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TECTONICRELATIONS BETWEENIZMIR-ANKARA ZONEAND KARABURUN BELT

Burhan ERDOGAN*

ABSTRACT.- In the Western Anatolia around Izmir region, three tectonic belts are located. These are from east to west, the
Menderes massif, the Izmir-Ankara zone and the Karaburun belt. The Menderes massif is composed of metamorphic rocks, the
uppermost section of which is Early Eocene in age. The Izmir-Ankara zone, which thrusted over the Menderes massif, is repre-
sented by a melange of Campanian-Danian age in a large region between Manisa and Seferihisar. This coatic unit which is named
here as Bornova melange, is made up of matrix of sedimentary rocks of flysch facies and mafic volcanic intercalations and blocks
of limestones more than 20 km in length in some areas. The limestone blocks and megablocks were incorporated during the sedi-
mentation of the matrix and, as a result, various soft sediment deformations and chaotic contact relations were formed around
them. The generalized stratigraphy of the megablocks, constructed from measured incomplete sections, is similar to the stratig-
raphy of the Karaburun carbonate succession. Besides that, lithological and paleontological correlations show that the blocks are
broken parts of the Karaburun succession. In the Karaburun peninsula, the Upper Cretaceous lies with an angular unconformity,
on the Triassic-Lower Cretaceous comprehensive carbonate succession, around Balikliova village. Besides this, at two more loca-
tions, one near the villages of Karaburun and the other near Urla where the peninsula join Anatolia, caotic rocks similar to the
Bornova melange are observed. At these last two locations, the contact relations between the Karaburun carbonate succession and
those of the caotic rocks are similar to those seen around the megablocks of the Bornova melange, and can not be explained
easily with normal stratigraphic concepts. It shows all the evidences indicative of the Karaburun succession had moved into the
flysch depositing still soft sedimentary environment. Various data collected are all in agreement with the idea that the Karaburun
carbonate succession was evolved as a platform of the Izmir-Ankara zone and it was tectonically transported during the flysch
deposition as nappes. As the nappes moved into the Izmir-Ankara zone, broken large silices formed the megablocks, whereas, the
Karaburun carbonate belt an allochthonous pack of nappes or the toe of the nappes itself.

INTRODUCTION

Three tectonic belts, trending in the NE—SW direction, are seperated in the paleotectonic structure of the
Western Anatolia (Fig.l).The easternmost belt is the Menderes massif which is composed of metamorphic rock
assemblages. The second belt is the Izmir-Ankara zone and, the third one, which lies to the farther west with a
platform-type carbonate succession, is called the Karaburun belt, Sengdr and Yilmaz (1981) have included this
last belt into the continuation of the Sakarya continent in their classification of the cratonic realms of the West-
ern Anatolia.

The east-west trending neotectonic structures, that started forming from Middle-Late Miocene and con-
structed the graben structures of the Western Anatolia, cut and dislocate these paleotectonic belts (Sengor,1980).
Although the graben forming tectonics has not seperated the paleotectonic belts from each other to an unrecog-
nizable extent, the sediment fillings in most places have covered and concealed their boundaries. Especially, the
contact between the Karaburun belt and the Izmir-Ankara zone, except in a few places, is overlain by the Neo-
gene sedimentary pile.

In the interpretation of the tectonic evolution of the Western Anatolia, the boundary relations of these
paleotectonic belts will provide invaluable information. Various earlier workers have stated that the Izmir-Ankara
zone thrust over the Menderes massif along low-angle faults in the southward direction (Dtirr, 1975; Diirr et ah,
1978; Channel et al.,, 1979; Sengor and Yilmaz, 1981; Akdeniz et al., 1982; Akkok, 1983). It has also been put
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forward that, the displacement along these thrust faults reaches a continental scale and the roots of the Lycian
nappes were located somewhere in the izmir-Ankara zone and that they rode over the Menderes massif southward
to take their present position (Diirr, 1975; Sengor and Yilmaz, 1981; Akkok et al., 1985).

Although various authors have discussed the boundary relations between the Izmir-Ankara zone and the
Menderes massif, there is no detailed discussion on the contact relations between the Karaburun belt and the [zmir
Ankara zone. In this study this boundary will be examined.

The Izmir-Ankara zone which was first defined by Brinkmann (1966, 1972 and 1976), is represented by
flysch-type sedimentary rocks, various limestones, mafic volcanic and ultramafic rocks. There are differences in
opinion among workers who Have constructed the generalized stratigraphic column of this zone around Izmir.
Verdier (1963), Oguz (1966), Marengwa (1968), Konuk (1977) and Akdeniz et al. (1982) have put forward that
in the lower part there is a thick and continuous shallow-marine carbonate succession with age range from Early
Triassic to Early Cretaceous. In the upper part of the stratigraphic column, they have seperated a flysch unit of
the Late Cretaceous age. According to these authors, the present caotic internal structures and stratigraphy of the
[zmir-Ankara zone were formed by the later tectonic deformations.

Yagmurlu(1980), however, has mapped three different flysch associations in the same area and considered
several angular unconformities in the stratigraphic column of the Izmir-Ankara zone. One of is flysch associations
lays below the shallow-marine carbonate succession and the other two are above this platform-type carbonate
section.

The author of this paper has studied the stratigraphy of the Izmir-Ankara zone between Izmir and Manisa
(Erdogan, 1985) and, reached a different conclusion about the stratigraphic relations between the flysch and the
carbonate section. It is found that the stratigraphic base of the flysch does not crop out in any place around Izmir
and the carbonate sections are merely block up to 20 km in length and they float into the flysch matrix with an
age of Campanian-Danian. The shallow-marine carbonate blocks of the Triassic-Upper Cretaceous age were in-
corporated into the flysch basin during the deposition in Maestrichtian and Danian (B.Erdogan; D.Altiner and
S.Ozer, in preparation). As a result, below the limestone blocks structures of soft sediment deformation are com-
mon and the flysch matrix smears all sides of the blocks along very irregular surfaces. This blocky unit, which was
formed in the Izmir-Ankara zone, is called the Bornova melange (Erdogan, 1985,1988).

The stratigraphic data provide, presently, the only information to evaluate the tectonic evolution of the
[zmir-Ankara zone (Ozer and irtem, 1982; Erdogan, 1985,1988). However, because its caotic internal structures
and the rootless nature of the carbonate masses, the stratigraphic tracks of this zone were considerably erased.
Another area in which the tracks of the initiation of the opening of the Izmir-Ankara zone may be searched is the
Menderes massif. However the massif is metamorphic up to the Eocene section (Boray et al., 1973; Diirr, 1975;
Diirr et al., 1978; Gutnic et al., 1979) and so it does not appear to be a suitable area to look at the answer of this
question. However, the stratigraphy of the uppermost part of the Karaburun peninsula, may provide a valuable
information about the evolution of the Izmir-Ankara zone, because it has a continuous and fossil-rich carbonate
section from lower Triassic to Upper Cretaceous.

In this study, the stratigraphic characteristics of the Upper Cretaceous that form the uppermost part of the
Karaburun belt will be presented and their lower boundary with the underlying platform-type carbonate succession
(Karaburun series) will be discussed. At the end of the paper the tectonic relation between the Karaburun belt
and the Izmir-Ankara zone will be evaluated.

KARABURUN UPPER CRETACEOUS OUTCROPS
In the Karaburun peninsula, two different Upper Cretaceous with different internal stratigraphy are present
and they crop out in three seperate areas (Fig.2). These areas, from the north to the south, are the Kalecik, Balik-
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Fie.2-- Simplified geological map of the Karaburun peninsula showing the locations of the Upper Cretaceous outcraps

discussed in the text,
liova and the Urla outcrops. The Upper Cretaceous in the Kalecik and Urla outcrops resembles to each other on

the basis of internal stratigraphy and contact relations with the underlaying platform succession (Karaburun se-
ries). In the following section these two areas will be presented together. The Upper Cretaceous in the Balikliova

area, however, is different and will be discussed under a seperate heading.
The Balikliova Upper Cretaceous lies above the Karaburun series with a continious stratigraphic boundary.

At the lower part, it starts with a shallow-marine carbonates above an unconformity surface and passes upward
into detrital sedimentary rocks of flysch-facies. So the Balikliova Cretaceous is unique among others cropping out
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in a large region covering {zmir, Manisa and Seferihisar. It is the only area in which the flysch unit is stratigraph-
ically connected to the underlaying continuous carbonate succession. In other areas around Izmir, however, the
Upper Cretaceous flysch forms the matrix and the carbonate masses are blocks into it, which are all together
called the Bornova melange (Erdogan, 1985, 1988).

The Kalecik and Urla outcrops are different from the Balikliova ones and the Upper Cretaceous in these
last two areas resembles to the Bornova melange. The lower contacts of the Upper Cretaceous with the Karaburun
series in the Kalecik and Urla areas, are also like the flysch matrix and the limestone blocks in the izmir-Ankara

zone, and this unit with a similar way spreads over a very irregular paleotopography.

Balikliova Upper Cretaceous outcrops

Around the Balikliova village, the Upper Cretaceous forms the uppermost part of the Karaburun series
(Fig.3). Open outcrops are also seen near the Catalkaya village and Mersincik tepe location. In these areas the
Upper Cretaceous starts at the base with a shallow-marine carbonates and passes upward first into pelagic lime-
stones and finally into a flysch. In this study, the carbonates and the flysch are together called the Balikliova
formation; the lower carbonate section is called the Karahasan limestone member and the upper flysch is the Ha-
neybast member.

The Karahasan limestone member is 90 m in thickness as measured at the type locality near Balikliova
village. The lower 29 m-thick section of the member is composed of massive limestones which contain abundant
rudist particles, echinoderm plates and algae. Above the massive limestones there is a 29 m-thick bioclastic lime-
stones and sandy limestones which are gray in the lower part but become pink in color in the upper half. The
detrital limestones pass upward into layers of cherts-or nodule-bearing limestones that are about 36 m in thick-
ness. At the uppermost part of the Karahasan limestone member there are red micritic limestones which are thinly

bedded and measure up to 4 m in total thickness at the type locality.

The lower half of the Karahasan limestone member is poorly fossiliferous; the middle and upper parts
contain Globotruncana stuarti, G. lapparenti, G. bulloides, G. arca, G. fornicata, G. coronata, G. cf. mazyoni, G.
linneiana, Praeglobotruncana sp., Globoratalites sp., Bolivina sp., Oualveolina sp. and Rotalia sp. which indicate a
Campanian age. Supporting the above age assignment, Brinkmann et al. (1977) have stated the middle and upper

parts of the same limestones as Campanian and Early Campanian.

The uppermost red pelagic limestones of the Karaburun limestone member yield foraminifera Globotrunca-
na stuarti, G. tricarinata, G. stuartiforrriis, G. falsostuarti, G. linneiana, G. cf. mazyoni, G. cf. sentricosa, G. cf.
gansseri, G. elevata, G. area, G. calcarata, G. cf. gagnebini, Praeglobotruncana sp. and Ruglobigerina sp. indicating
a Maestrichtian age'. Accordingly, Brinkmann et al. (1977) have assigned a Maestrichtian age for the same levels of
the Upper Cretaceous limestones.

The lower parts of the Karahasan limestone member, which are light gray in color, show thick and massive
bedding, and contain abundant benthic fossil fragments, indicating a high-energy shallow marine or a slope envi-
ronment of deposition. As the presence of cljert lenses and nodules in the upper part of the member implies the
depositional site gradually become deeper and probably an open sea environment, and finally during the deposi-

tion of the uppermost red micritic limestones a pelagic condition prevailed.

The Karahasan limestone member which up to 90 in thickness near Balikliova village, thins along the strike

in short distance and around the Mersincik tepe location becomes 20 m and near Catalkaya measures only 2-4 m.

The uppermost red micritic limestones of the Karahasan limestone member grade upward into mudstones
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and intercalations of mudstones and sandstones. This detrital sedimentary rocks of the Balikliova formation is
called the Haneybast member (Fig.3). In the lower part of the Haneybasi member, mudstones dominate and in
upper parts sandstone and mudstone intercalations give the member a flysch-type appearance. Around the Mer-
sincik tepe there are conglomerate intervals the particles of which are entirely derived from various limestones of
the Karaburun series. These conglomerates with matrix-supported angular blocks show all kinds of gradation la-
terally and vertically to the flysch-type detrital sedimentary rocks.

The maximum thickness of the Haneybasi member reaches 200 m at the type locality of the Balikliova
formation, but the upper contact is a low-angle thrust fault (Fig. 3,4), so that the true thickness must be more
than this.

The Balikliova formation lies above various formations of the Karaburun series along an unconformity sur-
face. Around the Balikliova village the unit overlies the Gerence formation of Early-Middle Triassic, around Mer-
sincik tepe it directly lays above the Giivercinlik formation of Late Triassic, and farther north near Catalkaya
village it is above the Nohutalan formation of Liassic-Early Cretaceous (Fig. 3,4). In this last location, the carbo-
nate member of the Balikliova formation is very thin and the unit overlies the irregular topography of the Nohut-

5

Fig.4— Geological cross-sections of the Bahkhova area; Jocations of the sections are shown on Figure 3.

alan formation directly with sandstone and mudstone intercalations (Fig.4, section a-a')

The upper contact of the Balikliova formation is a structural surface and the Gerence formation of Early-
Middle Triassic thrust over this unit along a low-angle fault (Fig. 3,4, section c-c'). Near the Mersincik tepe with-
out any cataclastic or mylonitic zone the Lower Triassic Unit overlays the conglomeratic intervals of the Haneyba-
s1 member. Alongthe southward continuation df the same fault near Balikliova village mudstones of the Haneyba-
sl member intrude, upward along the hanging-wall of the thrust fault and soft sediment deformational structures

like load-casts are common.
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The Karaburun platform uplifted before the deposition of the Balikliova formation. During Campanian a
shallow sea invaded the area and the Karahasan limestone member was deposited. During Maestrichtian the plat-
form subsided rapidly to form a deep marine environment in which at the beginning the pelagic limestones and
later the flysch-type detrital sedimentary rocks were formed. A compressif deformation effected the platform
during Maestrichtian and, the N—S trending and eastwardly dipping thrust faults were formed, at the bases of
which the flvsch was deformed in a viscous condition. The conglomeratic intervals within the Maestrihtian flysch
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Fig.5— Geological map of the Kalecik area.

and soft sediment deformations along the base of the thrusts indicate that the deformation was active during the
deposition.

Kalecik and Urla Upper Cretaceous outcrops

In the north of the Karaburun peninsula near Kalecik village and in the south near Urla, a melange with
caotic internal structure crops out (Fig. 2,5). The melange at these two locations, include blocks of various lime-

stones, serpentinites and mafic volcanic rocks set in a matrix of sandstones and mudstones.
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Fig.6— General view of the Upper Cretaceous melange in the Kalecik area. Areas with a
gentle topography are underlain by the matrix with sandstone and mudstone in-
tercalation. Blocks of the Camibogazi limestone are floating within a matrix of

the melange.

Near Kalecik village the blocks of the melange are generally massive limestones up to 2 km in length with a
shallow-marine facies (Fig.6). These massive limestone blocks, which are Ladinian in age, belong to the Camiboga-
71 formation of the Karaburun series and so they are shown by the same hatching on the geological maps but with

a zigzag boundary.

Beside the large blocks, around Kalecik, there are small masses of red pelagic limestones with thin-shelled
lamellibranch-fossils that give an Early Triassic age, black cherts of the same age and blocks of mafic volcanics and

Fig.7— Olistostromal materials exposed at the base of the melange unit and also inside
the massive limestones of the Camibogazi formation. Angular limestone fragments

are cemented by mudstones with matrix-supported texture,
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serpentinites of unknown ages. These small angular blocks range from centimeter to hundreds of meter across
without any sign of errosion and they have lumped together caotically (Fig.7). Nearly all of the large and small
blocks were derived from the underlying formations of the Karaburun series. Only the serpentines do not belong
to the Karaburun succession and the probable origin of them will be discussed in the following section on the
conclusions. The matrix of the blocky unit is composed of mudstones and sandstones and it comprises 10 to 15

volume-percent of the melange.

The youngest age that give the closest age of the blocky unit has been obtained from a red micritic lime-
stone outcroping approximately 2 km to the southeast of Bozkoy (Fig.5). At this location the micritic limestones
form an outcrop 20 m in length but it is not defmately determined whether it is a small block set into the matrix

of the melange or it is the matrix itself. The samples collected from the micrites have been examined by Ercliiment
Sirel and with the following list of the microfossils Campanian age has been determined. These are Globotruncana

area, G. linneiana, G. cf. rozetta, and G. elevata. Therefore, the melange in the Kalecik area must be Campanian
and/or younger in age. The melange of the Kalecik area closely resembles to the Bornova melange of the Campa-
nian-Danian age that crops out in a extensive region between Manisa and Seferihisar in the Izmir-Ankara zone.
The only noticeable difference between the two units is the percentage of their matrixes; while it comprises 40-50
percent of the Bornova melange, the matrix is about 10-15 percent in the Kalecik area.

