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THE GEOLOGY OF THE SOUTH OF MANYAS (BALIKESİR) AND TECTONIC SIGNIFICANCE OF

BLUESCHISTS

H. Serdar AKYÜZ* and Aral I. OKAY*

ABSTRACT.- The study area comprises mainly Karakaya complex units of Sakarya zone, a granodioritic pluton which cuts the
Karakaya complex and unconformably overlying Neogene sedimentary and volcanic rocks. Apart from these, a small blueschist
klippe rests on the Karakaya complex. The Karakaya complex in the area studied is made up of Nilüfer unit and tectonically
overlying Triassic detritics (Hodul unit and Orhanlar greywacke). Nilüfer unit consists of metabasite-metapelite-marble
intercalation at the base and monotonous marbles at the top. Nilüfer unit has undergone greenschist fades metamorphism
probably during Late Triassic. Nilüfer unit is in tectonic contact with detritic rocks bearing neritic limestone blocks of
Carboniferous-Permian age and rare spilite blocks. A blueschist klippe, which consists of metabasites, is observed on the Nilüfer
unit and on the Triassic detritics to the south of Manyas. The metamorphic age of the blueschist is Late Cretaceous as reported
from south of Mustafakemalpaşa. The exhumation of blueschists mainly occurred during the latest Cretaceous. Thus, the
thrusting of blueschist onto Karakaya complex units took place probably during the Paleocene continent-continent collision. Main
blueschist belt is located to the south of klippe which indicates a northward vergence. This shows that back-thrusting occurred
during continent-continent collision in the western Anatolia.

INTRODUCTION

Western Anatolia comprises different tectonic units
which came together as a result of continent-continent
collisions during the Tertiary (Fig.1, Şengör and Yıl-
maz, 1981; Okay et al., 1996). These continental frag-
ments are separated by suture zones. Izmir-Ankara su-
ture is one of the most important suture, which separa-
tes Pontides to the north from the Anatolidae Tauride
units in the south. Tavşanlı zone, which consists of op-
hiolite, ophiolitic melange and blueschist, formed du-
ring the northward subduction of Neo-Tethys ocean, is
observed to the south of the Izmir-Ankara suture bet-
ween Bursa and Ankara (Okay, 1984), while Sakarya
zone is located to the north of the suture (Fig. 1). The
Sakarya zone is made up of Permo-Triassic arc-trench
rocks named as Karakaya complex (Tekeli, 1981;
Okay et al., 1990, 1996; Akyüz and Okay, 1996) that
formed during the closing of Paleo-Tethys and uncon-
formably overlying Jifrassic-Cretaceous sediments
(Fig. 2). Izmir-Ankara suture, which constitutes the bo-
undary between Sakarya and Tavşanlı zones, is repre-
sented by a strike-slip fault between Bursa and Eskişe-
hir, which was active even after the Miocene (Harris et
al., 1994). The area to the south of Manyas is impor-
tant as shows the pre-Miocene relation between the
Tavşanlı zone and Sakarya zone. In this area, bluesc-
hists lie on the Karakaya complex as a horizontal klippe.

For these reasons, the region south of Manyas was
studied and mapped in detail (Akyüz, 1995). This pa-
per comprises the main results of this study.

In the study area there are only very few previous
studies. The most important is a published geological
map in the scale of 1:100.000 and its explanations,
which comprises the eastern part of the study area
(Ergül at al., 1986); another study is related to general
geology and Tertiary volcanism of the area (Ercan et
al., 1990). Moreover, there are some MTA reports
which constitute the base to these publications.

There are three main units in the study area. These
are Permo-Triassic Karakaya complex units, which
cover nearly half of the study area, a small blueschist
klippe and Neogene magmatic and sedimentary rocks,
which unconformably cover or cut the older units
(Fig. 3).

KARAKAYA COMPLEX

The major part of the study area is made up of Ka-
rakaya complex units (Fig. 3). The previous studies in
the Biga peninsula have indicated that Karakaya
complex is composed of four tectono-stratigraphic
units. Permo-Triassic Nilüfer unit is made up of meta-
basite, marble and phyllite which is undergone
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Fig. 1- Tectonic map of western Turkey and the surrounding area. The thick barbed
lines show the Mesozoic sutures with their primary subduction polarities. The
thinner lines with open triangle indicate major intra-continental thrusts (after
Okay et al., 1996).

greenschist facies metamorphism, tectonically overl-
ying clastic rocks with Permian limestone blocks (Ho-
dul unit and Orhanlar greywacke) and Permo-Triassic
Çal unit, which is composed of basic volcanic rock,
greywacke and pyroclastic rock (Okay et al., 1990). All
Karakaya complex units except Çal unit exist in the
study area.

