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PETROGRAPHICAL AND PETRO-CHEMICAL PROPERTIES OF THE
ROCK UNITS CROPPING OUT IN ULUKISLA TERTIARY BASIN

Ali CEVIKBAS! and Onder OZTUNALI?
1 Gen., Direc., Min., Res. Expl.(MTA) Ankm'a-?URKiYE
2fstanbul Univ.Dept. of Geology, Istanbul-TURKIYE

ABSTRACT: Investigated area is limited by Nigde Massif to the north, Bolkardag to
the south and Ecemis Fault Zone to the east. The basement, Bolkardag marbles, is
tectonically overlain by Alihoca ophiolitic complex.Horoz granodiorite and vein rocks are
exposed by cutting the marbles and ophiolitic rocks.

Ulukisla-Camard: Basin has studied as three diffrent portion, that stratigraphically and
lithologically do not match one another. In the south, the base of the Palacogene basin
starts with Upper Maastrichtian-Lower Paleocene reefal carbonates ( Kalkankaya
formation), that unconformably rest on the Bolkardag marbles and ophiolitic complex,
and continue with detrital units tll to Middle Eocene. The middle portion starts with
Cretaceous (Maastrichtian) age detrital Kirkgecit formation and followed by Middle
Eocene age volcano-clastic Tabakli formation. The base of the north portion starts with
Upper Cretaceolts carbonates (Omerli formation) and then formation of the
volcano-clastics and various intrusions carry on until Middle Eocene.

In the middle portion of the Ulukigla-Camardr basin, the first volcanic activity
(Karakaya basalt member) formed during Upper Cretaceous together with the basin
formation. The second volcanic activity are seen during the Paleocene-Middle Eocene
time. however this volcanics carried on their deposition with some other clastics.
Volcanism presents volcano-sedimentary character in the middle portion, however,
mostly it displays basic character (¢.g. Unliikaya formation and Karlik basalt) and
andesitic character (e.g. Ardigh formation and Aliclt andesite), which formed in the shape
of lava flow, in the north. Magmatic rock units such as Ucurumtepe monzonite, Yaglitag
diorite and Elmali synite stock and dikes are also seen in this part.Well exposed Middle
Paleocene-Lower Eocene volcanism also prevailed during Lutetian time. All the units are
cut by Kaletepe trachyte. Due to regression occured in the region by the end of Upper
LEocene, evaporites, lacustrinal and fluvial deposits formed on the continental
environment.

Mineralogically Ulukigla voleanics comprise basalt, sipilitic basalt, andesite,
trachyandesite, syenite porphire and trachyte. According to major and trace elements
contents, alkaline and calcalkaline rocks formed due to continent- continent collision and
so it is proposed that this rocks are the product of a contaminated hybritic magma occured
due by thickenning crust.
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The background values of the individual metals for Turkish river sediments were
represented as mean values which correspond to the natural heavy metal concentration
of the waters:

Fe(%) Co Cr Ni Cu Pb Zn Li Mn
4 34 215 253 61 24 145 30 957 (mg/kg)
0.87 1.78 2.39 373 134 1.19 1.53 0.5  1.13-fold values

The above-mentioned heavy metal concentrations were measured in clay fraction and
include only those (240) samples with a concentration below the twoffold standard
deviation values. This represents an area of 240,000 m2 (one-third of the country’s total
area).

Geochemical examinatination of fine grain sediment revealed the possible existence of
metal deposits with regard to Li, Cu, Pb, and Zn.

Nutrient substance ( Corg and N) was found to be extremely low with the exception of
the Porsuk River, which had high values owing to the waste water coming from 1o city
of Eskisehir. This anthropogenic influence can also be seen in the increased proportion
of light bound metals. The lateral distribution of phosphates being quite constant in all
rivers, lithogenic origin is indicated. However, a distinct increase in phosphate content
was observed downstream after all urban settlements, particularly in Porsuk sediment.

The mean carbonate content is of detritic origin and corresponds to the minerals in the
catchment area.

Granulometric analysis showed that sediments are extremely sandy owing to the
strong current in all rivers and the prevalence of erosion-proof minerals.

The predominant clay mineral group found was Smectit which is atiributed to the
extensive areas of volcanic rock and basic magmatites. lllites, caolinites, and chlorites
make up almost 50% of the clay minerals in regions of metamorphic and paleozoic
rocks.

In summary, the ecologic situation of the rivers can be described as intact, which is

largely due to the fact that these waters are unsuitable Jor navigation. Anthropogenic
effects are cleary restricted to the environment of the few large cities.

The high susceptibility of surface water to pollution of all kind demands particular
attention in the case of the rivers of Turkey, since they are the main source for drinking
water and irrigation even beyond the country’s borders. With the growing water scarcity
already evident in Israel, the Middle East, Africa, and several Greek islands, a constant
observation and protection against contamination has to be given Sirst priority.
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GEOCHEMICAL AND SEDIMENTOLOGICAL INVESTIGATIONS ON
TURKISH RIVER SEDIMENTS-GEOGENIC AND ANTHROPOGENIC
EFFECTS.

Dr.H.Emin SEViM
Kleinschmidistrasse 46, D-6900 Heidelberg-GERMANY

ABSTRACT: During summer | 988, 250 sedimeny samples were tqken from the
Hood plain areq of Turkey's 7 main rivers (Sakarya, Yesilirmak, Kizthrmalk, ¢ evhan,
Sevhan, Gediz, and Menderes). The aim of the siudy was to pinpoint heavy metql

sediment was examined.

The collected samples underwent grainsize ﬁ'acn'om'ng, heavy metai fracing of Cd,
Co, Cr, Cu, Fe, Mn, Ni, and Zn, and g sixphase extraction procedyure (based on ¢
model by Tessier o al.) to determine the binding Jforms of the heavy metals in
sediment.

Results confirmed the initial assumption thar the 8eogenic base load woyld be high
OWIng 1o the extensive deposits of magmatic rock in Turkey. The heavy metal
concentration largely reflects the geochemical Structure of the hinterland. Analysis of the
chemical binding forms revealed a Similarity among all the rivers, and that the heavy
metals are Sfirmly bound in the sediment. Also, no heavy metal pollution was Jound in
the recent layers of a vertical sediment profile,

The results obtained can therefore be employed ag background values in future
investigations. Although the mean content in the examined Sediment varies, q general
lendency was eviden;. Diverging heavy metal conteny was found in the cqse of Ni, Cu,
and Mn. Sediments of the Ceyhan and Menderes revealed above average Ni
concentration, and the ¥, esilirmak showed high Co concentration OWIng 1o non-ferrous
metal deposits in the East Pontides.
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NEW GEOCHEMICAL, ISOTOPIC AND RADIOMETRIC DATA
RELATED TO PLIO-QUA'[’ERNARY VOLCANISM OF ERCIYES
MOUNTAIN OF CENTRAL ANATOLIA

Tuncay ERCAN!, Selcuk TOKEL?, Jun-Ichi MATSUDA?,
Tadahide UI4, Kenji NOTSUS, Tatsuya FUJITANI®
I MTA General Directorate ,Ankura-TURKI'Y E
2 karadeniz Tehe, Univ.. Geology Dc'pr..Trabzon-TﬂRKFYE
3 Department of Earth and Space Science, Faculiy of Science. Osaka University. Osaka, JAPAN
4 Department of Earth Science, Faculty of Science, Kobe University, Nada, Kobe,JAPAN
5 Laboratory for Earthquake Chemisiry. Fuculty of Science, Tokyo University, Bunkyo-Ku Tokyo.JAPAN

6 Marine Technical College, Department of Physics.. Ashiyo Hyogo, JAPON

ABSTRACT:" Erciyes Dagl” of Central Anatolia is an important volcanic centre,
chm'acrerised by eruptions 10 have started in Pliocene with intermittent historical bursis,
and defined as a live volcano due to 8as emissions, some of which originating from the
mantle. The central cone of Erciyes is 3916 m. high and is surrounded by 70 parasitic
cones with diamelers ranging between 650-3000 m.

Geochemical, isotopic and radiometric analyses werc carried on Plio-Quaternary rocks
of generally andesitic and dacitic with minor rhyoduacitic and basaltic compoSIitions.
Isotopic ratios of 87511865r yarying between 0.70387 and 0. 70548 and evatuation of
trace and rare carth element contents, siggest conclusively important contribution from
the upper crust. 8751868 ratio decreases with inerease of Sr content, and Increases
with increase of Si0p Erciyes volcanism is d typical example of [Jnsr—coiiisional
voleanism occurring in the collisional zone petween Anatolian and Afro-Arabian plates.

Radiometric dating by KiAr method yielded ages varying between 2.590.000-104.000
y.and 83.000+5.000y. showing that the parasitic cones around Erciyes started in
Pliocene and the Erciyes cone started to form cq)pra.rimarely ] million years ago
continuing its development until historical times.
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GEOLOGY OF THE ALAGOL DAGI AREA (CAMARDI-NIGDE) IN
THE EASTERN TAURIDES

Recep H. EREN !, Bektag Uzl Istk OZPEKER!and ihsan SEYMEN?
1 Istanbul Techn. Uniy. Geology Dept. Ayazagallstanbul-TURKIYE
2 Selcuk Univ, Geology Dept., Konya-TURKIYE

ABSTRACT: Various carborates with thin quartzite intercalations of the Zindandere
Jormation of the Upper Permian age form the oldest pari of the stratigraphical column
of the area studied. § ituated at the "Black Aladag Nappe” of the Eastern Taurids. This
sequence is followed by another carbonate serie (Cobankaya Frm. ) of the Early Jurassic
age above an angular unconformiry. The Youngest units of the stratigraphical colwmn
of the area are the alluvium and the slopedebris deposits covering extensive areqs.

The Pb-Zn mineralization is observed to be related 1o the Upper Permian and Jurassic
deposits with varying degree. This situation implies that the mineralization is not
controlled stratigraphically, in other words, the mineralization is not confined to some
sedimentary horizons.

The field observations have showed that 1he historical mines are Sitwated ar the
intersection lines of the joints or, more often, are sitnated in the apex regions of the
minor folds situated ar the limbs and apex of the Tekneli Anticlinorium. The Pb-Zn
occurences seen in the ¢ obankaya Formation are largely related to the joint planes and
the ones seen in the Zindandere Formation are related to the avial zones of the minor
anticlines besides the Joint planes.
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ENVIRONMENTAL INTERPRETATION OF THE EARLY MIOCENE
DEPOSITS (KAPLANKAYA FORMATION) IN THE ADANA BASIN, S.
TURKIYE

U.Can ONLOGENGY” and  Umit SAFAK 1
% Department of Geology, University of Keele, Staffs. ST5 5BG ENGLAND (present address)
| Cukurova Univ., Geology Deparrmenr,OI}jO Balcali IAdmla-TI]’RKI'YE (permanent address)

ABSTRACT: Deformed basement units of Palaeozoic and Mesozoic age are overlain
by Tertiary deposits with an gular unconformity in the study area. The Oligocene
Karsanti sub-basin with its alluvial fan, lagoonal, jacustrinal and fluvial sediments were
deposited prior 1o the main Adana Basin deposits. The Karsanii sediments lie
disconformably on the allochthonous Upper Cretaceous Kizildag melange and Farasa
ophiolites (0 the north of the Adana Basin.

The depositional history of the Adana Basin begins during the Early Miocene as d
perfphe:'a! foreland basin. The basin fill is both marine and non-marine in character,
which show a gradual (ransition at the northern margin of the basin into one another.
Although there is no clear contact observed between the non-fossiliferous terrestrial
Gildirli Formation and the Oligocene Karsanii sub-basin fill deposits, it 1 proposed
that, the Karsantt Buasin fill is older thart the undeformed Gildirli Formation with some
substantial intervening deformative event. The Early Miocene Kaplankaya and Karaisalt
Formations conformably overlie the Gildirli F ormation. They are both seen to sit on the
tilted Karsant basin fill with angular unconformity.

The Early Miocene deposits, formed due 1o @ northerly encroaching marine
transgression, with a northerly source for the littoral-brackish and deltaic Kaplankaya
Formation deposits. Stratigraphical, sedimentological and paiaeomoiogical observations
prove that the Kaplankaya Formation formed during the Burdigalian. 1ts base is
characterized by alluvial fan and distributary mouth bar deposits with intermittent Auvial
and marine conditions. These pass up into pro-delta clayey facies which consists of
shallow marine fossils. The Langhian—Serra.vaHian wrbiditic Cingdz F ormaiion cuts the
Kaplankaya formation with channelized, erosive contacts.
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PRELIMINARY FIELD OBSERVATIONS ON THE GEOLOGICAL AND
GEOMORPHOLOGICAL FEATURES OF THE NORTH ANATOLIAN
FAULT ZONE AROUND DESTEK -ERBAA (AMASYA) REGION,
TURKIYE

Osman PARLAK and Cavit DEMIRKOL
Dept. of Geology, Cukurova Univ. 01330, Adana-TURKIYE

ABSTRACT: The study area lies on the North Anatolian fault zone in the area between
Destek-Erbaa (Amasya). The basement of the investigated area is composed mainly of the
low grade metamorphics of the Tokat group. This unit is unconformably overlain by a
comprehensive series of Mesozoic sequences containing dominantly carbonate, fl ysch-type
sediments with volcanic intercalation. Middle-Upper Eocene sediments rest on the
Mesozoic sequences with an angular unconformity. A wide-spread Pliocene sediments are
seen along the fault zone and according to 1943 earthquake, recent deformation patterns in
Fliocene deposits are observed in the north of Erbaa region.

Four sets of faults have been observed in the study area. These are;

1. Approximately 115° yrendin g right -lateral strike slip faults running parallel to the main
trace of NAFZ.

2.130-140° trending right-lateral strike slip faults
3.090-098° trending right-lateral strike slip faults
4 .040-045011'617(11';13 lefi-lateral strike slip faults

Geomorphological features such as elongated hills, sag ponds, pressure ridges,
landslides, alluvial fans are the indication of strike slip tectonic regime in the study area.

This study contains the initial observations on general characteristics of the investigated
area. Future swudies will give much more evidences for neotectonic history of the region.

362



1 International Symposium on
Eastern Mediterranean Geology
GEOSOUND 1316 October 1992 Adana-TURKIYE SPFCIAL 1S5UR

YERBILIMLERI ISSN 1019-1003

PALEOMAGNETIC INVESTIGATINOS OF MIOCENE-PLIOCENE AND
PLEISTOCENE DEPOSITS OF EAST ANATOLIA.

T.A.ISMAIL-ZADE, A.Kh. IBADOV and T.N. KHUDAYAROV
Institute of Geophysics, Baku-AZERBAIJAN

ABSTRACT: There were conducted the paleomagnetic investigation of results of
fourth sections of deposits of Upper Miocene, Lower Pliocene and Middle Pliocene and
Pleistocene of East Anatolia (Araz, Maslakhat, Ishyklar, Araz-chai). The analyses of
magnetic clearing results on the basis of Ziyderveld diagram showed that natural residual
magnetization of Jn has one ore 1wo components. Viscous components of Jrv varies
% 1o 40% of in. Magnetic susceptibility of rock samples of all four
sections is varied from 0.4%10 SI, international system of units, to 48%10 SI and
natural residual magnetization is varied from 0.2%10 81 1o 445%10 SI. In sections of
Araz and Maslakhat there were determined one zone of direct magnetization and one

2

within the from 3

zone of reversible magnetization. In Ishyklar section there were determined two zones of
direct magnetization and one zone of reversible magnetization. In Araz-chai section
there were determined one zone of direct magnetization. Change of zones of direct and
reversible magnetization of Araz section coincide with the boundary of Miocene-Pliocene
deposits and it is well correlated with transition from Pontic stage to Kinimeric stage of
USSR paleomagnetic scale. The average value of the ancient declination D and
inclination I according to the sections are equaled: Araz-D=4, 1=-60, Maslakhat - D=10,
]=-55, Ishyklar - D=203, I=75, Araz-chai - D=230, 1=67. Proximity of ancient
declination value for two first and two last sections can be related to the features of
tectonic development of region. Study of dependence on temperalire of residual
magnetization saturation of Jrs (T) determined that the carriers of natural residual

magnetization are mainly magnetite, hematite, maghemite, hydrogoethite.
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Nakhichevan Autonomous Republic and there were not exactly correlated the
stratigraphic sections. The same error was made in the Middle Kura depression region.
The error made in use of volume of Iutecium stage and Middle Eocene related 1o the
stratotypical Paleogene sections located in the W, est. These stratotypes are located in that
part of epicontinental basins where beginning from Danish stage 10 Oligocene stage
inclusive one can observe Jrequent change of genetic sedimentary origin deposits of the
same type (off-shore deposits, lagoon deposits, lacustrine deposits, river deposits, soil
fossils of podsol type and others). These deposits have not or have the limited number
of characteristic species according to which one can make the wide correlation, Because
of sedimentation discontinuity, Paleogene stages of Lnglish-French-Belgian basin
having insufficient paleontological data overlap each other (Tanet stage, Snarnak stage,
Herd stage, Ipr stage and others). There were determined according to the fragmentary
exposures (Asshai stage, Vemmel stage, Led stage and others). So there were made the
great errors in comparison with off-shore Paleogene deposits of East and West up to
parallelization of different stage ages {Borton stage, Criahon stage, Bodrak stage and
others). Now it is common knowledge that there were not determined the volume of
lutecium stage and its correlation with the Middle Eocene in the Crimean scale of
Paleogene as well as the West Luropean scale of Paleogene,

Paleogene deposits of Azerbaijan were subdivided into local suits, horizons, layers for
a long time. Their ages were determined up to division or subdivision without using of
stage separation. It is impossible 1o determine volume and area of oil-bearing lutecium
deposit distributions.

zerbaijan and Turkey are characteri-ed by heterogenous geological structure which
was caused by heterogeneity of their basement, complex geotectonic processes in
development of their territories, dislocation features in sedimentary cover, lithofacial
variations of areal sections and the presence of magma origin formation in them.

For definition of volume and region of lutecium deposit distributions it is necessary to
select from paleontological point of view the best characterized Eocene sections of
Azerbaijan and Turkey and make Stage separation, zone separation and paleomagnetic
separation by them. Paleomagnetic investigation can render invaluable assistance for
determination of exact correlation of sections with the common scale of Locene deprived
of faunistic remains. Thus, these investigations enable to correct search and exploration
work direction.
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THE MAIN REASONS OF SEARCH AND EXPLORATION OF
HYDROCARBON ACCUMULATION IN EOCENE DEPOSITS OF
AZERBAIJAN AND TURKEY.