The lower contact of the melange in the Kalecik area with the Karaburun series is so complicated that can
not be explained easily with normal stratigraphic concepts. On the geological map (Fig.5) the melange outcrops
form caps above the units of the Karuburun series and patches of them overlay the older unit with widely differ-
ent angular relations. The formational boundaries of the Karaburun series trend in the N—S direction and dip
with high angles. The contacts of the melange, on the other hand, overly stratigraphically various levels of the
underlaying series. As it is seen on the geological map, this unit in places starts directly with mudstones at the
base, or in other areas with olistostromes that are composed of angular, particles derived from nearby areas (Fig.8).
These olistostromal materials with mudstone matrix cover an irregular paleotopography or crop out within the

Camibogazi formation in narrow zones nearly 300 m topographically lower than their drown contact on the geo-

Fig.8— Along road-cuts between Karaburun and Kalecik, inside the limestones of the Ca-
mibogaz formation flysch outcrops of the melange unit are seen along irregular

Zones.
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logical map. The road connecting the Karaburun district to the Kalecik village (Fig.9) cuts the massive limestones
of the Camibogazi formation along a level topographically 300 m below the lower contact of the melange. Along
the road cut, however, inside the Camibogazi limestones the mudstones of the melange unit are seen along irreg-
ular zones (Fig.7). In these zones angular particles of the Camibogazi limestones are found cemented by the mud-
stones (Fig.8). These caotic materials with flysch matrix are found along 4 large zones as shown on the geological
map (Fig.5).

The same kind of structures are common around the limestone blocks of the Bornova melange. Near [zmir
in the Bornova district, there are numerous quarries opened in the limestone megablocks of the Bornova melange,
along the high excavation scarps of which the flysch matrix crops out in irregular zones. The flysch matrix, that
is composed of sandstones and mudstones, cements broken irregular particles of the limestones.

In the Karaburun peninsula, around Kalecik village the size of the limestone blocks in the melange unit
reaches up to 2 km in length, and at the bases of them in places olistostromes are found. The mudstone matrix

of these olistostromes is seen injected 4-5 meter upward into the base of the blocks (Fig.9), showing clearly that
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Fig.9— Soft sediment deformations are common below large limestone blocks of the
melange unit in the Kalecik area. In the photograph, upward injection of mud is
seen below a broken base of a limestone block.

it was in a soft state when the blocks were carried above the melange unit.

The various data described above are all in accord with the interpretation that the Karaburun belt is an
allochthonous masse that had been displaced as a nappe or a toe of a nappe into the melange unit during its de-
position. The structural relation between the caotic unit of the Kalecik area, which is considered to the continu-
ation ofthe Bornova melange, and that of the Karaburun belt is shown schematically in Figure 10.

The melange unit of the Kalecik area also crops out, with the same lower contact relations, near Urla (Fig.
2), where it overlies the various levels of the Nohutalan formation of the Liassic- Early Cretaceous age. The blocks
of the melange in this last location are cherty limestones of Early Triassic, massive limestones of Ladinian that are
together belong to the Karaburun series, and serpentinites. They range in size from a small particle to a block up
to 1 km in length 500 m in thickness. The base and the internal structure of the unit are observed along cliffs of
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Fig.10— A schematic cross section showing the relations between the Karaburun series and the melange unit, in the Kaleck area.

the seashore, in the Urla area (Fig.2). At the base, there is a blockstone interval that is 50-60 m in thickness with
a caotic internal structure (Fig.10). The blockstones probably formed as a submarine fan deposit, are not contin-
uous laterally and pinch out within 100 m. The melange with blocks and olistostromal intercalations, that can be

traced 4 to 5 km along the shore, forms a thickness more than 1-2 km and lays below Neogene deposits along an
unconformity (Fig.2).

If lateral extents of the Kalecik and Urla outcrops are considered together, the blocky unit does not appear
to be a local in origin rather surrounds the entire Karaburun peninsula. It is apparently the continuation of the
Bornova melange that characterizes the izmir-Ankara zone in Western Anatolia and hence on the geological maps
and cross sections it is shown with the same name.

Fig.11 - Blockstones in the melange unit of the Urla area. Very angular blocks set in a

flysch matrix. Pmlmt)ly submarine fan deposits,
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DISCUSSIONS AND CONCLUSIONS

A platform-type shallow marine carbonate successions with an age range from Early Triassic to Aptian-
Albian crops out in the Karaburun peninsula (Brinkmann et al., 1972; Erdogan et al., 1988). Above this succession
around Balikliova the Campanian limestones were deposited. During Maestrichtian the Karaburun platform sub-
sided rapidly and a basin was formed in which first pelagic limestones and later sedimentary rocks with flysch
facies were deposited. These Upper Cretaceous rocks with a continuous section from the platform and with a
relatively orderly internal stratigraphy are collectively named here the Balikliova formation. As a result of the
Maestrichtian subsidance, the flysch section encroached upon the different levels of the platform and overlaid the
older units along an unconformity.

The Izmir-Ankara zone, that was evolved nearby to the Karaburun platform, was a basin in which flysch-
type sedimentary rocks and spilitic volcanics were formed. Limestone blocks of the Karaburun succession meas-
ured up to 20 km in length, were carried into the Izmir-Ankara basin and a blocky unit with caotic internal
structure, that is named here the Bornova melange, was formed from Campanian to Danian.

Mapping of a large area in the Karaburun peninsula shown that the platform is imbricated by N—S trending
and eastward dipping thrust faults (Fig. 2,3,5). The thrusting took place during the deposition of the flysch sec-
tion of the Balikliova formation and later the whole platform was carried as a nappe into the Izmir-Ankara basin.
As a result of this deformation, the Upper Cretaceous melange outcropping near the Kalecik and Urla areas was
formed, which is considered here to be the continuation of the Bornova melange. Hence, the boundary between
the Karaburun belt and the Izmir-Ankara zone shows all kinds of gradation although it is concealed in most places
by an overlaying Neogene sedimentary pile.

In the Kalecik and Urla outcrops, the melange contains serpentinite blocks that are entirely foreign to the
Karaburun series (Brinkmann et al., 1972; Erdogan et al., 1988). They may belong to broken parts of the oceanic
crust of the Izmir-Ankara zone, as the study carried out by us in an extensive area in the Western Anatolia sug-
gests. The presence of slices of oceanic crust of the Izmir-Ankara zone in the melange above the Karaburun belt,
may imply a complicated mechanism incorporating overthrusting of the oceanic crust in the tectonic trans-
portation of the nappes of the Karaburun platform.

The initial age of the opening of the Izmir-Ankara zone has a critical importance in the tectonic evolution
of the Western Anatolia. The stratigraphic record of the Karaburun series indicate an uninterrupted platform
condition from Middle Triassic to Aptian-Albian, which is the youngest age obtained from the uppermost part of
the platform succession (Erdogan et al., 1988). A subaerial condition had intervened between Albian and Campa-
nian as the unconformity below the Balikliova formation implies. During Campanian a shallow marine carbonate
deposition took place which gave way, by a rapid subsidance in Maestrichtian, to a deep basin in which a flysch
was formed. The stratigraphic record of the Karaburun platform indicate, therefore that the first opening of the
Izmir-Ankara zone took place after Albian and most probably during Campanian and Maestrichtian. Stratigraphic
and paleontologic data derived from the limestone blocks within the Izmir-Ankara zone also suggest a platform
condition dominating from Late Triassic to Santonian, and a basin was formed during the Campanian-Danian in-
terval (B.Erdogan; D.Altiner and S. Ozer, in preparation).

The various data presented above are all in accord with the interpretation that the Izmir-Ankara zone had
opened in a relatively short time interval and that its closing initiated in Maestrichtian was completed in Middle
Eocene by thrusting entirely above the Menderes massif. Therefore, it is implied that, in the Western Anatolia
there had never been an extensive ocean named,as the [zmir-Ankarazone and a large oceanic crust had never been
produced. This interpretation necessitates a critical reconsideration of the roots of the large ophiolite slices of the
Lycian nappes that heve been suggested to come from the north of the Menderes massif somewhere around the
[zmir-Ankarazone.
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GEOCHEMICAL IMPLICATIONS FOR TECTONIC SETTING OF THE OPHIOLITIC ROCKS
FROM THE OPHIOLITE MELANGE BELT OF THE ANKARA MELANGE

Ayla TANKUT*

ABSTRACT.— Ophiolite melange of Cretaceous age is the youngest belt of the Ankara melange and consists mainly of ophiolitic
rock fragments such as serpentinite, gabbro, dolerite and basalt of varying sizes, together with pelagic radiolarites and limestones.

The ophiolitic melange includes also large isolated masses which are considered to be preserved slices of oceanic lithosphere. The
mafic clasts in the melange and the basic dyke rocks of an oceanic lithosphere fragment, Edige body, have comparable composi-
tions. The petrographic and geochemical characteristics of the ultrabasic rocks of the ophiolite melange are correlated with those
of depleted mantle peridotite whereas trace element contents, particularly REE, of the basic rocks are within the range of abyssal
tholeiites. These ophiolites are believed to be representative of suboceanic environment. However the basic rocks, with their higher
LIL and lower HFS element contents relative to MORB, demonstrate island arc characteristics. Such features imply a marginal
basin tectonic setting rather than a major ocean basin for the ophiolitic rocks of the melange. The magmas of the basic rocks have
most probably been generated by back arc spreading and have been modified by subduction related fluids later.

INTRODUCTION

Ophiolitic melange of Cretaceous age (Norman, 1973) is the youngest belt of Ankara melange (Fig.l) and
characterized by the existence of ophiolitic rocks. The Ankara melange has been the subject of a number of pub-
lications since its first description (Bailey and McCallien, 1950). Although much attention has been paid to geolo-
gical and structural features the field distribution and geochemistry of ultramafic and mafic rocks, which record
important information about the original geotectonic environment, have not yet been well documented. Tankut
(1985) reported limited geochemical data on the mafic volcanic clasts from the ophiolitic and metamorphic me-
lange belts. Tankut and Saym (1989) studied petrography and major element geochemistry of an isolated peri-
dotite-gabbro body within the ophiolitic melange near Edige. Incompatible trace element chemistry of rocks of
the same body has been discussed by Tankut and Gorton (in press) to demonstrate its similarity to oceanic litho-
sphere. On the other hand, the ophiolitic rocks are reported (Pearce, 1980; Saunders et al., 1980; Hawkins, 1980;
Millward et al., 1984) to be generated at the major oceans or at the back arc regions (marginal basins). In this
respect, no attempt has so far been made to identify the most probable tectonic setting of that body.

The purpose of the, present paper is to define the geochemical features of the ultramafic and basic rocks of
the ophiolitic melange; to demonstrate the relationship between these rocks and the ultramafic and basic dyke
rocks of the Edige peridotite-gabbro body; and to discuss the tectonic setting of the ophiolitic rocks of the me-
lange, in terms of incompatible element discriminants, by comparing basic rocks of the melange with those from
different geologic settings.

GENERAL FEATURES

The ophiolitic melange belt includes almost all the magmatic rock members of an ophiolite suite, such as
serpentinite, occasionally unserpentinized peridotite, gabbro, mafic volcanic and dyke rocks together with pelagic
radiolarites and limestones. They occur as clasts of rudite size, but, individual serpentinite lenses and detached
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fig.l- Distribution of Belts in the Ankara Melange (Batley and McCallien, 1950; Capan et
al., 1983). Inset shows the lncation of the Ankara melange.

cumulate gabbro blocks from a meter up to hundred meters in size, are not uncommon. The melange is also re-
ported to contain a few isolated peridotite gabbro bodies, comprising ophiolite sequences, which are considered
to be preserved slices of oceanic lithosphere(Akytirek, 1981; Norman, 1985; Tankut and Sayin, 1989;Tankut and
Gorton, in press). One of these bodies is located near Edige village, called Edige ultramafic body. Tankut and Sa-
ym (1989) described it to be a north east trending lens shaped mass, 10 km in length and 0.2-4 km in width. It is
constituted by an ultramafic-tectonitc unit composed of ultramafic rocks only, and a mafic-cumulate unit, com-
posed mainly of cumulate gabbros and some ultramafic rocks. Subparallel doleritic dyke rocks cut both of the
units. Since the pillow lava and sedimentary sequences are missing in the body it is an incomplete sequence. De-
tailed geochemical study by Tankut and Gorton (in press) revealed that, it is a remnant of an oceanic lithosphere
fragment in the melange.

The ultramafic rocks of the melange, the clasts within the melange and those from the Edige body, display
tectonic fabrics and comprise serpentinite, serpentinized harzburgite, dunite and websterite. The gabbros (clasts
and those of the Edige body) show primary cumulate textures, and are commonly layered. The basic rock clasts
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are basalts and dolerites. They are holocrystalline, the basalts are mostly porphyritic with low proportion of
phenocrysts. Basic dyke rocks of the Edige body are dolerites. There are dso vesicular and occasionally amygda-
loidal mafic volcanicswhich are reported from Kalecik area (Tankut, 1985).

GEOCHEMISTRY

Major elements were determined on glass pellets, Sr, Rb, Zr, Nb, Y, Ni, Cr, V on powder pellets, by X—Ray
fluorescence at the Geology Department of the University of Toronto, and other trace elements by the instru-
mental neutron activation analysistechnique after irradiating the rocksin the Slowpoke Reactor of the University
of Toronto according to the technique of Barnes and Gorton (1984).

Ultramafic rocks and gabbros

The trace element data of aserpentinized dunite (92 A) from the clasts in Beynam area and ultramafic rocks
from the Edige body aregiven in Table 1. The rocks have high compatible (Cr and Ni) and very low incompatible

Table1l Traceelement contentsof ultramafic roeks from the ophiolitc melange

I

K P5 924
Nb 245 1.45 127
Zr .5y 203 1.75
Sr 547 -
Ru 449 +.39 4.30
S¢ 2.65 -
Or 4450 3647 4348
Ni 2511 494 2237
¥ it 10y W
La v 0.1 016
sm TN 0.0 0.51
Eu 0y - 0.14
Yh wld 0.2
Lu bz uv.ud G.51
Pl. serpentinized Ill;lrzl»uruilr:, tectenile unit, Ediee body; PR- webstente, cumulate zone, Edige body;

2A- seepentinized dunite, Beyvoam,

element contents such that, some of the rare earth elements (REE) could not even be detected. However, the in-
complete REE patterns, obtained by the elements detected, generate the "U" shape (Fig.2), typical of ophiolitic
ultramafic rocks (Coleman, 1977). The profile (Fig.2) of an average of three cumulate gabbros from the Edige
body (Tankul and Gorton, in press) is comparable with that of "average mafic cumulate gabbros" of an ophiolite
sequence(Coleman, 1977).

Basic rocks

The geochemicai data (Table 2) presents magjor and trace elements of the basic rocks (SO, < 52 %). The
clast samples BM1 and BM5 are basalts, BM3 is a doleritic rock from Beynam area, U44 is avery fine grained do-
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leritic rock from Karacahasan village and EK 3 isabasalt from Kalecik area. The basic rocks of the Edige body are
represented by the averages of dyke rocks from the tectonite and cumulate units.

The basic rock clasts of the melange and basic dyke rocks of the Edigebody have comparable compositions.
Jensen (1976) plots (Fig.3) and P205 -Zr variation (FIg.4) demonstrate the tholeiitic character of dl the rocks.
In the Ti/100—Zr—3Y diagram (Fig.5) the mgjority of the rocks fall in the ocean floor basat (OFB) field. The

Fea0q + Fel + Ti0y

KOMATHITIC
BASALT

Aly 0y 6 My0

® Beynam] Bosic o Tectonite Umt}mlichhes
Rocks

W Kalecik } Closts & Cumulste Unit | Edige Body

Fig.3— Jensen plots of the basic rocks from the ophiolitic melange.
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Table 2— Major (%} and trace element {ppm) contents of basic rocks from the ophiolite melange

21

Basic Rock Clasts

Edige Body Dyke Ave.

Tect. * Cumul. *

BM1? BM3 BMS5 EK3 Uq4 unit uHnit.
$i0, 50.53 51.34 5047 44,72 - 49.90 52.02
Tio, 1.12 0.26 118 0.75 - 1.6% 0.72
ALO, 15.96 17.16 15.93 13.29 - 14.70 15.51
Fe,04T 11.14 1,57 1111 10.42 - 12.07 3.34
MnO 0.14 0.2 0.44 - - 0.17 0.14
MgO 6.32 8.17 5.89 6.25 - 6.08 7.52
Ca0 £.38 11.07 5,33 12.33 - 7.65 3.58
Na,© 331 230 .54 0.38 - 4.82 3.6
K,0 0.28 0.28 0.29 5.76 - 0.35 0.26
?,0, 0.13 0.07 0.12 - - 0.19 0.12
Loi** 6.81 2.05 6.94 5.54 -
Total 100.62 100.39 100.69 99.44 -
Nb 3 2.6 4 4 - 4 1.5
Zr 96 21 98 112 - 104 31
' 25 7 25 36 - 50 18
Sr 441 100 420 752 - 187 123
Rb 11 9 12 136 - 8 3
Hf 1.7 0.3 22 - 1.2 2 1.4
Ta - - - - - 0.26 0.1
G 53 166 36 - - 122 151
Ni 10 101 8 - - 94 126
La 39 2.9 4.3 - 21 6 5
Ce 10.7 3.7 8.2 - 5.2 16 5
Nd 5.7 2.2 6.9 - 4.1 10 2
Sm _ 2.9 0.5 3 - 2.5 3.5 2
Eu ' 0.9 0.18 1 - 9.75 1 0.5
b 0.6 .15 0.7 - 07 0.7 0.5
Yb 3.1 0.96 2.9 - 3.0 8.1 2.16
Lu 0.49 0.16 0.5 - 05 0.48 0.34

B- Beynam, EK- Kalecik, U- Karacahasan,

*  Tectonite, cumulate
**  Loss on ignition

Fey0,T=Total Fezo 3-
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REE contents of the Beynam (BM1, BM3, BM5) and the Karacahasan (U44) samples are within the range of the
dykes of the Edige body and are comparable with the rocks of the depleted MORB (Fig.6). Only one of the Bey-
nam samples, BM 3, displays aprofile with much lower values than the other rocks.