Nilüfer unit

This unit was named as Fazlıkonağı formation by

Ergül et al., (1986) and Ercan et al., (1990) and in the

absence of paleontological data was considered as

Upper Paleozoic. This unit is similar to Nilüfer unit
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lithologically and stratigraphically that crops out exten-
sively in NW Anatolia. Moreover, the name of Fazlıko-
nağı formation is also used for Upper Cretaceous
blueschists (Ergül et al., 1986). Thus, the Nilüfer unit
was used in this study.

Nilüfer unit was divided into two formations. These
are Kiraz metamorphite at the base, composed of vol-
cano-sedimentary rocks, and Çataltepe marble at the
top (Fig. 3 and 4).

Kiraz metamorphite.- It consists of mainly metaba-
site and metapelite and rarely quartzschist and calc-
schist. The best outcrops are around Erecek and north
of Kirazköy (Fig. 3). All outcrops have a foliation and lo-
cally formed preferred mineral orientation. Kiraz meta-
morphite is in tectonic contact with Hodul unit to the

samples (samples 18, 44, 90, 92-A and 106) are
analysed geochemically (Table 2) to understand the
origin and tectonic setting of metabasites of Kiraz
metamorphite. Si ratios range between %48-56 and Al
%13-16. The results are concentrated on basalt area
on Le Maitre (1989) diagram. These samples repre-
sent island arc tholeite in Mullen (1983) diagram.

Micaschists constitute %25-30 of Kiraz metamorphite.
Their common mineral assemblage is muscovite + bi-
otite + quartz + chlorite + plagioclase ± epidote ± calci-
te ± opaque. One sample (sample 14), which is com-
posed of muscovite, biotite, quartz and plagioclase,
was analysed under the electron microprobe (Table 1).
Quartzschist and calcschist are seen as interbeds of
5-30 m in thickness or as lenses and comprise %5-10
of Kiraz metamorphite. These lithologies are intercala-

west of the study area. The thickness of the Kiraz me-
tamorphite in the study area is about 1500 m.

Metabasite constitutes %50-60 of Kiraz metamorp-
hite. The common mineral assemble of metabasite is
calcic amphibole + albite/oligoclase + epidote + chlori-
te + sphene ± calcite ± quartz ± opaque. Calcic amphi-
bole locally shows strong zoning. Two samples from
metabasite were analysed with electron microprobe
and mineral analyses were given in Table 1. In zoned
amphibole, actinolitic composition is found in the core
while tschermakitic composition occurs in rim (Table 1;
Fig. 5). Plagioclase is either oligoclase or albite in corn-
position. In some samples they occur together. Five

ted with each other. Mineral paragenesis of metabasi-
te and metapelite indicate that Kiraz metamorphite has
undergone upper greenschist facies metamorphism.

Çataltepe marble.- Kiraz metamorphite is overlain
by marble around Kirazköy and Erecek. In these areas,
marbles are underlain by metabasite, micaschist and
quartzschist in short distances. This probably indicates
that there was an unconformity between them before
regional metamorphism. Kiraz metamorphite was
thrust on Çataltepe marble around Örenköy to the west
of the study area. Çataltepe marble is tectonically over-
lain by blueschist and Omanlar greywacke around
Yaylaköy (Fig. 3 and 4).
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Çataltepe marble is white-grey, holocrystaline and
forms a homogenous sequence. Rare siliceous bands,
whose thickness ranges from several cm to 4 cm, are
seen within the marble. It is observed that marbles lo-
cally preserved primary bedding on the roadway bet-
ween Manyas-Darıcaköy and that they have middle to
thick bedding. This data indicates that marbles are de-
posited in shallow marine environment. The thickness
of the marble is more than 700 m.

The age and tectonic environment of the Nilüfer
unit.- No fossils have been found in the Nilüfer unit wit-
hin the study area. However, Kaya and Mostler (1992)
reported Middle Triassic conodonts in carbonate inter-
beds intercalated with metabasites from the Kozak

range in northwest Anatolia. Moreover, it is known from
different parts of NW Anatolia that Nilüfer unit is uncon-
formably overlain by Liassic sediments (Okay et al.,
1990), thus, the depositional age of the Nilüfer unit is
Triassic and metamorphic age is Late Triassic.

Nilüfer unit covers large areas throughout the Sa-
karya zone extending from Biga peninsula to eastern
Black Sea area (Okay et al., 1990,. 1996). Such thick
and extensive volcano-sedimentary successions rep-
resent basins which is adjacent to active island-arc
(Dickinson and Seelly, 1979). Similar volcano-sedi-
mentary successions were reported from New Zealand
(Houghton and Landis, 1989) and from present-day
Fiji volcanic arc (Hathway, 1994).
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Table 2- Geochemical analyses of metabasites in
Kiraz metamorphite.