M.A.BAGMANOV, T.A.ISMAIL-ZADE and K.M. KERIMOV
Institute of Geophysics, Baku-AZERBAIJAN

ABSTRACT: Hydrocarbon deposits related to the Eocene section were discovered in
a number of areas of Azerbaijan and Georgia. They were local ized in lutecium deposit.
For definition of further direction of search and exploration work is required (o
determine the region of these deposit distributions. Difficulty of the problem solution
can be explained that firstly, the most of perspective ared sections are not exacily
controlled from paleontological point of view. There were not determined
paleomagnetic zones in them according to which might be conducted the correlation
with the common scale. Secondly, Middle Eocene deposits in Azerbaijan and Turkey as
well as deposits in the rest regions of the world had been considered only in the
volume of lutecium stage up (o now.

In this connection the substantial Above-lutecium part of Middle Eocene in fact not
having of large oil and gas show concerned either lutecium stage or Upper Eocene.
There was not the great professional error. It was the result of errous practice of
stratification section.

For lack of stage separation of Middle Eocene and incapacity of exact definition of
Iutecium stage in its volume there was not determined the block structure of
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GEOLOGY AND MINERALOGY OF THE MADSAN ANTIMONY
DEPOSIT (CAMARDI-NIiGDE)

Ilkay KUSCU and Ayhan ERLER
METU, Dept. Geol, Eng., 06531 Ankara, TURKIYE

ABSTRACT: The Madsan antimony deposit is located 1 km north-northeast of
Camardi, and 68 km southeast of Nigde. It lies at the southeastern part of the Nigde
Massif, close to its boundary with the Ecemis Fault,

The Madsan antimony deposit is hosted by white marbles, calc-silicate marbles and
sericitized gneisses of the Giimiigler Formation. Wall rocks are silicified, sericitized,
chloritized and recrystallized. Silicification, sericitic alteration and chloritization are
observed in the gneisses while silicification and recrystallization are dominant in the
marbles.

The mineralization is restricted to a zone of structural disturbance. Faulis, folds,
Joliation planes, fractures and rarely joints act as structural controls.

The principal mineralizations are (1) quartz-stibnite veins along the marble-gneiss
contacts and at the crests of the folded calc-silicate marbles, (2) quartz-pyrite-stibnite
veins along the foliation planes of the gneisses, (3) quariz-pyrite veins along the
Joliation and fracture planes of the gneisses, and (4) quartz veins alon g the
marble-gneiss contacts. Stibnite is the dominant ore mineral with rare cinnabar, The
gangue minerals are pyrite, fine and coarse quartz, calcite and sericite. Stibnites display
well developed quasi-plastic deformation textures such as kinking, pressure lamellae,
microfiactures and annealing, indicating at least Jive deformation and formation phases.

Lateral secretion and mobilization Jfrom source beds appear to explain the mode of
formation. According 1o lateral secretion model, the quariz veins and lenses Jormed by
infilling of fractures and dilational zones by silica and metals and sulphur derived from
immediate wall rocks. According to source bed model, stibnite and other minerals are
remobilized from syngenetically deposited sulphides within the lower parts of the
Giimiigler Formation into structurally controlled places. The role of the Uckapilr
Granodiorite is 1o provide heat for circulation of the fluids to leach metals Jfrom source
beds.
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GEOCHEMICAL DISCRIMINATION AND PETROGENESIS OF
BASALTIC SEQUENCES IN THE ANKARA MELANGE

P.A.FLOYD
Dept. of Geology, Keele University, Staffordshire, U.K

ABSTRACT: Within the three major thrust-bound tectonic units of the Ankara
melange (Ankara zone, Eldivan ophiolitic zone, Kiliclar zone ) are numerous megaclasts
of submarine basaliic lavas. The lavas are variably altered with secondary assemblages
characterized by ubiquitous carbonate, smectite, chlorite, sphene, and Fe oxides; the
occurrence of minor pumpellyite suggests low-grades of regional metamorphism.

Stable incompatible element geochemistry indicates that the majority of the basalts
from all three zones exhibit a range of characteristics typical of within-plate ocean
islands (OIB) with progressively enviched, chondritenormalized, spidergram
distributions peaking at Nb-Ta, light REE-enriched patierns (LalYb ¢.10), and low
ZrINb ratios (3-8). Alkalic basalts from the Kiliclar and Eldivan zones can be broadly
distinguished on the basis of variable ZriNb ratios. The proportion of lavas comparable
10 basalts derived from mid-ocean ridges (MORB) are relative small and confined to a
few isolated outcrops within all three zones.

Because of the limited and fragmented nature of most outcrops in the melange, a
single sequence of basaltic lavas were sampled within the Kiliclar zone to determine the
petrogenesis of a small oceanic crustal segment. Near Kiliclar village is an almost
continuous sequence of submarine lavas, volcanoclastic debris flows and minor
intercalations of oceanic sediments, with a stratigraphic thickness of ¢.500 m. All the
basalts are incompatible element-enriched, alkaline aphyric and phyric OIB, vesicular,
guench-textured, and often exhibit pink titanaugite and rare brown magmatic amphibole
in a hypocrystalline matrix. Phyric varieties have plagioclase, plagioclase+olivine, and
plagioclase+clinopyroxenc phenocryst assemblages. On the basis of variable ZrlY ratios
they can be divided into three chemical groups that relate 1o discrete segments of the
lava pile, and reflect a general increase in the degree of partial melting with stratigraphic
height.

For many of the Ankara melange basalts the submarine environment is tentatively
compared with the volcanically-active arches adjacent 10 the volcaniclastic debris-filled

moats of oceanic islands.
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MINERALOGY AND ORIGIN OF THE GIBBSITE BEARING
KIZILALAN BAUXITE OCCURRENCE (KAS-ANTALYA-TURKIYE)

M.Kenan YALINIZ and M.Ender ATABEY
Department of Geological Engineering, METU, Ankara-TURKIYE

ABSTRACT: The Kizilalan bauxite occurrence is sited among the Siitlegen bauxite
occurrences north of Kag-Antalya. The occurrence is lens shaped and fills the karstic
depression of Upper Cretaceous limestones and unconformably overlain by Burdigalian
limestones.

The bauxite is bochmitic dominantly and gibbsite is present as secondary alumina
mineral. However, it's concentration sometimes dominates over boehmite. In contrast,
in some samples gibbsite is the only alumina mineral. In addition; kaolinite, hematite,
anatase, and goethite are also identified in the samples.

The occurrence also contain gels in considerable amounts. Such as, boehmite,
gibbsite, kaolinite gels and alumina silica gels.

The association of above mentioned minerals and gels suggest that, the Kizilalan
bauxite occurrence is derived from primary complex gel of Al, Fe, Ti, and Si

compounds by gel aging processes.
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regarding the formation of the Afiq Canyon.

The first incision is related to the Early Oligocene times, when a submarine canyon
was formed on the continental slope of that time.This hypothesis is supported by the
occurrence of polymictic conglomerates with a marly pelagic matrix of Oligocene age in
the boreholes of Nahal Oz 1 and Gaza 1. Chaotic conglomerates of Oligocene age
occur also in the Ashdod Canyon (Buchbinder et al, 1981). These conglomerates are
typically mass iransported sediments on continental slopes.

The fall of the sea level during the beginning of the Messinian prior to the deposition
of the Mavgiim evaporites, exposed the canyon shoulders but not necessarily the canyon
floor, thus indicating a fall or sea level not necessarily greater than a few hundred
meters only. During the following Messinian rise in sea level, the canyon shoulders
were submerged again. Evaporites were deposited within the canyon on the floor and
onlapped its shoulders (the Beeri gypsum, Gvirtzman, 1970) thus indicating deposition
from a deep hypersaline sea (Cohen and Parchamovsky, 1986). After the deposition of
the Mavqiim evaporites at the canyon’s shoulders a subsequent drop of the
Mediterranean sea level of at least 400 m exposed the canyon'’s floor, probably for the
first time throughout its history. A subsequent development of a fluvial system
deposited the conglomerates and sandstones of the Afig Formation (Buchbinder and
Sneh, 1980). A carbonate deposit at the base of Afig Formation is a reduction product
of Mavgiim sulphates.

Al the begining of the Pliocene, sea level rose and the canyon and its shoulders were
submerged and gradually filled by sediments of the Yafo Formation.

The sudden change in width and shape in the morphology of the Afig canyon about 4
km ecast of the present shoreline and its extension as a wide and flat botiomed
depression at least some 30 km offshore (Garfunkel et al., 1979); Greenfield, 1985)
suggests submarine sliding. Erosion of most of the Early and Middle Miocene sequence
in the Gaza 1 borehole (within the broad valley), as compared to the complete section in
the Nezarim 1 borehole (on its southern shoulder), is indicated by seismic data, and
confirmed by foraminiferal zonation. These data point (o a possible Early -Late Miocene
time for the sliding event. Late Miocene Zigim and Mavqiim sediments paved the scar's
surface.
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THE AFIQ CANYON, SOUTHERN ISRAEL OLIGOCENE TO
NEOGENE REPETITIVE SUBMARINE EROSION EVENTS ACROSS
THE CONTINENTAL MARGINS OF THE EASTERN
MEDITERRANEAN

Y.DRUCKMAN, B.BUCHBINDER, G.M.MARTINOTTI, AND
R.SIMAN TOV,

Geological Survey of Israel, Jerusalem-ISRAEL

ABSTRACT: The buried Afig Channel is trending NW from Bear Sheva to Gaza,
continuing offshore in the same direction. The canyon is entrenched in rocks of the
Eocene Avedat Group, Senonian-Paleocene M. Scopus and Cretaceous Judea and
Talme Yafe groups. Its width ranges between 2-4 km throughout its upper course and
changes suddenly to about 15 km, some 4 km inland from the present Mediterranean
shoreline,

1t is filled and buried by the Oligocene to Pliocene Sagiye Group. Its depth changes
gradually over its upper 20 km from 250 m 10 500 m and abruptly from 300 nt to 1500
m over its lower 10 km.

The Afiq canyon was interpreted as a late Oligocene erosional feature (Neev, 1960).
However, Gvirtzman (1970, 1978) and Gvirtzman and Buchbinder (1978) dated the
incision as Middle Miocene. They have inferred two additional erosive phases, one in
the early Late Miocene and one at the end of the Miocene. The first two incision phases
were regarded as subareal in origin as a result of repeated uplifting of the shelf, and the
last one as a result of the sea-level drop during the desiccation of the Mediterranean at
the close of the Miocene.

New borehole, paleontological and seismic data led 1o a revised interpretation
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moderately large semi-enclosed depocentre in the northeastern Mediterranean Sea.

Detailed interpretation of -5000 km of seismic reflection profiles from the northeastern
Mediterranean Sea showed the followings: (1) During the Pliocene-Quaternary,
extension took place in the NE corner of the Medirerranean Sea by listric faulting on a
decollement surface at the base of the M essinian evaporites. The former M isis-Kyrenia
thrust belt may also have acted as a strike-slip fault, although its surface expression is as
a horst block. The decoupling at the base of the evaporites has resulted in listric fault
fans and roll-over anticlines almost orthogonal to the bounding faults. (2) The evolution
of Pliocene-Pleistocene depocentres was largely controlled by the Misis-Kyrenia horst
and the listric fans and associated roll-over anticlines, which shifted position through
time, creating a shifiing pattern of depocentres. (3) The extensional collapse of the
Adana-Clicia-Iskenderun-Latakia basin complex resulted in overall retreat of the coastline
in Cilicia and Latakia basins during the mid-to late Quaternary. The continental shelf
subsided sufficiently rapidly to trap most sediment on the shelf. (4) Four types of
depocentre are distinguished: (A) depocentre landward of the maximum paleoshorelines
in which accomodation space between (wo transgressive surfaces that was created
almost exclusively by tectonic subsidence; (B) thick sediment accumidations near
paleoshorelines, particularly where a depositional sequence prograded further seaward
then the underlying depositional sequence; (C) isolated depocentres in deep water
controlled by halokinesis and (D) small deep water turbidite basins fed by
fault-controlled channels.
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TECTONIC EVOLUTION OF BASINS IN NORTHEASTERN
MEDITERRANEAN SEA

A.E. AKSU!, M.ERGUN2, J.HALL!, M.DUMAN?2,
D.YASAR2, T.CALON!
1 Department of Earth Sciences, Centre for Earth Resources Research,
Memorial University of Newfoundland, St. John's, Newfoundland, CANADA
2 Institute of Marine Sciences and Technology, Dokuz Eyliil Univ.,

P.O.Box 478, 35211 Izmir, TURKIYE

ABSTRACT:The present-day tectonic framework of the Eastern Mediterranean is
controlled by the last phase of collision between the African and Eurasian plates. The
Aegean/Anatolian plate is pushed westwards along strike-slip faults, due to collision
between the Arabian/Syrian and Eurasian plates along the Bitlis-Zagros Suture. At its
northeastern edge, the African plate is presently moving NNE relative to the Eurasian
plate. The boundary between the African and the Anatolian plates is delineated by the
Hellenic Arc and Pliny-Strabo Trench in the west and the Cyprus Arc and a diffuse fault
systems probably associated with the Amanos Fault in the east. The two arcs are near
perpendicular to the relative motion of the African and Anatolian plates, delineating the
subduction zones, whereas the Pliny-Strabo Trench and East Anatolian fault zones
(including the Amanos and Ecemis Fauits) are sub-parallel to the slip vector, with
predominantly transform motion.

The study area is located at the edge of the Anatolian platform, immediately southwest
of the AfiicalArabialAnatolia triple junction, and includes four genetically related basins:
Adana, Cilicia, Iskenderun and Latakia Basins. These four basins collectively form a
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Late Cretaceous (Senonian) section of Southern Turkey, Cyprus
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FIG. 7 :
Late Cretaceous paleogeography, showing front of thrusted
Neotethys—terranes, Levantinid folding, (Syrian arc) and other

elements of Eastern Mediterranean Apulian and African -—Arabian
plates. (1) ‘thrust—-front, (2) folding, (3) present shorelines.
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FIG. 4:

J Early Jurassic "Eastern Mediterranean" Cross-—
section showing oceanic (bars) and continental (crossed) crust,
(P) Paleozoic and (Tr) Triassic sediments as well as Middle
Triassic Erez and Early Jurassic Asher intraplate grabens (the
later with basaltic volcanism).
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Neotethys
conDwaNiaN  Rifting
LAURASIA FRAGMENTS < |
PALEOTETHYS GONDWANA

APPROX

FIG 2 :

Early Triassic "Eastern Mediterranean" Cross—section betwesan
Laurasia and Gondwana: (C) Continental ﬂw‘r_m;..... (0) Dceanic Crust,
(£ 0 D Om:s_u«.wmDIDq‘.nDS..nu..m:IUm,\D:H..wj. (Cb) Carboniferous, (F)

Fer-mian, (W) Early Triassic Werfen facies, a=s well as initial
"Neotethyan" rifting.
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3. Geophysical: Seismic refraction measurements of the present Eastern
Mediterranean and Levant crust show a thick sedimentary succession (13-14 km), that
mast possibly includes Paleozoic-Cenozoic straia. Depths to the Moho and thicknesses
of "upper" and “lower" crusts are of continental {0 semicontinental nature and their
distribution "ignores” actual configuration of fand and sea.

The present study suggests that, during Mesozoic times, the arca of the actual Eastern
Mediterranean Sea was part of the Aﬁ'ican-Apu{ian.—Ar(.'bian plate, with a history
(Figs. 1-8) of a passive margin: Middle Triassic rifting (Erez), Early Jurassic rifting,
blockfaulting and volcanism (Asher, Mishhor-Cayir), Late Jurassic blockfaulting (Kidod-
Alkkuyu), Early Cretaceous rifting and volcanism (Gevar Am - Akkuyit, Tayasir) and
Middle Cretaceous volcanism (Carmel), whereas rifting, spreading, oceanization and
subduction of the Neotethys arching, took place north of the Taurid platform-edge. It
turned into a more active continental margin during Late Cretaceous-Paleogene
Levantinid (Syrian Arc) folding and rotation, that accompanied the Alpidic thrusting and
obduction, long before Neogene subduction of the Eastern Mediterranean plate.

We therefore suggest, on the basis of a broad geological view, that the Levant Basin
is mostly paved by continental crust with possibly embedded old Infracambrian
ocean-crust relics. This agrees well with the seismic refraction measurements and
explains its enormous thick sedimentary cover.
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THE EASTERN MEDITERRANEAN MESOZOIC HISTORY: TO WHAT
EXTENT WAS IT OCEANIC AND HOW PASSIVE ITS MARGIN?
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2D(Jp.f.of Geophysics and Planetary Sciences, Sackier, Faculty of Exact Sciences,
Tel Aviv University, 69978, Tel Aviv, Israel

ABSTRACT: Nature and  tectonic setting of the Levant Basin (Eastern
Mediterranean) sl puzzle the scientific community. Is it bujlf of oceanic crust
(Makris et al., 1983; Ben Avraham, 1989; Ben Aviaham & Ginzburg, 1990) or of
continental crust ( Woodside, 1977; Malovitskiy, | 982) ? If oceanic, why does it reach
8-10 km thickness instead of the consistent 5-6 of typical oceanic crust? Why were
S0 far no magnetic anomalics detected and no tripartite oceanic crus of gabbro, sheeted
dykes and pillow lavas Jound?

These questions are analyzed fiom three points of view:

1. Stratigraphical  and Palacogeographical: The Palaeozoic-Mesozoic stratigraphic
column and the palacogeography of its biota suggest a fair continuous unity of
epicontinental African, Apulian and Arabian areas from the Early Triassic opening lo
the Late Cretaceous closure of Neo{e.rlrys. (Monod, 1977; Hirsch, 1976, ] 988;
Enay, 1976, Masse, 1985; Philip, 1985: Cariou et al., 1985; Damotte and Babinot,
1985; Marcoux, 1 978).