Ti/ 100

Zr

Fig5— Tif/100-Zr-3Y variation for the mafic rocks from the ophiobitic melange, The
symbols are as in Figure 3 {Pearce and Cann, 1973).

The multielement patterns (Fig.7), normalized to an average MORB composition (Pearce, 1980), of the ma-
fic rock clasts of the melange and of the dykes from the Edige body show similarities. Most of the rocks are com-
parable in HFS (high field, strength) element content with MORB, except the rocks from the cumulate unit, which
give smilar HFS values to that of idand arc tholeiite. In all the samples the content of LIL (large ion lithophile)
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Schilling (1970).

® MORB [Juon de Fuca Ridgel
A JA Thoteiite (Tongo)

ROCK/MORB

\;-—;O-:p—

O
\U__u-""n/
] 1 L L 1 ! | | [ L | ! l

St K RbBaTo Nb Ce P Zr Hf SmTi Y Yb S¢ Cr

Fig.7— Multielement variation of the mafic rocks from the ophiolitic melange (values for the dykes in Edige
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elements is high compared to MORB. The plots of Ti and Y jagainst thefractionationindex Cr fal in LKT (low
potassium tholeiite) and 1A (idand arc) fields (8a, 8b). Hf-Ta-Th variation (Fig.9) dso show the intermediate fea-
tures of these rocks between MORB and 1AT.
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50

Fig.8— Ti-Cr variation of mafic rocks from the ophioalitic
melange.
a Symbols are as in Figure 3 (discrimination fields
after Pearce, 1975).
b— Cr-Y variation of mafic rocksfrom the ophiolitic
melange. Symbols are asin Figure 3 (the discrimi-
nation fields after Pearce, 1980).
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Fig.9- Hf-Th-Ta variation of basic rocks from the ophiolitic melange. Symbols are asin Figure 3.
Thefields:

A- N-type MORB; B- E-type MORB; C- WP basalt; D- IA volcanics (after Wood, 1980).
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DISCUSSION AND CONCLUSION

The large number of trace element data simply demonstrate the similarity of the ultramafic and basic rock
clasts to the corresponding rocks of the lithosphere fragment called Edige body (Tankut and Gorton, in press) in
the Ankara melange. According to the Ti, Y, Nb and Zr the rocks form two chemical groups. The basic rock clasts
from Beynam and Kalecik, and basic dyke rocks from the tectonite zone of the Edige body have the higher con-
centrations of these elements particularly of Zr, whereas, the basic rock clasts BM3, except its very low HFS
content, somewhat resembles the dyke rocks from the cumulate zone of the lithosphere fragment. Such compo-
sitional variation between the two groups may imply different MORB type of magma sources, which have possibly
been produced by variable degrees of partial melting from the oceanic upper mantle. The rocks with low Zr, Ti,
Nb, Y have higher Ni and Cr contents relative to those with high Zr, Ti, Nb, Y therefore, seem to be less frac-
tionated and may represent the more primitive source. The possibility of formation of the two groups from a
common magma by differention can not be tested in the light of the available data. However the relationship of
the two groups will also be better understood with isotope studies and with precise radiometric age determina-

tions of the rocks.

On the other hand, the island arc signature, revealed by LIL, HFS distribution (Fig.7), implies a magma
type, transitional between abyssal tholeiite and arc tholeiite for the above discribed two groups of mafic rocks.
Millward et al. (1984) compared the chemical composition of basaltic rocks from various modern tectonic envi-
ronments, using the multielement plots normalized to N-type MORB (Fig.10 a, b). The patterns of high-Zr group
display similarity to Bridgeman island whereas the low-Zr group to Guaymas Basin basalts, both areas are re-
ported to be of back arc type of basins (Millward et al., 1984).Saunders et al.(1980) plotted the basalts from va-
rious back arc tectonic environments and defined discrimination fields on the Zr-Ti0, diagram of Pearce and
Cann (1973). The plots of the high-Zr group rocks fall in the fields of characteristic back arc basin basalts (Fig.
11 a). Similarly, the La-Nb,discriminants (Saunders et al.,1980) also indicate the back arc setting (Fig. 11 b) for
all the rocks. In the Eastern Mediterranean part of the Tethyan domain, Hatay, Baer-Bassit (Delaloye and Wagner,
1985) and Oman (Pearce, 1980) are defined to show features in common with the back arc basins.

Finally, all the evidences discussed above may lead to the conclusion that the studied ophiolitic rocks of the
melange have possibly been formed by back arc spreading in a basin close to the subduction zone where the so-
urce magmas of the basic rocks were modified by subduction related contamination.
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IMPLICATIONS ON GEOLOGY, GENESIS AND ORIGIN OF CAYIRLI MANGANESE DEPOSIT, ANKARA, CENTRAL
ANATOLIA

Vedat OYGUR*

ABSTRACT.— Cayirli manganese deposit occurs in radiolarite related to Ankara ophiolitic melangc of Lovver Cretaceous-Uppcr
Cenonian age. The ore hody consistent with the host rock is locatcd in the mindr folds within this unit. The ore minerals are
pyrolusitc and psilomelanc. Regarding the chcmical composition of the ore, it appears that the ore is Mn-rinc (Fe/Mn <0.1) and
rescmbles to the deposits precipitated rapidly from the hot aqueous solutions near the submarine hydrothermal sources.The barium
content of the deposit is higher than that of the normal seawater. In addition, the concentrations of the elements such as Ni, Co
and Cu are lovver than that of the present-day hydrogenous manganese deposits. According to these data, it might be suggcsted
that Cayirli manganese deposit is formed by the hydrothermal convection processes at the seafloor spreading centers.
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FEATURES AND ORIGIN OF BILLURIK DERE (ELAZIG) MINERALIZATIONS

Ahmet SASMAZ* and Ahmet SAGIROGLU*

ABSTRACT.— Mineralization of Billurik dere is located in and on the contact zone of granitic and dioritic magmatics of the Yiik-
sekova complex. The mineralization which occur in the magmatic, emplaced along E—W striking tension fractures and of vein
type in nature. The mineral assemblages of these veins are pyrite, chalcopyrite, sphalerite, galena, magnetite, specularite and some
of these minerals are dominant ore minerals in some veins. The mineralizations which occur on the contact zones are contact
type in nature and they bear additional minerals such as Cu-sulphosalts, Bi-sulphosalts and Ag-fahlore. The mineralizations are
associated with serialization, kaolinization, silicification, tourmalinization and epidote formation. The mineralizations developed
possibly during thrusting of the Keban metamorphics on the Yiiksekova complex in a time span from Upper Cretaceous to Paleo-
cene and related with the tectonic evolution of the area.

INTRODUCTION

The Billurik dere mineralizations which are the subject of this study, placed approximately 25 km. north
of Elazig township (Fig.l). The mineralizations occur in the Yiiksekova complex and show various features. The

g

TUNCELL O -

S BiNGOL

Yot

/,./— ' ELAZlé J
I

MALATYA

[}

DIYARBAK W

0 5C km
Fig.1—. Location map,

mineralizations have not been studied before and because of their small size they have not attracted interests of
the mining sector. However, Eastern Taurus belt where the mineralizations placed, is studied by many workers for
various reasons: Perincek (1979), Hempton and Savci (1982), Yazgan (1981,1984), Bingol (1982,1984), Asutay
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(1985) and Akgiil (1987) studied petrological and petrographic aspects of the Yiiksekova complex. Published first

studies of the mineralizations of the Yiiksekova complex in Elazig- vicinity were carried out by Sagiroglu (1986,
1987) on the Kizildag (Elazig) mineralizations.

Within the framework of this research following studies,were carried out; geological'mapping of Billurik
dere vicinity in 1: 25.000 scale, structural analysis of the area, and, mineralogy and petrography of country rocks,

mineralized bodies and alteration zones. In the light of findings of these studies a mineralization model and origin
of the mineralization are discussed.

LITHOLOGY

Coniasian-Campanian Yiiksekova complex forms the basement rocks of the studied area. Middle to Upper

Eocene Kirkgecit formations overly the complex with angular disconformity'and are covered by Upper Miocene
Karabakir basalts in places (Fig.2).
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The Yiiksekova complex
This complex was first described by Peringek (1979) and its typical locality is Yiiksekova (Hakkari) area.

The complex is the dominant unit in the studied area and covers large areas around Yilangeciren and Mege-
likoy villages, Bogaz Tepe and Billurik Dere. The complex is made up from various units in Elazig region. The
rocks of the complex are studied in three groups in this study. These are; granitic rocks, dioritic rocks and sub-
volcanics (aplites and microdiorites) what cut the first two.

Granitic rocks.— These rocks occur in the middle and eastern parts of the studied area and are distinguished
easily by their lighter colours. Equigranular texture is the dominant texture of these rocks. Mineral constituents
of these rocks are quartz, K—feldspar, plagioclase, biotite and amphibole. Accessory minerals are zircon, apatite,
sphene and magnetite.

Dioritic rocks.— Felsic minerals of these rocks are plagioclase and quartz and mafic minerals are amphibole.
Although compositions of these rocks vary between monzonite-diorite it is not possible to determine these vari-
ations macroscopically. Dioritic rocks show different textures, granular texture being the most common. Another
common feature of dioritic rocks is extensive alteration.

Subvolcanic rocks.— The plutonic rocksof the studied area are cut by aplites and microdiorites whose thick-
nesses are 1 to 200 cm. According to K/Ar radiometric dating of Yazgan (1984) the subvolcanic rocks of Baskil
area, which are thought to be equivalent of the subvolcanic rocks of the studied area, are of Campanian age.

The Kirkgecit formation

This formation first described by TPAO geologists and named after its typical locality in the south of Van
(Tuna, 1979). Kirkgegit formation overlies Yiiksekova complex with an angular disconformity. Its lithologies are
conglomerate, sandstone, sandy limestone, limestone and marble from the bottom to the top. According to pale-
ontologic studies of Avsar (1983) the formation is of Middle to Upper Eocene.

The Karabakir formation

This unit first described by Naz (1979) in Karabakir village of Pertek. In the studied area the Karabakir
formation is represented by basaltic lava flows. Sirel et al. (1979) gave Upper Miocene age to this unit on the basis
of the fossils they fourid in this unit around Palu.

STRUCTURAL GEOLOGY

In the studied area magmatic rocks form the basement and therefore fractures are the major structural
features instead of folding. The Yiiksekova complex fractured densely because of tectonic movements. Analysis
of the strikes of the fracture planes indicate jthat the main fracture strikes are in N20° to 40° E (Fig.3). Because
of extensive alteration minor fracture and fault planes are not openly visible. The main fault in the studied area
is the one which strikes parallel to Billurik dere. This fault can be traced from the surface along a length of 2 km
and forms the contact line of granite and diorite. This fault is thought to be a gravity fault, however its displace-
ment distance can not be determined (Fig.2). The Kirkgecit formation is not affected from the faulting and for
the equivalents of the granites and diorites in Baskil Yazgan (1984) gave Coniasian-Campanian age. Therefore it is
reasonable to conclude that the faultings took place during a time span of end of Cretaceous-Paleocene. This age
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Fig.3— Joint diagram of Yiksekova complex (total measurements 100},

span is given by Yazgan (1984) as the period during which the Keban metamorphics thrusted over the Yiiksekova

complex.

The Kirkgecit formation show good layering which strikes E—W and dips to north with angles between 15-
30°.

The analysis of the fractures strikes show that they concentrate in two maximums at 25° and 325° (Fig.3).
Thus, the main compression direction was N—S and the area gained its structural pattern with this compression.
This direction is in good agreement with the compression direction determined by Tatar (1986) for the Elazig
region, using the fracture analysis techniques on Lanstad remote sensing images. This compression should be the
cause of the thrusting of the Keban metamorphics over to the Yiiksekova complex.

MINERALIZATION

Although numerous mineralizations are known in the Yiiksekova complex in Elazig region, published studied
on these mineralizations are scarce. The first studies of this kind carried out by Sagiroglu (1986, 1987) on the
Kizildag (Elazig) mineralizations.

Billurik dere mineralizations are located in granitic and dioritic rocks and on the contact zone of granite
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and diorite, of the Yiiksekova complex. The first ones are vein type and the second ones are contact type miner-
alizations. The mineralizations are studied in 3 groups on the basis of their placements:

The mineralizations in granitic rocks

These are vein type and occur around Ziyaret Sirti densely (Figs.2 and 6). The thicknesses of the minerali-
zations vary between 10-30 cm and their continuations on the surface are 4 to 5 m.The mineralizations are placed
in the joints and fractures and the exposed parts are completely oxidized. Their textures are either stockwork or
disseminated type. The ore minerals of this group are; galena, sphalerite, chalcopyrite, pyrite and specularite.

Galena.— Galena is found in veins of 7-8 cm thicknesses and as large (0.5 cm) euhedral crystals. Galena re-
places the chalcopyrite exsolutions in sphalerite and as a result chalcopyrite grains are placed on the borders of
galena-sphalerite grains (Plate I, fig.l). The galena is altered to anglesite and cerussite along its grain boundaries
and cleavage planes. This replacement causes the kidney-like textures to form in galenas.

Sphalerite.— This is a rare mineral in the veins placed in granitic rocks. Their grain size vary between 0.3-0.5
mm and they are often altered to smithsonite along their grain boundaries. Some sphalerites bear chalcopyrite

exsolutions (Plate I, fig.l).

Chalcopyrite.— Found along joints of granitic rocks. Their grain sizes are in 0.5 to 1 mm and they bear
galena inclusions of 100 to 150 in size. Chalcopyrite also accommodate "sphalerite stars” (Plate I, fig.2) what
are interpreted as indicators of high temperature formation (Ramdohr, 1980,p.529). In the exposed portions

chalcopyrite is altered to chalcocite-covellite first then to limonite (Plate I, fig.3).

Pyrite.— This is the earliest forming ore minerals in the granitic rocks. Their grain sizes are between 1-2 mm
and they are euhedral. The pyrites are replaced by chalcopyrite and therefore they are older than chalcopyrites
(Plate 1, fig.4).

Specularite.— Specularite is found as thin covers on fracture walls. Average grain size is about 0.5 mm and

grains have tabuler shapes.

In the granitic rocks sericitization and kaolinization accompany to the mineralizations. These two alteration
take place according to the following chemical reactions under 300°C (Barnes, 1979, p.195);

300°C
. . : +
32 KA]S'SOS + HY ——— 1/2 KA]:;Sl;,.‘.')10{0}1)2 + 35102 +K
K—Tfeldspar Seticite
KAI3_Si3010(OH)2 +H*+ H20 — 3!2A125i205(0l{)4 +K*
Kaolinite

K—feldspar is altered to the sericite first and then to the kaolinite. This alteration stages can be easily determined
under the microscope.
The mineralizations in dioritic rocks

Most of the mineralized bodies of the studied area are found in the dioritic rocks. The mineralized zones are
again covered by gossans. Almost always an altered zone is present between mineralized body and country rocks
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(Plate I, fig.5). The thicknesses of the mineralized zones change a great deal; from a few cm to 10 m and their
exposure lengths can reach up to 40-50 meters. The strikes of the mineralized bodies (veins) are NNE—SSW. The
mineralized bodies of the dioritic rocks have disseminated or stockwork textures and poor mineral assemblages;
pyrite, magnetite, hematite and chalcopyrite.

Pyrite.— 1Its average grain size is 2-3 mm and often accomodates magnetite inclusions. Most of the pyrites
are altered to limonite in the upper parts of mineralized bodies.

Magnetite.— Magnetite is usually found together with pyrite along the mineralized fracture zones. The
magnetites are usually found in radiating pyrismatic shapes (muschketovite). The marginal parts of the magnetite
grains show martitization. The magnetites are strongly magnetic.

Hematite and chalcopyrite are scarce minerals in the dioritic rocks. Hematite occurs as granular masses and
chalcopyrite as minute grains.

The alteration types observed along the mineralized zones of the dioritic rocks are epidotization, chloriti-
zation and carbonatization. The altered parts usually placed along the mineralization-country rocks border.

Epidote and carbonate are thought to be formed as consequences of the following reactions (Winkler, 1979,
p.149).