Orhanlar greywacke

This unit is composed of greywacke and shale with

limestone and rare spilite blocks. Ercan et al., (1990)

defined this unit together with Late Cretaceous units

and called them Yayla Melange. However, the litholo-

gical characteristics of this unit and the fact that it con-

tains Permian limestone blocks indicate that it belongs

to the Orhanlar greywacke which was described in the

Biga peninsula. The Orhanlar greywacke technically

overlies Nilüfer unit in area to the west of Çataltepe vil-

lage and around İrşadiye, while it is covered by Neoge-

ne sedimentary rocks (Fig. 3 and 6).

The sandstone of Orhanlar greywacke is made up
of semi-angular, medium to poorly sorted quartz, felds-
par, lithic fragments, mica, chert and opaque grains
within, a clay matrix of % 16-20. Quartz is mostly
polycrystalline and rarely monocrystalline. K- feldspar-
plagioclase ratio is nearly equal. Lithic fragments were
derived mostly volcanic and rarely metamorphic and
sedimentary rocks. Rare, grey-brownish shale interla-
yers changing from several cm to 3 m Were observed
within greywackes. The matrix of Orhanlar greywacke
is intensely sheared and its primary structures have
been destroyed. It is.hard to understand the stratigrap-
hic features and thickness of the Orhanlar greywacke
due to intense shearing, its homogenous features and
absence of a stratigraphic basement.

Grey-bluish, middle bedded limestone and rare spi-
lite blocks are important components of the Orhanlar
greywacke. Limestone blocks are seen around Du-
manköy and Boğazpınar and between İrşadiye-yayla.
Their size range from 0.5 to 150 m. Spilite blocks are
rare and their sizes are less than 20 m.

While, there is no paleontological data from the
matrix of Orhanlar greywacke, the limestone blocks in
the Orhanlar greywacke are highly fossiliferous. Samp-
les collected from Boğazpınar, İrşadiye and Dumanköy
have the following fossils: Schwagerinidae, Schuber-
tella sp., Deckerella sp., Paleotextularia sp. (Permian,
sample no: 41); Globivalvulinasp., Tetrataxissp., (Car-
boniferous-Permian, sample no: 64); Climacammina
sp., Cribrogenerina sp., Eotuberitina sp., Glomospira
sp. (Upper Permian, sample no: 449). Orhanlar grey-
wacke is unconformably overlain by Liassic sediments
as well as other Karakaya complex units (e.g. Aygen,
1956; Okay et al., 1990), thus, its age is constrained as
Permian-Triassic.

The blocky and intensely sheared structure of Or-
hanlar greywacke points out that it was formed in a tec-
tonically active environment. Similar sequences were
reported from present-day trench zones (e.g. Peru-
Chile: Thornburgh and Kulm, 1987; Middle America:

McMillen et al., 1982; Aleutian: Underwood, 1986;
Cascadia: Schweller and Kulm, 1978; Japan: Boggs,
1984; Hellenic trench: Stanley and Maldonado, 1981),
thus, Orhanlar greywacke is accepted as trench depo-
sit.
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Hodul unit

Hodul unit is composed of grey-yellowish white ar-
kosic sandstone and dark shale with Permian limesto-
ne and spilite blocks. It crops out to the west of Ören-
köy and around Ömerler to the NW of the study area
(Fig. 3). These outcrops form the northern end of a belt
trending NNE-SSW, 8-10 km in width and 80 km in
length extending from İvrindi to Manyas (Fig. 2, Okay
et. al., 1990, 1996). This unit is also defined as Kara-
kaya complex by Ercan et. al,, (1990).

Hodul unit is in subvertical tectonic contact With the
Nilüfer unit in the east and is covered by Neogene vol-
canic and sedimentary rocks in the north and south
(Fig. 3). Hodul unit has a monoclinal structure younging
westward in the study area. The bottom part of the
sequence in the study area starts with middle bedded
sandstone intercalated with rare shale and micritic
limestone (Fig. 7). Small and rare limestone and spilite
blocks are seen upward. Sandstone gets dirty in this
part due to increasing amount of the matrix and lithic
fragments while shale interbeds thicken. The upper
part of the sequence has a olistostromal character with
limestone blocks (Fig. 7 and 8). The presence of a
sheared zone and plastic deformation of several cm
around limestone blocks indicates that the limestone
blocks have slid into the detritics during the sedimenta-
tion. The thickness of Hodul unit in the study area is
1200 m. The Hodul unit shows no regional metamorp-
hism in the study area.