2. Tectonical:  Field observations fit best within a palinspastic model of one single
Tethys ocean, north of the African-Apulian-Arabian paleo-edge, from which
()p/.'f'ol.f!e-bearfng thrusts originated, resting now on parts of the Gondwanian Plate.
(Laubscher and Bernouilli, 1977; Ricon et al., 1984, Whitechurch et al., 1 984 ;
Michard et al., 1984 ).

342



—

ISSN  1019-1003

e um, OF
- It International Symposium on
YE LERI .

ERBILIMLER Eastern Mediterranean Geology

OSOUND  13.16 October 1992 Adana-TURKIYE SPECIAL ISSUE

GE

EVOLUTION AND STRUCTURE OF THE ANAXIMANDER
SEAMOUNT
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jzmir-TURKIYE

ABSTRACT:There are several prominent bathymetric features exist in the eastern
Mediterranean in addition 10 Cyprus. One of them is the large seamount, the
Anaximander Seamount, which is associated with gravity anomalies, suggests that it
might also be a microcontinental fragment. During the Maastrichtian, Cyprus began 1o
break away from Tiirkiye. As the result of this break up, the Antalya and Adana basins
were formed. In the Paleocene the Anaximander and Eratosthenes Seamounts collided
with the Cyprean arc. This collision is still going on a! present determined from the

distribution of carthquake epicentres in the region.

The objective of this paper is to give some insight information about this very
interesting feature as well as its relation with the Antalya Basin and the Cyprus Arch. A
detailed neotectonic survey was carried out in June 1991 with the Russian research
vessel Gelincik in the context of the UNESCOITREDMAR project. The four mouniains
in the complex were imaged with OKEAN long range side scan sonar, and profiled at a
line spacing of aboui 15 km by high resolution seismic techniques and gravity and
magnetic observations.

The Anaximander Seamouit is characterised by block faulting and very pronounced
and active vertical uplift with the Messinian reflector intermittently detectable. Structures
and their trends indicate influences both from the northeast-southwest transpressive
regime along the Mediterranean Ridge southwest of Crete and from an assumed
northeast-southwest compression across the Florence Rise. The concomitant subsidence
and tilting of the sediments toward the north and south margins of the E-W trending
Finike Basin which is at the north of the Anaximander Seamount, is attributed to
extensional block faulting. The western peaks comprise large folded strata tilted to the
northwest. The eastern peaks show more northeasterly tilting. Faulting appears to lie
between the different peaks. The age, provenance, and evolution of the deformed and
tectonically-active sedimentary rocks comprising these structures will be facilitated with
the new data.
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SULUCADERE (BOLKARDAG) POLYMETALIC OCCURRENCES

Mehmet YILDIRIM
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ABSTRACT: Sulucadere polymetalic outcrops discovered by MTA during large scale
prospecting project at Bolkardag region.

Sulucadere is a small valley on the west flank of Bolkardag. Polymetalic mineralization
crops out on this flank along the contact zone in between Bolkardag marble and the
ophiolitic melange.

Nearly 2000 m long and 50 m wide contact zone are completely deformed and
occuring breccias are silisified and carbonitized by the hydrothermal activities. The
hydothermal activities are derived from the Horoz Granite batholith which is very near
to the zone. The aphophises of it crops out along the contact zone near Sulucadere
valley.

Mineralization of contact zone are due to late cristalization and hydrothermal phases of
granite intrusion. Molybdanite and chalcopyrite minerals are concentrated in
quartz-porphyry veins, but these minerals are mobilised later by means of hydrothermal
activities and redeposited at the fissure lines with minerals such as sphalarite, galena,
stibnite. chalcopyrite, pyrite and the others within the contact zone.
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THE PALEOCEANOGRAPHIC REGIME OF UPPER CRETACEOUS
ORGANIC-RICH CARBONATE AND PHOSPHORITE SEQUENCES IN
ISRAEL

Ahuva ALMOGI-LABIN!, Amos BEIN! and Eytan SASS?
1 Geological Survey of Israel, J erusalem -ISRAEL
2 Department of Geology., The Hebrew University, erusalem-ISRAEL

ABSTRACT: Upper Cretaceous rocks which include chalks, phosphorites,
organic-rich carbonates, cherts, pocrelanites and marls, are widely distributed
throughout Israel and the neighboring countries. The unique diverse lithology of this
sequence reflects the combination of three major evenlts, namely, the worldwide
intensive Late Cretaceous transgression, the Syrian Arc folding system and the
enhancement in productivity along the southern margins of the Tethys.

In the southern and eastern parts of the couniry a threefold lithostratigraphic
subdivision is commonly accepted: Upper Coniacian to Early Campanian chalks; M iddle
to Upper Campanian cherts, phosphorites, organic-rich carbonates and Maastrichtian
organic-rich carbonates and marls. Toward the northern and western parts of the
country, this threefold division disappears and the entire sequence is dominated by
organic-rich carbonates. Deposition in the southeastern parts of the country occurred in
tectonically-controlled northeast-trending shallow shelf basins. Toward the northwest
deposition ook place in somewhat deeper water in the outer shelf and slope
environments.

Paleontological, sedimentological and geochemical criteria are used to characterize the
paleoceanographic conditions which have prevailed in Upper Cretaceous sequences in
Israel. The investigated region was influenced by a continuous highly productive
upwelling system. The proximify of each area to the upwelling core controlled the rate
of primary productivity and consequently the type of sediment which accumulated
underneath (cherts and porcelanites vs. organic-rich carbonates). The overall oxygen
depleted bottom water, between near anoxic to dysaerobic, controlled the iype of the
accumulated sediment only to a certain degree: porcelanites, cherts, phosphorites und
some of the organic-rich carbonates were deposited in near anoxic bottom waier
conditions while some other organic-rich carbonates were associated with somewhat

better bottom aeration conditions. 139
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Les Ophiolities de Pozanti-Karsann, (Unité 2), sont génétiguement différentes des
Ophiolites de | ‘alignement méridional de la Méditerranée Orientale, (Vourinos, Troodos,
Baér-Bassit.), alors que le magmatisme de 'Unité 3 est Jort comparable & celui de ces
derniéres.
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trachytes en passant par des basaltes alcalins et des laves intermédiaires
(hawaites-mugéarites).

Le magmatisme alcalin de cette série corresponderait bien a celui des séries
“anorogéniques” et non "orogéniques” définies par Bébien (1980), comme le confirme le
chimisme des clinopyroxénes (¢ atakli, 1983) et celui des kaersutites (Catakh, 1993 sous
presse).

Ainsi, les formations magmatiques de cette série sont trés probablement mises en place
dans un systéme de "rifiing" intracontinental précédant une océanisation, amorcée par une
expansion océanique aprés la déchirure continentale.

Sur la pétrogénese de I'Unité 2 :

_Les Tectonites sont towjours de nature harzburgitique.

-Les Cumulats sont de nature dunitique, pyroxénolitique et gabbroique. Les
gabbronorites et les ferrogabbros caractérisent la zone gabbroique. La présence d'unités
cycliques et l'absence d'une évolution cryptique confirment qie pendant la cristallisation
de ces cumulats il y a eu plusieurs injections succesives du magma.

_La série volcanique, découverte pour la premiére fois dans le Taurus en
Méditerranée Orientale (Cataklt, 1983), comprend des coulées de pillows—lavas de nature
basaltique vitreuse et sphérolitique avec ou sans olivine. Ces basaltes montrent des
caractéres tholéiitiques a olivine de type dorsale océanique.

Ces laves basaltiques démembrées du reste de cet assemblage ophiolitigue, lui sont
apparentées génétiquement (Cataklr, 1983; 1984).

Sur la pétrogénese de 1'Unité 3 :

Les dykes de dolérites-diabases isolés de direction générale paralléle a celle du massif
(NE-SW), sont de deux types :

-Type I: dolérites-diabases quartziques issues d'un magma basaltique tholéiitique a
quartz, produit par la fusion partielle de matériaux mafiques hydratés a des pressions et
profondeurs relativement faibles.

Type Il : dolérites-diabases non quartziques issues d'un magma basaltique
tholéiitique a olivine, produit par la fusion partielle de méme materiaux mais a des
pressions assez élevées et a des profondeurs relativement grandes.

Ces deux magmas, (Th. a Ol et Th. a Qz), appartiennent @ un environnement
géodynamique identiqu de type "arc insulaire”; par conséquent ne présentent aucin lien de
parenté avec le volcanisme ophiolitique de ['Unité 2 (Catakli, 1983).

Les deux types de dykes, recoupant les formations de I'Unité 2 et les formations
métamorphiques, sont totalement absents dans I'Unité 1. Par conséquent leur injection est
probablement antérieure at charriage général sur la marge continentale arabo-africaine.
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LE MASSIF DE POZANTI - KARSANTI
(Taurus Cilicien - Turquie)

Ahmet Sevket CATAKLI
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ABSTRACT: L¢ Massif de Pozanti-Karsanti, étudié par Bingdl 1978, Cakir 1978,
et Cataklt 1983, est situé a 100 km au nord de la Plaine d'Adana dans le Taurys C ilicien.
1 comprend un assemblage ophiolitique d'age supposé Crétacé moyen a supérieur et des
Jformations non ophiolitiques, telles qite la série volcanique e Sédimentaire iriasique
supérieur et l'ensemble des dykes de dolérites-diabases, isolés d ‘age Crétacé supérieur.
Ce massif est charrié sur les calcaires de plate-forme de la Chaine des Taurus, qui servent
d'autochtone relatif

Nous avons mis en évidence la présence de trois unités dont lassociation constitue ce
que l'on appelle le massif de Pozanti-Karsanti (Carakh, 1983 ). Ce sont dans l'ordre
chronologique:

UNITE 1 : "anté ophiolitique*, comprenant la série volcanique et sédimentaire
d'age triasigue supériewr dont le voleanisme appartient & une souche magmatique alcaline.
Elle est attribuée & un environnement de type "rift intracontinental en voie
d'océanisation”,

UNITE 2 : "ophiolitique”, comprenant l'assemblage ophiolitique composé d'un
ensemble plutonique (tectonites et cumulats), d’une association filonienne peu développée
et d'une série volcanique tholéiitique a ofivine de type dorsale océanique.

UNITE 3 : ‘"post ophiolitique”, comprenant | ‘ensemble des dykes de
dolérites-diabases isolés. Leur magmatisme de caractére tholéiitique (a Olivine et
Quartz), est atiribué ¢ un environnement d'arc insulaire immature.

Sur la pétrogénese de I'Unité 1 -

Cette série comprend d'une part des formations volcanique (coulées de laves massives
ow en coussins) et bréchiques, d'autre part des formations sédimentaires détritiques voire
pélagiques. Leur volcanisme appartient a une lignée magmatique de caractére alcalin,
différenciée dans la suire Sous-saturée et sodique allant des ankaramites jusqu'aux
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RECENT ADVANCES IN PETROLEUM EXPLORATION IN THE
CENTRAL PALMYRID MOUNTAINS, SYRIA.

D.C. BLANCHARD, B.G.WOOD, S.G. SMITH, J.H. COCKINGS, S.N.
DAHER, J.C. LAUGHRY, B.M. ARNOLD, B.J. RUSSELL, G.M.
WwO0OD, H. DEMBICKI, L.E. MAXWELL, R.E. POLLOCK, M. MOUTY

AND Z.R. BEYDOUN.

Marathon Oil company, Marathon, Houston,Texas-USA

ABSTRACT: Recent exploration drilling campaigns during the past 4 years in the
central Palmyrids between the Syrian cities of Homs and Tudmor (Palmyra) have
produced several hydrocarbon discoveries in Triassic and Jurassic carbonate reservoirs
and have greatly advanced understanding of the geology in this area. Prior to the current
campaign, the relationship between source, seal, migration and structire was poorly

constrained. Reprocessing of vintage seismic and gravity dala, acquisition of new data
and computer manipulation of these data has produced a startling reappraisal of structural
relationships Pre- and Post M id-Triassic evaporitic deposition. Understanding of source
distribution and potential migration paths have likewise been re-evaluated. Considerable
effort in regional stratigraphic correlations has resulted in an enhanced appreciation for
Tethyan depositional regimes.

There is optimism that the application of these advances in relating source, seal,

migration and structure will result in continued exploration sUccess in this region of
Syria.
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with both sedimentary and structural contacts with the Andirin carbonates, or, less

often, with serpentinites. The sedimentary conmtacts typically show a gradation from
"basement” through a breccia sheath into a Paleogene mud-matriv breccia and finally to
calcilutites. The panel sediments range from Eocene to late Oligocene in age and
include both hemipelagic and mass flow strata. Although the Andirin complex has been
interpreted as an "olistostrome” it bears a closer resemblance to massively extended
units in regions of crustal extension. Clearly deformation occurred before, during, and
after mixing of the Paleogene strata into the complex, all at moderate water depth. In
maiy aspecits the Andirin complex resembles extensional “chaos” deposits of the U.S.
basin and range province. This similarity is strengthened by structural relationships in
the northeastern part of the Misis-Andirn block where the Andirin complex with its
Paleogen panels overlies massive Malatya metamorphic rocks. Although the contact
between Andwrin  and Malatya rocks was not seen, the two units appear to be
stratigraphic correlatives, suggesting large scale horizontal displacement along the
contact.

Another zone of possible extension involving Andirin complex rocks lies north of the
Engizek (Bitlis) fault zone. Not only is the Andirin complex in this area structurally
mixed with Paleogene sediments, but it is also separated from the underlyin g Malatya
Rocks by a zone of strong shearing. Because this shearing was observed early in our
survey, before the possibilty of massive extension was entertained, no data was
collected that would have confirmed this zone as an extensional decollement, nor was
the direction of motion determined. It is possible that a single direction of stretching
existed throughout the region, before the development of the early Miocene basins that
defined the Neogene triple junction. If the Andirin complex is a result of regional
crustal extension, it would have been in a widespread marine environment, as may now
be oceurring in the northern Aegean Sea.
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MID-TERTIARY REGIONAL EXTENSION IN THE MARAS AREA

Daniel E. KARIG

Department of Geological Sciences Cornell University, Ithaca, NY.-USA.

ABSTRACT: The history of the Anatolian-Arabian plate collision, between the late
Cretaceous closure of Neotethys and the present phase of transpression, is complex and
poorly understood. There clearly has not been continuous convergence near the present
Ar-An-Af triple junction, and there is reasonable evidence for regional extension from
sometime in the Paleogene into the mid Miocene. Because the evidence for extension is
not yet widely recognized, and the resultant tectonic implications remain speculative,
this talk is intended primarily to challenge orthodox perspectives and to promote
interest in the problem.

The easiest example of regional extension to document is the series of N to NW
rending, early to mid Miocene half-graben in the Misis-Andirin block, well exposed
west of Marag. These basins are developed on a sub-strate of Andirin complex rocks
and are probably related to transtension along the Aslantag fault zone. The fault margin
of the best-studied of these basins is associated with steep flexuring of the older strata
and very high-angle unconformities within basinal strata. The basin fill is bimodal,
consisting of hemipelagic calcilutites and much coarser mass flow deposits. These
basins appear to have been local depocenters in a generally marine region and were fed
from local highs of Andirin complex rocks.

The Andirmn complex itself is also suspected to have been created by Paleogene
extension. The complex consists of a intimately shattered sequence of late
Paleozoic-Mesozoic carbonates, as well as late Cretaceous ophiolitic components and
Paleogene sediments. The Paleogene strata occur in steeply dipping but coherent panels,
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feature variations on lateral. According to the basement surface bedding character
there were separated 4 blocks divided by transverse faults. Central blocks are elevated.

The largest accumulation of weak earthquakes epicenters are concentrated within their
blocks.

High-precision gravimagnetic survey was conducted by the reference network with
single profile passage having two gravimeters. The survey was conducted along four
profiles within the range of 120 km, step between the reference points was from 1000
1o 2000 m, step between the ordinary points was 100 m. As a result of the above
mentioned data there were releated Khorasan gravitational maximum of
North-West-South-East strike. Lateral parts of maximum is characterized by gradients of
5-6 Mgallkm. It shows the presence of fault zones. This feature is also traced in the
character of magnetic and geotermal fields and it is confirmed by the seismological
observation results.

The unique geophysical data on the Earth's crust structure of Norman-Khorasan
earthquakers obiained for the first time can be the basis of the further investigation. This
information is required for revealing Earth’s crust structure feature relations with high
seismisity and geodynamic activity of region. It is recommended to continue these
works, to enlarge their areas, to organize geophysical monitoring of strained state of
medium in connection with erthquake predictions.
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GEOPHYSICAL INVESTIGATIONS OF EARTH'S CRUST
OF NORMAN-KHORASAN EARTHQUAKES FOCUS ZONE

M.M.RADZHABOV!, R.J.SUDZHADRINOV?, S.G.MAMEDOV! and
5.P.AGAMIRZOEV?

Unstitute of Goeophysics, Baku-AZERBAIJAN
2Geoseism”, Baku-AZERBAIIAN

ABSTRACT: The Earth's crust of Norman-Khorasan earthquakes focus zone was
studied by complex geophysical methods. Seismological observations were carried ont
by apparatus "Cherepacha”. Seismological observations included local seismicity
analysis and Earth’s crust section construction by alternating wave method of distant
earthquakes. Field works were conducted by profile-areal system in continuous
recording regime. During the observations there were recorded more than 300 local
earthquakes and 234 distant earthguakers identified according to Obninsk bulletine.
According to the local earthquake data there were determined parameters of hypocenters
and energetic characteristic values. There was suggested velocity model of Earth's crust
of earthquakes focus zone according 1o the distant earthquake data there were conducited
time sections and deep sections. There were separaied 10 boundaries refated to the
sedimentary strata, basement surface and its internal structure as well as Moho
boundary.

Time field features show separateness of medium, presence of faults and boundary
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RECENT TECTONIC EVENTS IN THE SiVAS BASIN (SIVAS AREA)
TURKIYE

H.GURSOY!, H.TEMIZ! and AM. POISSON2
YCumhuriyet Univ., Geology Department, 58140 Sivas-TURKIYE
2Univ. Paris Sud, Geol. Structurale Unite CNRS 1369 91405 Orsay FRANCE

ABSTRACT:During Cenozoic times the Anatolia area as a whole was submitted to a
N-S tectonic shortening in response to the N-S convergence of the Eurasian and
Arabo-African plates. This convergence was repturted to have provoked a westward
escape of the Anatolian block located in betwzen the Nort and East Anatolian Faults. In
spite of many local arguments (and focal mechanisims), in favour of this westward
motion the total amount of displacement does not seen very important. A N-§
shortening which produced many thrusts and folds, and a related crust thickening,
seems 1o be the main effect of the collisional processes.