4C2ALSI,05 +H® — =  2C8,A13S130,,(OH) + 28i0, + ALO,
Anorthite Clinozoisite
KAlSi308 + Ca.Al.zSian + 002 + H20 — KAI3313010(0H}2 + ZSiCi2 + CaCO,4
The mineralizations along granite-diorite border

These mineralizations are of contact type. The ore texture is either disseminated or stockwork type; first
type is found in the country rocks and second type alongjoints and fractures. The ore mineral assemblage of this
type mineralization differs from the first two types and some additional minerals; Ag-fahlore (freibergite), Cu-
sulphosalts and Bi-sulphosalts occur. The dominant minerals of the mineralizations along granite-diorite border
are chalcopyrite, galena and sphalerite (Plate I, fig.6).

Galena.— This is the most dominant mineral along the contact and bears Ag-fahlore (freibergite) inclusions
(Plate I, fig.7). The grain sizes of the inclusions are about 12-30 and inclusions are found as replacing chal-
copyrite.

Sphalerite.— Sphalerite is present as large (1-1,5 cm) crystals and because of low Fe-content their internal
reflections are white to light brown.

Cu-sulphosalt— 1t is found as replacing the chalcopyrite which occur along the cracks of pyrite grains (Plate
I, fig.8). Its colour is beige and probably it is emplectite.

Bi-sulphosalt.—It is found as minute pyrismatic grains along the fractures of pyrite and chalcopyrite (Plate I,
fig.8). Because of their very small grain sizes it is difficult to determine their kinds. However, they are strongly
anisotropic and their colour creamy white and therefore they resemble bismuthinite, aikinite and cosalite.

The alteration products occur with this type of mineralizations are; epidote, carbonate (calcite), sericite,
kaolinite and silica.
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Fig.4— Analysis of thé joint diagrams of mineralized zones,

THE STRUCTURAL GEOLOGY-MINERALIZATION RELATIONSHIP

As indicated before the mineralizations are placed in the fault and fracture zones. Because of close con-
nection between structural geology and mineralization structural elements of the studied area are analyzed
(Structural Geology part and Fig.3). In addition, strikes of the 38 exposed veins are analyzed (Fig.4) and corre-
lated with structural analysis (Fig.5).

Most of mineralized veins strikes in N—S. As discussed before the main stress direction what caused frac-
turing in the area is N to S. Therefore, the fractures in Figure 5 represent shear fractures and the mineralized
veins are tension fractures instead of shear fractures. This should be due to the suitability of tension fractures
to the movement of the mineralized solutions.

DISCUSSIONS AND CONCLUSIONS

1— The analysis of fracture plane strikes (Fig.3) indicate that the area was subjected to a N—S (355°) com-
pression. Evidences show that the compression took place during Coniasian-Middle/Late Eocene. These conclu-
sions are in good agreement with the conclusion of the researchers who worked in the region (Yazgan, 1984; Sa-
giroglu, 1986).

2— The geometry of the faults is in agreement with the areal structural geometry. The compression period

coincides with the period, according to Yazgan (1984) and Bing6l (1984), during which the Keban metamorphics
were thrusted over the Yiiksekova complex.
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3— The mineralizations of Billurik Dere are related to the faults and the contact between the granite and the
diorite. The analysis of the strikes of mineralized veins (Fig.4) indicates that the fractures are in N—S dominantly.
The correlation between the mineralized veins analysis and general fracture analysis show that mineralized veins
are placed in the tension fractures which formed by tension in E—W direction.

4— The mineralizations were formed with two different mechanisms and periods. The first period was em-
placement period of the granites into the diorites and during this emplacement deep-seated hydrothermal solutions
formed mineralizations along the contact zone. Therefore, in the contact zone high temperature minerals (Cu and
Bi-sulphosalts, tourmaline, epidote and quartz veins),sphalerite with chalcopyrite inclusions and chalcopyrites with
sphalerite stars were formed. All of these evidence indicate a formation temperature of 350° to 450°C.

In the second period the Keban metamorphics thrusted over to the Yiiksekova complex and as a conse-
quence the granites and the diorites of the complex were densely faulted and fractured. During these events mag-
matism was in progress and the fault zones and fractures were mineralized and veins type mineralizations were

formed. The ore mineral assemblage and the related alterations of this type indicate a formation temperature in
a region 300°350°C.

5— The reserves of Billurik dere mineralizations are small with what is seen on the surface they do not have
an economic importance. However, the mineral assemblage and reserves may change with depth (Evans, 1980,
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p.60; Park and Diarmid, 1975, p.169).
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PLATE-I

Fig.l— Chalcopyrite of sphalerite replaced by gadena. Plain reflected light,
gl- galena; sf- sphalerite; kp- chalcopyrite.

Fig.2- Sphalerite starsin chalcopyrite. Plain reflected light.
Light parts are chalcopyrite and dark parts are sphaerite stars.

Fig.3— Chalcopyrite altered to covdlite-chal cocitefirst and then to limonite.

Plain reflected light.
kp- chalcopyrite; kk- covelite-chalcocite; Im: limonite.

Fig4— Age rationship between pyrite and chacopyrite. Plain reflected light.
Light parts are pyrite and dark parts are chalcopyrite.

Fig.5— Field appearance of mineraized vein (1), altered zone (2) and country rock (3).

Fig.6— Massve ore of the contact zone. Plain reflected light,
gl- gdena sf- sphderite; kp- chalcopyrite.

Fig.7— Ag-phases exsolved in gdena Plain reflected light.
Light parts are gdena and dark parts are Ag-fahlore.

Fig.8- Cu and Bi-sulphosdts in the fractures of pyrite. Plain reflected light,
py- pyrite; Bis Bi-sulphosalts; Cus- Cu-sulphosalt.
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THE STRATIGRAPHY, SEDIMENTOLOGY AND ORIGIN OF THE COPPER (SILVER-URANIUM)
DEPOSITS FOUND IN AN AREA BETWEEN DELICE AND YERKOY (MIDDLE ANATOLIA)

Halil ARAL*

ABSTRACT.— The stratigraphic position, sedimentologic characteristics and origin of the copper deposits of Oligocene (—Mioce-
ne?) age are investigated in an area between Delice and Yerkdy, on the northern side of Delice river. Copper mineralization is
observed mainly in three different stratigraphic positions in the region. The first type is the native copper ore, found in red and
gray colored continental sandstones and conglomerate which overlie marine fossiliferous (Middle Eocene) limestones. The second
type is the malachite ore, found in Oligocene (—Miocene?) units of the Toprakhk tepe formation which consists of red sandstones,
conglomerate and mudstones. This ore is restricted into the fine-grained, gray-colored sandstone and is rich in carbonized plant
remains. The third type is the primary native copper and malachite ore found at the upper parts of the Toprakhk tepe formation.
‘While the native copper mineralization is strictly associated with fault zones and slickensided surfaces, the malachite mineraliza-
tion occurs in the form of a cement, binding mostly the aetritic volcanic material. Malachite type mineralization represents point
bar and flood plain environmental condition of sedimentation. The local occurrence of malachite ore together with plant remains
in gray-colored sandstone of the red-bed series indicates that this type of ore was deposited primarily (probably as a sulfide or
native copper or malachite) during the deposition of the host rock material under chemically reducing conditions. On the other
hand, the native copper ore is supposedly an epigenetic type and related to the tenaonal and compressional forces. Cuprite and
malachite found with native copper was formed secondarily under surface conditions.

INTRODUCTION

Sedimentary rocks, the age of which are assumed generally as Oligo-Miocene, cover large areas in Central
Anatolia. There are many scattered copper exposures (Fig.l) in these rocks. These exposures are mostly eoncen-
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trated in the Cankiri-Corum basin and in the vicinity of Sivas. These exposures (or prospects) which are known as
red-bed type copper occurrences as they are found in red-colored fluvial deposits, show great lithologic, sediirien-
tologic and some stratigraphic similarities to other red-bed type-occurrences in other parts of the world (for
example, White Pine in Michigan (Hamilton, 1967), Nacimiento in New Mexico (Woodward et al., 1974) Corocoro
in Bolivia (Ljungren and Meyer, 1964) and San Bartolo in Chile (Flint, 1986)).

The purpose of this article is to present information on the stratigraphic situation, sedimentologic charac-
teristics and mechanisms of formation of the copper occurrences exposed between Delice and Yerkoy (Fig.l,
no.l). In this study, two 1: 25 000 scale geologic map sheets are prepared but as the mineralization is exposed
over a large area, the geologic mapping is later expanded to cover a 350 km’ area the boundaries of which are
marked by Delice town in the west, Yerkoy town in the southeast, Delice river in the south and Salmanl village
in the north. All the geologic information is compiled on a 1: 100 000 scale Kirsehir 1-32 sheet (Fig.2). During
the field work numerous samples are taken to make petrographic, geochemical and paleontologic investigations.
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RED-BED TY PE COPPER DEPOSITS

Red-bed type copper deposits are found in thick, red, purplish brown sandstones, siltstones, mudstones
and sometimes in dolomitic rocks, generally located close to the evaporitic series and they are roughly concordant
with their surrounding succession with a thickness varying from a few millimeters to a few meters, lateral ex-
tension reaching to several kilometers and occurring in the form of lenses and layers. The color of zoneswhere
the mineralization is found is mostly different than the underlying and overlying red deposits and is usually gray
or greenish-gray. The mineralized zones almost always contain carbonized plant remains. The mineralized gray
sandstones which do not contain carbonized materia is generally associated with shdes rich in organic matter.

The red arenitic, arkosic material and shale are derived from the surroundings. The red color of the sedi-
mentary rocks is the result of the oxidation of ferrousiron to ferric iron leading to the formation of hematite as
coatings around the grains or as acement between them.

The most important minerals of the red-bed type deposits are copper sulfide and copper-iron sulfide miner-
as The major primary minerals are chalcocite and pyrite. These deposits contain varying amounts of chal copyrite,
bornite, native copper, covellite, digenite, native silver and uraninite. Gangue mineral sare quartz, feldspar, chlorite,
illite, barite, gypsum, anhydrite and dolomite which are contributed mostly from the host rock.

Bastin (1933) gives Greta and Magnum (Oklahoma) and Nacimiento (New Mexico) as examples of such
deposits. More recent investigations (Rose, 1976; Gustafson and Williams, 1981; Haynes, 1986 a) classified some
of the famous deposits such as Kupferschiefer of Germany and Poland, Roan in Zambia and Zaire, Dzhezkazgan
in the USSR and White Pine in the USA, as stratiform, red-bed type copper deposits. Haynes (1986 6) listed the
various characteristics of the host rock which contain this type of deposit in a table (Haynes, 1986 b, Table 1)
claimed that the depositional environment was one between shallow lacustrine and sabkha (Fig.3).
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Fig.3— Section showing closed basin environment where sedi-
mentary copper ofes are deposited {taken from Haynes,
19886).

Flint (1986) suggested that the depositional environment was not only alow-energy environment but also
the late orogenic molasse basins giving as examples the famous Coracora deposit in Bolivia, the Coloso deposit
which is found in conglomerates in Northern Chile and the San Bartolo deposit in Chile. Among these, for example,
the San Bartolo deposit is found in continental Tertiary sediments representing a deposition into a closed basin in
an arid climate, an aluvia fan, playa environment and lacustrine facies conditions. The mineraization whichisin
the form of native copper, cuprite and atacamite is in sandstone and constitutes thin layers. It is deposited in a
high-energy playa margina sandflat environment (Flint, 1986). The ore minerals constitute the matrix of lithic



42 Halil ARAL

arkose and replaces the carbonate/sulfate cement of the rock. Native copper is found as sheets, filling the tectonic
fractures as in Corocoro (Flint, 1986).

There are different opinions on the formation of red-bed type copper deposits. These opinions can be
grouped in two major catagories: epigenetic and syngenetic. Epigenetic opinion defends that mineralization forms
following the completion of sedimentation as a result of diagenetic compaction. Some of the supporters of the
epigenetic opinion claim that copper deposits are formed during bacterial sulfate reduction (Haynes, 1986 a)
whereas some others propose a formation similar to the formation of "roll-type" uranium deposits (Shockey et
ah, 1974) and still some others suggest a mechanism where copper-rich solutions replace previously formed bio-
genie pyrite and anhydrite (Haynes, 1986 a). According to Rose (1976) a substantial amount of salty and chlo-
ride-rich connate water was mobilized from the sediments during the diagenetic compaction which dissolved the
copper existing in the rea-bed series and deposited them where the oxidation potential was low. The investiga-
tions of Haynes (1986 a) showed that chalcocite was deposited at the uppermost part (a zone of maximum 50
cm) of the depositional surface as a result of sulfate reduction by bacteria. The information on porosity and
permeability behaviour of shales and sandstones under compression shows that the copper transporting solutions
migrated along the stratification, not across it. The syngenetic opinion finds its support from the stratiform na-
ture and concordant appearance of the ore with the walls of the host rock. In literature, the formation of syn-
genetic ore is explained by the influx of metal-rich fresh water into a chloride-rich lake or lagoon where the

metals are deposited when they come into contact with a reducing environment (Dunham, 1964; Haranczyk,
1970; Garlick, 1974).

PREVIOUS WORK

There is no publication in the literature on the geology and formation of copper occurrences found in the
study area. Some of these occurrences were pointed out to the author by Mr. Giiner Aytug during a one day
field trip in 1975 who worked for the Turkish Iron and Steel Works. Other than this unpublished investigation,
the only other two unpublished reports are Tesrekli and Pehlivanoglu's (1982) short notes on the occurrence of
copper in the region and Ketin's (1954) report on the regional geology. A firm (the name of which is probably
1ZBAK Mining and Smelting Limited Corporation) operated some of the copper-carbonate zones in the early
1970's for a short time and constructed some leaching ponds on the Terzili road. The crushing and sieving ma-
chinery is dismantled and the leaching ponds are now left in ruin.

GEOLOGY-STRATIGRAPHY

The Middle Eocene Sekili-Gocerli group forms the base of the stratification (Fig.4) in the study area. This
group consists of Belkavak and Karacaahmetli formations and is exposed in the northern and eastern parts. The
Sekili-Gogerligroup represents the northern flank of an approximately EW trending syncline between Delice-
Salmanh-Sedir and underlies the red Topraklik tepe formation further south. The Belkavak formation consists
of volcanic lavas (mainly andesite and to a lesser extent rhyolite and basalt), volcanic conglomerate and volcanic
sandstone. This formation is interbedded with agglomerate, breccia and tuff layers further east between Yerkoy
and Yozgat. Various sandstones and limestones of fossil-rich marine Karacaahmetli formation overlies the Belka-
vak formation partly with an unconformity. The uppermost parts of the Karacaahmetli formation is characterized
by beach sands with trace fossils and fossiliferous shallow sea limestones, and underlies the Topraklik tepe for-
mation with alow-angle (15 degree) unconformity.

At the end of Middle Eocene the sea covering the study area completely retreated and to Late Oligocene
(or Miocene) only the fluvial deposits of the Topraklik Tepe formation and lacustrine evaporites, limestones and
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clastic sediments of Kii¢likbey Tepeformation were deposited. All these units were later folded, steepened (Fi-g.5),
overturned on the southeastern flank (Fig.2) and faulted in the.eastern part of the study area.

The copper deposits which this article deals with are all confined to the Topraklik tepe formation.

Fig.5— {a} Steepining and {b) overtuming of the interbedding of the red and gray colored series
located at the lower parts of the Toprakhk tepe formation.
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ORE TYPES

Three different ore types are recognized based on their stratigraphio location These are:

1-Theepigeneticnativecopper(t
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conglomerates.
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Fig.7— The separatc malachite horizons, the thickness of which hardly exceed a few centimeters.
They are concordant with the bedding of the host rockes.

Fig.8— The appearance of malachite as cement and concretions in sandstones found at the base of
1ed conglomerates (Gogerli occurrence).
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Fig.9— Slickensided fault planes containing native copper mincralization and their close-up view.

Sandstones and conglomerates which hogt the first ore type show graded bedding (Fig. 10). They are over-
turned and dip nearly vertical (Fig.5). Sandstones at the bottom of this formation contain gypsum fragments up
to2x5cminsze.

Native copper (Fig.ll) is the most important primary mineral in this tectonically controlled ore type. In-
vestigations under the microscope show the presence of smal amounts of chalcocite inclusions in the native
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Fig.10~Graded bedding in sandstones and conglometates, host for the vative i:opppr miﬁcralization.

copper. Cuprite and malachite which widely associate with native copper are formed secondarily as a result of

oxidation at the surface. Some of the malachites which are locally found as concretions in sandstone are probably
primary  occurrences.

The presence of wedges and lenses of conglomerate in gray-colored sandstones, the cyclic and gradual tran-
sition from coarse to fine grain in the host rock, the presence of dark-colored heavy mineral lamination in sand-
gones, the occurrence of cross-bedding, absence of fossils and interbedding of fine grained red horizons with gray
colored sandstones dl indicate a fluvial depositional environment.

The second ore type is found in the gray-colored, fine-grained sandstones rich in plant residue. Earthy
malachite and insignificant amounts of azurite are the major minerals. Mineralization is either in the form of
cement binding the fine/medium sized grains of sandstones which contain a high percentage (up to 85 percent) of
volcanic rock fragments or in the form of replacements around the carbonized plant residue (Fig. 12).

The second ore type is exposed west of the study area and congtitutes three separate layers on the southern
flank of the roughly E—W trending syncline (Fig.4), The thickness of the mineralized sandstone layers vary from
10 to 200 cm and extends intermittently several kilometers along the strike.