Arkosic sandstone of Hodul unit is made up of
semi-angular, well-sorted quartz, feldspar, mica, chert
and lithic fragments in clay matrix of %6-10. Quartz are
both mono- and polycrystalline. K-feldspar is represen-
ted by microcline and its amount is relatively more than
plagioclase. The presence of microcline shows that
sandstone took the material from a granitic source.
Lithic fragments increase towards the top of the
sequence which have mostly volcanic and rarely sedi-
mentary rock origin.

The amount and size of limestone blocks increases
towards the top of the unit. These grey-bluish blocks
are sparitic and mostly middle to thick bedded and
rarely massive. The size of blocks range from several
cm to 600 m. The samples taken from the blocks gave
Upper Carboniferous to Upper Permian ages. Two
samples (no: 1503 and 1568) from just east of Gerde-
me village contain fusulinid and small forams giving a
Moscovian age: Eostaffella sp., Pseudoendothyra sp.,
Verella sp., Profusulinella latispiralis Safonova, Profu-
sulinella aff. parva (Lee and Chen), Eotuberitina sp.,
Tuberitina sp., Diplosphaerina sp., Endothyra sp., Glo-
bivalvulina sp., Monotaxinoides sp., Glomospira sp.
(Leven and Okay, 1996). Another sample (no:1499)
from west of Gerdeme village has a rich fusulinid and
small foram fauna giving Upper Permian age: Nanki-
nella sp., Schubertella sp.; Verbeekina sp., Eotuberiti-
na sp., Tuberitina sp., Diplosphaerina sp., Globivalvuli-
na sp., Glomospira sp., Nodosaria sp., Pachyphloia
sp., Climacammina sp., Lasiodiscus sp. In a limestone
block to the north of Gerdeme (no:409), Glomospira
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sp., Dunbarula sp., Paleotextularia sp. giving Upper
Permian age has been determined. Moreover, limesto-
ne pebbles in a debris flow which lies under limestone
block have Upper Permian fossils: Eopolydiexodina sp.,
Tuberitina sp.

A few spilite blocks are present within the Hodul
unit. They have amygdaloidal texture and are compo-
sed of feldspar microliths and phenocrysts, monoclinic
pyroxene and chlorite in vitrophyric groundmass.
Amygdales were filled by mostly chlorite and rarely
quartz.

There are no paleontological data within the detritic
matrix of Hodul unit in the study area. The youngest
age determined from limestone blocks is Upper Permi-

an (Murgabian-Midian). However, Norian macrofossils
were reported in shale and siltstones which are equiva-
lent to the upper part of Hodul unit in the Balya and İv-
rindi areas in the southern continuation of this olistost-
romal belt (Aygen, 1956; Leven and Okay, 1996). Ho-
dul unit is covered by Liassic sediments outside the
study area (e.g. Aygen, 1956; Genç, 1986; Okay et al.,
1990). These data show that the age of the Hodul unit
is Late Triassic. The presence of abundant feldspar in-
dicates that Hodul unit was rapidly deposited in a fault-
controlled basin. Okay et al., (1990, 1996) proposed
that Hodul unit represents a fore-land environment.

BLUESCHISTS

Blueschists cover a large area between Orhaneli,
Tavşanlı, Eskişehir and Sivrihisar in NW Anatolia
(Okay, 1984, 1986). This belt, which was named as
Tavşanlı zone by Okay (1984), consists of regionally
metamorphosed, thick and regular sequence of
blueschists (Orhaneli unit) at the base, and tectonically
overlying ophiolitic melange and peridotite. Orhaneli
unit is composed of metapelitic rocks bearing jadeite,
glaucophane, chloritoid and lawsonite (Okay and Kel-
ley, 1994) at the base with more than 1 km in thick-
ness. They are conformably overlain by a thick homo-
genous marble sequence. At the top of the Orhaneli
unit, there are metabasites, metacherts and metasha-
les (Okay, 1981). The basement of the blueschist se-
quence is not observed in the Tavşanlı zone. Accor-
ding to Ar/Ar dating on phengite and sodic amphibole
in blueschist, the age of HP/LT metamorphism is late
Cretaceous (Okay and Kelley, 1994; Harris et al.,
1994). Orhaneli unit represents the passive northern
margin of Anatolide- Tauride platform. This passive
margin was subducted in an intra-oceanic subduction
zone following the consumption of Neo-Tethyan
oceanic lithosphere and underwent blueschist fades
metamorphism (Okay et al., 1984,1986) similar to the
case in Oman (e.g. Goffe et al., 1988; Searle et al.,
1994; Michard et al., 1994).