In this general context the Sivas basin is located in the central E-W Anatolian
depression and is bordered by the Pontic and Taurus belts . Since Late
Cretaceous-Paleocene times it was the site of an active sedimentation accompanied by a
more or less important subsidence (depending the period). During the same period the
basin was submitted (and has registered) the global regional tectonic events.

Many important tectonic features resulted from this tectonic activity the most
spectacular of which being flat or high angle thrust faults such as the Sivas fault (north
of the city ) which affect Pliocene deposits. The recent deposits of the Kizilirmak river
around Sivas are cut by many faults. These deposits are represented by conglomerates,
sands and silty clays which have been observed in several terraces at different altitudes
from the river level up to aproximately 50 m above the present day alluvial plain.
These faults are mainly tension faults striking in variable direction. The corresponding
extensional directions vary but two main directions have been observed NO30 and N120
and a subordinate N170-180 other direction. This variability can not be explained in a
simple model of extension but has to be replaced in the general context of N-S
convergence and shortening and could be a local superficial accommodation of more
deep seated flat thrust faults.
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THE KARAKAYA COMPLEX, NW TURKEY: A PALAEOTETHY AN
ACCRETIONARY COMPLEX?

E.A. PICKETT, A.H.F. ROBERTSON and J. E. DIXON
Dept. of Geology and Geophysics, Grant Institute, Univ. of Edinburgh, UK

ABSTRACT: The Permo-Triassic Karakaya Complex is a low-grade metamorphic
assemblage of deformed deep-sea sediments and volcanics. It is part of the suture
system of northern Turkey which formed by closure of the Palaeozoic Tethyan ocean,
the Palacotethys. The role of the Karakaya Complex in Palaeotethyan evolution is
poorly understood but is critical to the testing of alternative models. Current work
focuses on the Biga Peninsula in NW Turkey. Here, the Karakaya Complex is
composed of tectonostratigraphic units which may be interpreted in terms of oceanic
subduction and accretion. One unit comprises spilitized basalts showing within-plate
geochemistry. It also contains volcanoclastics and limestone blocks, features suggestive
of a seamount origin. A basali-chert-sandstone association Sforms an adjacent unis.
Pillow lava of E-MORBI/IAT fype is overlain by radiolarian chert and a
coarsening-upward turbidite succession in a possible trench sequence. The Karakaya
units were deformed by imbricate thrusting, folding and intense shearing, characteristic
subduction-accretion processes. Upper Triassic sediments lying unconformably on the
Karakaya Complex may represent fore-arc basin deposits. They are capped by a
Jurassic carbonate platform (Bilecik Limestone), laid down after the cessation of
Palaeotethyan accretionary tectonics in this area. In conclusion, the studied Karakaya
Complex can be reinterpreted as part of an accretionary complex formed at a long-lived
active margin, as seen in W USA and SW Japan.

[95)
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DEEP STRUCTURE AND TECTONIC DEVELOPMENT FEATURES OF
EAST PART OF MEDITERRANEAN SEGMENT OF BALKAN-PAMIR
FOLDED BELT

Kerim M.KERIMOV!, Rauf J.SUDZADINOV!, M.M. ZEINALOV!,
ROBERT B. TALLYN2, DAVID KENT2, OLEG RODKIN? and

HENRY M. LIBERMAN?2
YUnstitute of geophysics, Baku-AZERBAIJAN
2UNOCAL, USA

ABSTRACT: The considered part of Mediterranean segment of Balkan-Pamir folded
belt is located approximately in co-ordinates of 22 and 51 of North latitute and 24 and
69 of East longitude. It is characterized by complex geological-tectonical structure and
history development. It is naturally reflected both in all geodynamic situation and in
common regularities of distribution and location of mineral deposits in the region. First
of all, the talk is about cover thickness of main boundaries of Earth’s crust divisions, its
physical state and region block structure features on the different hypsometrical and
stratigraphic levels. The solution of many practical and theoretical problems of tectonic
oil and gas-bearing region and also prediction of all the geodynamic processes occuring
in it to a great extent depends on the exact interpretation of these Jactors. The report
considers all these problems on the basis of new geological-geophysical material
analyses and aerocosmic investigation data from two main lectonic  conception
standpoints.

It is shown that network of regional dislocations with the breaks in continuity in the
region including the largest areal distribution has the various genetic base and its origin
is related to the platform displacement in horizontal direction of Earth’s crust blocks and
their vertical movements. The role of vertical movements noticeably increases in the
sedimentary cover, It increases in particular in its subsurface part. The character of the
various landslide phenomena and varities of seismological processes to a great extent
depend on the activity of horizontal and vertical movements of Earth's crust blocks.
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The mineralogical composition of all sediments in this basin was determined by x-ray
diffraction. There are (wo dominating facies: carbonaceous and magmatic. Dolomit is
the main mineral in the carbonaceous layers and the calcite content is low. Swrprising
was the occurrence of pure magnesit (> 99% M 9CQO3), partially in layers up 10 one
meter thick. Heulandt and Philipsit were found in the valcanic tffs.

There are three thick sequences of bituminous material, separated by persistent,
interclast horizons up to several meters thick. The economic-grade oil shale averages
12.8 m thick, it is persistent and is distributed over a relatively wide area. The upper
calorific value is 813 keallkg (dry) and the oil content 5.5 % (dry or 60 11 oil).

The reserves of the economic grade oil Is 1.058 million t. This result shows that the
area of Beypazart ranks as the largest oil shale deposil in Turkey known to date. From
these reserves, however, only 60 million t are minable by open cast mining.

Organic material Is present mainly in fine layers with very sharp boundaries.
Continuous horizons with prebitumina (parts of sporomorphs) are widespread in the
area. The layers contain an intimale mixture of organic and inorganic material showing a
rapid growth and sedimentation rate. No fossils were found besides small silicified
Organisms.

A number of tectonic evenis during the genesis of the basin rocks formed special
basins, big deltas, changes in water level, ete. Tephra and tuffs were deposited during
volcanic eruptions of the Teke voleano. An wnusual oil shale was formed as a resull.

7eolites were formed from volcanic glass; surplus silicate formed opal. At a very
early stage calcite changed to dolomite due to increasing Mg/Ca ratio during
evaporation. Magnesium ions originated from ultrabasic rocks of the basement.
Reduced water flow, increasing salinity and dehydratation finally led to magnesite.

In contrast to the Green River oil shales, the Beypazart oil shales conlain trona seams
Na3zH(CO3)2 . 2 H>0 between the pituminous sequences. In general, oil shale
represents a rransgressive phase and evaporites a regressive phase. Therefore, we can
distinguish several cycles.
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OIL SHALE, TECTONICS AND VOLCANISM-AN UNUSUAL
GENESIS IN WEST ANATOLIA/TURKEY

H.H.SCHMITZ

Federal Institute For Geosciences and Natural Resources

ABSTRACT: Turkey, except in eastern Anatolia. As an energy resource oil shales
could be imporiant in the future for local use. The Miocene occurrence near Beypazart,
100 km NW of Ankara, has an unusual geological genesis. It is in the central part of a
1500 km2 Neogen basin. Strong volcanism-accompanied sedimentation changed the
relief considerably. While the bottom of the basin sunk, the marginal rims were
elevated. The closed basin filled with fluviatil, lacustrine, and igneous material. Lignite
formed in quiet iectonic times. Sodium carbonate minerals precipitated in smaller basins
around the main one. Several seams are more than 30 m thick. The sodium source is
mainly volcanic tuff in which the sodium-bearing silicates were weathered under the
influence of carbonic acid, also of magmatic origin. Only in the U.S.A. larger sodium
deposits are known.

The oil shale was folded by post Miocene tectonics. The northern part of the basin
was elevated. 1t is now about 150 m above the plain, the oil shale crops out the entire
length of the basin.

A permanent change in environmental conditions led to a great variety of bituminous,
carbonaceous, and magmatic. About 1,200 m of core samples give an overview of

sedimentation.
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northeast of the Town of Diyarbakir. All of these faults form a geometry similar to the
system of strike-slip faults formed as a result of strains created by a rigid indenter
during and after a continent-continent collision (c¢f. Tapponnier et al., 1982;
Ratschbacher et al., 1991). Many of these fault zones including the East Anatolian and
the Bozova faull zones, show evidence of Late Miocene to Pliocene movement and are
probably still active. The Late Miocene to Pliocene initiation age of the indentation
tectonics has been also confirmed by the radiometric ages of the basalt samples in the
western part of southeast Anatolia where basaltic rocks produced as fissure eruptions
along the faults have yielded radiometric age determinations (K/Ar) of 10 to 5 Ma old.

It has been long proposed that the extensional tectonics in western Anatolia is caused
by the Miocene collision in southeastern Anatolia. Our recent field observations along
the Koghisar fault zone of Central Anatolia suggest to us that this fault is probably the
easternmost fault zone effected by the westerly escape of the Turkish plate. The main
evidence for this is the lithology of the Miocene Kochisar Formation which is well
exposed on the northeastern block of the Kochisar fault zone. The formation shows a
fining upward sequence and several lateral facies changes. We interpret this formation as
deposited due to oblique-slip normal movement along the Kochisar fault zone which is
caused by the westward movement of the Turkish plate.
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INDENTATION TECTONICS IN SOUTHEASTERN ANATOLIA AND
ITS EFFECT IN CENTRAL ANATOLIA.

Ibrahim CEMEN!, M.Cemal GONCUOGLUZ, Hiiseyin KOZLU3, Dogan
PERINCEK? and Kadir DIRiK2

1 School of Geology, Oklahoma State Univ. Stillwater, Oklahoma, U.S.A.
2 Dept. of Geological Engineering, Middle East Technical Univ., Ankara, Turkey.
3 Turkish Petroleum corp. An kara, TURKIYE
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ABSTRACT:The Miocene to present continent-continent collision between the
Arabian and Eurasian Plates produced the present form of the southeastern Anatolian
fold and thrust belt. This collision also resulted in the westward escape of the Turkish
plate which is bounded by the North Anatolian Sault to the north and the East Anatolian
fault to the southeast (Sengér and Yimaz 1981 ; Sengor and others 1985).

Recent geological mapping in southeastern Anatolia Suggesis the presence of several
southeasterly trending strike-slip fault zones which are the M utki, Semdinli and Hakkari
fault zones. These fault zones and the East Anatolian Sawlt zone truncate the southeast
Anatolian fold and thrust belt with an acute angle. In the forelands of the fold and
thrust belt, there are two prominent strike slip fault sets. The first set is the
northeasterly trending faults which include the faults of the eastern margin of the Hatay
Graben, the Adiyaman fault, and the Lice fault. The second set is the northwesterly

trending faults which include the Bozova Jault, the Kalecik fault and the unnamed Sfaults
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characterizing an evaporitic lacusirine basin comprise "gypsum-bearing green clay”

'

member, "sepiolite-dolomite” member (Dacian) and "silicified limestone" member,
together with "red mudstone-conglomerate” member having the characteristics of a

braided fluviatile environment, showing lateral gradation into the former.

The sepiolite-dolomite member, on which our research work has been concentrated is
the product of an alkaline lake which was rather extensive and shallow, fed by seasonal
discharge and reflecting arid climatic conditions. Within this member a rough
mineralogical zonation as illite, smectite, palygorskite, palygorskite sepiolite, sepiolite
and magnesite, from the margins 1o the centre. At the periods when the lake greatly or
wholly dried up, insufficient fresh water discharge through channels constituted small

bounded lakes of the playa type. These swamps gave rise to the formation of sepiolite

lenses with varying thickness, which may be considered as sub-facies.

Bioturbation root marks, gas exit Siructures, flow marks and mud cracks are common

within the sepiolite lenses.

Sepiolite has formed by direct precipitation in this environment with a pH around
8-8.5 from the Mg2+ enriched waters. It may occur as filling the vacancies between the
detrital sepiolite and dolomite material, that has previously formed or as pure laminar
sepiolite. In addition, late diagenetic occurrences within the cavities formed by drying or
gas exit structures may also be observed.

Pure sepiolite lenses may contain organic material, generally not exceeding 8 %. Some
of the lenses may exhibit a distribution of clay minerals such as palygorskite+
sepiolite-sepiolite from the margins to the centre. Moreover, vertical and lateral

gradation into dolomite may occasionally be observed.
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LITHOFACIAL FEATURES OF THE UPPER SAKARYA SECTION OF
CENTRAL ANATOLIAN NEOGENE BASIN
(SIVRIHISAR-GUNYUZU-CELTIK) AND THE SEPIOLITE
OCCURENCES

Hakan GENCOGLU, Taner IRKEC, Nusret GUNGOR, Mahmut
DEMIRHAN and Semih COKYAMAN

Gen. Dir. Min. Res. Expl.(MTA). Ankara-TURKIYE

ABSTRACT: Evolution of the Central Anatolian Basin, which employs an important
rank within the Neotectonics of Turkey, exhibit remarkable variations. Upper Sakarya
Section of the basin, on the other hand, is particularly very significant, considered the
sepiolite occurences. In order to carry out precise evaluations on the formation,
stratigraphic setting, sedimentologic and mineralogic features of the economic sepiolite
deposits, which occur as lenses in a very wide area, this section of the basin has been
given priority in the basinal research work.

Neogene sequence of the area is represented by llyaspaga Formation, which
characterizes the final drying stage of the tectonically controlled Miocene lake, whose
basal relations cannot be observed due to overburden. This formation with frequent
synsedimentary faults crop out with well stratified limestones, bearing fresh water algae
horizons, and progress with alternations of claystone-siltstone sandstone tuffite silica
and siliceous limestone. The sequence ends with thick gypsum deposits, which overlie
the former and show lateral gradation. Conglomeratic lenses showing the characteristics
of braided fluviatile intra-channel deposition are widely distributed throughout the
formation. Sakarya Formation, which has been assigned to Pliocene according to its
fossil content, overlies the former by angular unconformity. This formation
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METALLOGENIC DEVELOPMENT OF THE REODOPES, BULGARIA

Bogdana MANEVA
Research Institute for Mineral Deposits, Sofia-BULGARIA

ABSTRACT: The Rhodopes are one of the most important metallogenic units within
the Mediterranean Alpine belt. Their metallogenic development is in close relationship
with the geodynamic and tectonic processes and at present is considered corresponding
to the newest ideas about Mid-Mesozoic collage of the Rhodope microplaie.

Two main periods of geodynamic and metallogenic evolution of the Rhodopes can be
distinguished: accretion and postaccretion.

The accretion period (up to K2) occurred along the sutures of the actually determined
Jour collage integral terranes. During that period syngenetic, synmetamorphic and
synmigmatic deposits of siderophile (Cr, Fe, Ni, Mg) and lithophile (Li, Be) elements
were formed.

The postaccretion period { K2 - Ng) is a transcollage, affeciing the Rhodope unit as a
whole. On the basis of the different geodynamic conditions it has been divided into
several stages: subduction (K2); blocking with transversal shearing (P1l); collision
(P2); and quaziplatform (Ng-Q). The metallogeny of the separate stages is characterized
as follows: K2 -by skarn and high-hydrothermal deposits of a wide metallogenic
spectrum (Fe, Cu, Pb, Ag, Au, Mo, W), related to anatectic intrusions and layer
boundaries in the crust; Pl- by lithophile specialization (Mo, U, F, P) of the
mineralizations, related to deep drained fluids and transcurrent faults; P2 - by
base-metallic vein and metasomatic rype of deposits of industrial significance and
nonmetalliferous ones, associated to volcanic sources and rocks and controled by a fault
network; Ng-Q - by supergenic, alluvial occurrences and placers of Fe, Mn, Mg, Au
and sedimental bedded bodies of clays and diatomites. A tendency of the increase of the
metallogenic activity eastwards throughout the whole period, has been established.
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METALLOGENIC CHARACTERISTICS OF AZERBAIJAN AND
ADJACENT COUNTRIES

G.V.MUSTAFAEV
Geological Institute of Azerbaijan Academy of Sciences, Baku, AZERBAIJIAN.

ABSTRACT: Geological structure of Azerbaijan, Turkey and Iran have a great deal
in common in as much as they are part of the Alpine folding system. Tectonic structures

are traced in adjacent countries and are characterized by wide spread of the
Mesozoic-Cenozoic magmatism of calc-alkali and subalkaline type. In this case with
granitoid intrusives in these regions are associated the skarn deposits of iron, veined
polymetalls, copper-porphyritic mineralization etc., with the Miocene
volcanism-mercury deposits, probably, antimonite; with ultrabasite complex-chromium,
nickel, gold deposits. Similarity of geology and metallogeny of the countries mentioned
at the same time sets a number of common tasks for them. Thus, for example, in
Azerbaijan granitoid intrusives are subdivided by isotopic methods in age mere in details
therefore, further study on granitoid geochronology of adjacent couniries is also
necessary, as different age granitoids of Azerbaijan have different geochemical
specialization.

Another example is the occurrence of commercial stratiform deposits of copper,
plumbum, zinc of the copper-pyrrhotite and pyrite-polymetallic formations in black
shale strata of the Greater Caucasus Southern slope within Azerbaijan. Search for
stratiform deposits in Turkey and Iran can be of a great practical interest. At the same
time there are strontium deposits in Turkey and Iran, strontium-bearing (deposits)
basins are found. In Azerbaijan, however, the strontium deposits were not found and
practically they were not concerned with their search.

Working out of searching criterion for gold, silver and different rare and ore metals is
of a great importance for Azerbaijan, Turkey and Iran. Therefore, co-ordination of
specialists efforts of these countries, practical exchange of experience as well as joint
researches can be very efficient.
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THE ECONOMIC EVALUATION OF GREEN MARBLES OF BUKRUCE
(DENIZLI)

Remzi KARAGUZEL, Mahmut MUTLUTURK and Yagar KIBICI
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ABSTRACT: The marbles outcroped in the Karahallt (Usak), Biikriice (Denizli)
region are light to dark green-grey in colour according to dark coloured mineral
paragenesis. This mineral paragenesis controls the physical-mechanical and
petrographical properties of the marbles. Piedmontit and pistacite are dominant minerals
at light green marbles whereas hornblende and actinolite are dominant minerals at dark
green marbles.

