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GRAVITY MODELLINGIOF THE ARNEA-GRANITE AND
ITS CONTINUATION BELOW THE MYGDONIA GRABEN
SEDIMENTS
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ABSTRACT .,

An investigation of the gravity field in the vicinity of tle Arnea
granite is presented , Laboratory density measurements of rock sample s and
reported seismic velocities converted to density indicate a'density contrast
of -0i1Mg/m3 befween graritic and basemént rocks, The gravity effect of
the Mygdonia graben sedimentary fill is calculated and subracted from the
observed field. 2-D and 3-D gravity modelling of the Arnea granite supgests
' a thickness of about Skm. Gravity modelling also supgests its continuation
to the north under tte Mygdonia graben at a depth of lkm below surface,

MEPTAIIYH

To Baputind redlo atnv neptoyxf tou ypavltn tng Apvaiag war 1n Huy-
bdvia Aendvn peletdral otnv rapodoa epyoola. Epyaotnprands perprigels munvé-
™Trag naL deLouLnés taxdinteg unobecunviouv dTL n avtidean tunvdrintas petaby
ypavitwy way unofddpou elval mepltou ~0,1 yp/wuB.ex, H excépuon twv LEnpdtuy
g Muyéddviag Aexdung oto Baputind meblo Tng meproxrhc umoloyloTnxe xal agaL-
pe€dnxe an ‘autd. Ado wor TpLuwv SLootdorwy Ruputind povtéia eppnvecac uvrodeL-
¥vdouv dTL 0 ypavltng tng Apvaiag €xeL mdxog meplnov Syhy, Il epunveda enlong
urobeLnvdel Tn guvExeLa Twy C8Lwy YPavL TLAWY ReTpwpdTwy wdtw ard 1tn Muybovia
Aendvn ge Bd8og meplrou lxAu.

BapuTLHN Epmvela Tou ypavl(Tn TNC ACVaLOE HOL TNG OUVEXELOG TOU HATw
a ta LOjpata me r-byﬁovt'.cul‘, Aendvng .
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#1, Introdugtion

Grapitic/rocks outcrop in various places within the Serbomacedonian massif
(Fig 1). This study presents the results from a ‘aeophysical invéstigation of
the Arnea grapite {Ffin. /1Y,

Density measurements on rock samples from the granitic outcrops and the
host fietamorphic rocks (Kiriakidis 1984) and seismic velocities converted to
densities (Makris @nd Muller, 1977) predict a significant density contrast
between the two rock types. Since the gravity method is normally used to
detect density inhemogeneities within the earth's Crust it was employed to
investigate the volume of. Yow density rocks which™is indicated by the pre-
sence of low Bouguer gravity values,

However the presence of the granite is not the sole cause of the low gravi-
ty values in the area under study. Hoegene sediments of the Hyodonia bBasin
(Psilovikos, 1977) with their low density, as indicated by Netleton density
profile (Kiriakidis , 1984) and density logging (DEP, personal communication,
1985), contribute to the low Bouquer gravity values. The amount of this con-
tribution can be calculated, since the shape of the Mygdonia basin is well
known (Thanasoulas, 1983) , and subtracted from the Bouquer gravity map thus
nproducing a “stripped"Bouquer anomaly map of the outcropping Arnea granite,
Two-dimensional interpretation carried out by Kiriakidis (1984) on a well
defined neqative residual aravity anomaly along a gravity line crossing the
Arnea granite indicates that the granite itself has a limited thickness of
4.7. Km. Using the results obtained from this interpretation as a quide, a
3-D gravity interpretation of the low Bouguer gravity values present in the
"Stripped"map is performed and the model produced provides evidence for the
nresence of a low density body whose outcrop coincides with the Arnea granite.

2. Geoloqgy

e Serbomacedonian massif which is part of the Internal Hellenides is
thrust on to the Vardar Zone to the west and backthrust on to the Rhodope zone
to the East.

Two metamorphic sequences constitute the Palaeozoic crystalline basement of
the Serbomacedonian massif. A lower sequence composed of about 3km of gneiss
ana marble occupies the easternmost part of the Chalkidhiki area, and an
upper sequence comnosed of aneiss, schists and metamorphosed basic ianeous
rocks (Kockell et al 1377) occupies the westernmost part,

A Triassic to Jurassic neritic and pelagic continental margin and turbidi-
tic sequence comprises the Svoula formation (Fig.l) of the Circum Rhodope belt
situated to the west of the Serbomacedonian massif (Kauffmann et al, 1976)

Granitic rocks outcrop within the metamorphic Serbuwacedonian massif

The Arnea unit {fig.1) is mainly composed of oranite and is considered

to be Mesozoic in age, K/Ar dating of the Arnea granite yields an ane

of 140 Ma (Marakis, 1970) and Ar-Ar dating produces an aae of 136 Ma (De -
Het and Miller, 1987)

The Sithonia aranite was once considered to have the same age as the Arnea
body (Sapountzis et al 1977). However recent dating of the former, and
associated aplites, usinn the Rb/Sr method gives an age of approximately 51
Ma (early Focene) (Christofides et al, in prep).