The most significant feature of the area studied is
the exposure of the basal tectonic contact of the
blueschist. A small blueschist klippe rests on marbles
of Nilüfer unit around Yaylaköy, 10 km south of Man-
yas (Fig. 6). Thrust plane is marked by serpentinite
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Fig. 8- The transition from arkosic sandstones to limestone olistoliths in the Ho-
dul unit (northeast of Gerdeme village, locality 1568). a- arkosic, white
sandstone, b- debris flow with limestone pebbles of 10-15 cm of size,
c- black chert, d- brown-greenish brown micaceous sandstone, siltstone,
shale, e- Middle Carboniferous (Moskovian) limestone olistolith; the de-
termined fusulinid and small forams: Eostaffella sp., Pseudoendothyra
sp., Verella sp., Profusulinella aff. parva (Lee and Chen), Profusulinella
latispiralis Safonova, Tuberitina sp., Diplosphaerina sp., Endothyra sp.,
Eotuberitina sp., Globivalvulina sp., Monotaxinoides sp.

slices. Serpentinites become dominant westward. Me-
tabasites have a bluish color'due to common presence
of sodic amphibole. Metamorphic mineral paragenesis
in the metabasite is sodic amphibole + lawsonite + so-
dic pyroxene + chlorite + sphene ± quartz. Sodic amp-
hibole and lawsonite comprise %70-80 of rock. Sodic
pyroxene has formed during the first stage of meta-
morphism and substitutes igneous augite. Relic igne-
ous augite is preserved in some massive metabasites.
The mineral paragenesis and petrographic characteris-
tics of these blueschists are similar to blueschists
reported from Tavşanlı zone (Okay, 1980, 1981). One
metabasite sample (no: 97) was analysed under the
electron microprobe. In this sample, sodic amphibole is
magnesio-riebeckite and sodic pyroxene is aegirine-
jadeite and contain %65 of jadeite (Table 3; Fig. 5).
P-T conditions of metamorphism based on 65 %
jadeite, content of sodic pyroxene, and the presence of
lawsonite are temperatures less than 450 °C and
pressures more than 9 kbar. Okay and Kelley (1994),
who analysed blueschist metapelite to the south of
Mustafakemalpaşa, reported that the condition of blu-
eschist metamorphism was 430 ± 30 °C and 20 ± 2

kbar based on chlorite-glaucophane jadeite paragene-
sis in metapelites.

NEOGENE MAGMATIC AND SEDIMENTARY

ROCKS

llıca-Şamlı granodiorite

Ilıca-Şamlı granodiorite is a large leucocratic pluton
located to the SW of the study area. The petrology and
petrography of the pluton was studied by Bürküt
(1966). The age of the pluton was determined as 23-25
Ma based on K/Ar method on orthoclase and hornblen-
de (Ataman, 1973) and 20-23 Ma based on Rb/Sr met-
hod on biotite (Bingöl et al., 1982). Thus, the age of the
pluton is Late Oligocene-Early Miocene.

Ilıca-Şamlı granodiorite cuts the Nilüfer and resul-
ted in contact metamorphism. Aplite, quartz and rare
pegmatite dykes and veins cut both granodiorite and
country rocks. Ilıca-Şamlı granodiorite is made up of
quartz, plagioclase, K-feldspar, rare biotite, hornblende,
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and accessory epidote, sphene, tourmaline, zircon,
ilmenite and apatite. This pluton is granodiorite in the
Le Bas and Streckeisen (1991) classification.

llıca-Şamlı granodiorite is surrounded by marble.
Especially to the northern contact of pluton, a contact
metamorphic zone is seen represented by idocrase-
garnet bearing skarn zone with 0.5-2 km in width. The
porphyritic texture of the llıca-Şamlı granodiorite and
its sharp contact with country rocks point out to shallow
level emplacement of the pluton.

Table 3- Representative mineral analyses from meta-
basites of Orhaneli unit (no: 97).

Volcanic and sedimentary rocks

Volcanic succession of Lower to Middle Miocene
composed of volcanic breccia, massive lava and rare
tuff and volcanogenic clay was named as Ezine volca-
nites. These rocks were studied by Ercan et al., (1990)
in detail. Dacitic-andesitic lavas of Ezine volcanite are
common around Boğazpınar while volcanic breccias
are seen around Ömerler, Karıncalı and Dumanköy
(Fig. 3). There is no radiomefric data within the study
area but the age of volcanic rocks from neighbouring
areas were reported as 17-21 Ma (e.g. Borsi et al.,
1972; Benda et al., 1974; Gündoğdu, 1984; Ercan et
al., 1990, 1995).

Volcanic activity was interrupted in the Middle Mio-
cene and terrigenous sediments were deposited in ri-
ver and lacustrine environment. The age of this forma-
tion is accepted as Middle Miocene-Pliocene from
mammal fossils around Sünnük village to the east of
the study area (Fig. 2) determined by Bernor and Tobi-
en (1990) and pollen analysis and lacustral gastropods
reported by Ercan et al., (1990).