The green coloured marbles exposed in the investigated area have great demand from
overseas and have economical importance. In the Biikriice (Denizli) region the
petrographical physical and mechanical properties are determined and the correlection
between there are searched on the ouicroped marbles, approximately 7 km square. The
prepared maps from these properties show the changes of colour, mineral, physical and
mechanical features and the discontiniuty positions. The economicly and technologically
operatable sites are determined, by the evaluation of these map which connected to each
other but giving different properties. In the determined open git locations, the block
dimensions are investigated and the operational models which will give optimum
efficiency are prepared, by making discontiniuty analysis.
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SLOPE STABILITY OF THE NAMRUN AREA

Altay ACAR!2, Tolga CANI, and Aziz ERTUNC!
I, Dept. of Geology, Cukurova Univ., Adana, TURKIYE
2Dept. of Earth Science , Leeds Univ., Leeds LS2 9JT . ENGLAND (Present Address)

ABSTRACT: Sixteen slopes, in Namrun town located 50 km north of Mersin, were
exaniined to identify problems of slope stability, instability and associated mass
movement process of slope failure in the regioi. A quantitative assessment of the stability
of a slope was, therefore, judged for the design of an engineering structure, such as a
two storey building.

Tertiary uged units are exposed in the area under investigation, which are Gildirli
formation comprising conglomerate, generally sandstone, carbonate-cemented
sandstone, siltstone, and mudstone, Kaplankaya formation comprising gravelly
sandstone, sandstone and sandy-clayey carbonate, sandy-silty limestone, and Karaisali
formation comprising reef limestone. The overlying unit included by the research consists
mainly of talus.

The method applied here depends upon terrain classification, weather conditions at time
of field inspection and failure, annual rainfall records, vegetation cover and type on
slopes, influence of groundwater, remedial works, structure on or adjacent to slopes,
materials, evidences of instabililty, and geometry of slopes.

In the current study a case history is presented, where a slope failure took place along a
shear plane, and the material is described as sandy clay.
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ENGINEERING GEOLOGICAL INVESTIGATION AND REDESIGN OF
TWO ROAD CUT SLIPS IN NEOGENE MARL IN WESTERN TURKEY

A.ABDULAZIZI, AKTAN, E.,, M.Y. KOCAZ, and N.TURK?
1 DeLEUW Caiher-Kutlutag, JV, Bornova, [ZMIR
2 D.E.U., Geol. Eng. Dept., Bornova, IZMIR

ABSTRACT: [zmir Ring Road forms a major part of the Izmir-Aydin Motorway
presently under construction in western Turkey. The ring road passes through Neogene
marl, limestone and colluvium. Two major slides have occurred between Km. 212+100
and Km. 212+500 of the ring road during the excavation of slopes.

The initial road cut slopes were designed at an inclination of 2H:1V using moderately
reduced peak shear strength parameters obtained from laboratory t=sting of the intact
marl samples recovered from boreholes drilled in the area and assuming low water
levels in the slope stability analyses.

The post slip investigation has shown that the failures had taken place along
preexisting slip planes. It also determined the geometry of the slides, the position of the
groundwater levels and slaking properties of the marl.

Back analyses of the slips have given shear strength parameters equivalent to the
residual values. Cut slopes were redesigned using these more realistic values. Thus, the
slope angles of the road cuts were flatiened to 3.75H:1V and remedial measures applied,
including subsurface drainage to increase the stability of the cut slopes. These cut
slopes have been performing satisfactorily for over a year, after being redesigned.

In this paper, details of the site investigation studies, stability analyses, and redesign
scheme suggested for the slips in section 2.4 of the Izmir Ring Road will be presented.
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LITHOSTRATIGRAPHIC AND PALEOGEOGRAPHIC EVOLUTION OF
SYRIA DURING THE JURASSIC

Mikhail MOUTY
Dept. of Geology Damascus-SYRIA

ABSTRACT: The lithostratigraphic studies reveal that the carbonaceous Jurassic
sediments in Syria and the adjacent areas dominated by dolostone, limestone and limited
marly intercalations, have been precipitated in a shallow sea, which, since the
Jurassic onset, has transgressed the entire region with the exception of a NE-SW

elongated uplift in the east and southeast of Syria (Al Hammad Uplift).

The correlation of the geologic sections performed evidence, that since the end of the
Lower Jurassic, this uplift has further extended.

At the end of the Middle Jurassic the sea regressed northwestwards, where an
important subsiding structure oriented NNE-SSW took shape (Homs-Lebanon trough),
in which the thickness of the Jurassic sediments is in excess of 1000 m.

By the end of the Upper Jurassic the sea further regressed from the last submerged
areas. Consequently, the entire Syrian territorie remained emerged until the Cretaceous
transgression initiated in the Barremian-Aptian time.
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appear to be syntectonic katazonal granites intruding into and growing on and replacing
the micaschist concordantly. In the  syntectonic granites augen, nebulitic,
blasiomylonitic and ribbon textures are common. In this area, it is clearly observed thai
the augen gneisses can not be core complexes but rather they are younger than the
micaschists upon which they were grown as migmatitic granites. Toward the gneisses,
metamorphic grade increases in the micaschists and close to the boundary
staurolite-kyanite- sillimanite assemblages appear. The increase in the temperatire
gradient was related to the emplacement of the granites.

The third area examined is between Kocarli and Bafa Lake. Around Bafa Lake the
aneisses appear to be trite granites and the boundary is clearly intrusive. Just along the
contact a zone of garnet-fels is present with a thickness of 10-100 m. The gneissic
granites cut the micaschists and enclose marble lenses that were previously lenses within
the schists. In the western shore of the lake the granites intrudes further up in the
succession nearly touching just 50 m below the lower part of the Mesozoic marble
succession.

In all these three regions, large and small-scale features all indicate that the gneisses
are syntectonic granites intruding various stratigraphic levels of the micaschists, which
was called as envelope of the massif. So that, the gneisses can not be the Precambrian
in age but rather syntectonic granites emplaced in the period of the main Menderes
metamorphism, that is known as the Late Cretaceous-Eqrly Eocene in age.

2
—
n



15t International Symposium on
Eastern Mediterranean Geology

13-16 October 1992 Adana-TURKIYE SFECIAL ISSUE

YERBILIMLERI
GEOSOUND

ISSN 1019-1003

PROBLEM OF CORE-MANTLE BOUNDARY OF MENDERES MASSIF

Burhan ERDOGAN

Dokuz Eyliil Univ., Geology Depariment , fzmir | TURKIYE

ABSTRACT:In previous studies, stratigraphy of the Menderes Massif has been
defined to compose a core complex of the Precambrian and a manile association of the
Paleozoic and Mesozoic ages. The core complexes are represented by augen gneisses
and the envelope association by Paleozoic micaschists and Mesozoic platform-type
marbles. Between the core and mantle, an angular unconformity has been considered
but, although extensive open outcrops present, in nowhere this boundary has been
defined unguestionably.

In this study three regions where the main core complexes crop ouf, are studied and
the mantle-core boundary has been examined. The first region |Is the
Selcuk-Baymdir-Odemis area, in which the Menderes metamorphics form a large- scale
anticline with one of the thickest stratigraphic section. The centre of the anticline
consists of micaschists of more than 3 km thickness overlain by emery - bearing
platformal marbles. No gneissic core complexes are present in the stratigraphically and
siructurally lowermost part of the succession, but along the flank of the anticline seams
of gneissic rocks start to appear around Bayindir. Toward Odemis gneissic rocks
become dominant and they are found to grow over the micaschists. The boundary
relations indicate that the gneissic rocks intruded into the micaschists and replaced and
cut these rocks.

The Akhisar region is the second area studied, where a marble siceession is underlain
by very thick micashists. Toward the Demirkdprii Dam, the micaschists form a large
anticline a d along the castern flank of which gneisses crop oul. The boundary

between the gneisses and micaschists show all kinds of gradation and the gneisses
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ABOUT THE GEOLOGY OF THE NUR MOUNTAIN RANGE (NMR)

Ilyas YILMAZER'and Cavit DEMIRKOL?Z,
Dar Miih.Mijsavirlik A.S. Adana-TURKIYE
2Cukurova Univ., Geology Department, 01330 Balcalr IAdana-TURKIYE

ABSTRACT: A 55 km long stretch of the Tarsus-Adana-Gaziantep Motorway
(TAGM) is being constructed across the Nur Mountain Range (NMR) between the
towns Diizigi-Bahge-Kémiirler Sak¢agdz. Stratigraphy and structural geology of
approximately 15 km wide area along the TAGM and route of a proposed railway, has
been studied in detail.

A suit of medium grade schist, phyllite and slate (Dhm) constitutes an essential part
of the NMR. The following units occur in order from east to west: Recrystallized
dolomitic limestone (Dhl), serpentinite (Kbs) as a well preserved component of the
ophiolitic melange (Kb), approximately 350 m thick conglomeratelsiltstone alternation
(Kk), deformed spilitic basalts (Kp) and limestone blocks, slabs and bedchunks (Kp)
belonging to border zone of the ophiolitic melange, and Upper Miocene aged shallow
marine fucies (Mib) . Recrystallized dolomitic limestone- silicified dolomitic limestone
(Dhl), serpentinite (Kbs), and peridotite (Kbp) crop out eastward. Further east, tan
alternation of the Upper Eocene aged unit (Es) comprising basically limestone, siltstone,
calcareous mudstone, calcilutite, and calcarenite crops out.

The NMR trends in the direction of NEN-SWS along the eastern coast of the
Mediterranean Sea. It constitutes the northern middle portion of a 100 km long chain of
mountains (Amonos), which is bounded by a sinistral lineament and the Cukurova
basin on eastern and western sides respectively. The neotectonic frame of the region has
been influenced mainly by Arabian-Eurasian collision to the east. However, the
miountain range has formed under NW-SE compressional regime which prevailed
during the Upper Cretaceous time. Thrust planes between rock units which are diverse
in origin are distinct. Furthermore, highly dissected topography enables investigators to
recognize subsurface geology. NEN-striking reverse faults, high angle thrusts,
overturned-recumbent folds, drag folds, and schistosities exhibit monoclinal structures
dipping basically NW. This situation likely arose from compressional forces which
have acted towards the SE. The Paleozoic units and Miocene units along the border
zone are severely tectonized and deformed. Therefore, numerous active and potential

landstides are mainly distributed along these zones.
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GEOLOGY OF THE CAMARDI (NIGDE-TURKEY) REGION

Ilkay KUSCU, Ayhan ERLER and M.Cemal GONCUOGLU
METU, Dept. Geol. Eng., 06531 Ankara-TURKIYE

ABSTRACT: The Camardi region lies in the southern part of the Central Anatolia 68
km southeast of Nigde province. The rock units of the Camardr region are,
Paleozoic-Mesozoic Nigde Group, Cenomanian Uckapili Granodiorite, Late
Cretaceous-Paleocene Camardr Formation and Early-Middle Eocene Eviiyatepe
Formation. The rock units of the Ulukisla Basin are included within Late
Cretaceous-Late Paleocene Eskiburg Group.

N-gde Group consists of (1) the Giimiigler Formation composed of
sillimanite-biotite-muscovite gneisses with lenses of white marbles and calc-silicate
marbles, and (2) the Agigedigi Formation characterized by thick bedded marbles
intercalated with amphibolites and followed upward by cherty marbles. The Agigedigi
Formation overlies the Giimiigler Formation with a pre-metamorphism unconformity.
The Ugkapilt Granodiorite intrudes the Nigde Group and crops out as patches crossed
by pegmatite dykes. Narrow zones of contact metamorphism are observed along its
contacts with the Asigedigi Formation. Camardi Formation consits of conglomerates and
sandstones derived from the Nigde Group. The Evliyatepe Formation unconformably
overlies the Camardi Formation and includes conglomerates and alternations of
sandstones, siltstones and silty limestones.

The Eskiburg Group consists of (1) Ovacik Formation characterized by flysch-like
" sequences and chaotic mixture of volcanic and volcano-sedimentary rocks, and (2)
Ulukisla Formation with volcano-sedimentary and volcanic rocks. Alluvial deposits
cover the older rock units.

Foliation and schistosity are the distinct structures for the gneisses of the Giimiigler
Formation with N55-65E and N75-85E as significant trends. Small and large scale
overturned folds are observed within metamorphic and sedimentary rocks. Joints as
single and rarely conjugate sets are commonly observed in intensely folded metamorphic
rocks and occasionally in the sedimentary rocks. The significant faults in the region are
the Uckapili Normal Fault trending N30-35W and the Celaller Thrust Fault. The rock
units of the Nigde Region are thrusted over the Eskibur¢ Group along the Celaller
Thrust Fault.
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the Kirankaya formation is conformably underlain by the flysch deposits of the Ulupinar
formation and is conformably overlain by the dolomitic limestones of the Zorbehan
formation. The Zorbehan formation deposited within a shallow to lagoon environment is
Upper Maastrichtian in age and the top most geological unit of the Upper Cretaceous
sequences. In addition to these formations, the volcanics and volcanosedimenter
deposits cutting the almost all Upper Cretaceous succession (0 the Kirankaya
formation’s deposits are named as the Deveci formation and relatively aged to be
Muaastrichtian. The volcanosedimets of the formation is separated as the Canakpinar

member.

In the region, Tertiary and Upper Cretaceous sequences have an unconformable
relationship. The conglomerates, gypsiferous conglomerates and clayey limestones of
the Nadartepe formation occurs at the bottom of the Tertiary sequences. It is
conformably overlain by the gypsum deposits of the Hiiyiik formation. Eocene aged the
limestones of the Asartepe formation deposited within a very shallow sea environment is
unconformably (?) underlain by the gypsums and is conformably overlain by the clayey
limestones of the Yenice formation. The Miocene aged limestones of the Tahtalitepe
formation covers unconformably the Paleogene succession. In addition to these
formations, the Plio-Quaternary aged the Ayrancidagi volcanics cut and overlie the other
geological units. The volcanosedimentary deposits within the formation is named as the
Otolar member. The youngest deposits in the area are alluviums.
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STRATIGRAPHY OF THE HEKIMHAN AND SURROUNDING AREAS
(NW MALATYA)

Muhittin GORMUS
Akdeniz Univ., Isparta Eng.Fac., Geology Dept., Isparta-TURKIYE

ABSTRACT: The investigation includes the stratigraphy of the Hekimhan and
surrounding areas located at 70 km northwest of the Malatya city, Tiirkiye. In the area,
the Giiveng Complex occurs at the basement of the sequences and contains ultrabasic,
volcanic and sedimentary rocks. The volcanics and the deep sea sediments are separated
as the Karakisiksirtr volcanic member and the Kizilceviziepe member of the formation.

The Upper Cretaceous sequences unconformably overlies the Giiveng Complex and
they are from bottom to top as follows: the Hekimhan conglomerates, the Tohma reefs,
the Ulupinar formation, the Deveci formation, the Kwankaya formation and the
Zorbehan formation. Among these, the bottom sequence Hekimhan conglomerates
deposited within an alluvial environment are conformably overlain by the Tohma reefs.
The age of the conglomerates is thought to be Campanian?. The reefs, U,upw"
Campanian to Middle Maastrichtian in age, are also conformably overlain by the
Ulupinar formation. These two formations have lateral and vertical changes. The
Ulupinar formation deposited within the various depths of sea environment from deep ta
shallow contains rhythmically doveloped conglomerates, sandstone, claystones,
siltstones and clayey limest.nsc [he age of the formation is Lower to Middle
Maastrichiian and it ontcrops widely in the area. The mapped conglomerates of the
formation is separated as the Kizilswrti conglomerate member. The clayey limestones of
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PALYNOSTRATIGRAPHY OF THE COAL BEARING NEOGENE
DEPOSITS IN BUYUK MENDERES GRABEN, WESTERN ANATOLIA

Funda AKGUN and Erol AKYOL
Dokuz Eyliil Univ., Geology Dept., 35100 Bornova, Izmir-TURKIYE

ABSTRACT:The Biiyiik Menderes Graben is a part of the Aegean graben system in
Western Anatolia. The deposition of the sediments filling Biiyiik Menderes Graben is
controlled by approximately E-trending faults which are formed stepwise.

In 160 samples of palynomorphs of the coal-bearing Neogene deposits, in eight localities
in the Biiviik Menderes graben, between Aydin-Soke and Denizli-Saraykéy, include 5
spores, 22 Angiospermae and 8 Gymnospermae taxa. This allows detailed age divisions
the infull of the Graben. The precence of the two palynomorphs assemblages have been
recognized by the quantitative and qualitative palynomorph contents of the samples. The
first palynomorph assemblage, which is Middle Miocene in age, is recognized in
Aydin-Séke, Incirliova, Sahinali, Kosk, Kogk-Bagcayr, Kulogullart and the lower coal
layer of Nazilli-Haskéy. The variation of the frequencies of spores and nonarboreal pollen
forms, in this assemblage indicate that Kulogullart and Késk-Baggayw coals are early
Middle Miocene in age and the other coals are middle Middle Miocene. The second
palynomorph assemblage, which is late middle Miocene-earliest Late Miocene in age, is
recognized in the upper coal layer of Nazilli-Haskoy and Denizli-Saraykéy.

On the bases of the above age assignments Biiyiik Menderes rifting occurre as a result of
extentional forces in Western Anatolia started at the begining of the Middle Miocene.
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FACIES CHANGES AND NEW STRATIGRAPHICAL
-PALEONTOLOGICAL DATA IN THE CRETACEOUS-TERTIARY
BOUNDARY AROUND SOBUDAG (CUNUR-ISPARTA)

Muhittin GORMUS and Erkan KARAMAN
Akdeniz Univ., Eng., Fac., Geology Dept., ISPARTA

ABSTRACT: The siudy area is located at the northwest of the Isparta Engineering
Faculty's campus area. The investigation includes the micritic limestones of the Senirce
limestone and the mudstones of the Kizilkiwma formation in the Cretaceous-Tertiary
boundary.The Senirce limestone is the top most geological unit of the Upper Cretaceous
sequences and the Kizilkirma formation is the bottom geological unit of the Tertiary
sequences in the region. Both formations indicate deep sea environments in the
boundary. Some stratigraphical sections were measured and systematic samples were
collected from these two formations with the aims of investigation and interpretation of
the C/T boundary.