The presence of cyclic graded bedding, cross-bedding (sometimes trough-bedding) (Fig.13), mud pellets
(Fig.14), thin pardle laminations (Fig.14 and 15), carbonized plant remains and the absence of marine fossils

suggest that the mineralization is related with fluvial deposition and took place in point bar and flood plain en-
vironments.

The occurrence of mineralization in gray-colored sandstones enclosed in red series and the presence of or
ganic remains only in the gray-colored horizons indicates the prevalance of temporary reducing conditionsin .
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Fig.11- Sheets ot native copper; their thickness varies from 1 to
10 mm. '
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Fig.12— Coalified plant remains which played an important role in the precipitation of
second ore type. Mineralization rcplaces the plant residuc from outside to inside
and cements between the graing of enveloping sandstone.
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Fig.13— Facies changes and scdimentary structures in mineralized
host rock; bottom Jaminated finc-grained sandstones are
overlain by sandstones with planar cross-bedding and
top conglomerate layer.

Fig.14— Holes of mud pelletsin crossbedded thin parallel laminated sandstoncs.
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Fig. 15— Finc grained sandstones characterized by heavy mineral (magnetite) laminations.

Continental oxidizing environment. The evidence gathered so far suggests that malachite has a primary origin,
however, in the absence of bore hole samples it is still not impossible to claim that malachite is formed after the
surficial alteration of other copper (oxide, sulfide or native) minerals.

The third ore type found where the Cenik stream cuts across the Cakirhacili village road is exposedin roughly
E—W trending, 70° S dipping, 6 m thick and 10-15 m long sandstones and conglomerates (Fig.8). Mineralization,
the thickness of which is 75 cm, is in the form of malachite filling between the coarse grains of red sandstone.
Under this horizon the fine-grained, laminated red sandstones contain sheets of native copper (Fig.16) along the
fault planes trending parallel to the bedding. There are mine dumps and collapsed declines indicating that the
native copper was previously mined.

Gypsum-anhydrite layers of the Kiiclikbey Tepe formation come over the mineralized zone eleven meters
south. The spring water in the vicinity is not potable as it is bitter and salty. The Kiigiikbey tepe formation con-
tains a rock salt deposit which is operated by the Monopoly Administration 2.5 km south of Sekili.

CHEMICAL ANALYSES

Several rock (grab) and stream sediment samples are taken and analysed for Cu, Ag, An, Zn, Co, Ni and Mo
and four of them for uranium. Only the results of Cu, Ag and U308 are given here and shown on geologic and
stratigraphic sections in Figures 17, 18 and 19. The present data indicates the existence of 4 significant positive
correlation among copper, silver and uranium.

Analytical results of stream sediment samples collected from the dry streams of the Hact Verim (Gdgerli)
occurrence are shown in Figure 20. All the analyses except uranium were made by Perkin-Elmer's atomic ab-
sorption spectrophptometer in the Rock Chemistry Laboratory of the Geological Engineering Department of
Hacettepe University. The detection limits of copper and silver are 5 and 1 ppm respectively. All the uranium

analysis and some of the silver and gold analyses are done in the General Directorate of Mineral Research and
Exploration (MTA).
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Fig. 16—Sheets of native copper collected from fault planes

cutting across red colored fine grained sandstones; outer
parts of some of the native coppers are partly altered to
cuprite and malachite.

« T

70:."?1 !.

Z
Fig. 17— Distribution of copperand silver (ppm) in channel

samples collected from the traverses laid perpen-
dicular to the mineralized veins in the Haci Verim
(Gocerli) occurrence.

GG-1: Cu 117, Ag 1; GG-2: Cu 8461, Ag not
analysed; GG-3: 447000, Ag 23; GG-4' Cu
253, Agl.
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Fig. 19—Distribution of copper, silver and uranium (ppm) in samples collected from mineralized and barren horizons in Cekirge
tepe and Terzili. N.D—not determined. A— red cdmpact sandstone; B— cross bedded red sandstone with mud pellets;
C— cream colored mineralized sandstone with carbonized plant residue; D— thin bedded, magnetite laminated sandstone;
E— red sandstone with mud pellets; F— red conglomerate with clay pellets.

The results obtained for gold by the M.I.B.K. method at Hacettepe University are not verified by the
cupulation method used by MTA Uranium analyses are done on second and third ore types and 22 gr/ton U,O,

(average of three samples) and 13 gr/ton U,O, are found, respectively.



54 Halil ARAL

Example Ag Cu Zn . Co Ni
CHIP - 681 56 12 22
ALUV—Y 5.5 % 9.1 a5 10 ' 23
AL-1 17 107 - 34 17 26
AL-2 - 12 36 17 26
AL-3 - 37 34 <14 27
AL-4 - 91 27 14 27
AL-5 - 75 40 ' 14 25
AL-§ - 81 37 14 o5
AL-7 - 36 18 11 16
Al-8 - 33 3 10 20

Fig.20— Distributicn of Cu, Ag, Zn, Co and Ni in strcam sediment samples (ppm) from the streams draining the

Hac: Verim occurrence.

Analyses of samples collected from the mineralized host rock and its walls did not indicate any distinct
anomalous values for Co, Au, Mo, Ni and Zn. The reason for this is probably the difference among the solubility,
transportation and depositional parameters of these elements and those of copper, silver and uranium.

GENESIS

Copper is supplied by leaching from the Middle Eocene volcanics which now cover north and east of the
study area. There is enough copper (and silver and uranium) in the volcanics to be the source for the mineraliza-
tion in the field. For example, a rough estimate indicates that to have an ore deposit with 22500 x 20 m area,
10 cm thickness, containing 1 % Cu and 25 ppm Ag, there must be a source rock with a 2500 x 100 m area,
10 m thickness containing 20 ppm Cu and 0.05 ppm Ag. The Middle Eocene volcanic rocks of the areacontain
sufficient amounts of these metals (e.g., 125 ppm Cu and 0.12 ppm Ag in andesites). Additionally, petrographic
and sedimentological evidences are dso in support of a volcanic source. The sandstone and conglomerate which
host the mineralization contain up to 80 - 85 % volcanic rock fragments indicating that the source region was
dominated by volcanic rocks.

The leaching process was accentuated by the hydrothermal activities which took place at the closing phase
of the volcanism and such metal-rich solutions found their way to the streams following ephemeral rains. The
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.Cu*t + 201

It

Cthlz. K= 10+5.4
Cu* + 3C1° =  CuCly K= 10+494

It is known that Cu+ + dso forms acomplex with Cl (CuCl*, K= 10*%®), but this complex is not stable and de-
composes quickly under surficial environmental conditions (Rose, 1976). Furthermore, a 1 atm. pressure and
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Fig.23—Maximum solubility of Cu in relation to
Cl * content at pH 7 in the Cu-O-HCl
system {taken from Rose, 1976).
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strong argillization of the feldspars in the volcanic rock fragmentsis in support of the prevaance of such ahydro-
thermal phase. Further evidence for hydrothermal activities are the argillization of the volcanics (Fig.21) aong
the road between Yerkdy and Yozgat, and the presence of widespread crystal quartz, amethyst and opa veins
distributed irregularly in the volcanics in the vicinity of Belkavak village.

From the geochemica point of view, however, it is not possible to mobilize substantial amounts of copper
with surface waters (Rose, 1976). Such a mohilization is possble only a moderate oxidation conditions with

chloride-rich waters, as such waters would combine with copper and silver to form chloro-metal complexes (Rose,
1976).

Fig.21- Hydrothermnal veins characterized by argillization, hematitization, limonitization
and zeolitization cutting the volcanic rocks of Belkavak formation with a stecp
angle. Sample from an argillic zone containing 438 ppm copper.

Silver is a by-product commonly seen in red-bed type copper deposits. For example, the Creta ore (Oklaho-
ma) contains 2 % Cu, 30 gr/ton Ag; the White Pine (Michigan) ore contains 1 % Cu, 30 gr/ton Ag; the high-grade
Corocoro ore (Bolivia) contains 40 gr/ton Ag, and Nacimiento (New Mexico) 175-250 gr/ton Ag (Rose, 1976).
The association of silver with copper is explained by the ease of silver ionsto form complexeswithCl  asCu+ions.
While native slver quickly precipitates under mildly reducing (-1-0.5 v) conditionsin aAg-O-H system, its solubility
increases rapidly in a 0.5 m NaCl solution and the area showing the solubility of silver in this sysem shows dose
similarity to the area of the CuCl,- CuClg in the Cu-O-H system (Fig.22). The formation of copper com-
plexes in relation to the CI° concentration and the increase in the solubility of copper at pH:7 are shown in the
Cu-O-H-Cl'system(Fig.23).

According to Rose (1976), water that contains 350 ppm ClI™ eesly transports copper at a moderate oxida
tion potential in 25°C. In generd, it is difficult to find surface or underground waters containing 350 ppm CI".
Such high ClI” concentration can be obtained when seasona surface and underground waters wash the sand flats
having a continental or marine origin. The following complexes are formed (Rose, 1976) when Cl  is combined
with Cu+ at the surface at 25°C
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25°C, relatively mobile copper carbonate ions such as Cu(COs); and CuCO3(OH), are formed under
Pooz > 103° and Poo, < 10°, respectively (Garrels and Christ, 1965) (Fig.24).

It is not clearly established yet whether the second type stratiform malachite deposits are an epigenetic or
a syngenetic type; while the occurrence of the mineralization in sandstones and conglomerates as a cement and
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Fig.24— Distribution of dissolved copper ions as
a function of pH and P 2 {atmospheric)
at 25°C and 1 atm. total pressurc {taken
from Garrels and Christ, 1965]).

concretions suggest a syngenetic origin, the replacement of carbonized plant residue by the mineralization and the
occurrence of the mineralization in the fault zones support an epigenetic origin.

The present evidence indicate that a dry climate prevailed in the study area from time to time developing
st flats and promoting an increase in the concentrations of Cl°, SO,~ and carbonate ions in the environment.
The rain which follows a dry season quickly ascends the water table and leads to the formation of complex metal
ions as copper and silver combine with chloride and sulfate ions. Repetition of this process over a few seasons or
the circulation of the rain water through some subsurface evaporitic layers increases the sdinity and the meta-sat
concentration. The other possible mechanisms of ore formation are @) sdty (brine) and meta rich waters that
were trapped in a closed basin and formed a syngenetic deposit there as the water is lost by evaporation, b) such
waters were transported as underground waters and formed epigenetic ore deposits when they met a reducing
environment created by decaying plant residue, c) the flush of oxygen-rich rain water after a dry season into such
closed basins may have caused the precipitation of copper and other associated metals, and d) waters rich in
copper, other metals, chloride, sulfates and carbonates precipitate their metal load in the low-energy environments
such as point bars and flood plains where such waters come in contact with decaying plants and decomposing
organic matter. One or more than one of these mechanisms were probably effective in the Delice-Y erkdy area.

Copper complexes precipitate in alkaline environments (pH >7) as a result of the increase in the leves of
Pco2 and fhps According to the theoretical mddelling of Haynes and Bloom (1987 a,b), native slver, native
copper and copper sulfide minerals such as chalcocite,bornite and covellite precipitate in an orderly manner inres-
ponse to the increase in the H,S fugacity. Native silver saturates from waters saturated with calcite,quartz,gypsum
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hematite containing 3 molal CI°, 011 molal HCO3, 800 ppm Cu and 1 ppm Ag at a pH=7,6 and fH2S = 10 ;*
bars. Native silver precipitation is complete prior to native copper saturation at fyps = 10% ' The deposit con-
tains only native copper and native silver aslong as the H,S fugacify does not exceed 10  bars and under such
circumstances 96 % of copper and dl the silver precipitate. If the water contains Pb, Zn, Co, Fe ionsand the H,S
fugacity reaches to 10 bars level, based on the conditions of transportation, varying amounts of sulfides of
Zn, Co, Pb, Fe and Cu are precipitated. The presence of chalcocite in native copper only in minor amounts may
suggest that in the study area the H,S fugacity hardly reached 10™® bars.

The stability of some copper species are shown on a Eh-pH diagram (after Garrels and Christ, 1976) for the
Cu-0,-S-C0, system at 25°C, 1 atm. total pressure, CO, partial pressure of 10°>°, and total dissolved sulphur
content of 0.1 (Fig.25). This diagram indicates that under surface conditions malachite crystallizes at a pH range
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Fig.25— Stability relations among some copper compounds under 1 atm.
total pressure, PCO 10 '3‘5, total dissolved sulfur 10 2 conditions
in Cu-Hy-0,8-CO, system (taken from Garrels and Chiist, 1965).

of 7 to 12. According to Garrdls and Christ (1965), as the CO, partial pressure isincreased the stability field of
malachite expands into the field of cuprite. In dry climatic conditions malachite is more stable than azurite as not
enough moisture is available in the air for the stability of azurite. It is dso seen from this diagram that the field
of the native copper remains unaffected at atmospheric and higher PCO2 conditions. Under the given conditions
areducing environment is required for the precipitation of sulfides. The general absence of sulfldesin the study
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area indicates either the geochemical conditions for the formation of such minerals have never been attained or
previously formed sulfides were altered to malachite under a bicarbonate rich environment. Microscopic investi-
gations to answer this problem are still in progress.

The native copper seen in the fault zones is most probably a product of remobilization. In other words,
copper was leached from previously deposited cupriferous layers and filled the tensional fractures. The areal
closeness of mineralized zones to the evaporitic series dictated that the metals could have been transported as
chloride complexes. The high permeability of the host sandstones prevented the reduction of sulfates to sulfide
by bacterial action (Haynes and Bloom, 1987 b) so that the environmental condition of low H2S fugacity is
created for the precipitation of native copper. The compressional phase following the general tensional move-
ments caused small displacements along the mineralized fractures and led to the formation of native copper
sheets filling irregularly the slickensided fault zones. The presence of pressure twinnings in native copper seen

under the ore microscope also support this.

RESULT

As a result, the depositional basin where red-bed type thick sediments (Topraklik Tepe formation) are de-
posited is a stream system flowing in a plain surrounded by steep mountains. This plain is cut by a few meandering
rivers. Fine and sometimes coarse grained sediments brought by floods fill between these rivers and the low plains.
Some plant and wood trash are deposited as a result of the loss in the stream energy in places like point bars and
flood plains. The decay and coalification of this material created the environment suitable for the precipitation
of copper (silver and uranium).

The constitution of the fluvial sediments in large (80-85 %) by volcanic rock fragments shows that the basin
was fed by the surrounding volcanic mountains. The volcanic rocks evidently contain sufficient amounts of
copper, silverand uranium.

The salinity of the basin is increased in response to seasonal aridness and metals formed complexes with Cl-,
sulfate and carbonate anions. Metals of such solutions are then either deposited as independent layers where de-
caying organic matter is found or as material cementing between grains of sandstone and conglomerate. This type
of stratiform malachite occurrences are seen in the middle parts of the Topraklik tepe formation.

Underground waters which circulate through the evaporitic series partly remobilized the stratiform ores and
copper dissolved in this way is deposited as native copper in local fault zones in the lower and upper parts of the
Topraklik tepe formation. The ages of the faults and the mineralization are not known definitely. Low H,S
fugacity needed for the deposition of native copper instead of sulfide minerals is provided by the high permea-
bility of the host sandstones and high chloride activity by the evaporates in the close vicinity.

The probable metallic copper and silver reserves of the study area are 2500 tons and 3.5 tons, respectively.
The contribution of the these occurrences to the country's economy will be about 11-12 billion TL at 1989
prices. The possible potential (geologic potential) is about ten times these figures.
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FORMATION OF TURKMENTOKAT-KARATEPE (ESKiSEHIR) MAGNESITE ORE BEDS

Kadir SARITZ**

ABSTRACT.— Magnesite ore has a tendancy to settle in the F. W directcd cracksand fissurcs developed strictly under structural
control of serpentines and comprises vein and lensoid beddings; in addition, it is observed that it shows transitions to irregular and
stockswork beddings. Two different mineral associations were found after analyzing the samples taken from the veins and the
lenses. The first one is the primary association, magnesite and quartz and the other is the secondary association, calcitc and dol-
omite. The mineral content of the samples have been figured out from their basic element analysis and seemed that magnesite
shoes 91.74%, cjuartz 0.74 %, dolomite 2.42 %, calcite 1.17 % and serpentine shows 1.72 % average values. Because the magnesite
ore with having concentric and colloform structure refiects a rhythmic dcposition in a gel like colloidal media, the physicochem-
ical environmental behavior of solutions containing water with CO, (Mg , dissolved from serpentines, is included) have been
investigated, the experimental Studies on the MgO—SiO,- CO, - H,0 and the MgO— CO, -H,O systems have been performed.
According to this, the observed primary mineral association of the ore bed seems to be the product of the MgO—Si0,— CO, —
H,0 system, it is determined that the magnesite ore has formed under 150 C thermal and 2000 bar liquid pressured conditions
with various mole fractions of CO2 When the magnesite ore, bedded as batroidal and concretional masses on the surface (around
Sigiryatagr hill and other small occurrences) and in the shallow depths (near 12 meter), in the MgO— CO,— F,O system is taken
into consideration and evaluated, it is presumed that the magnesite ore might have formed from the mineral deposits containing
Mg (OH), or 3 Mg (OH),-3H,0 in their compositions. According to the data given above, the formation of the local
magnesites reveals two different facts. The first is having a hydrothermal origin, the sccond is being an infiltration type gel mag-
nesite deposition which its process is stili Continuing and will continue.
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MINERAL PHASES IN THE EDIGE OPHIOLITE BODY

Ayla TANKUT* and Naci M.SAYIN*

ABSTRACT.— Edige ophiolite body contains upper mantle and a part of crustal sequences, as a remnant of an oceanic lithosphere
slice. The upper mantle sequence is composed of the primary assemblages of: olivin+ orthopyroxene + clinopyroxene + chromium
spinel, in the tectonite ultramafics;and olivine + clinopyroxene + orthopyroxene in the cumulate ultramafics. The crustal sequence
is characterized by the phases of: Plagioclase + clinopyroxene + olivin + orthopyroxene. Amphibole + serpentine + chlorite +
prehnite + pumpellyite + sphene are the common secondary phases. The pyroxenes of the cumulate rocks are characterized by
high Mg and very low contents of Na,K and Al. The plagioclase composition in the lovver level gabbros range from An40 to An90
The amount of amphibole development and albitization increase with stratigraphic height that, in the upper level gabbros the
pyroxenes are almost completely replaced by amphibole and all the plagioclases are albite. Chromites of the tectonites are of po-
diform type. All the evidences suggest that the mineral assemblages in various rock types of the Edige ophiolite body are similar
to the corresponding rocks of the oceanic lithosphere. Minerals of the cumulates suggest direct crystallization from spreading
ridge magma. They have undergone metamorphic reconstitution correlated with ocean floor metamorphism.