DISCUSSION

The most important feature of the study area is that
blueschists lie technically on the Permo-Triassic Ka-
rakaya complex units as a klippe. The main blueschist
belt occurs to the south of this klippe (Fig. 2), then it
means the vergence of the blueschist was north- north-
westward. This vergence is contrary to the general so-
uthward vergence of Alpid orogen in western Anatolia
and points out that northward back-thrusting develo-
ped along the suture as the case in the western Alps.

There is no direct data on the time of northward
thrusting of blueschist within the study area, however,
there is no doubt that this event occurred after blueschist
facies metamorphism. The age of blueschist meta-
morphism is isotopically determined by Okay and
Kelley (1994) as 80-90 Ma (Turonian-Santonian) in the
region south of Mustafakemalpaşa (Fig. 2). The fact,
that blueschist grains and pebbles were found in Upper
Senonian-Paleocene clastic rocks of Sakarya zone
(Norman and Rad, 1971; Batman, 1978) indicates that
blueschists which metamorphosed in 50-60 km depth
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during Turonian-Santonian were partly exhumed du-
ring Maastrichtian to Paleocene. Moreover, blueschist
blocks were reported within Upper Maastrichtian-
Lower Paleocene wild-flysch deposited to the south of
Tavşanlı zone (GöncüoğIu et al.( 1992).

The continent-continent collision between Sakarya
zone and Anatolid-Tauride platform occurred probably
during the Paleocene. The evidence of this opinion is
the passing from flysch deposition to molasse deposi-
tion in Sakarya, zone during Paleocene followed by
thrusting in the Sakarya zone (Saner, 1980). Thus, the
exhumation of blueschists occurred during the Latest
Cretaceous before continent-continent collision. Blu-
eschists, which were partly exhumed, were thrust
northward over the Sakarya zone during continental
collision.

CONCLUSION

A small blueschist klippe lies on Permo-Triassic
Karakaya complex units with a low angle tectonic con-
tact. The age of thrusting is post-Late Cretaceous (pro-
bably Paleocene) and has occurred during the conti-
nent-continent collision. Blueschists were thrust north-
ward onto Sakarya zone during this collision. This indi-
cates that back- thrusting occurred along the Izmir-An-
kara suture such as the case in western Alps.

ACKNOWLEDGEMENTS

We thank to E. Yiğitbaş and C. Genç for construc-
tive criticism, B. Arman for helping with the microprobe
analysis, E. Leven for paleontological determinations
and N. Gündoğdu and B. Kürkçüoğlu for the geochemi-
cal analysis. This study is partly supported by TÜBİ-
TAK-Glotek Unit.

Manuscript received January 21, 1997

REFERENCES

Akat, U.; Çağlayan, A. and Ivak, M., 1978, Dursunbey-Or-
haneli-Susurluk-Kepsut arasındaki bölgenin jeolo-
jisi: MTA Rep., 6618 (unpublished), Ankara.

Akyüz, H.S., 1995, Manyas-Susurluk-Kepsut (Balıkesir)
civarının jeolojisi: PhD Thesis, ITU Fen Bilimleri
Enstitüsü, 239 p., (unpublished).

and Okay, A.I., 1996, A section across a Tethyan
suture in northwest Turkey: Int. Geol. Rev. V. 38,
405-418.

Ataman, G., 1973, Ilıca-Şamlı (Balıkesir) granodiyoritinin
radyometrik yaşı ve Kuzeybatı Anadolu granitik
magması hakkında düşünceler: Cumhuriyetin 50.
Yılı Yerbilimleri Kongresi Tebliğleri, MTA Publ.,
518-523.

Aygen, T., 1956, Balya bölgesi jeolojisinin incelenmesi:
MTA Publ., D11,95 p.

Batman, B., 1978, Haymana kuzeyinin jeolojik evrimi ve
yöredeki melanjın incelenmesi, I: Stratigrafi birim-
leri: Yerbilimleri, 4, 95-124.

Benda, L.; Innocenti, F.; Mazzuoli, R.; Radicati, F. and
Steffens, P., 1974, Stratigraphic and radiometric
data of the Neogene in northwest Turkey: Zeitsch-
rift der deutschen geologischen Gesellschaft, 125,
183-193.

Bemor, R. and Tobien, H., 1990, The Mammalian Geoch-
ronology and Biogeography of Paşalar (Middle
Miocene, Turkey): J. Human Evol., V. 19, no: 4/5,
551-568.

Bingöl, E.; Delaloye, M. and Ataman, G., 1982, Granitic
Intrusions in western Anatolia: a contribution to the
geodynamic study of this area: Eclogae Geol.
Helv., 75, 437- 446.