The Myadonia basin {Psilovikos , 1977} was developed during the Meooene
and the accumulated sediments are subdivided into three main groups:the
Promygdonian aroup (conglomerates, sands and sills) of Late Miocene-Larly
Pleistocene age and two qgroups of the Mygdonia system of Middle-late Pleisto-
cene and llolocene aqe.
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Fig. 1. Outline geological map of the study area.

Ex.l. PewAoyirdg XApTNE Tng EUpUTEPNE MEPLOXNC.
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3. The Geophysical Data

The.Bouguer grayity map used in this study .is the final product of a major
qeophysical project conducted by Brooks and Kiriakidis (Kiriakidis, 1984) co-
vering the entire Chalkidiki area and part of the N.Aegean. The accuracy
of. the gravity measurements is * 0,3 mGal Part of the project involves esta-
blishipg gravity stations along profiles crossing the northern edge of Myg-
donia,qraben and. the Arnea granite {Fig 1).

Kirigkidis (1984) showed that an analytically determined second order po-
lynomial adequately represents the regional gravity field, based on:
1)«The comparison ‘of the graphically determined regional field alonq gravity
profile line 2 with the analytically determined regional gravity field,

2) The residual Bouguer anomaly due to the Vavdos ophiolite as deduced from
individual gravity lines after subtraction of a graphically determinated
regional field in comparison with the residual anomaly as determinated by
the analytically calculated reqional field.

The residual gravity field to this second order polynomial is shown in fig.2.
A dominant feature i5s a 20Km wide belt of negative anomalies trending NW-SE
which coincides roughly with the outcropping Arnea and Sithonia granites
(Fig. 2, Anomalies A,B,C,).

Kiriakidis (1984) listed laboratory density measurements on rock samples
from Serbomacedonian basement and from the Arnea and Sithonia granites,

Rock samples of Serbomacedonian aneiss from 22 sites in the vicinity ofjthe
Mygdonia araben and Arnea qranite yield a mean density of 2.65¢0,1 Mg/m”.

Granitic samples from 9 sites along the road from Poliyiros to Arnea
(Fig.1) yield a mean density of 2,59:0,09 Mg/m3 for the Arnea granite.

Regarding the density of the Mygdonia graben sediments the information
available was derived from a Hettleton density profile on sediments from
the nearby Axios basin reported by Kiriakidis {1984). Information exists also
on the velocities of the sediments in the same basin from commercial baye-
holes (DEP,pers comnunication, 1982;Kiriakidis, in press). This information
shows that the first 0.5Km of the recent sediments lhias a mean velocity
of 2.1 Km/s. Converting this velocity to density using Nafe-Drake Birch
curves a value of 3.1 Mg/m3 is derived, This value is in good agreement
with the 2.15 Mg/m” that was derived from the Nettleton density profile,

Information on the mean seismic velocity of the Serbomacedonian metamorphic
basement is reported in Makris and Muller (1977) who give a velocity of 6.0
Kin/s for the basement in the vicinity of the Arnea aranite, Conversion of
this velocity to density using Hafe-Drake and Birch curves gives a value
of 2.78 Ma/m3 for the basement,

On the basis of the above, the following densities were selected for the
purpose of the gravity interpretation,

1. Basement:2.74 Mg/93
. 2, Granite:2.60 Ma/m 3
3, The Mygdonia basin sediments:2.15 Ma/m

4, Gravity Interpretation

Results from a qravity profile interpreted by Kiriakidis (1984) are
presented, This profile (Fig.l Line 2) is perpendicular to the trend of
the negative gravity belt shown in Fig, 2 . Gravity stations along this
profile line are spaced 1 ¥Km anart, The geology along the line comprises
Svoula formation sediments to the SW in contact with the Arnea granite.
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Fig. 2. Residual anomaly corresponding to the second order polynomial.
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The granite itself appears to be thrust on to the Vertiskos Unit to the
NE (Kockel et-al 1977;Filbrandty 1986)%

The gravi'ty ‘interpretation model-alongeline 2 is shown in Fig. 3.

A density contrast of 0.10 Mg/m3 has been adopted. The granitic body is
model Jed."te have [its. southwesterly boundary dipping at 700 to the SW, while
“itsi'northeasterly boundary s linterpreted to dip at 500 to the SHW.

The angles and direction of dips are in good afireement with field observations
reported by Filbrandt (1986) and Sakellariou [pers. communication, 1988).

The thickness of the body is 4,7 km and it Tower contact has been modelled
as a flat surface.

A computer program was used by Kiriakidis {1984), based on Talwani and
Ewing's (1965) equations, to perform the 3-D gravity interpretation. The
residual gravity field in the vicinity of the Mygdonia graben and the Arnea
granite is shown in Fig. 4.