INTRODUCTION

Ophiolite bodies provide important geological and geochemical evidences for understanding of formation of
oceanic lithosphere at the mid ocean or back are spreading environments. The mineralogy gives supporting data
to the findings of petrography and chemistry. it gives information about the subsolidus transformations and
phase changes caused by the events which take place in the oceanic realm or/and orogenic zones where the ophio-

litic material has been tectonically transported.

Minerals investigated in this study belong to an incomplete ophiolite body previously called Edige ultra-
mafic body (Tankut and Sayin, 1989) in the Ankara melange. Although general geology of the body and geochem-
istry of its rocks have been described by Tankut and Sayin (1989) and Tankut and Gorton (in press), respectively,
little information on the detailed mineralogy and phase chemistry is available.

This paper presents the results of electron microprobe, X-ray diffraction and electron microscope Studies
of silicate minerals from the cumulate sequences, and chromites from the tectonite sequences in the ophiolite
body, described above. Main objective of this investigation is to determine the compositions of the primary and

secondary minerals, and to interprete the subsolidus changes in the mineral phases.

PREVIOUS WORK

A brief review of the general geological and geochemical features of the Edige ophiolite body, previously
described by Tankut and Sayin (in press) and Tankut and Gorton (1988), is presented here.

The body (Fig.l) has an in complete ophiolite stratigraphy (Penrose conference, 1972). it contains tec-
tonite and cumulate uftramafic rocks and cumulate gabbros that, it is regarded to represent mantle and a part of
the crustal sequences (Tankut and Gorton, in press) of the Tethyan oceanic lithosphere (Fig.2). Stratigraphically
upper layers of a classic ophiolite, as sheeted dykes pillow basalts and sedimentary cover are lacking. The boundary
between the mantle and crustal sequences are not wel/ defined due to the intense deformation and serpentiniza-

tion.
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Fig.1— Geologic map of Edige ophivlite body. Simplified after Tankut and Sayin (1989),
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Fig.2— Generalized colummnar section of the Edige ophiolite body.
The tectonite sequence is composed predominantly of harzburgite and lesser dunite. The latter is in the
from of irregular lenses and interlayers. There are dso abundant orthopyroxenite and websterite layers. Chromi-
tite is concentrated to from the pod shaped ore bodies or occurs as thin layers within the dunite.

The cumulate sequence is thin and incomplete in the exposed outcrops. The rock types range from ultra-
mafic cumulates to felsc differentiates. Ultramafic cumulates occur at the base of the sequence, indicating with
the order of crystallization, and include serpentinized dunite, clinopyroxenite and websterite. Gabbroic members
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are only layered gabbros. Small lenses or dykelike bodies of only felsic material occur as being sandwiched between
the gabbro layers.

DISTRIBUTIONOFMINERALS

Rocks were sampled from both tectonite and cumulate sequences. Since the body does not show its original
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position, stratigraphical relations of the rockswere inferred by brief field observations (Fig.3).

Tectonite sequence

Primary textures and mineral associations of the rocks are generally obliterated because of the intense ser-
pentinization. Relict minerals preserved in some of the rocks have given information about the original features.
In this respect, in order to discriminate harzburgite from dunite the origind modal pyroxene proportions were
determined from the bastites, pseudomorph of pyroxenes, since they have well preserved crysta outlines of
previous pyroxenes. The best preserved minera is chromium-spingl. It is associated with olivine and congtitutes
the chromitites. It dso occurs as a disseminated accessory in the harzburgite as anhedral picotite and chromite,
and in the dunite as euhedral chromite. Serpentine, talc, occasiondly actinolite, tremalite,chlorite, magnesite and
slica minerals are the common alteration products.

Cumulate sequence

The lowest unit of the cumulate sequence is dunite. It constitutes a severely serpentinized zone between
tectonite and cumulate sequences. Serpentinization obliterate the original textures and mineralogy. Pyroxenites
occupy stratigraphicaly higher levels bdlow the gabbros. They are clinopyroxenite and websterite and contain
minerals ranging in sze from medium to pegmatite. Cumulate texture is well presented by the interlocked sub-
hedral grains of pyroxene and interstitial small grains of pyroxene and olivine between the coarser pyroxenes.

In the gabbro sequence alternation of mafic mineral rich and felsic mineral rich bands construct the layering.
The rocks display well preserved cumulate texture, and deformational textures are rare. Cumulus olivine, pseu-
domorphosed by serpentine, plagioclase, clinopyroxene and subordinate orthopyroxene are the primary mineral
phases throughout the layered gabbro sequence. Olivine is confined to the lowermost gabbro layers. Orthopy-
roxene poikiliticaly endoses the clinopyroxene and occurs as an intercumulus phase. Plagioclase, occuring in a
minor amount, aso appears as an intercumulus phase in the rocks of the lower leves. It isin cumulus status and
occurs in a large amount in the rocks of the higher levels The extremely low contents of REE indicate the cumu-
late origin of the layered rocks (Tankut and Gorton, in press). Green amphibole is a secondary minera and the
degree of its development increases with stratigraphic height. In the rocks from higher levels, dmost al the py-
roxenes are replaced by amphibole. Smal relict pyroxene patches and abundant magnetite dots on the grains in-
dicate the previous existance of pyroxene. Plagiodlases display abitization which increases towards the upper
layers. Commonly prehnite and rarely pumpellyite are present as the other secondary phases. The rocks of the
felsic dykelike bodies have color index less than 5. They are composed predominantly of albite. Amphibole pseu-
domorph of clinopyroxene, prehnite, rarely pumpellyite and sphene are the common constituents. Their bulk
rock composition displays desilisification (Si02, down to 46.50 %) and calcium enrichment (CaO, up to 24.93 %)
relative to gabbros (Tankut and Gorton, in press)). Such a bulk rock composition can well be attributed to the
presence of prehnite and pumpellyite. The composition is similar to those of rodingites but the absence of hydro-
garnet, characteristic mineral of rodingites, excludes this possihility.

MINERAL CHEMISTRY

Data of mineral chemistry, presented here, belong to the mineras of websterite and gabbro members of the
cumul ate sequence and to the chromites which are the most stable phases of the tectonite sequence.

Mineral anadlyses of dlicaes (except serpentine) were made on a computer controlled energy dispersive
electron microprobe in the University of Toronto. Natural minerals were used as standards. Severa plagioclases
were dso determined by smple opticd methods and a few grains, in two rocks, by Universa stage.
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were andysed in MTA laboratories by X-ray flourescent technique.

Relevant rock sampleswere collected from various layers. Position of the samples, in the order of increasing
height, from the contact between tectonite and cumulate is, P5, G4B, G6A, G2A, G2B (Fig.3). P5 iswebsterite
and the others are layered gabbros. G1 and G3 come from thefelsic dykelike bodies.

Orthopyroxene

Orthopyroxene in both websterite and layered gabbro is engtatite (Fig.4). The grains show homogeneity
within the samples (Table 1). The En content ranges from 85 in the websteriteto 75 in the layered gabbro.

Table 1— Orthopyroxene composition in the cumulate rocks of Edige body

P5 G6A

Grain 1 Groin 2 ' Gragin 1 Grain 2
80, 54.12 53.64 54.03 54.57
A1203 1.29 1.86 1.80 1.62
FeOp 6.96 7.47 15.10 14.66
MnO n.d. 0.18 nd. nd.
MgQ 33.29 3348 27.96 27.10
CaQ 2.81 2.23 1.23 1.45
Na,O 1.69 T 1.79 nd. n.d.
Total 100.16 - 100.65 160.22 99.40

Structural formulae on the basis of 6(0)

Si 1.95 '1.92 1.92 1.98
Al 0.05 0.08 0.08 0.07
Fe 0:19 0.20 0.45 0.45
Mn n.d. 0.005 n.d. nd.

Mg 1.61 161 1.50 1.49
Ca 0.098 0.08 0.05 0.06
Na 0.11 0.11 n.d. n.d.

En 84.89 85.02 74.92 74.51
Fs ‘996 10.66 22,71 22.62
wo 5.15 4,07 2.37 2.87
Mgs 89.50 §8.68 76.74 T 76.71

i&

_FeOp = Total FeO
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Fig.4— Pyroxene compositions from the cumulate rock of Edige body (Poldervaart and Hess, 1951).
Discrimination after Coleman (1977).
The orthopyroxene of the gabbros contain more Fs (= 23) and lessWo (=2.50) relative to the websterite (Fs =
10, Wo — 4.50). That means, there is positive correlation between Ca?*andM g?*negativecorrelation between
Caf* and Fe?*. Al,O; content islow and less than 2%.

Mg®*
Mg number (Mg # = . . ) of the orthopyroxene decreases from nearly 89 in the websterite to
Mg* +Fe®”
nearly 77 in the gabbro. The coexisting clinopyroxene in the gabbro has higher Mg #: (82-84).

Clinopyroxene

Clinopyroxene of the gabbros show fairly homogeneous composition within the grains and within the
samples (Table 2). In the pyroxene composition diagram (Poldervaart and Hess, 1951), the clinopyroxenes of the
gabbros fal in the diopsite field (Fig.4). However, the "grain 2" in the sample G4B has Fs as much as 9.77 and so
the clinopyroxene approaches the salite composition. Clinopyroxene of the websterite (P5) is augite. Due to the
single spot andysis on one grain, information about the compositional variation within the grain and within the
sample could not be obtained. The Mg of the clinopyroxenes are dmost similar in the websterite (= 82) and
gabbro (81.82-84.17).

Amphibole

Amphibole, as a secondary mineral occurs more commonly in the gabbros. The pyroxenesin the websterites
show dight uralitization. Complete amphibole replacement with relict pyroxenes (mainly clinopyroxenes), exists
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Table 2 Clinopyroxenc composition in the cumulate rocks of Edige body

p5 G6A G4B
Grain 1 Grain 1 Grain 2 Groin 1 Grain 2 CQCrain 3

Spot 1 Spot 2 Spot 1 Spot 2 Spot 3
8i0, 52.65 52.22 52.17 52.55 52.32 5236 5180 51.83 52.04
Al,O4 2.41 2.15 1.51 0.90 1.12 0.95 1.16 1.92 2.25
TiO, n.d. nd. nd. n.d. nd. n.d. nd. 0.18 ¢.24
FeOr 6.98 6.18 5.97 5.71 5.92 5.3 5.82 6.17 6.18
MnO 0.45 nd. nd. n.d. 0.17 nd. nd. nd. nd.
MgO 19.09 15.96 15.54 1569 1539 1581 1611 1582 1583
Ca0 17.86 24.17 25.03 2593 2458 2575 2683 2351  24.10
Na,0 1.09 nd. nd. n.d. n.d. n.d. nd. nd. n.d.
Total 100.53 100.68  100.22 100.78  99.50 100.17 101.82 9943 100.64

Structural formulae on the basis of 6(0)

St 1.90 1.91 1.93 1.96 1.95 1.96 1.95 1.93 1.90
Al 0.10 0.09 0.07 0.004  0.05 0.04 0.05 9.08 0.09
Ti - = - - - — - 0.005  0.007
Fe 0.21 0.19 018 . 017 0.18 0.16 0.17 0.19 0.19
Mn 0.01 n.d. - R 0.005  — - - -
Mg 1.02 0.87 0.84 0.34 0.84 0.85 0.83 0.88 0.86
Ca 0.69 0.94 0.98 0.99 0.97 0.99 0.99 0.94 0.94
Na 0.07 - - - - - - - -
En 52.88 43.36 4213 4180 4219  42.3%9 4166 4342  43.22
Fs 10.85 ' 9.42 9.08 8.54 9.11 7.97 8.45 9.97 9.47
Wo 35.57 47.21 48.79 49.66  48.44 4964  49.89 4661 4731
Mg # 82.06 82.15 82.26 8304 8182 8417 8314 8204  82.03

in the gabbros (G2A, G2B), which are assumed to come from higher levels and rocks of dykelike felsic bodies.
Beside a few remnant pyroxene patches on the grains, the lower Mg (Mg # = 68-75) content of the amphiboles
than that of the pyroxenes (Mg # > 81, those of lower layer gabbros have been considered) which were supposed
to be replaced, and the CaO content which is half oMhat in pyroxenes (Tables 2 and 3) confirm the secondary
origin of the amphiboles (Stakes et al., 1985). Based on the analyses at two spots of a selected grain in the sample
G2A, the composition within a grain seems to be quite homogeneous. It dso does not change much between the
different grains (Table 3). However, compositional difference is displayed between the amphiboles of the gabbros
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Table 53— Amphijbole composition in the upper stratigraphical level ga):bm

Amphibole ~
Gl G24A G28
Grain 1 Grain 2 Grain 1 Grain 1
Spot 1 Spot 2
Si02 50.59 51.40 53.63 63.21 - 54.23
A1203 6.03 4.73 4.74 H6.67 2.19
Ti02 0.27 0.20 0.43 0.38 .26
FeO 11.70 12.14 9.87 10.23 10.45
MnO 0.18 0.32 - - n.d.
MgO 15.45 15.19 16.52 16.36 17.29
CaQ 11.59 10.96 12.35 1214 12.66
Na20 2.26 1.55 1.29 1.93 n.d.
K20 n.d. n.d. n.d. 0.11 n.d.
Total 98.07 096.49 98.83 100.03 97.08
Structural formulse on the basis of 24 (0,0H,F,CD)
8 7.28 7.49 7.54 7.42 7.76
Al 1.02 .81 0.79 0.93 0.37
Ti .03 0,02 0.05 0.04 .03
Fe 1.41 1.48 1.16 1.19 1.25
Mn 0.02 0.04 - - -
Mg 3.32 3.30 3.46 3.40 3.6Y
Ca 1.79 1.71 1.86 1.81 1.94
Na 0.59 0.44 0.35 0.52 -
K 0.03 - - 0.02 -
Meg# 69.85 68.47 74.89 74.02 74.67

(G2A, G2B) and those of the felsic bodies (Gl). The latter isrichin Feand Al. TheMg  of the amphibole in
the felsc dykdikerocksis aslow as = 69 whereas that of the gabbros varies between 74 and 75 (Table 3). All the
amphiboles are comparable in composition to actinolite (Fig.5).

Plagiodase

Microscopicaly plagioclases in al the rocks are unzoned. Optical determination suggest that plagioclase
range from Ang to Ang in the lower level gabbros. The An content below 60 is most probably due to the sub-
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Fig.5— Amphibole compositions from the gabbros of upper layer, Edige body {Deer et al., 1963).
Table 4— Plagioclase, prehnite, pumpcllyitc composition in the gabbros and felsic dyklike bodies of Edige body
Plagioclase Prehnite Pumpr**
G48 G24 G!I G2B G2B
Grain 1 Grain 1 Grain 1 Grain 1 Grain 1 | Grain 1
_ Spot 1 Spot 2 Spot 1 Spot 2
§i0, 45.85 £9.35 43.33 43.29 42.54 43.02 42,03 36.9
Aly0, 34.15 20.05 - 24,61 24.95  24.47 24.30 24.49  28.73
FeO 0.21 n.d. 1.94 0.90 n.d. nd. 0.50 4.36
MpgO nd. n.d. n.d. nd. n.d. nd. n.d. n.d.
CaO 18.25 n.d. 27.02 26.89 25.08 28.01 25.06 24.01
N320 1.09 11.57 nd. n.d. nd. nd. n.d. n.d.
Total 99.55 100.97 96.90 96.03 95.09 95.33 92.08 94.05
Structural formulse 0(32)  Structural formulse 24% (0,0H) ; 28%* (0,0H,H,0)
Si 8.55 11.87 6.00 6.00 6.00 6.00 6.00 5.94
Al 7.43 4.13 3.81 3.97 3.86 3.88 4.10 5.36
Fe 0.02 - 0.24 0.08 - - 0.06 0.5%
Mg - - - — - - — -
Ca 3.57 - 3.98. 3.95 4.14 4.12 3.85 4.12
Na 0.43; 4.00
Or 0 0
Ab 10.7% 100
An 89.25 o
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Fig.6— X~-nay diffraction records of G1 and L.2A samples, Edige body.
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solidus equilibration. EMP analysis of one plagioclase crysta from the specimen G4B gives Angg (Table 3) and
universal stage measurement of another one from G6A was found to be Ango. All the plagiodases in the upper
level gabbros represented by G2A and G2B show refractive index less than that of the Canada balsam. EMP anal-
ysis of acrysal in the sample G2A gives dmost pure abite, Ab1o(Tabl e 3). The universal sage measurements
on G2A and G2B ds gave A n, and X-ray diffraction patterns of the samples G2A and G2B (from the fdsic
dykelike rocks) indicate the presence of abite (Fig.6).