Boggs, S., 1984, Quaternary sedimentation in the Japan
arc-trench system: Geol. Soc. Amer. Bull., 95,
669-685.

Borsi, S.; Ferrara, G.; Innocenti, F. and Mazzudi, R., 1972,
Geochronology and petrology of recent volcanics
in the eastern Aegean Sea (West Anatolia and
Lesbos Island): Bull. Volcan., 36, 473-496.

Bürküt, Y., 1966, Kuzeybatı Anadoluda yer alan plutonla-
rın mukayeseli jenetik etüdü: PhD Thesis, İTÜ,
Maden Fak., 272 p.



94 H. Serdar AKYÜZ and Aral I. OKAY

Dickinson, W.R. and Seely, D.R., 1979, Structure and
stratigraphy of the fore-arc regions: AAPG Bull.,
63, 2-31.

Ercan, T.; Satır, M.; Kreuzer, H.; Türkecan, A.; Günay, E.;
Çevikbaş, A.; Ateş, M. and Can, B., 1985, Batı
Anadolu Senozoyik volkanitlerine ait yeni kimya-
sal, izotopik ve radyometrik verilerin yorumu: Tür-
kiye Jeol. Kur. Bull., 28,121-136.

; Ergül, E.; Akçören, F.; Çetin, A.; Granit, S. and
Asutay, J., 1990, Balıkesir- Bandırma arasının jeo-
lojisi, Tersiyer volkanizmasının petrolojisi ve böl-
gesel yayılımı: MTA Bull., 110, 113-130.

; Satır, M.; Steinitz, G.; Dora, A.; SarıfakioğIu, E.;
Adis, C., Walter, H.J. and Yıldırım, T., 1995, Biga
yarımadası ile Gökçeada, Bozcaada ve Tavşan
adalarındaki (KB Anadolu) Tersiyer volkanizması-
nın özellikleri: MTA Bull., 117, 55-86.

Ergül, E.; Öztürk, Z.; Akçaören, F. and Gözler, Z., 1980, Ba-
lıkesir ili-Marmara denizi arasının jeolojisi: MTA
Rep. 6760 (unpublished), Ankara.

; Gözler, Z., Akçaören, F. and Öztürk Z., 1986, Tür-
kiye Jeoloji Haritaları Serisi, Balıkesir F6 Paftası:
MTA Publ., Ankara.

Genç, Ş., 1986, Geology of the region between Uludağ
and the İznik Lake: Guide Book for the field excur-
sion along western Anatolia, Turkey: MTA Publ.,
19-25.

Goffe, B.; Michard, A.; Kienast, J.R. and Le Mer, O., 1988,
A case of obduction-related high pressure-low
temperature metamorphism in upper crustal nap-
pes, Arabian continental margin, Oman: P-T paths
and kinematic interpretation: Tectonophysics, 151,
363-386.

Göncüoğlu, C.M.; Özcan, A.; Turhan, N. and Işık, A.,
1992, Stratigraphy of the Kütahya region: in a Ge-
otraverse across Tethyan suture zones in NW
Anatolia: Field Guide Book for the Symposium on
the Geology of the Black Sea Region, Ankara, 3-
11.

Gündoğdu, N., 1984, Bigadiç gölsel Neojen baseninin
jeolojisi: Yerbilimleri, 11, 91-104.

Harris, N.B.W., Kelley, S.P. and Okay, A.I., 1994, Post-
collision magmatism and tectonics in northwest
Turkey: Contrib. Mineral. Petrol., 117, 241-252.

Hathway, B., 1994, Sedimentation and volcanism in an
Oligocene-Miocene intra- oceanic arc and fore-
arc, southwestern Viti Levu, Fiji: J. Geol. Soc. Lon-
don, 151,499-514.

Houghton, B. F. and Landis, C.,A., 1989, Sedimentation
and volcanism in a Permian arc- related basin, so-
uthern New Zealand. Bull. Volcan. 51, 433-450.

Kaya, O. and Möstler, H., 1992, A Middle Triassic age for
low grade greenschist facies metamorphic sequ-
ence in Bergama (Izmir), western Turkey: the first
paleontological age assignment and structural-
stratigraphic implications: Newsletter for Stratig-
raphy, 26, 1-17.

Le Bas, M.J. and Streckeisen, A.L., 1991, The IUGS
systematics of igneous rocks: J. Geol. Soc. Lon-
don, 148, 825-833.

Le Maitre, R.W., 1989, A Classification of Igneous Rocks
and Glossary of Terms: Blackwell, Oxford, 193 p.

Leven, E. and Okay, A.I., 1996, Foraminifera from the
exotic Permo-Carboniferous limestone blocks in
the Karakaya Complex, Northwest Turkey: Rivista
Italiana di Paleontologia e Stratigrafia, 102, 2, 1-
10, 139-171.