The top most unit of the Upper Cretaceous Sequences is fossiliferous limestones
having abundant Globotruncana fossils. The limestones known as the Senirce
limestone includes micritic and turbiditic levels having very shallow to shallow
microfauna. The upper part of the Jformation contain riyimitically deposiied, grey and
red coloured micritic limestones. The Paleocene-Eocene aged, red coloured Kizilkirma
Jormation overlies the Cretaceous deposits and have abundant globigerins. It starts with
red coloured limestone level, continuous red coloured mudstone levels and ends with
rhytmitically developed calcarenitic sandstone and mudstone levels. Sandstones are
mosily composed of litic fragments, ophiolitic pebbles, benthonic Sforaminifera such as
nummulits and calcareous cement, and increase towards the upper part of the formation.

In the boundary, the upper age limi of the Senirce limostone was Jound to be Upper
Maastrichtian according 1o Abathomphalus mayaroensis (Bolli) and the lower age
limit of the Kizilkirma formation was determined to be Montian according to Globigerina
species.

Besides, the paleoenvironmental interpretations and the relationships between the
formations are also presented,
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GEOCHEMICAL STUDY OF CHROMITITES AND REPARTITION OF
P.G.E. ELEMENTS IN THE MERSIN OPHIOLITE

(SOUTHERN TURKIYE)

Servet YAMAN
Cukurova Univ. Geology Dept. Adana-TURKIYE

ABSTRACT: Mersin ophiolite outcrops as an erosional window at the bottom of
post tectonic Tertiary cover units. Ophiolites are made up of a pile of tectonic slices
having harzburgites, gabbroic and pyroxenic cumulates, and pillow-lawas. They are all
intersected by isolated diabase dykes. These units have a tectonic contact with a rypical
ophiolitic melange containing limestone blocks metamorphic slices, radiolarites and
pillow-lavas.

Tectonized harzburgites are chromiferous vein-like ore lense-like deposits that consist
of disseminated, massif or schiieren ore bodies at Akarca, Yaprakli and M usalr.

The major chemical composition of chromite ores show that the repartition of major
constitutes are similar to those of podiform deposits. Chromite has an average
composition as Cry03>49.32 % and CriFe>2, total Fe < 1.20% constant Fet? /Mg+2
atomic ratio and relatively low Ti0p % (<0.3).

The concentration of P.G.E. in massif disseminated or schlieren ores range from less
than 100 pbb to few hundred ppb. The P.G.E. concentrations seem to be umrelated 10
any ore facies. The chondrite normalised P.G.E patterns of chromites show depletion in

the P.G.E with respect 1o chondrite average concentfrations. Os, Ir and Ru depletions
are smaller than of Pt and Pd resulting in chracteristic patterns with negative slopes.
These patterns may be used to indicate the ophiolitic character of the chromiferois

bodies as it's a case of the chromites within the ultramafic zone of Mersin ophiolite.
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PLATE III

-2: Candona (Candona) altoides Petkovski
1 .Right valve, outer wicv, X30. Borchole P-7. Sample number 24
2. Right valve, inner wiev, X30, Borchole P-7, Sample number 24
3: Candona (Candona) luminosa Bodina

3. Left wiev of carapace. X30, Borehole P-15. Sample number 1
Figure 4: Heterocypris salina salina (Brady)

4. Right wiev of carapace. ( ), X30. Borehole P-10. Sample number 14
Figure 5-6: Eucypris dulcifons Dicbel and Pietrzenuik

5. Right valve. outer wiev. X22. Borehole P-7. Sample number 28

6. Left valve, outer wiev, X21, Borehole P-7. Sample number 28
Figure 7-9: Cypridopsis sp.
7. Left valve, outer wiev, ( ), X24, Borehole P-3, Sample number 30
8. Right valve, inner wicv. ( ). X30, Borehole P-13. Sample number 9
9. Right valve. outer wiev, ( ). X30, Borchole P-13. Sample number 9

Figure 1

Figure
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PLATE II

Figure 1: Candona (Candona) parallela pannonica Zalanyi
1. Left valve, inner wiev, X90. Borehole P-3, Sample number 21
Figure 2-3: Candona (Candona) devexa Kaufmann
Z.IRight valve, inner wicv, X30, Borehole P-3, Sample number 30
3. Right valve, outer wiev, X30, Borchole P-3, Sample number 30
Figure 4-5: Candona (Candona) burdurensis Frecls
4 Right valve, inner wiev, X30, Borehole P-3, Sample number 21
5.Right valve, outer wiev, X30, Borehole P-3, Sample number 21
Figure 6-7: Candona (Candona) decimai Frecls
6.Left valve, inner wiev, X24, Borchole P-3, Sample number 11
7.Left valve, outer wiev, X25, Borehole P-3, Sample number [1
Figure 8: Candona (Caspiocypris) alta Zalanyi
8.Left valve, outer wiev, X23, Borehole P-20, Sample number 28
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PLATE I

Figure 1-2: Darwinula cylindrica Straub

1.Left valve, outer wiev, X21, Borchole P-3, Sample number 22

2.Right valve, outer wiev, X20. Borehole P-3, Sample number 22
Figure  3: Darwinula stevensoni (Brady and Robertson)

3.Left valve, outer wiev, X19, Borehole P-3, Sample 22
Figure 4-5: Ilyocypris gibba Ramdohr

4.Right valve, outer wiev, X24, Borchole P-10, Sample number 24

5.Right valve, outer wiev, X21, Borchole P-10, Sample number 16
Figure  6: Ilyocypris bradyi Sars

6.Left valve, outer wiev, X24, Borehole P-15. Sample number 1
Figure  7:Cyprideis (Cyprideis) sohni Bassiouni

7.Dorsal wiev of carapace, . X17, Borchole P-13, Sample number 10
Figure 8-9: Candona (Pseudocandona) marchica elbistanensis Frecls

8.Right valve. inner wiev, X24, Borehole P-3, Sample number 28

9.Right valve. outer wiev, X24, Borehole P-3. Sample number 28
Figure 10: Candona (Pseudocandona) sp.

10. Left valve, X27, Borehole P-10, Sample 14
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In conclusion, Pliocene formations with coal were deposited as a rapid sedimentation
with a salinity of fresh-oligohaline in local small water-filled depressions in
water-included terrestrial environments (Table 2),(Gékgen, 1979; Morkhoven 1962,
1963).

The Quaternary age alluviums are the youngest units in the basin, which rest upon other
units unconformably.

4. CONCLUSIONS

The results obtained from the present study carried out on the Evcikéy formation in the
Tufanbeyli area may be summarized as follows:
a) The environment and degree salinity defined by ostracodes and the identification of
gastropods, Bryozoa, and charophyte observed together in the current study show that
the Evcikdy formation was deposited in a terrestrial environment containing small
isolated lakes, where essentially fresh water but slightly oligohaline salinity conditions
prevailled.

Table 2. The degree salinity of environment identified by Ostracoda in the study.
*Percentage of salinity taken from Remane (1958) as referred in Gkgen (1979)

SALINITY:®*

FRESHWATER BRAHIK / MARINE
OSTRACODA SOMATR °leC 18-

o) 0.5-3 50 3-8 (10) 45
Cyprideis -
Heterocypris -
Darwinula
Eucypris

Limnocythere

[lyocypris

Cardona(Typhlocypris) =
Candona (Candona)

Candona (Pseudocardona )

b) Coals observed in the formation were irregularly distributed and created by
physico-chemical conditions as a result of the continuous burial of the organic materials
¢) The formation was deposited during the Pliocene. This age is assigned from the
ostracode fauna and also from the distributions of the gastropod fauna.
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Borehole {rom Tufanbeyli-Pmarlar Location.

have abundant fossils, from south to north, are shown in Fig. 10. As a result of the
borehole interpretation carried out (o identify the distribution of coals and other units in
the basin, which is much deeper towards north, the units, various in age, are

unconformably overlain by Pliocene the Evcikdy formation .
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Candona (Candona) parallela pannonica Zalanyi
Candona (Candona) decimaj Freels
Candona (Candona) burdurensis Freels
Ilyocypris gibba Ramdohr
Heterocypris salina salina (Brady)
Xestoleberis Sp.
These zones are overlain by clay, silty clay, clayey silt. silt and gravelly units that are
unsorted, and 3 m thick. The uppermost part comprises a 115 m thick brown mudstone
gravel-sand succession that is overlain by a2 m thick conglomerae,

Borehole No: P-16

This borehole is located approximately 250 m east of Veletleryaylag: Hill and the
coordinates and depth are given in Table 2,

Up to 145 m, gravelly, clayey gyttja-interbanded lignite coals rest upon the units
including gastropod shells in which greenish-gray shale is unconformably underlain by
gravelly, clayey, silty and locally tuffite levels at the basement and a very thin bedded
lignite rank was recovered at the depth of 185.05 m (Figure 9),

The results of paleontologic examination of (his zone are as follows:
Candona (Candona) parallela Pannonica Zalanyj

Candona (Candona) decimaj Freels

Candona (Candona) devexa Kaufmann

The overlying zone is composed of a succesion of conglomerate, claystone and siltstone

and includes the following fossils:
Candona (Candona) parallela pannonica Zalanyi
Candona (Typhlocypris) trigonella (Hejjas)
Heterocypris salina salina (Brady)
Ilyocypris bradyi Sars
Candona (Lineocypris) sp.
Candona (Caspiocypris) alta (Zalanyi)
The vopermost part consists of alluvial materials, approximately one meter in thickness.

3. BOREHOLE CORRELATIONS
The correlations between P-2, P-3, P-7, P-8.P-16, P-11 and P-14 boreholes. which
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This zone is overlain by

pannonica Zalanyi are observed in this zone.

From this level to the upper level

lignite-painled clay. gravelly siltstone-

paleontologic examination are as follows;

at 143 m, plant trace

clay. clay-silt and abundant carbonates,

m, and the overlying unit is a thin-bedded coal. Candona
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OSTRACODA

E
salina

FORMATION
THICKNESS (m)

LITHOLOGY

Ilyocypris bradyi
llyocypris gibba
Heterocypris salina

SER
SAMPLE NUMBER

Candona (Candona)
Parallela pannonica

Candona sp.

HSYSTEM

=
b=

Longlomerate
NCONFORMITY ]

Brown colored gravel
-sand.

Sand- silt
Gravel- sand.
Grav:lly, sandy silt

Silty, sandy, gravelly
mudstone

Grawlly quartzite
Gravel - sand -silt
Silty, scndy, gravelly chy

Gravelly claystone
—mudstone

Grave!
o 530 Grave lly mudstone
L 41 Tl ~claystone.

T Unsorted, yrave.!; mud-
B0 W s

Silty,sandy mudstone
intercalated with cong-
lomerate.

38+

c
202

Silty , sandy, jravelly
clay

—. 2080 Clay with fine sand.
= and few gravels.
Sandstone with few

gravels

Clay

ol 18 9.35 Gyttia interbanded
lignite

Gyttja with lignite

Clay-silt
a8
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UIN‘ CONFORMITY

ime stone
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Figure 7. Stratigraphic Columnar Section and Ostracoda Distribution of the P-11
Borehole from Tufanbeyli-Pinarlar Location.
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conglomerate with limestone materials. This is succeeded by clay-silt and gyttja with
lignite up to 185 m (Figure 7).
Gyttja-interbanded. locally clayey lignite rests upon, up to 162 m, and
Candona sp., Candona (Candona) parallela pannonica Zalanyi were identified
from this zone. Up to 154 m. this sequence is succeeded by gray in color. clay and silt,
and then slightly gravelly sandstone, approximately 3 m in thickness and
Ilyocypris bradyi Sars
Candona (Candona) parallela pannonica Zalanyi were defined.
Between 151 and 90 meters:
Ilyocypris bradyi Sars
Ilyocypris gibba Ramdohr
Candona (Candona) parallela pannonica Zalanyi
Heterocypris salina salina (Brady)
were defined from gray, plant-traced, fine sandy clay cotaining plant traces. and
yellowish brown in color, silty, conglomerate-interbedded mudstone.
Between 90 and 2 meters:
Candona (Candona) parallela pannonica Zalanyi
Ilyocypris bradyi Sars
were defined from claystone, gravelly, sandy, silty claystone. siltstone and
conglomerates overlain by alluvial materials with a thickness of 2 m.
Borehole No: P-14
The borehole is located to the North of Doruk Hill and its coordinates and depth are
given in Table 1. It begins with coarse limestone gravels, and up to 170 m, continues
with gray in color, abundant carbonates, locally fossilferrous. locally lignite-painted clay
and clay-silt (Figure 8) .
The identified fossils from this zone are as follows:
Candona (Candona) parallela pannonica Zalanyi
Candona (Candona) aff luminosa Bodina
Ilyocypris bradyi Sars
Candona (Typhlocypris) amblygonica Frecls
Cyprideis (Cyprideis) sohni Bassiouni
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Candona (Pseudocandona) marchica elbistanensis Hartwig
In addition, Charophytes and gastropods were distinguished.

The thickness of gray in color. clayey, silty sardstone rested upon this zone is
approximately 112 m, and then alluvium materials. 2.20 m in thickness is placed (Fig.6).

&
Zl o OSTRACODA S| duls
W : s | ds|g
ol € = ol L
= -2 B 58
= s g 2ls
wi,_ |95 jat ol
LJ wn = a —
! ] g S ,g
Z|W o
) 1 By oy =] éc b 3
o oo o=
o o |9 | 2
> —| = £ (55 5
i s LITHOLOGY §’°E G
el i 2158 8138(8
e iacee] Conglomerale
AL NCONFORMITY —
Wiy 792
Grey colered ,clayey,
[
. silty sandstone.
Ziz
O -
Lyl 124 Gyttia with lignite veins
b 16 1l
1 Lignite with gyttja ]
(G 10
—| o
ol© w Lignite
(&)
w| e ———— P
> — 0T Clay with lignite
— 3 Green colored clay
Ll
= 1 Gravelly clay
a.
Clayey gravel
Paleozo UNCONFORMITY ——
E=Z0  mgrg Limestone

Figurc 6. Suatigraphic Columnar Section and Ostracoda Distribution of the P-8 Borehole
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Borehole No: P-11
The borehole located in the NW of Magara and in the W of Sariz river begins with

limestone in the lower part and the unconformably overlying unit is unsorted
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(Figure 5). Ilyocypris gibba Ramdohr was identified from the paleontological
examination of gravelly clay placed over by coally, clay-intercaleted coal and
clay-interbanded coals, having a thickness of 90.50 m with the following fossils:
Cyprideis (Cyprideis) cf. torosa (Jones)

Ilyocypris gibba Ramdohr

Candona (Candona) parallela pannonica Zalanyi

Candona (Candona) decimai Freels

Candona (Candona) aff. candida (Miiller)

Candona (Candona) purdurensis Freels

Candona (Candona) altoides Petkovski

Candona (Pseudocandona) marchica Hartwig

Darwinula stevensoni (Brady and Robertson)

Darwinula cylindrica Straub

Eucypris dulcifons Diebel and Pietrzenuik

Candona (Typhlocypris) amblygonica Freels

Candona (Caspiocypris) alta (Zalanyi)

Cyprideis sp.

[n addition. various gastropods and Bryozoa were also observed.

This zone is overlapped by gray, clayey, silty sandstone, where its thickness is 112 m,
and then overlain by the alluvial materials. measured to be 2.20 m thick
Borehole No:8

The depth and coordinates of the borehole located to the west of the Sarz river and to
the SE of Veletleryaylaligs Hill are given in Table 1.

At the bottom, limestone belonging to the basement, measured to be 5Sm is recovered,
and unconformably overlain by clayey gravel, green slightly gravelly clay and gray-green
clay (Figure 6). Tlyocypris gibba Ramdohr was observed only from these units in this
borehole.

Between 150 and 114.50 meters, clayey, locally coal with gyttja and coal ranks were
observed. and the ostracode fossils identified are as follows:

Ilyocypris gibba Ramdohr
Candona (Candona) parallela pannonica Zalanyi
Candona (Candona) decimai Freels
Candona (Candona) altoides Petkovski
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This zone is overlain by silty clay, bluish-gray clay, and then by an unconformably
overlying gravelly sandy unit which includes bryozoa and gastropods.

The succession of clay, silty claystone, sand and sandy conglomerate rest upon this
zone with coal. and contains very few fossils. Alluvial materials. a thickness of 1 to 2 m,
unconformably overlie the zone including fresh-water gastropods .

Borehole No:P-7

It is located to the northeast of Hastane village and between the Sariz river and Saray
Hill. (Table 1).

The depth of the borehole is 183.15 m and at the bottom, it begins with conglomerate.
which lies unconformably over the basement. and then overlain by gravelly clay
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Candona (Candona) parallela pannonica Zalanyi
Heterocypris salina salina (Brady)

Candona (Candona) decimai Freels

Candona (Pseudocandona) marchica elbistanensis Hartwig
Darwinula stevensoni (Brady and Robertson)

Darwinula cylindrica Straub

Eucypris dulcifons Diebel and Pietrzenuik

Candona (Caspiocypris) alta (Zalanyi)
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following fossils were identified:

Candona (Candona) parallela pannonica Zalanyi
Candona (Candona) decimai Freels

Candona (Candona) devexa Kaufmann

Candona (Candona) aff luminosa Bodina
Candona (Candona) altoides Petkovski
Candona (Caspiocypris) aff. alta (Zalany1)
Candona (Pseudocandona) marchica elbistanensis Hartwig
Heterocypris salina salina (Brady)

Cyprideis (Cyprideis) sohni Bassiouni
Darwinula stevensoni (Brady and Robertson)
Ilyocypris gibba Ramdohr

Gyraulus (Gyraulus) inornatus Brusina
Valvata (Cincinna) sp.

This zone is overlain by clay with lignite traces, sandy, gravelly silt, clayey gravel, silt
with sand lenses, gray-colored, fine gravel-included clay-silt and at the top, alluvial
material is placed (Figure 3).

Borehole No: P-3

It is located to the east of Hastane village and to the northwest of Tilki Hill in the area
under investigation (Table 1).