Prehnite and pumpellyite

Prehnite exigts in the high level gabbros (G2A, G2B) and dyke like rocks (Gl, G3). It exhibits its charac-
terigtic rosette form, made by the aggregation of smdl radiating crystas (Deer et d., 1965) X-ray diffraction
records of G2A and Gl dso verify the presence of prehnite (Fig.6). The results of andyses, by EMP, given in-
Table 4, shows that it displays its constant composition throughout the grains.

- Table 5— Chromite compositions in the chromitites of tecionite sequence of Edige body

Al B3 ci Fl
Cry04 60.02 61.76 60.20 58.76
ALO, 8.34 8.69 10.70 1219
MgO 10.76 10.34 12.63 13.08
FeO,_ 16.86 15.78 15.79 1491
Si0, 0.57 1.46 0.22 nd.
Ca0 0.40 0.59 nd. 018
Total 95.95 98.57 99.54 99.07
Fet20+ 15.58 17.09 14.36 13.89
Fet30,+ 116 0.89 1.71 1.32

Structural formulae on the basis of 32 (0)

CRAT 0.82 0.84 0.77 0.75
ARAT 0.17 0.18 0.21 0.23
FRAT 0.01 0.01 0.02 0.0
F/FM 0.43 0.47 0.39 0.37
M/FM* 0.57 0.53 0.61 0.63
F/M 0.75 0.89 0.64 0.69
FeOp=Total FeO o

* Calculated according to the stochiometry of chromite.
Al Timbek wepe; B3— Goakl) wepe; Cl— Edige kdyii; F1— Emine pinar gegmesi.
+2 *2
Fe'* + Mg T Rt +Mg™?
ot T Fe™® At
CRAT = » FRAT= , ARAT=
Al‘:’ '|'Cr*3 + ch»a Al-+3 -+ cr+3 + Fe+3 Alﬁ 'I‘Cr'a + l_.ea
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Pumpellyite has been detected by microprobe anadysis. One grain in the sample G4B has a composition
which corresponds to that of pumpellyite (Deer et d., 1963}.

K romiu
spinel

Ferrion | Chromion

%4 Aliminyumlu
n \" q— kromii

liminyum! -~
Aliminyu u—\\\sa\

monyetit
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\ €1
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Podiform kromit ,~ 77~ Stratiform  kromit
Podiform chromite ___-° Strafiform chromite

Fig.7— Compositions of chromites from the chromitites in tectonite sequence, Edige body
{diagram after Stevens, 1944). Classification after Dickey {1975).

Chromite samples have been collected, from the chromitites of the ore seams of various localitiesin the tec-
tonite sequence, for analysis. Compositions have been determined on clean chromite powders by X RF technique.

However, some slicate impurity, remained in the andyzed powder is reflected as Si0,, which isup to 1.5% (Table
5).

The chromites are characterized by high Cr,Os3 (58.76 % - 61.76 %) and low A1,0; (8.34 % - 12.19 %).
The total FeO is dmost congtant around (15 %). The chromites fall in the alimunian chromite field (Fig.7) in the
composition diagram (Stevens, 1944).

RESULTS AND DISCUSSION

The primary phase assemblages of "olivine + orthopyroxene + clinopyroxene + chromium spinel " in the
tectonite ultramafic rocks, and "olivine + clinopyroxene + orthopyroxene' in the cumulae ultramafic rocks
characterize the mantle sequence of the Edige ophialite body. The gabbroic rocks of the crustal sequence display
the primary assemblage of "plagioclase + clinopyroxene + olivine + orthopyroxene ", the first three being the
main cumulus phases in the rocks. Amphibole + serpentine + chlorite + prehnite pumpellyite + sphene are the
secondary minerals. The amount of amphibole development increases with stratigraphic height that, in the upper
level gabbros the pyroxenes are dmost completdy replaced by amphibole.
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Mg-Fe relationship, represented by "Mg number" (Mg#) is one of the best indiceswhich reflect the primary
magma composition of rocks, since, Mg-Fe cation proportion changes very little during the subsolidus equilibra-
tion (Elthon and Scarfe, 1983; Elthon et d., 1985). in the crustal sequence of Edige body, similarity of the Mg
numbers of clinopyroxenesin websterite(82)and gabbro (83). Suggests the same magmasource for these rocks. On
the other hand considerable amount of decrease of Mg #of the orthopyroxene from the websterite to gabbro can
be attributed to the fractional crystallization process. Intercumulus nature of the orthopyroxene and the higher
Mg # of the coexisting clinopyroxene may dso imply the same process and can be explained by late crystalliza-
tion of orthopyroxene. All the findings described above, support the cumulate nature of the crustal material in
the Edige body.

Compositional range for orthopyroxene and clinopyroxene of the cumulate rocks (Fig.4) is comparable to
those of the oceanic crust (Coleman, 1977). Both phases are rich in magnesium (Tables 1 and 2). Although the
orthopyroxene of the gabbro is relatively iron rich with ferrosilite value of 23 mole %, the classic trend shown by
the pyroxenes of tholeiitic magma (as Skaergaard) is not followed by the Edige pyroxenes (Fig.4). Their low
NaO and K,0 (Tables 1 and 2) content indicate the depleted nature of the magmawhich occurs in spreading ridge

100 /'““% 6A
Troodas —" P
90 |- N /,", -‘—,‘"‘649 ® Klinopiroksen
. i MAR Clinopyroxene
o~ G4§1 /
—~ 80 / & Oriopiroksen
2 Oman _.° Orthopyrozene
Rt /
& o+ H MAR: Atlantik okyanus sirts
' \celond Mid atlontic ridge
60 i—
g S : Skoergoard
50 - ! 1 | |

Mg/Mg+ Fe

Fig.8- Compositions of coexisting pyroxene plagioclase, from the banded gabbros of Edige body (other data from Thy, 1987).
Iceland data from microcrystals of akalic glasses. The plagioclase of the G6A was determined by optical method as Angg.

environment (Malpas and Langdon, 1985). This feature therefore supports the suggestion, made by Tankut and
Gorton (in press), about the depleted nature of the upper mantle as a source of the rocks in the Edige body, based
on bulk rock REE contents. The low Al,0z;contents (Tables 1 and 2) of the pyroxenes are correlated with those
crystallized at shallow depths like in oceanic crust. Plagioclase composition in the lower level gabbros range from
Ang to Angg. The composition between Ang and Ang are commonly reported from the gabbros of ocean
floor (Prinz et d., 1976; Burns, 1985). The similarity of coexisting pyroxene and plagioclase compositions to
those of ocean floor is illustrated in Figure 8. The "chromites of Edige body display properties (Fig.7) typical of
podiform types (Dickey, 1975). In the structural formula, the bivalent oxide site (RO %) is occupied by 55 % -
63 % MgO (except sample B3), and this is comparable to those of podiform chromites (55% - 75%) described by
Thayer (1964).
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In the lower level gabbros,development of secondary ajnphibole after pyroxene, serpentine afte) olivine and
low anorthite (An40) content of plagioclases, suggest sea floor metamorphism at temperatures (450°-550°C) in
amphibolite facies (Coleman, 1977; Stakes et al., 1985). The higher level gabbros (G2A, G2B) are characterized by
albite, complete replacement of pyroxene by actinolite and appearance of new phases as prehnite, pumpellyite,
chlorite and sphene. This paragenesis indicate greenschist facjes conditions. Greenschist facies metamorphism has
been reported from mid ocean ridges to appear within the upper parts of the ophiolite, including the upper parts
of the gabbros (Coleman,1977).

The rocks of the felsic dyklike bodies (G1, G3) also display the same paragenesis as the high level gabbros
in the Edige body. These rocks were interpreted by Tankut and Gorton (in press) to have a cogenetic relationship
with the cumulate gabbros and to be probably the late differentiates of a common magma, depending on their in-
compatible (REE included) element contents. The lower Mg (= 69) of their amphiboles than those of the gab-
bros ( = 75) support this view (Table 3). Similar bodies have been reported from other oceanic lithosphere en-
vironments (Coleman, 1977) being interpreted as the silicic differentiates (Stakes et al., 1985; Hopson et al.,
1981). However, the bulk rock composition of the felsic rocks in the Edige body, show desilisification and Ca,
Al enrichment (Tankut and Gorton, in press). In the light of the features described above, these rocks might have
been produced from the magma as late differentiates after the crystallization of the gabbros and reconstituted by
metasomatism at the sea floor.

Finally, all the evidences discussed above lead to the conclusion that the mineral assemblages in various
rock types of the Edige ophiolite body are similar to the corresponding rocks of the oceanic lithosphere. The
minerals of the cumulates suggest direct crystallization from the spreading ridge magma. They have undergone
metamorphic reconstitution correlated with ocean floor metamorphism.
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GEOLOGY OF THE BALIKESIR-BANDIRMA REGION (NORTHWEST ANATOLIA), PETROLOGY OF THE TERTIARY
VOLCANISM AND ITS REGIONAL DISTRIBUTION

Tuncay ERCAN*; Erdem ERGUL*; Ferit AKCOREN*; Ahmet CETIN**; Salahi GRANIT*** and Jerf ASUTAY*

ABSTRACT.— In the studied area, the basement is formed by the Late Palacozoic aged mctamorphic Fazlidag formation which
contains locally lenses and bands of marble and serpentinite. These rocks are cut by a granitic and granodioritic intrusion called
Kapidag: granite which is Late Palacozoic in age. It is uncomtormably overlain by the Early Triassic aged Karakaya formation
consisting of a wide range of detritic rocks and some limestone blocks.This formation is underlain by the Middle to Late Triassic
aged Caltepe formation consisting of conglomerate, sandstone, sandy limestone and limestone and Late Jurassic to Early Creta-
ceous aged Akcakoyun formation respectively. The latter one mainly consists of limestones and uncomformably overlies the Cal-
tepe formation. Towards the top of this sequence there is the Late Cretaceous aged Yayla melange which is composed of sedi-
mentary, metamorphic and ophiolitic association and has a tectonic contact within each other. The Tertiary in the region is
characterized by Paleogene aged Cataldag and Ilica-Samli granodiorites and granites, some terrestrial sedimentary rocks which
one of Mio-Pliocene age and Miocene to Pliocene aged are also exposed. The Quaternary is cropped out at some thin deposits.
In this study petrochemical analyses of the volcanic rocks have been carried out and it has been understood that they are in calc-
alkaline character and also have some crustal features. In the light of these data the volcanic rocks have been compared with other
volcanics of the region and their distribution has also been given.
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PROGRESSIVE BRUTLE-DUCTILE DEFORMATION DM THE DEMIRKOY PLUTON OF THE STRANDJHA
MASSIVE OF THRACE - TURKEY

M.Attila CAGLAYAN*; Metin SENGUN* and Ayhan YURTSEVER**

ABSTRACT.— Demirkdy pluton, a Lower Cretaceous granitic body of the Strandjha massive of Thrace-Turkey, vary composi-
tionally from a syeno-granite to quartz-diorite. The periphery of the granite has been converted to mortar gneiss and mylonite
gneiss/schist. The host rocks, where they are of a pelitic origin, have been transformed into foliated contact schists comprising
cordierite and andalusite. The intensity of shear shows a progressive diminution avvay from the periphery. The brittle-ductile
deformation is ascribed to the emplacement of the granite causing multistage developments of multidirectional cleavage, king
type folding and shear pods that are observable in macroscopic and microscopic dimensions. The deformation is not attributed to

large displacements, but is rather interpreted as the cumulative result of en echelon shearing.

INTRODUCTION

This article aims at presenting details of peripheric macro and microstructures of the Demirkoy pluton of
the Strandjha massive (Fig.l).

The cataclastic deformation was interpreted as a product of thermo-dynamic metamorphism by Usiimezsoy
and Oztunali (1981). This approach is fairly different from that of Aykol (1979) who defended an auto-catac-
lastic process resulting from rapid uprising of the pluton.

In Turkey, investigations on granite tectogenesis and related cataclastic processes have started in the last
decade and may be considered fairly new in comparison to world-wide research on the subject since the beginning
of the 19th century.

We have observed in the field that the structural elements of the pluton and those of the country rock are
parallel. However, the detailed investigation of the microstructures suggests an outward push.

There has been a mechanical process during the emplacement, presumably through forceful injection, which
has caused realization of shear zones leading to destruction and recrystallization of the granite as well as the
country rock.

The area was mapped (Fig.2) to understand cause-effect relationship of the microscopically observed ca-
taclastic deformation of the granite periphery and the country rock of the Demirkdy pluton. We have tried to
understand the deformational episodes; and relationship betvveen deformation and crystallization by field map-
ping, (Fig.3) collecting oriented samples and textural interpretation of these oriented samples.

MAIN CHARACTERISTICS OF THE DEMIRKOY PLUTON

Demirkoy pluton lies in the eastern segmen-r of the Strandjha massive. It has a slightly elongated shape,
parallel to the general NW trend of the massive.



78 M.Attila CAGLAYAN; Metin SENGUN and Ayhan YURTSEVER

BULGARISTAN rwr (_
:(f.-..._'-a' i_\ . ‘("\. )
| o

—

P KIRKLARELI

N a
i " °
: - | EDIRNE
oo

PRV

~ )
e Q:\o':d’,x (‘v}'

MARMARA DENIZI

>

CANAKKALE BURSA

Fig.1— Location map.

The plutonic body was nomenclated as dioritic intrusions (Ksiazkiewicz, 1930), Demirkdy magnetiferous
granite lacolith (Pamir and Baykal, 1947), granite (Akartuna, 1959), granitic intrusions (Biirkiit, 1966), Derekoy
magmatic series (Aykol, 1979) and Demirkdy pluton (Usiimezsoy, 1982; Aydin, 1982).

The pluton comprises a magmatic series varying compositionally from syeno-granite to quartz-diorite. It
has intruded into basement rocks of the Strandjha massive that has generally suffered a metamorphism in amphi-
bolite facieswith local migmatitic areas (Biirkiit, 1966; Yurtsever et al., 1986). It intrudes the Dolapdere formation
of Jurassic age (Kapakli formation of Aydin, 1974,1982; Strandjha group of Usiimezsoy, 1982). It is covered by
a sedimentary wedge starting with conglomerates and sandstones and minor volcanic intercalations.

K/Ar dating of the pluton (Aydin, 1982) gave an age of 83.1 + 2.0 and 83.5 + 2.5 ma from samples taken
from the Derekoy pluton which Aydin (1982) considered a part of the Demirkdy pluton. He suggested that the
Coniacian age, thus found, is rejuvenated due to younger volcanic events. Tokel and Aykol (1987) claim a Santo-
nian-Campanian age for the Demirkdy granodiorite which, they suggest, is a part of the Srednogorie-Strandjha-

Pontideschain.

Sharp contacts bervveen the pluton and the country rock, a fairly wide aphanitic margin and granophyric
textures are suggestive for an epizonal emplacement (Buddington, 1959).

Formation of augens in the contact aerole, penetrative character of the lineations and foliations, formation
of a conformable fold envelope through formation of strain-slip cleavage and marginal thrusting are structural
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Fig.2— Geological map of the eastern and southeastern segments of the Demirkdy plutone.
1-Demirkdy pluton-  2- Microgranite, foliated granite; 3- Cataclastic granite; 4- Mylonite gneiss; 5- Mylonite schists;
6- Contact schists comprising cordierite and andalusitc; 7 Marble+ Skarn; 8- Phyllite, chlorite schist and quartzite; 9- Sivri-
ler granite; 10-Plio-Quatemary sediments; 11-Alluvium; 12-Foliation; 13-Thrust fault; 14-Microfold; 15-Fold axis.

elements seen peripherically. These structural features of the Demirkdy pluton resemble those of the Colville
batholith as described by Higgins (1971).

MICROSTRUCTURESOFTHECONTACTAEROLE

Symetric and assymetric axial planes of the contact schists are parallel to the contact plane throughout the
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periphery. The observed microstructures consist of those produced by rotation of mineral grains such as garnet,

pyrite, cordierite and andalusite, and, asymmetric pressure shadow areas.