McMillen, K.J.; Enkeboll, R.H.; Moore, J.C.; Shipley, T.H.
and Ladd, J.W., 1982, Sedimentation in different
tectonic environments of the Middle America
Trench, southern Mexico and Guatamala: Leggett,
J.K., ed., Trench-forearc geology: Sedimentation
and tectonics of modern and ancient active plate
margins: Geol. Soc. London, Spec, Publ., 10,107-
120.

Michard, A.; Goffe, B:, Saddiqi, O.; Oberhansli, R. and
Wendt, A.S., 1994, Late Cretaceous exhumation
of the Oman blueschist and eclogites: a two-stage
extensional mechanism: Terra Nova, 6, 404-413.

Mullen, E.D., 1983, MnO/TiO2/P2O5: a minor element disc-
riminant for basaltic rocks of oceanic environments
and its implications for petrogenesis: Earth Planet.
Sci. Letters, 62, 53-62.



THE GEOLOGY OF THE SOUTH OF MANYAS 95

Norman, T. and Rad, M.R., 1971, Çayraz (Haymana) civa-
rındaki Harhor (Eosen) Formasyonunda alttan üs-
te doğru doku parametrelerinde ve ağır mineral
bolluk derecelerinde değişmeler: Türkiye Jeol.
Kur. Bull., 14, 205-225.

Okay, A.İ., 1980, Mineralogy, Petrology and Phase Rela-
tions of Glaucophane-Lawsonite Zone Blueschists
from the Tavşanlı Region, Northwest Turkey:
Contrib. Mineral. Petrol., 72, 243-255.

, 1981, Kuzeybatı Anadoludaki Ofiyolitlerin Jeolojisi
ve Mavişist Metamorfizması: Türkiye Jeol. Kur.
Bull., 24, 85-95.

, 1984, Kuzeybatı Anadoluda yer alan metamorfik
kuşaklar: Ketin Simpozyumu, Türkiye Jeol. Kur.
Publ., 83-93.

, 1986, High pressure/low temperature metamorp-
hic rocks of Turkey: Ewans, B.W. and Brown, E.H.,
eds., Blueschists and Eclogites: Geol. Soc. Amer.
Memoir, 164,333-347.

; Siyako, M. and Bürkan, K.A., 1990, Biga Yarım-
adası'nın Jeolojisi ve Tektonik Evrimi: TPJD Bull.
2/1,83-121.

and Kelley, S.P., 1994, Tectonic setting, petrology
and geochronology of jadeite+glaucophane and
chloritoid+glaucophane schists from north-west
Turkey: J. Metamorphic Geol., 12, 455-466.

; Satır, M.; Maluski, H.; Siyako, M.; Metzger, R.,
and Akyüz, H.S., 1996, Paleo- and Neo-Tethyan
events in northwest Turkey: Geological and geo-
chronological constraints: Yin, A: and Harrison,
T.M., eds. Tectonic Evolution of Asia: 420-441.

Saner, S., 1980, Mudurnu-Göynük havzasının Jura ve

sonrası çökelim nitelikleriyle paleocoğrafya yorum-
laması: Türkiye Jeol. Kur. Bull. 23, 39-52.

Schweller, W.J. and Kulm, L.D., 1978, Depositional pat-

terns and channelised, sedimentation in active
eastern Pacific trenches: Stanley, D.J. and Kelling,
G., eds., Sedimentation in submarine canyons,
fans and trenches: 311 -324.

Searle, M.; Waters, D.J.; Martin, H.N. and Rex, D.C.,
1994, Structure and metamorphism of blueschist-
eclogite fades rocks from the northeastern Oman
Mountains: J. Geol. Soc. London, 151, 555-576.

Stanley, D.J. and Maldonado, A., 1981, Depositional mo-
dels for fine-grained sediment in the western Hel-
lenic Trench, eastern Mediterranean: Sedimento-

logy, 28, 273- 290.

Şengör, A.M.C. and Yılmaz, Y., 1981, Tethyan evolution

of Turkey: a plate tectonic approach: Tectonophy-
sics, 75, 181-241.

Tekeli, O., 1981, Subduction complex of pre-Jurassic age,

Northern Anatolia, Turkey: Geology, 9, 68-72.

Thronburgh, T.M. and Kulm, L.M., 1987, Sedimentation in
the Chile Trench: Depositional morphologies, litho-
facies and stratigraphy: Geol. Soc. Am. Bull., 98,
33-52.

Underwood, M.B., 1986, Transverse infilling of the central
Aleutian Trench by unconfined turbidity currents:

Geo-Marine Letters, 6, 7-13.


