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Abstract

The north-south tensional field combined with the concomitant presence
of (i) relative crustal thinning, (ii) normal faulting, (iii) intrusives and/
or volcanics, (iv) high heat flow, and (v) thick sedimentary pile along the
Northern Aegean Trough characterize a rift valley. These characteristics
suggest :

(1) The probable operation of hydrothermal circulation which results in the
formation of metalliferous rocks and/or ore deposits at or near the sea-
floor. The composition of the hydrothermal solutions is predicted to be
Pb-Zn (Ag) - rich as it can be deduced from the nature of the rocks that
fill-up the trough and the presence of the underlying continental crust.

{2) The potential formation of natural gas and hydrocarbon fields.

NepiAndn
H B-N TEKTOVLKA €@eAkuopol o€ ouvBuaoud e Tnv tautdxpovi napougia :

(i) oxeTLkic Aéntuvong Tou nRELpwTLkol @Aotold, (i1) kavovikdg pnyuatovéveonc,

(iii ) BieloBlocwv kai/n ngatoteiakiv, (iv)udning vewbepuikhc Babuidag, Kai

(v) (Znuétwv onpaviikod naxoug katd pikog tng tdgpou tou BopeLou Avaiou

XApaKTNPLOTLKA unodnAbvouy :

(1) Tnv mBavh AcLtoupyla QvakukAGUHEVOU UDPOOEPULKOU guoTAWAtog mou KataAfvel
otnv dnuLoupyla HeTaAAo@dpwy METPWUATWY KaL/n koLtaopdtwv 0To unoBaAdooLo
nepLBdAdov. H avapevouevn oucotaon twv udpobepuiLkily dLalupdtwy npéner va
elvaL epndoutiopévn oe Pb-Zn (Ag) bnwg mpokdnteLr and tn QbON TWV NETPWHA~
Twy nou anoteAoldv tnv mAhpwon TNG TAPpou KaL @uoLka tnv avdntuin tng ndvw
0 NUELPWTLKO @AoLd,

(2) Tnv duvatdtnta GnuLoupyiag MEPLOXGV nAoloLWY OE QUOLKA aépLa KaiL Udpoyov-

Gvbpakeg.
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Introduction

The Aegean sea in the Eastern Mediterranean is an epicontinental sea
that occupies' a subsided part of the Alpine chain (Stanley and Perissoratis,
1977). A steep-sided three hundred kilometers (300km) Tong through in the
northern Aegean named the Northern Aegean Trough (NAT) is delineated by the
six hundred meters (600m) isobath {fig.1l). This trough is divided in two
major basins by the Thasos-Limnos ridge. The western (or Sporades) basin
which trends NE-SW has a maximum width of about fourty five kilometers(45km),
and the eastern (or Saros) basin which trends ENE-WSW has a maximum width
of about twenty three kilometers (23km). Both these basins narrow towards
their NE ends. This study is a synthesis of all the available structural,
geophysical and heat flow data towards a prognosis of the ore and hydro-
carbon potentials of this universally rare geotectonic setting .

Structural and Bathymetric Data

The broad north Aegean area is presently dominated by an almost north-
south tensional field and the accompanying normal faulting. This structural
feature is in agreement with the observed relative crustal thinning along
the NAT (Makris, 1977, Fig.2). It should be noted that the formation of the
NAT is attributed by Allan and Morelli (1971) and Mckenzie (1972,1978) also
to extensional tectonics. These data are in support of rifting; an event
that was most likely initiated during Miocene as it is indicated by seismic
and drill hole data (Lalechos and Savoyat, 1977). The MNorthern Aegean Trough
area however seems to be structurally complicated as it is characterized by
composite faulting (i.e. normal,thrust, strike-slip;Ritsema, 1974, Papazachos
and Comninakis, 1976). These could be explained by the spatial variation
through time of a local extensional field existing under the influence of an
overall compressive regime. Such structurally complicated features characterize

the pull-apart basins.

Magnetic Anomalies

The Northern Aeqean Trough is characterized by strong magnetic anomalies
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SYNTHETIC MAP OF GEOPHYSICA

L
HEAT FLOw AND BATHYMETRIC DATA
FOR NORTHERN AEGEAN TROUGH

@ Bouguer anomakes  (Morell et al.1975)

Maognetic. anomakes (MOBIL 1967, 8)

Heat flow data (Fitas and Kohos 1979}
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Euk. 1. SuvBetixOg xdptng vewpuoixkbv, Bepuikic pofic xai BabupetpLkdy otouxeluwv
vid tnv tdepo tou B.Awyalou kai meproxic Sutikd tng Xiou.

Fig. 1. Synthetic map of geophysical, heat flow and bathmetric data for e
Northern Aegean Trough and a region west of the Chios island.
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Ewk. 2.

Fig. 2.
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X4ptne tng Moho otn taypo tou B.ALyaiou onwe dlvetalL and tov Makris
(1977). ZnueLlveTaL n oXETLKA Aéntuvon tou @AoLol otTnv TdYpo TOU

B.ALyalou.

Moho-depth map in the Northern Aegean Region as given by Makris{1977).
Note the relative crustal thinning in the NAT.
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of several gammas which are distributed along its full length (Fig.l, Vogt
and Higgs, 1963). These anomalies on the basis of their intensity and shape
and the available seismic data (Lalechos and Sovoyat, 1977, fig.3) can be
attributed to intrusives and/or volcanics. Similar features are also obser-
ved in the area west of the island of Chios (Fig. 1).