The borehole is 168.5 m deep at this level, and the following lithologies are
observed.At the bottom, down to 168.5. bluish-gray clay with quartzite gravels, bluish
clay and lignite-painted clay.These clay rest unconformably upon bluish-gray pellitic
schists having a thickness of 13.5m (Figure 4).

The Ostracoda fossils identified in this zone are as follows:

Ilyocypris gibba Ramdohr

Ilyocypris bradyi Sars

Candona (Candona) parallela pannonica Zalanyi
Candona (Candona) devexa Kaulmann

In additions, various gastropods and charophyte were also found.

Between 94 and 168.5 meters, gyttja-interlaminated, clayey lignite was recovered, the
following fossils were identified,

Ilyocypris bradyi Sars
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Between 223 and 143 m, laminated clay, gyttja-intercalated, beige in color and slightly
plant-fraced was recovered.

As aresult of this paleontological study carried on the zone including coal and gyttja, the
285



Borehole No: P-2
The coordinates and depth of MTA borehole no:P-2 located to the southeast of Hastane

village with the southwest of Tilki Hill and discovered by MTA are given in the Table 1.

This section begins with sandy, g

ravely zone, which rests unconformably upon

Paleozoic-Mesozoic units and continues with lignite-painted clay-silt at a
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depth of approximately 228 m and then beige-

Figure 2.Generalized Stratigraphic Columnar Section

and clay (Figure 3).
Along those ranks, fresh-water gastropods are only observed.

colored silt including gyttja and coal trace

Table 1: Coordinates and Depth of the Boreholes with Abundant Fossils,

Borehole Borehole Coordinates Depth of
Number < v z Borehole (in.)
P-2 34142.48 58044.28 1377.25 237.05
P-3 34995.98 59014.74 1376.09 197.00
P-7 36171.99 59250.12 1357.42 183.15
P-8 36903.90 58577.71 1358.15 168.35
P-11 39121.00 59408.29 1435.70 201.80
P-14 40095.29 60252.40 1439.42 210.95
P-16 37833.90 58096.60 1427.59 224.65
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1. INTRODUCTION

The area under investigation is located approximately 190 km northeast of Adana
province, and partly included by 1:25 000 scaled map of Elbistan L 36 a3, L 36 by, L
36crand L 36 d2.

Blumenthal (1944), Yalgmlar (1955), Demirtagh (1967), Ozgiil et al.(1972 and 1973),
Erkan et al., (1978), Metin (1984), Taga (1992), Safak et al., (1992) and MTA have
previously carried out various geologic studies in the study area and its surroundings.The
age of units of the area range from Paleozoic to Quaternary. The purpose of this
investigation is to delineate the stratigraphic position of clastic units with coal. recovered
from 22 boreholes completed by MTA between 1989 and 1990 (Figure 1). The first
micropaleontological investigation in the area was, therefore completed achieved just after
the environmental interpretation of units including coal, and has been concluded by
means of using ostracode and gastropod faunae.

The Evcikdy formation described in the study was firstly named by Ozgiil et al., 1972.
The substratum of the formation was identified as Paleozoic and Mesozoic basement units
(Figure 2). The upper part, comprising alluvial deposits. represents Quaternary, and the
lower part consists of soil materials (Senol et al., 1992). This unit is overlain by an
alternation of sandstone, siltstone and claystone with various sections containing
gastropod shells and lignite veins. The uppermost section of the sequence is composed of
sandstone and siltstone cemented by carbonate.

2. INTERPRETATION OF BOREHOLES

In the study area, 22 boreholes were completed to discover coals between 1989 and
1990 by MTA (Figure 1). The fossils included by borehole samples recovered from
borehole no P-1 to P-20 were identified, and in the present study, only some of them
were discussed because of the similarity of the borehole samples. A number of ostracods
identified from borehole samples are given in Plate I, IT and ITI.

Those boreholes mentioned above, were shallow (60-250 m) and extended down to
Paleozoic and Mesozoic units.

The borehole logs discovered are describe below. They indicate that the relation between
the Evcikdy formation with abundant fossils and coal intercalation and the basement units

and Quatemary age units.

]
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in this region. A greater percentage of the assemblage is dominated by the adaptive
forms away from the Bosphorous (marine) inlet. By analogy with the Black Sea, the
Mediterranean dispersion though being more advanced, probably has not as yet attained
its full extent of recovery since the termination of the early Holocene ecological crisis
(approximately 8000 years ago).
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the Mediterranean as a whole, the temperature and salinity gradients are less
significant, certainly compared o the gradients within the Black Sea, in regards to
restricting the benthic foraminiferal dispersion. Within the Mediterranean Sea, the
sca {Toor is marked by decp basins that serve as geographical barriers against the rapid
foraminilera distribution of the shallow water foraminifera. The benthic foraminifera are
able to best disperse, upon their arrive from the Atlantic Ocean (Straits of Gibraltar) by
migrating along the shallow continious shelf. The well established long shore currents
within the basin may help to determine rates of migration; for, it should be easier to

migrate with, rather than against, such fixed and relatively strong currents (Fig.1). It

may be that the greater diversity in the western Mediterranean ocean and its close
similarity to the Atlantic assemblage, is a result of the dispersion - process attaining

a greater degree of equilibrium with the Atlantic input source due to their closer
proximity. Within the eastern Mediterranean, the difference between the eastern
Mediterranean assemblage (as represented by the Israeli coast) and the western
assemblage as a whole, may be a result of the, as yet, incompleteness of the progress of
population diffusion. A rapid dispersion, as the organisms migrated from the Atlantic
Ocean, was assisted by taking a route that is in line with the flow direction of the long
shore currents across the north African coast shelf. Likewise the oceanographic
pattern may explain the diversity between the Israeli coast and the Bosphorous and
Aecgean regions. This flow pattern would place the Israeli coastline in closer proximity
to the Atlantic inlet source than the northern coast of the eastern Mediterranean (Fig.1).
Other factors may locally serve as barriers hinder or diversify the species distribution; but,
these should be subordinate effects.

7. CONCLUSIONS
The distribution of shallow benthic foraminiferal populations within the Mediterranean
and Black Sea can be affected by a variety of local factors. However, the data presented
as representing the different Mediterranean locations, has, in effect integrated a wide
variety of local marine conditions. This thereby, takes into consideration much of
the differences between sites and minimizes the local marine environmental factors
between regions. A very large assemblage difference then still remains between the
western and eastern basins, as well as between the southern and northern shelves of the
eastern basin. This may be less a function of the variations in marine conditions, than the
degree to which a benthic population that has equilibrated with the total recolonizing
population undergoing dissemination from the Atlantic Ocean. It is seen (Fig.2) that
the population assemblages further from the source are comprised of a larger
percentage of adaptive "pioneer" taxa relative to the total population. The Black Sea by
comparison has not reattained marine conditions that existed previously during the
Pleistocene (Stage 5) (Yanko, 1991). However, the same "Pioneer” forms are dominant
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Snlymbergerinidac
Lituolidae
Seccaminidae
Hemisphaeramminidae
Hippocrepinidae
Rrzhakinidae
Hormosinidae
Haplophragmoididae
Discemninidae
Spiroplectasminidae
Kouriidae
Trochamminidae
Eggerellidae
Textulariidee
Pseudogeudryinidae
Spirilinidag
Patellinidac
Cornuspiridae
Fisherinidae
Kubeculariidae
Ophthalmidi idae
Spirolocul intdae
Hauerinidae
Penercplidee

Soritidae
Hodosariidae|
vaginilinidae
Lagenidae
Polyrarphinidae,
Ellipsolagenidae
Epistominidae
Hastigerinidae
Bolivinidae
Bolivinitidee
Cassidulinidae
furrilinidae
Buliminidae

Fursenkoinidae
Eponididac
Discorpidae
Rosalinidae
Glavratellidae
Heronalleniidae
Siphoninidas
Parrelloididay|
Planulinoididar
Discorbinellidad
Cibicididaw
Planoroulinidsc
Cymbaloporridae
Acervulinidae
Homotrematidar
Asterigerinatida
Hontonidae
Trichahyalidse
Ammont idae
Elphididae
Siphuyereringidida
pleurostomel 1idae
Caucasinidae
Bagginidae
Canaliferidad

5 o 5

No species
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benthic assemblage of the Aegean, which is similar to that of the Bosphorous
assemblage. The Bosphorous assemblage, which was taken from core data, did not
entail a living assemblage. It must be considered to approximate a minimal value of
the present day assemblage. This (thc Bosphorous) assemblage is richer than that for the
Black Seca which shows a gecographicai population distribution in relation to the
Bosphorous inlet (which itself is the sole source for recolonized of the Black Sea by
marine fauna). Further along the coast, away from the Bosphorous, the salinity
decreases and (he benthic foraminiferal populations become poorer in diversity.

The diversity of the foraminiferal species as a function of geography can be best
visualized in Figs. 2, 3. These figures present the number of species of shallow
water benthic foraminifera that have been found in the various geographic regions .The
species diversity is seen to follow a geographical trend.

6. DISCUSSION

The distribution of benthic foraminifera can be influenced by a variety of factors
such as temperature, salinity, pollution and oxygen supply of the water, as well as the
type of substrate that they colonize. Variations of course do exist along the shelf of
the Mediterrancan. However, each of the regions discussed in the Mediterranean, are
in effect. a compilation of many individual sampling sites representing many
ecological habitats. Still the differences between the western and eastern portions of the
sca, as well as the differences along the shelves of the castemn basin itself are so great as
to make suspect these factors as being the sole or even the primary reason for the
magnitude of the diversity difference between inter and infra-basinal assemblages.
Rather, another process appears to be of greater importance.

A geographic versus population diversity trend is observed in both the Mediterranean
and Black Sea. These are two distinctly different oceanologic bodies of different
chemistry and environments; yet, the population distribution within both of these scas
may in asense be regarded as related to a similar process. This process is the, as yet,
incomplete population recovery following the ecological crisis that affected (in different
degrees) the two water bodies. Both water bodies now appear to be undergoing a
marine recolonization. The Black Sea being much less marine in character still serves
as a barrier against the less hardly and less adaptive of marine organisms. The more
adaptive are represented the Hauerinidae and Elphidiidac families. These have penetrated
furthest into the Black Sea from their source of introduction (the relatively shallow
Bosphorous (96 m)). Closest to the Bosphorous with its near marine conditions is
found the assemblage most similar to that of the eastern Mediterrancan (e.g.Acgean). As
the marine conditions give way to fresher water conditions fewer benthic foraminiferal
forms are able to penetrate at present. The Black Sea is still far from attaining a benthic
foraminifera population that is in equilibrium with the eastern Mediterrancan's. Within
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The data base taken from the literature is restricted to shallow benthic foraminifera
(approximately 50 m water depth) (a species that were found to exist both at water
depths shallower and deeper were also included).

4. MATERIALS AND METHODS

Samples from the castern Mediterrancan (71 samples) were obtained by grab and
box core during the summer months of 1986-1991 by workers of National
Oceanographic Institute (Haifa) N.Kress and H.Hornung; from the Black Sea
(474 samples) by the senior author during 1971-1986,

Benthic foraminifera were studied by standard methods (Feyling-Hanssen,
1983:  Yanko & Troitskaja, 1987). The Rose Bengal dye (Walton, 1952) was used to
distinguish between dead and living specimens at all stations in the Black Sea. The
Israeli study was mainly based upon surface cores collected a few years previously,
which did not contain living material. 5 g dry samples (Israel's eastern Mediterranean)
and 100 g (the Black Sea) were used. All numerical characteristics of foraminifera are
normalized 10 a 5 g mass of sediment. When possible 300 specimens of foraminifera
from the >0.125 mm fraction were counted for each sample. Statistical analysis of 30
specimens of each investigated species was carried out to estimate the variation of
foraminiferal test sizes. In certain cases when the number of specimens was less than
300 (for example, at the sites 1 and 4 in the Israel's offshore), the number of each
species specimens was normalized to 300.

5. RESULTS

A location map is presented in Fig.1 from which the major areas and sampling sites
for the Mediterrancan and Black Sea are presented. Included on this map are the major
flow diiections of the currents in the basins (included in this in the SW-NW surface
current direction at the entrance to the Adriatic Sea). The salinity of the Mediterranean
varies from west to east (37%0) (o (39%o0) which is slightly higher than the Atlantic water
(35%0). Four sites were sampled in the Black Sea. The salinity into the Black Sea
decreased from the Bosphorous northeastwards.

The results of the population distribution, at the family and the species level, of the
shallow water (0-60 m) benthic foraminifera from the western Mediterranean, eastern
Mediterranean, Bosphorous, Aegean Sea, and Black Sea is represented on Fig.2. Itcan
be scen that in all cases, two families Hauerinidae and Elphidiidae dominate. The
castern Mediterranean is represented by distinctly fewer species than the western. The
weslern basin is most similar (57 families and 285 species ) to the Atlantic Ocean
assemblages (61 families and at least 300 species) (Michalevich, 1982). The Atlantic
Ocean is the only possible source for the foraminiferal reentrance into the
Mediterranean. Within the eastern Mediterranean the Isracli coast is richer than the
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Mediterranean as well as the Bosphorous. To date the preliminary studies of Parker
(castern Mediterrancan and Acgean Sea, 1958). Moncharmont Zei (Lebanon's shelf,
1968), Abdou et al. (continental shelf off the Nile Delta, 1991) and Meri¢ and Saking
(Bosphorous, 1990) remain the most detailed references. Detailed environmental and
taxonomic investigations of the western Mediterrancan foraminifera have been
carried out by many authors. The most comprehensive modern information is found in
the research of Blanch-Vernct (1969), Danicls (1970), Cimerman (1984), Jorissen
(1987. 1988). Langer (1989) and Cimerman and Langer (1991).

For a period' of 20 years prior 10 this work, extensive background studies on
present and Quaternary benthic foraminifa (taxonomy. morphology. density.
diversity. etc.) had been carried out by the senior author in the Black sea (Yanko. 1979,
1982, 1989 . 1990, 1991: Yanko & Troitskaja, 1987). The environments that were
studied here included deltas, open and closed lagoons, bays, and shelf extending
from 0-220 m. The bottom water salinity ranged from 1-26%o.

In the Black Sea living benthic foraminifera are distributed to a maximum water depth
of 220 m. Foraminifera are not found beyond this depth, in contrast (o the
Mediterranean, due to the continuous presence of H,S in the water.

3. SAMPLING AREA DESCRIPTION

With the exception of the Black Sea and the Isracli coast, the other comparative data
has been taken {rom the literature. Therefore, no further description will be given here
for these sites (Fig.1 A.B).

Israel's Mediterranean _coast (Fig. 1A). Foraminifera were collected from four
sites, at a depth interval of 6-50 m. Sile 1 (6 stations) is situated off Hadera (24 m water
depth). Site 2 (2 stations) was taken at the entrance to Haifa Harbour (6-12 m water
depth). Site 3 (4 stations) is located ofl the beach of Nitzanim (20 to 50 m water
depth). Site 4 (6 stations) is situated ofl Palmachim (20-50 m water depth). Salinity at
all of the sites was constant, averaging 39%o0. Salinity of the western Mediterranean
varies between 37.8%0 and 38.1%0 (Tyrrhenian Sea), 38.5-38.8%0 (Adriatic Sea). The
salinity of the Bosphorous is 35%0.

The Black Sea. Surface material was collected by grab and box-cores from sclected
areas (Fig. 1B). The north-western shelf is represented by 350 stations (3-70 m water
depth. salinity 11-18.6%0). 134 stations were taken along the western shelf (8-70 m
water depth, salinity 17- 19.6%0). 10 stations were taken al sites located in the vicinity
of the area near to the Bosphorous (100-120 m water depth, salinity 26.2%0).
Despite the greater depth here, we decided to include these stations for comparison. This
site demonstrates the primary influence of salinity on the benthic foraminiferal
distribution. Shallower depths are within Turkish territorial waters and could not be
sampled at that time.
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1. INTRODUCTION

After the Last Glaciation, a drastic oceanographic change affected both the
Mediterranean and Black Sea. The Black Sea received increased discharge from by the
major rivers that drain central Europe. This significantly lowered the salinity and
destroyed its meromictic structure. This lowering of salinity resulted in a major
ecological crisis for many marine organisms (e.g. ostracods, molluscs,
foraminifers). For example, a near total extinction took place of the Black Sea's
shallow benthic foraminifera (Yanko, 1989, 1991). Likewise, the Mediterranean Sea
was affected by the sea level changes and the increased fresh water in flow. A
meromictic state was created. Circulation was impeded. Low salinity surface water
prevented the rcoxygenation of the deep water which became anoxic (Olausson,
1961). This state is strikingly denoted by the creation of sapropels. The sapropels arc
found almost exclusively in the eastern Mediterranean, though, some evidence exists for
periods of reducing conditions in the deep western Mediterranean as well. The periods
of Mediterrancan stagnation were also periods of ecological stress; though, the
extent of crisis is less well known and perhaps less severe than that which transpired in
the Black Sea. Here too are recorded changes in the benthic foraminiferal populations.
Changes in faunal assemblages occurred for deep water benthic foraminifera in
response to oscillating oxic-anoxic-oxic conditions. It was noted though that the
recovery was relatively slow. The eastern Mediterranean, as reflected in the deep
water benthic foraminifera, has not, even today, recovered from the last stagnation
(sapropel event, S1) of about 8000 years ago (Mullincaux & Lohmann, 1981).
Relatively little data is available for modemn shallow (<60 m) benthic foraminifera from
the Mediterranean as a whole. Less is known about earlier benthic foraminiferal
populations (such as during formation the periods of sapropel formation).

The present work presents a summary of the published data as well as more recent
data in an attempt to synthesize a model for understanding the present distributions
of shallow benthic foraminiferal populations both in the Mediterrancan and Black
Seas. The study intends as a first step to consider some basic questions of today's
Levant benthic foraminiferal distribution. A comparative distribution study with the rest
of the Mediterranean, coupled with an understanding of the oceanographic processes that
led to ecologic stresses at the beginning of the Holocene, may provide insight into the
migration pathways into the eastern Mediterranean and Black Sea by benthic
foraminifera.

2. PREVIOUS STUDIES

With the exception of a short paper by Reiss et al., (1961) and Yanko et al., (1992)
no information is available on benthic foraminifera of the Israeli offshore.