Rotation of garnets and asymmetric pressure shadow areas

As it is seen in Plate I, fig.l, there is a marked difference between behaviour of the matrix and the grains of
foliated rocks of the sheared zones, presumably due to different elastic behaviour. The matrix is fine grained so
that it can flow around the grains while the clasts may have been broken up several times prior to and/or during
shearing and consequent rotations. The fold axes of the mica flakes surrounding the garnet grains, as exemplified
by the garnet in the lower part of Plate I, fig.l, defines the sense of rotation.Two asymmetric pockets,made up
by a crushed quartz and feldspar mosaic, are seen in the upper-left and lower-right corners of the garnet grains.
These are often seen as wings of durable feldspar porphyroclasts as a result of strain accumulation and thus
brecciation of the grains. These asymmetric shadow areas are also known as "pressure tail" (Simpson and Schmid,
1983) and "pressure shadow wings" (Schoneveld, 1977). Pressure shadow areas can be used as a reliable indicator

of the sense of rotation (Takagi, 1986)

Rotation in garnets as well as pressure shadow areas indicate a right-handed shear for the specimen.

Rotated crystals of andalusite and cordierite

Traces of rotation are very pronounced in the pinnitized cordierite porphyroblasts of the andalusite-cor-
dierite schists (Plate I fig.2 ). The incipient foliation of these rocks are defined by orientation of the mica flakes.
Andalusite is in the form of idiomorphic porphyroblasts and is occasionally seen to have been rotated. S shaped
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wave of the cordierite (Helisitic structure) is at an angle to the early foliation planes. Waving is due to rotation
and is indicative of a multi-phase deformation. The spindle and flattened shape of the grains point to growth

during blastesy.

The examples given above are microstructural features showing shearing during the emplacement of the
granite. These examples certify a couple between the granite and the country rock. Deformation is progressive
and directionally defined.

MICROSTRUCTURES IN GRANITIC ROCKS

The symmetric and asymmetric structures caused by shearing are "oblique incremental quartz elongation”,

"displaced broken grains", and "mica fish".

Oblique incremental quartz elongation

Deformational characteristics of quartzo-feldspathic veins or the geometry of the recrystallized quartz
mosaic that fill up the fractures within a rock or a mineral can be used for interpretation of the sense of shear.
A quartz vein extending inclined to the foliation plane in a fine grained quartzo-feldspathic rock in Plate I, fig.3;
Fig.4. The grains have been recrystallized in an orientation roughly perpendicular to the apparent foliation plane.
This example of oblique incremental elongation points to a right-handed shear.

Schmid et al. (1981), have pointed out that the c axes of calcite crystals are oriented perpendicular to the
dynamically generated foliation planes. Brunei (1980) and Simpson (1980) have observed similar phenomena in
grains between aggregates of mylonite or mylonitic gneisses and suggested that the preferred orientation of grains

were achieved by a progressive shear in late stages of the deformational episode.

Displaced broken grains

Feldspar porphyroclasts are seen in Plate II, fig.] in a quartzo feldspathic, finely powdered matrix with

Fieod  Sherch showiue sense of movements that is opposite to that of the

iy shear i quart zo-teld®pathic vein,

cohesion. The elongation'.and geometry of the grains, the simultaneous extinction, relative setting of crystal

edges, or simply crystals being in the same optic orientation, show that all of the three pieces belong to the same
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clast. The interstitial area is filled by a recrystallized quartz matrix. This is often seen in mylonitic rocks, a ro-
tational movement along micro-fractures that are oblique to the-foliation planes (Fig.5). The grain setting seen in
this figure, point to a right-handed shear. The quartz mosaic filling up the fracture zones, has been re-fracturated
andcrushedinthe periphericzones(Plate I1, fig1; fig.5).

Recrystallized quartz mosaic following brecciation and formation of mortar gneiss in a typical sequence of
events for progressive brecciation. Takagi (1986) points out that durable grains such as feldspar and pyroxene
porphyroclasts in foliated mylonitic rocks are often observed to have extension fractures and broken grains with

concurrent rotations.

Spindle-shaped micas (mica fish)

Foliated rocks of granitic origin and phyllonites often comprise spindle-shaped porphyroclasts (Plate II,
fig.2), possibly of micro-pull apart origin (Hanmer, 1986). The spindle-shaped mica aggregates or "pockets" are

Fig.5— Sketch showing sense and direction of movements of
rotated clasts.

often referred to as "mica fish" (Plate II, fig.3) and is used for determination of the sense of shear (Lister and
Snoke, 1984). A large mica clast in a fine-grained quartzo-feldspathic matrix in Plate II, fig.3. The mica clast is
oriented oblique to the incipient foliation defined by the elongation of fine grained crystals.The mica cleavage
plane (001) makes an angle of 28° with the foliation plane. The direction pointed out by this acute angle, defines
the direction of movement. A sinistral movement is suggested by the mica fish of Plate II, fig.3.

TEXTURAL ANALYSIS OF MACRO AND MICROSTRUCTURES

We have, so far, concentrated on microstructures formed by shearing of the granite and the host rock. We
will, now, have a look on the macrostructures and dependent microstructures which are, again, consequences of
shearing processes.

There will always be medium or large grains in the course of crushing and powdering of the granitic rocks
in shear zones of the periphery, in addition to the clay-silt size, equigranular powder. This feature plays a role for
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confusion of a mylonitic granite with a sandstone. These rocks often display micro shear planes that resemble
sedimentary structures such as lamination and cross-bedding.

The crystals are elastic within a given interval in the ideal case. However, beyond these limits, a stationary
deformation is encountered. The grain is broken when the stress exceedsthe amount required (Turner, 1968). The
larger clasts are broken into small granules which tend to get dislocated in the slip planes that are apt to get par-
allel to the larger shear zones. There is a variety of distribution of trends of these zones and the broken grains in
these crushed zones (Zeck, 1974).

The appearance of the rock specimen depends on the number and intensity of deformational episodes
(Marker, 1950). As it is known, a mineral growth, formation of a cleavage plane or formation of a fold is defined
as "late" for the proceeding and "early" for the following deformational episode (Spry, 1969). Three progressive
deformational episodes were recognised through mesoscopic observation (Fig.3). On the other hand, five episodes

was established from studies of thin sections.

Banded structure : definition and origin

The main mesoscopic and microscopic features (Plate III, fig.l) on the granite periphery are banded struc-
tures. These may be as wide as tens of meters and are in the form of narrow strips, they are continuous and have
the appearance of an alternating sedimentary sequence. The medial sections of the bands preserve, generally, the
primary characteristics of the rock. As the shear zones are approached, the grain size diminishes considerably and
an incipient foliation is observed. The crushed grains of sheeted minerals are concentrated in the lamination of
the cataclastic matrix. Fining up of grains and compositional changes have formed colour bands. Recrystallized
micas are formed synkinematically. The mechanical wrenching that was formed by slip along grain borders, have
contributed to formation of foliation planes (Fig.3). The schistosity planes are thin in the slip planes and gets

thicker away from these zones.

This type of banding or foliation was defined as "flow structures” by Lapworth (1885) and Waters and
Campbel (1935). These planes can be distinguished as continuous or discontinuous (Burg and Laurent, 1978) and
are ascribed to segregation of material of different physical characteristics in different layers (Higgins, 1971). The
mechanism of formation starts with generation of lenticular pods, and with progressing cataclasis, formation of
subparallel shear planes are followed by laminar flow structures (Fig.3 : Higgins, 1971). This process was consid-

ered in four steps by Ramsay (1980): approach, curving tips, intersection and merging.

Cross-banding

Shear bands, defined by fine grained and mica-rich shear planes, joins obliquely to another foliation plane
(Plate III, fig.] and Fig.6). These colour bands or compositional banding resemble cross-bedding, and join ob-
liquely the foliation plane by drawing a sigmoidal path (Fig.6). Passchier (1986) has shown that there is an angle
of 45° between cross-banding centre and late stage foliations.

The cross-banding referred as 'transfer zone" by Boyer (198 1), is defined by colour contrast and tectonic
fabric and bearstypicalcharacteristicsofabrittle-ductile deformationinthe early period of formation of cleavage.
Relation of shear to folding

Folds, different in'dimension and geometry, asc observed to form along shear cleavage due to different

behaviour of material in -the microlithons. Ductile faults (Ramsay and Graham, 1970), shear pods and button

structures (Roper, 1972) are encountered along the shear cleavage and microlithons.
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Isoclinal folds have been formed in overpowdered mylonite gneiss/schists (Fig.8) while assymetric and/or
overturned conjugate folds (Fig.7) have been generated in the shsar bands of granitic rocks of quartzo-feldspathic
composition. In bands rich in phyllosilicates, crenulations have developped in folds formed by flow. These struc-

Fig.6— Early and late foliztion in mesoscopic structures. Note that Lhe
o R
foliatien planes run at an angle of 357

tures are probably synchronous. The axial planes of these folds and attitude of'shear planes are conformable
embracing the pluton peripherycally.

Thrusting will be realized due to relative movement of one band with respect to another if the stresses
parallel the foliation planes. The relative movement of flow structures will fold the material in microlithons so
that conjugate folds (Fig.7) and microfolds with flow cleavage will be formed (Fig.8). Differential movements
between the walls of shear cleavages have resulted in offset of ductile fractures (Plate III, fig. 2). The prograde
character of the movement will result in refolding or rupture in the wings of these ductile faults. There will be
folds, formed perpendicular to those formed earlier (Fig.7), in addition to breakup and movement along fault
planes, with consequent formation of microthrusts.

The axial planes of folds of the late stage cross-cut the foliation planes formed during the earlier phase of
deformation. The material in the flanks elongates and thins with prograde deformation while thickening occurs
in the apex (Fig.8). As the angle between the flanks is minimized, there will be flow to the apex and the bound-
aries get sharper. The apex is finally detached as the flanks thin out. Thus, the earlier foliation (S, , ) is eradicated.

fate
Fig. 7— Schemalised diagramme (after Berthe amil Brun, 1980) showing (or-

mation ¢f Lthe conjugate folds in microlithons.,



PLUTON OF THE DEMIRKOY 85

The new foliation planes (S ) starts to conform with attitude of the earlier foliation planes. The relict structures
from the early foliation are shear pods (Plate III, fig. 3). and mica buttons of the apex (Fig.8) (Roper, 1972) and
trend generally at an angle to the banding.

Fig.8— Tight and recumbent isoclinal folds. Button structure at
crests of folds formed by the new foliation.

The translation along these flow structures have caused formation of thrust slices. These movements, which
are the cumulative result of a prograde deformation, are responsible for enhancement of the movements of micro-
lithons or shear bands.

DISCUSSIONANDCONCLUSION

The structural forms and events are consequences of deformation and rupture of granitic and host rocks
during the emplacement.

The total displacement of the thrust slices is the cumulative result or vectoral addition of dextral and sinis-
tral movements.

1— Contact metamdrphism of hornblend-hornfels facies is encountered in the country rocks.

2— The cataclastic zone, characterized by a brittle-ductile deformation, embraces the pluton with a periph-
eric attitude.

3— Andalusite-cordierite bearing contact schists encircle and embrace the granite periphery which is con-
verted into a zone of mortar gneiss.

4— Rupture and'displacement in quartz, feldspar and micas of the granite and the country rocks; rotation
and pressure shadow area in cordierite and garnet, oblique incremental elongation in quartz, displacement of
broken grains leading to oblique rearrangement of-grains and mica fish are frequently observed microstructural
features.

5— The micro.and-macrostructures seen along the granite boundary are conform,ble.
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6— Multi dimensional banded structures-crossbanded structures, plus folds and thrusts of various dimension
and character are encountered.

7— Rupture and folding followed each other and ended up with convertion of shear slices into en echelon

micro-thrusts.

8— The deformational process in mylonitic rocks, starting with undulatory extinction and ending up with

micro-thrusts, isa direct consequence of multistage and progressive simple shear.

9— The cause of simple shear is emplacement of the granite. The steepness of the structural elements
around the granite periphery have been realized in the latest stage of emplacement

10— The total movement observed along the granite periphery is the cumulative result of the described
progressive deformation.
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PLATE

Fig.l- Rotation in garnets. Note the microfolds defined by mica flakes and the asymmetric pressure shadow areas. Crossed nicols.
Fig.2- Pinitized ksenomorphic cordierite and idiomorphic andalusite in a contact schist. Crossed nicols.

Fig.3- Photomicrograph of grains with throw with respect to one another in a quartzo-feldspathic vein.
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PLATE-II

Fig.l— Feldspar clasts of the same orientation. Note the throw is oblique to the direction of main shear.

Fig.2— Spindle shape quartz porphyroclasts produced by shear.

Fig.3— Mica-fish, oblique (28 ) to thefoliation, indicating aleft-lateral shear. Crossed nicols.
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PLATE-III

Fig.|— Shear clevage. Note the orientation of micaflakes that is oblique to the cleavage.

Fig.2— A ductile fault formed in amicarich shear pod. Crossed nicals.

Fig.3— Mica pods denned by the early and late foliation. Note that the foliation planes are at right angles. The section passes
through the crest.
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INTERPRETATION OF NEW GEOCHEMICAL, RADIOMETRIC AND ISOTOPIC DATA ON EASTERN AND SOUTHEASTERN
ANATOLIA

Tuncay ERCAN*; Tatsuya FUJITANI****Jun-ichi MATSUDA*****; Kenji NOTSU******; Selcuk JOKEL******* and
Tadahide UJ#****

ABSTRACT.— Collision zone volcanism that had started at Middle Miocene in Eastern and Southeastern Anatolia was examined.
Major, trace and rare earth element analysises, measurements of the strontium isotope (87 Sr/86 Sr) and radiometric dating by
K/Ar method of the samples from various regions were carried out. Diagrams that were plotted according to major element
contents of the volcanic rocks show calcalkalic, alkaline and partly tholeiitic features. Volcanic rocks were named according to
petrography and the results of the chemical analysis. Trace element contents of the volcanics generally fit the mean values of the
upper continental crust, partly the mean values of lower crust and rarely the mean values of the mantle. Sr isotope ratios of the
samples range between 0.70350-0.70640. These results indicate that the crustal slab related to the subducting Arabian plate
contaminated the magma which formed the volcanics. According to K/Ar datings the oldest age of 11.4 + 0.9 my is from Eleskirt
Kosedag dacites and the youngest age of 30,000 years are from obsidians of Nemrut Mountains and trachyandesitic lavas of Ten-
diirek Mountains. The distribution of the volcanics of the Eastern and Southeastern Anatolia and their volcanologic, geochemical,

petrographic, radiometric, isotopic features are discussed.



THE OSTRACODA BIOSTRATIGRAPHY AND ENVIRONMENTAL INTERPRETATION OF THE MONTIAN-CUISIAN
SEQUENCE IN THE SOUTH OF POLATLI (SW ANKARA)

Mehmet DURU* and Nuran GOKCEN**

ABSTRACT.— In the present study, the ostracoda fauna of the sedimentary rocks of Lower Paleogene situated in south of the
Polath Town have been stratigraphicaly examined, its biozones have been distinguished and the findings are interpreted from the
cronostratigraphic and environmental point of view. By evoluating the stratigraphic distribution of 44 ostracoda species, the
existance of 4 biozones in Montian—Cuisian have been proposed. It is interpreted that the Tertiary sequence of the region was

first deposited in a continental and then in a marine environment.



STRATIGRAPHY AND MICROPALEONTOLOGY OF THE MUT-ERMENEK TERTIARY SEQUENCE

Umit TANAR*** and Nuran GOKCEN**

ABSTRACT.— Mut Tertiary basin, situated in the Mediterranean Region of Anatolia, covers mainly the upper district of Goksu
river. The study area is bounded by the villages of Karaman, Mut, Ermenek, Giilnar and Sarikavak. The study Tertiary sequences
transgressively overlie the Paleozoic and Mesozoic aged basement. The oldest unit of the Tertiary sequence (Yenimahalle formation)
is the Post-Eocene detritics exposing in the west and indicate limnic and/or brackish environment. Fakirca formation which rest
upon these detritics, is primarily of the Upper Oligocene and Lower Miocene age. The ostracod and the foraminifer contents of
the formation indicate the environmental change between limnic and brackish conditions. This formation is conformably overlain
by Deringay formation including bentonic-planktonic foraminifers and ostracod fauna and indicate shallow marine environment
of Burdigalian. The Tertiary sequence is succeded by Koselerli formation and microfauna contents designate shallow marine se-
dimentation at the end of Burdigalian and beginning of Langhian. According to the fossil contents and field observations, Mut
formation which generally placed at the top and exhibited lateral and vertical extinction to Deringay and Koselerli formations,
indicates Langhian-Serravalian timtespan.



ANEW CARBONIFEREOUS AND PERMIAN FINDING IN THE KARAKAYA NAPPE

Erdin BOZKURT****

ABSTRACT.— In the study area, two rock units crop out. The first of them is the Karakaya nappe, which is a tectonic unit. The
second unit is the Pliocene cover rocks, which unconformably overlie the Karakaya nappe. In the investigated area, the Karakaya
nappe is composed of different blocks floating in a litarenitic sandstone matrix. As a result of detailed litho- and bio-facies studies,
one of these blocks is dated to be Visian-Serpukovian, the other to be Asselian-Sakmarian. Well-bedded and 150 meters thick suc-
cession observed in of these blocks is informally named as the Beytepe formation.
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