A belt of negative gravity values trending NW-SE and having a local mini-
mum of 15 mGal is observed. The minimum is located in the Mygdonia graben
to the southwest of Volvi lake. An anomaly of - 12 mGal is observed over
the Arnea granite, in good aareement with the residual anomaly shown in profile
line 2. A local maximum of about 3 mGal to the north of Volvi lake is attribu-
ted to the presence of amphibolitic rocks,

The negative part of the residual field is attributed to the combined
effect of the Mygdonia sediments and the granitic rocks, To separate these two
neqatiye aravity effects that of the Hyudonia sediments was calculated. The
geometry of the sedimentary fill in the Mygdonia graben was investigatea
by Thanasoulas (1983) using electrical methods. The 3-D interpretation program
was used to predict the gravity effect of the sediments adopting a density
contrast of 0.55 Mg/m3 on a qrid with a 4km mesh, This density contrast is well
constained by seismic velocities converted to densities and also density
logging in the nearby Axios basin {D.E.P. personal comnunication). The 3-D
gravity model of the Mygdonia sediments and its calculated gravity effect
are shown in Fig. 5a and 5b respectively. The gravity effect of the sediments
shown in Fig. 5b was subtracted from the residual to the 2nd order field
shown in Fig. 4 and the resultant "stripped”gravity map is shown in Fig. 6.

Comparing fig 6 with fig 4 it can be seen that the belt of negative ano-
malies still exists but its trend is rotated towards the north. Also the
minimum at the southwest edge of Volvi lake has been decreased in surfase
area. A significant point on the "stripped" map of fig. 6 1is that there
are no negative agravity values left over Langhadhas lake. The area covered
by positive gravity values over tha amphibolitic rocks to the north of Volvi
lake has been increased.

The presence of the negative gravity belt is indicative of a body with
lower density than the background uppercrustal density.

This belt of negative anomalies is interpeted in terms of a 3-D body having
a density contrast of -0.1 Ma/m3 with the metamorphic basement, as shown in
fig. 7.

The body shown in fig, 7 is separated into two units, The upper unit
includes the surface expression of the Arnea granite, It has a thickness of
1 km and its areal extent is the same as that of the Arnea granite, as mapped
by Kockel et al (1977). )

The lower unit has a thickness of dkm with flat upper and lower surfaces.
Its width is 40km at the northern edge and 15 km at the southern. The gravity
field produced by this body is shown in fig. B.
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Fig.5.a) The depth and lateral extent of the Mygdonia graben sediments
as revealed from electrical soundings.
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Fig.5.b} The gravity effect of the Mygdonia graben sedimengs calcu-
lated by adopting a density contrast of 0.55 Mqg/m? with the

basement rocks. . ,
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Fig.6. The gravity "stripped map. The gravity effect of the Neogene sediments
as shown in Fig.5b has been removed.
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Fig.7 The 3-D shape of the gravity model used to interpret the residual
gravity field of Fig.6. For details see the text.
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# Comparing Figl B8-and 6 i't ‘can be observed that a fairly good fit exists
between the, amplitudes and shape of the observed negative residual aravity
field and ‘theycaleulated f ield:

5.=Discussion-Conelusions

The" examination of the "stripped" residual aravity map shows a belt
of negative values withialmaximumiamplitude of -15mGal,This belt is located
above the Arnea granite and extends to the north (Fig. 6).

The.belt of negative anomaly can be interpreted in terms of a simple
body .having a density 'of 2.6Mg/m® whose shape/is shown in fig. 7. Its upper
part is coincident with the Arnea granite and it is abruptly terminated
by a vertical fault with a downthrow of 1 km located in the area where the
1978 Thessaloniki earthquake occured and which is also shown in the 1:100,000
geological maps (Kockel et al, 1977).

The body which is assumed to represent qranitic rocks continues to the
north 1 km below surface under the Mygdonia basin sediments and the Serbo-
macedonia metamorphic  basement. This model is also supported by electriocal
layer below the crystalline basement in the vicinity of Mygdonia basin.

The lower part of the body is interpreted as a flat surface located 5 km
below surface.

The two dimensional modelling has shown that both the southwestern and
the northeastern boundaries of the body dip to the SH.

A seismic refractionproject would provide more detailed information on
the subsurface-shape of the Arnea granite,
measurements interpreted by Thanasoulas (1983) who found a higly resistive
layer below the crystalline basement in the vicinity of Mygdonia basin.

The lower part of the body is interpreted as a flat surface located 5 km
below surface,

The two dimensional modelling has shown that both the southwestern and
the northeastern boundaries of the body dip to the SH. A seismic refraction
project would provide more detailed information on the subsurface shape of
the Arnea aranite.
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Fig.8. The calculated gravity field of the body shown in Fig. 7. Contour
interval 5 mGal,

Lx.B8. To Poputund medlo nmou nodyetal wd To ounua Tou oyijpartog 7.
IooSLdoTaon ooy 5mGal.
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