199. 1 I ( 5. 6 ) 052.8 / -81.1 ( 5.1) 10/10(0.0) 

ES14 E-SE 107.2 I( 5.1) 264.7 / -84.5 ( 3.9) 10/10(0.0) 

£S16 S-SE 148.71110.6) 289.4 / -80.5 i 5.0) 8 / 9 (11.1) 

ESP E-SE 106.3I{l2.2) 278.0 / -79.8 ( 7.5) 9 / 9 ( 0.0) 

ES20 NE 55.61(13.3) 254.6 / -83.6 ( 3.8) 16 / 16 ( 0.0) 

ES21 NE 49.1 1(16.8) 259.4/ -85.1 ( 2.0) 93/109 (14.7) 

DM18 S-SE 165.11(20.3) 314.8 / -83.5 ( 4.11 34 / 51 (31.4) 

DM19 E-S E 102.51(19.5) 345.3 / -85.0 ( 2.9) 46 / 54 (14.8) 

DM22 S-5W 195.4 1(5.1) 069.3 / -79.6 ( 3.9) 11/13 (15.4) 
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-----------------

Table '2 

Corrected palaeocurrent directions. 

5ITE CORRECTED PALAEOCURRENT 

CODE DIRECTION (0 E) 

£502 193. 1 
E504 244.0 
£511 292.9 
E512 192.4 
E514 103. 3 
£516 146.7 
£517 94.8 
DM18 11 3 . 1 
DM19 35.8 

-----­ ------------------------­

APPLIED 

CORRECTION(o) 

+ 6.9 
+ 47.0 
- 42.3 
- 6.9 
- 3 . 8 
- 2.0 
- 11. 5 
- 52.0 
- 66.7 

Positive differences: Clockwise correction
 
Negative differences: Anti- " correction
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LEGE~~ (Fig, 1) 

Rhyo I i tel, dy"~s of myot i ti Co rhyodac it i c compos i t i on 
(0 I i goc~ne -:'I; oc~n~ 1)[SjJ 
Oacites and andesites with ~lt~rations of pyrocl.sticsIvvvvvi (Up~r Eocene). Intrusive formations and dykes (Oligocene). 

gASIC CLASTIC SERIES Liltrsconel (Luteti a11), flys" series~ 
(Priabonian) cl~yey-"",rly series (Oligocene), "",rine facies~ deposits (:'Iiocene). 

++ PLlITO~IC FCl\,'-.AT10HS granodiorites, n:onzoni t~;;, ll'Or.zodiorites,
++~ quartz diad ces ~nd diori tes.++T 

rr::vl Oolerit~s, spilites and pyrocl~stic of basic co<Vosition 

~ 

Ol\I:'lOU4.\ElIAS SEI:lfES (Jurassjc-L"",~r Cr~t.c~ous) Sedi..entary 
rocks '"" th 'Strong di~qenesls.~ 

r=====1 PHYLLITE SERIES Argillaceous, s~ricitic sc"ists, quartzites, 
rna rtl I e:~ t s." d5 tone 50 •t=d'·'··,,'·

I ~. , , .­ llet,y,oorp"ic, b.sic and ultrab.sic rock5.-, .,. .-" 

~:::: ~CD
III Gneisses.. n'lllscovit ... schis:~, granitic sc~ist:s and Jugen­

9i"'1~i SH~:$. 
-0..= 

fau It..-­
geoloqi cal bounda ry

~ 

21 1 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



160
 

150
 

140
 

130
 

120
 

E 
110 

w 
o z 100w 
o 
~ 

90w 
Cf) 

u... 80o 
w 70Cf) 
<:( 
ro 

60 
:2 
o 

500: 
u... 

L!J 40 /"o z 
~ 
Cf) 

o 

lOr ,:r1 ,IL, 

30 

o ! I	 , 

2 3 4 .5 6 7 8 9 0 .2 .4 .5 .8 1.0° 1 

h%	 q 

Fig. 2:	 Mean h% and q values for the zampled layers 
of ~ite~ ES20 and £321. 
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Fig. 4:	 Site ES2l 
Specimens exhibiting pri~ary style magnetic 
fabric (al orientation of susceptibility axes, 

(bl orientation of krnax-axes declination. 
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c. 

~ 

Fi g. 5:	 5i te E521 
Orientation of kmax-axes declination for specimens 
from: (a) layers E521.01 - £521.10, 

(b) layers E521.11 - E521.20, 
(c) layers E521.21 - 2521.32. 
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Fig. 6:	 Site ES04 - All s[.>ecimens: 
(al susceptibility axes orientation, \ 
(b) Orientation of kmax-axes declination. 
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N=14 
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coli\:, 
o 

Fig. 7;	 Site ES05 (Caption as in Fig.S) 
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~.§.: Site ES12 (Cap~lon ~s in Fig.6) 

N 

/ 

>< 

+ 

~ 
<:> 

~~: Site ES13: Susceptibility axes 
for all specimens. 
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The dashed line represents 
to the mean Kmax axis. 
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Fig. 10: Si te ES 14 (Caption as in Fig.S) 
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Fig.11: Site ES16 (Caption as in Fig.S) 
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Fig. 12~ Site DMI8: Specimens exhibiting ~rimary style 
magnetic fabric: 

(al orientation of susceptibility axes, and 
(b) orientation of kmax-axes declination. 
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