Gravity Anomalies

Along the NAT the presencé of Bouguer gravity highs in the order of
80m gals is noted. These gravity highs coincide with magnetic anomalies
(Fig.1l) and can be assigned to intrusives and/or volcanics. The free air
gravity anomalies that are observed in the same area indicate mass deficit
which is attributed to a sedimentary cover (Morelli et al., 1975). This se-
dimentary cover has a thicnness ranging from about 2 to 3.5 km and age wise
extends from Miocene to recent (Lalechos and Savoyat, 1977, Fig.4). Part of
this cover (100-1000m) consists of unconsolidated sediments (Needham et al.,
1973, Stanley and Perissoratis, 1977).

Heat Flow Data

Heat flow (HF) measurements along the NAT are generally high ( > 80mvm-2,
Jongsma, 1974, Fyticas and Kolios, 1974). The highest HF values (>100m W m=2
or > 2.5 H.F.U.) are also associated with intense magnetic anomalies { 60km
west of Limnos, Fig.l). These data indicate the presence of a heat soure
(e.g. magnatic stock) under the seaflioor. In addition, hot springs with tem-
peratures as high as 1020C are present in the islands of Lesvos, Limnos, Samo-
thrace and Chios (Papadopoulos, 1982}, suggesting the operation of geothermal
systems on land which could well be extended as being operative on the seafloor
at places where there is the concomitant presence of the data referred to above.

The Ore-Forming and Natural Gas Generation

Processes.

There are five main requirements for formation and preservation of ore
deposits on the seafloor (Fig.5). These are (Scott, 1985) :
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Etk. 3. B-N oceroukd toph atnv taepo tou B.Auyoiou, Yavovikd Phyuata (F),
NAeLokailvikd (P) kat Merokaiwvika (M) otpopata onwg kat nuBavd ekpniL-
vevh (T) kat to undBabpo (S) onwe dlvovrar and toug Lalechog kai
Savoyat (1977).

Fig. 3. N-S seismic section in Northern Acgean Trough. Block faulting (F)
Pliocene (P) and Miocene (M) sedimentary strata as well as possible
intrusives (T) and the substratum (S) as given by Lalechos and
Savoyat (1977) are shown.
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Euk. 4. B-N ociopikh Touh Bbpera TG AekGvng Twv snop&dwv. Naxeld NAELokaLvika
(P) raL Meiokaivikd (M) unuata pagl He 1O umbRabpo (S) kav ouvilnua-
royvevh pAypata (F) onwg dlvovial and toug Lalechos kau Savoyat (1977).

Fig. 4. N-S Seismic section north of Sporades busin.A thick Pliocene (P) and
Miocene (M) sedimentary pile together with the substratum (S) and
concomitant faulting (F) as given by Lalechos and Savoyat (1977) are

shown.
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Euk. 5. Tevikeupévo abatnua unoBaldaoLag vdpoBepULKAC avakUuKAWoONG yLa tn véveon
KoLTaopdTwy kal pETaAAogdpwy meTpwudtwv (xwplc¢ kA(paka, Scott, 1985).

Fig. 5. Generalized seafloor hydrothermal convection system for generation of
ores or Metalliferous rocks (not drawn to scale, Scott, 1985).
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1. A heat source of sufficient size to cause large-scale circulation of
fluid through kilometers of seafloor rocks.

2. A fracture. framework that permits fluid circulation through crust and
focuses the discharge below and .~ r on the seafloor.

3. A hydrothermal fluid capable of carrying several parts per million metals

and reduced sulphur in sclution.
4, A mechanism for precipitating the ore minerals from the ascending fluid.

5. A flux of sedimentary and/or volcanic material immediately after deposi-
tion to burry the deposit (s).

The combination of intense fracturing and high heat flow-essential para-
meters for hydrothermal convection are met in rift systems (Cathles et a].1983).
Such environment is that represented by the Northern Aegean Trough. The hydro-
thermal convection expected to occur in the study area can result in hot springs
and metalliferous deposits near and/or on the seafloor. The predominant nature
of the rock types that underly (e.g. continental crust) and fill (e.g.clastic
sediments) the NAT suggest -the composition of the ascending metalliferous bri-
nes would be Pb-Zn (Ag)-rich. The Red Sea and the Guayamas basin are the clo-
sest analogs to the hydrothermal system that is predicted to be in operation
in the NAT. The only other example on a world wide scale that shares geologi-
cal features similar to those described for the NAT and an operating hydro-
thermal system is yet to be found, is the Okinawa Trough west of Japan.
Potentially existing hydrothermal systems in such geotectonically unique set-
tings (i.e. seafloor developed on continental crust) have not been investiga-
ted yet both for their scientific worth and their resource potential.

The main parameters for natural gas-hydrocarbon generation are the
following :

1. Thick pile of sedimets enriched in organic matter (e.g. marls, mudstones,

sandstones).

2. Proper pressure and temperature conditions for oil maturation. These
could be met in a thick sedimentary pile with or without the presence of

concomi tant heat source.
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3. A proper tectonic system for the migration and concentration of hydrocarbons
in existing traps.

The Northern Aegean Trough is an region that meets the requirements
both fpr the operation of metalliferous hydrothermal systems and the formation
and preservation of natural gas and hydrocarbons.

Concluding Remarks

Recent and presently active rift valleys provide the proper geotectonic
setting for ore deposit and natural gas - hydrocarbon formatioh. The Northern
Aegean Trough combines structural, gravity, magnetic, seismic and heat flow
characteristics similar to rift valleys. Therefore, natural gas - hydrocarbons
fields and mineral deposits of Pb-Zn (Ag) - rich composition could be presently
forming or have been formed in the Northern Aegean Trough. The development
of the NAT on continental crust makes it an invaluable case study both scien-
tifically and for its resource potential.
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