Also there is only limited information concerning benthic foraminifera of the castern
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4. CONCLUSIONS

Karstification in the Taurus Mountzins has started in Miocene and developed naturally
during Pliocene and Pleistocene (Eroskay,1968). However, the paleokarstic features
around Seydisehir area in the central part of the Taurus region indicates the presence of
karstification before Miocene.

The Kopriigay conglomerate is of Lower-Middle Miocene. Following the karstification
started at the surface during Upper Miocene, deep karst has developed during Pliocene
and Pleistocene due to the tectonic movements resulted from faulting and suitable climatic
conditions.

Existance of Miocene-aged sediments (i.e., the Koprigay Conglomerate) at Bozburun
mountain at an elevation of 2500 m indicates the order of epiorogenic movements taken
place in the region.

The position of the one of the mosl important faults, the Pliocene-aged Kirkkavak fault
(Fig. 1). has caused karstification penetrating great depths within the Kopriigay
conglomerate which has been karstified during the Upper Miocene.

As the sea has regressed, about 100 m during Gunz. Mindel, Riss and Wurm at
Pleistocene, the conglomerates which have been thrown to lower elevations by the
Kirkkavak fault are continuously karstified.

Thus, karstification has developed over 200 m bsl. since the conglomerates arc very
thick and underlain by limestone units: the epirogenic movements were very intensive; the
Kirkkavak fault played important role in the hydrogeology of the region; regression of the
sea during Wurm and a lower groundwater table than the river level.

The karstification depth of Oymapinar dam site, only 30 km east of Beskonak dam, is
70 m bsl. This is because of the impervious units that underlie the relatively thin karstic
unit. Whereas, the conglomerates in the Begkonak dam site have thickness of more than
1000 m (Eroskay, 1968) and underlain by another karstic unit. a Cretaceous limestone.
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The number of tests conducted at various elevations (zones of 2 m, above 10 1) and their
percentages are given in Figure 8. The figure shows that a significant part of the water
loss is of the 2nd group, that is the water loss under zero pressure, even at these few
boreholes that have depths of greater than 150 m bsl. Based on these observations,
however, one can not conclude that karstification becomes more intense at depths below
150 m bsl because of the limited numbers of borcholes investigated. On the other hand, it
will also be erroneous to conclude that karstification is stoping below 100 m bsl. or the
karstification depth is 100 m bsl.
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simplify the evaluation and provide a better understanding in application.

1st group: Large solution cavitics and caverns determined in boreholes; lugeon test could
not be performed.

2nd group: Karstic zone with very high permeability. The capacity of the voids is bigger
than the inflow through the well, thus the water escapes under pressure of zero.

3rd group: Zones leaking water more than 400 1, which corresponds to 20 Lu.

4th group: Zones leaking water between 200 and 400 1 (10-20 Lu).

5th group: Zones leaking water less than 2001 (1-10 Lu).

6th group: Weathering zone at the surface: soil cover; no tests conducted.

3.4. Evaluation
1) The total steps (zones of 2 m in the borehole that was tested each time) that were
used in this evaluation is 1320 and they can be grouped as follows.

1st group 2nd group 3rd group 4th group S5th group  6th group Total
29 118 154 151 804 64 1320
2% 9% 12% 11% 61% 5% 100%

2) If the 1st, 2nd. 3rd, 4th and 6th groups are considered as pervious and karstic
zones, then, of these, the 1st, 2nd and 6th groups constituting 41% of the total can be
evaluated as intensively karstified zones. This figure is 27% for the depths below 40 m.

3) Although the depths of the boreholes used in the zvaluation are not the same, it is
possible to conclude that the waler loss. and thus, the karstification decreases with depth
as shown in Figure 6. )

The relation of karstification with depth was evaluated for a depth of 64 m (all borcholes
reached this depth) was expressed mathematically as € = 19.18 ¢-0.03H, for which the
correlation coefficient is found to be 0.81.

In the expression given above. € : karstification coefficient and, H: depth from the
surface (). This equation has shown that the karstification at the zone 0-10 m from the
surface is five times of that seen in depths about 64 m. For a depth of 100 m this
expression becomes € = 11.94 -002H and the releated correlation coefficient is 0.65. For
a depth of 150 m it is €=8.75 ¢-0.01H and a smaller correlation coefficient of 0.56.

Distribution of amount of water loss with elevation above and below sea levels is given
in Figure 7. As it is seen from the figure, karstification has developed also at elevations
220 m below the sea level in the region. According the Figure 7 the water loss decreascs
at depths below 100 m bsk. But, the small number of the boreholes with such depths must
be taken into consideration during interpretation. In this evaluation, 25 boreholes are
used. and only 4 of these have depths below 150 m bsl.
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1973).

(lugeon) that were carried out in 25 boreholes drilled at the dam site and its near vicinity
with depths ranging between 40 and 300 m were evaluated (Fig. 6). Lugeon tests are
realized in each 2 m of the borehole. For this reason, the unit termed as water loss, in 10

minutes in liters for each 2 m was used in evaluation.
According to the results of the tests, the water losses were divided into 6 groups to
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3. KARSTIFICATION AT DAM SITE AND ITS VICINITY

The right bank of the dam site is covered completely by conglomerate. Whereas the
conglomerates outcrops only over a strip along the river with a width of 200 m on the Ieft
bank. Further inland on the left bank. the impervious Beskonak Formation outcrops
which overlies the conglomerate unit (Fig. 1).

Karstification in the region has been developed especially along the faults, cracks,
fissures and joint systems. Solutional structures that are exist within the valley at the dam
site indicate that the karstification has also developed along the bedding planes. Moreover,
four caves that have been developed along the bedding planes at the downstream area of
the damsite can be considered as an evidence for the karstification along bedding planes in
the region.

3.1. Type, Size and Distribution of Karstification

Evaluation of karstification has been achieved by analyzing the data obtained from the
galleries and boreholes drilled by the Electrical Power Resources Survey and
Development Administration/EIE, 1973, (Fig. 4).

Based on the results of lugeon tests carried out in the boreholes and observations in the
galleries, the following conclusions were made concerning the type, size and distribution
of karstification in the region.

3.2.Size of Solution Cavities

The relation between elevation and the width of the cracks and cavities that were
determined within the observation boreholes drilled at the dam site by EIE (1973) is
shown in Figure 5. The average opening of the solution cavities is 0.9 cm, a maximum
width of 4 m was found in LS-11 borehole at an elevation of 68 m below the sea level.
The majority of the cracks have an opening of 0.2-0.5 cm and constituc 42% of the total
measured samples. Cracks with an opening of 5 cm is only 1% of the total (EPDC,
1983).

The study carried out in the galleries revealed that most of the cracks, solution canals
and cavitics are filled with clay and calcite aggregate. The average opening of the cracks
an solution canals determined in the galleries is about 1.1-3.3 cm. The maximum opening
is 80 ecm (LT-1, 46th m). 70% of the cracks have an opening of smaller than 2 cm.
Openings more than 10 cm are observed in 7% of the total cracks. Average opening that is
determined in large cavities is about 26-60 cm. The maximum size is about 150*300 ¢cm
(RT-4. 43rd m) and 58% of them have an opening between 10-50 cm while only 5% of
the total has openings larger than 100 cm.

3.3. Karstification Depth
In order to determine the variation of karstification with depth, water pressure tests
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1. INTRODUCTION

Begkonak dam and hydroclectric power plant are planned to be constructed on the
Kdopriicay river, 40 km east of the Antalya city (Fig. 1). The dam site is situated in (he
most imported karst region of Turkey, namely, Western Taurids Karst Area. Three major
problems associated with the dam construction in karst terranes are present in the study
arca: 1) water losses, especially in the dam site and its vicinily, 2) the grouting curtain
planned to be build in order to prevent these water losses and. 3) surface water-ground
waler relations in the area. Within the content of this study, especially in the dam site and
its vicinity, the type, dimension, distribution, and depth of karstification devcloped in
conglomerates have been investigated by means of Lugeon tests and observations and
mspections in the galleries and by caving studies .

2. KARSTIFICATION IN BESKONAK DAM RESERVOIR AREA AND
ITS VICINITY '

The left bank of the reservoir area is completely covered by the impervious Beskonak
Formation and thus no karstification has developed here. On the other hand, the
Kopriigay conglomerate which outcrops on the right bank (Fig. 1) is composed by
limestone gravels within a carbonate matrix and is highly karstified along faults, cracks
and joint sets.

At the northern end of the reservoir area, Olukkoprii karst springs emerge {rom the
conglomerates with a discharge rate of more than 30 m3/s even during the most dry
season. Within the conglomerates that outcrop at the north and northwest part of the
springs, typical joint systems have developed with openings ranging from the order of
decimeter to one meter and with a mean strike of N25W. A rough topography resembling
a forest of stones has been developed in the region as a result of the karstification
processes along these mostly vertical joint systems (Photo 1). Apparently, the
karstification is not limited at the surface, it may continue at great depths under the
ground. Field observations and analyses of the joint systems suggest that Olukképrii
springs discharge along these joint systems. Existence of the 530 m long Kuruképrii cave
around the central part of the reservoir area is another typical example for karstification in
this region.

Based on 3 years-long water level observations made within the boreholes RB-1 and
RB-2, which are drilled at the right bank of the river in the ICServoir area, the water table
rises to about 5-10 m above the river during rainy seasons and declines down to about
35-40 m below the river level during dry seasons (Fig. 2). Consequently, a karstification
zone has been developed at the fluctuation zone of the water table of 40-50 m. This can
also be seen from the water pressure tests ( lugeon) carried out at the boreholes RB-1 and
RB-2. Kurukdprii cave, located near borehole RB-1 is an active cave developed within
the mentioned karstic zone (Fig. 3).
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ABSTRACT : Begkonak dam and hydroelectric power plant are planned to be
constructed on the Kopriigay river, 40 kn east of the Antalya city. In the dam site and
reservoir area, Képriicay conglomerates of Miocene age and Begkonak Formation
alternating with each other horizontally and vertically crop out. Képriicay conglomerates
with the components of limestone fragments and carbonate texture are, karstic and
permeable, whereas, the Begkonak Formation is impermeable.

At the northern edge of the reservoir area, Olukkdprii karst springs with a minimum
discharge of 30 m3ls take place. These springs discharge mostly through vertical and
subvertical joint systems. As a result of intensive superficial karstification developed
along the joint systems in the area, the terrain reveals a view of columns of rocks; the so
called "fairy chimneys" structures. Apart from the superficial karst features, Olukkdprii
springs represent a large and continuos system of underground solution cavities. In the
Képriigay basin, numereous karstic features such as dolins, sinkholes and caves
developed within the conglomerates have been determined. Within the reservoir ared,
Kuruképrii cave with a length of 53 0 m, can be named as a typical example of these caves
developed within the conglomerates. In some parts of the reservoir area, where the
ground water level is lower than the surface river elevation, a highly developed
karstification zone is present within the fluctuation range of groundwarer occurring
between the depths of 40-50 m.

The above mentioned Kuruképrii cave is an active cave developed in this fluctuation
zone in the dam site and its vicinity, solution conduits developed along the system of
mostly vertical fractures and joints are interconnected, thus, giving rise to a 3 dimentional
conduit network. On the other hand, majority of these conduits have clay and calcite
filling materials. The karstification in the dam site varies with depth exponentialy.
Avaliable data suggest that karstification in the study area has a vertical extention as deep

as -220 m.
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de galene (s¢ {rouvant au centre) au minerai oxydé de composition
smithsonit+ang1ésile+serusileilimonite. Ceite observation a ¢€t¢ verifiée également au
Microscope métallographique et 2 1a microsonde.

La recherche nous amencra 3 determiner les réserves exploitables régionales du minerai
ot attribue des modeles de gentse aux diverses minéralisations. Elle permetira ainsi de

réaliser des contributions {rés importantes & 1a métallogénic de Pb-Zn en général.
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Dans la mine de Masat et le secteur d'Olukbasi-Pmarlar on observe cn plusieurs
endroits la galene, la sphalérite ct la baryte déposés dans les filons et poches. L'origine
du minerai pourrait se trouver dans le magmatisme acidique de la région voisine on la
galéne, la sphalérite, la pyrile el la barytine sont produies par les activités hydrothermales.
Le volcanisme tertiare est vraissemblable Ta source de ces activités. Les fractures et les
cavités déja présentes ont di ére comblées grice aux solutions hydrothermales
classiques. Ayhan(1984), Cevrim(1986). proposent un modele similaire de genése pour la
minéralisation primaire sulfurée de Pb-Zn-Ba.

*L.e modeéle d'oxydation et de I'altération météorique.

Aprés mise en place du minerai sulfuré dans les zones fracturés des roches encaissantes
une altérat ion météorique bien poussée aurait dissout le minerai sulfuré. Le probléme du
transportet de la dissolution de Pb-Zn-Ba divers discutés par auteurs (Ginsbourg, 1966;
Cadek et al., 1968; Roberts. 1967: Bernard, 1971-1977: Bamnes. 1979; Haynes et
Mostalegel. 1982). Selon ces auteurs les Pb-Zn peuvent étre transportés généralement
sous forme d'ions ou absorbés par des matérieux adsorptifs, comme la chlorite, le
sulfate, le sulfite, le bisulfite, les complexes organiques et les ions d'hydrogéne.

La solution riche en Pb-Zn-Ba est circulée dans lcs réscaux de fracture de I'encaissant
carbonaté permettant une cristalisation du minerai sous la condition suivante:

-Si elle circule dans un milieu réductrice complgte, scul I'ion S- est présent, donnera la

galene et la sphalérite mais le baryum ne précipitera pas.

-Si elle circule dans un milieu ol la réduction est nulle, seul ion SO4™ est
présent.donnera allors la barytine et peut-étre 1'anglésite.

-Si elle circule dans un milicu out la réduction incomplete et les ions SO4™~ et S sont
présents. donnera la galéne, la sphalérite et la baryte en raison de la faible production
d'hydrogéne sulfuré mais le zinc sera souvent trés mal présenté.

La minéralisation oxydée de la région étudiée a vraissemblablement un caractére
supergéne et formée par la transformation de minerai sulfuré. Cette transformation se
développe sans doute de la fagon suivante:

La galéne donne l'anglésite en milieux oxydant et la sérusite en milicux trés peu
reductrice.Les ions de CO3™" y existent toujours. La sphalérite donne facilement la
smithsonite pendant cette transformation.

*Le modele karstique

Un troisitme modele de genese peut-Etre proposé pour les minéralisation de la région
d’Engizek. On observe [requemment surtout dans les mines contenant du minerai oxydé
et carbonaté des remplissages concrétionnés. On constate dans la méme zone minéralisée
une paragenése mixte sulfurée-oxydée. On observe parfois  'ocil nu une transformation
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PLANCHE 11

1-Minerai oxydé et carbonaté. On y observe souvent une forme de I'entille 2-Miinerai de smithsonite+anglésite+sérusite montrant une structure en
contenant des lits concentriques. concrétion et mamelonnaire.
3-Transformation en anglésite+sérusite autour d'un cristal de galéne 4-Remplissage de barytine (Ba), vraissemblablement dans les cavités de

fusion de calcaire. La germination de barytine est légérement visible
autour des cavités qui sont remplies t&s souvent d'argile.
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PLANCHE I

s. L'olivine est granulée et

2.La déformation de tectonites harzburgitique
mmengant

lenstatite est allongée. La serpentinisation se développe en co
les fractures de cristaux d'olivine (Microphoto, L.P.).

1-Les métamorphites de Malatya constituent souvent des reliefs assez forts
inéralisation de barytine (Ba)

(plus de 2500 m). On observe parfois la m
au long de la faille verticale (Photo prise prés du sommet de Karatag). par

e de Begenli. Elle est caractéristique par sa couleur
grés, de mame et d'argiles de
age de Maksutlu).

lits minces 4-Formation outochton
rougedtre. Elle est composée de
différentes  couleurs(Photo prise pres duvill

calcaire aux

3-Formation outochtone de Midyat. Le
net (Photo prise sur la route

sub-horizontaux gris-blanchedtre vers le somt

stabilisée de Bertiz-Kahramanmarag.
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Cameca sous la condution de 15 Kw, 2 Ma et 6s. S, Pb, Bi, Ag dans les cristaux de
galéne et Ba, S. Sr. O dans les cristaux de barytine ont été recherchés et les résultats sont
rapportés dans le tableau 2.

En étudiant ce tableau on peut conclure que la distribution de soufre varic entre
12.90-13.68 % et ceci exprime une décalage étroite. L'argent natif observé en pétile
quantité dans les sections polies est ainsi verifiée par la microsonde. La quantité de
l'argent varie de 0.04 au 0.16 %. Par ailleur le rappor Bi/Pb ne change pas beaucoup
dans le 41 point.

Les analyses dans la phase du cristal de barytine font apparaitre unc proportion assez
élevée de Ba. On y observe aussi une pourcentage importante (0.07-2.46 %) de Sr. Ces
valeurs expriment une substitution considédable entre Ba et Sr.

En utilisant ces valeurs de Sr et Ba la minéralisation barytinefere du secteur d'Engizek a
été étudiée dans le diagramme de Ba=I£(sr) et comparée avec d'autres régions (Fig.3). On
remarque une différence entre les valeurs de Sr du secteur étudié et les minéralisations
barytiniféres de 1'Europe et des Etats Unis. La barytine dans les alges italiens a une
valeure en Sr de 0.62 an 1.22 %(Berger, 1985) alors que celle ci-varie de 0.07 au 2.46 %
dans la barytine d'Engizck. La comparaison des valeurs en Sr du secteur étudé avec celles
des autres régions indique qu'en dehors de Ramelsberg et Continantal elles sont plus ou
moins similaires(Fig.4).

10. INTERPRETATIONS ET CONCLUSIONS GENERALES

L'histoire géologique de l'unité allochtone formée des roches métamorphites de
Malatya est assez complexe. Cette série métamorphique est constituée a la base de
quartzites, phyllites, calcschiste d'age Paléozoique et une couverture composée par des
calcaires et des dolomies avec des intercalations de mame et de quartzite d'age
Mesozoique au sommét. Une masse ophiolitique est en contact tectonique avec les roches
métamorphites de malatya. Les calcaires non mélamorphiques les grés argileux et
carbonatés du Crétacé les surmontent. L'unité autochtone est formée par plusicurs
formations d'age Tertiaire. Toutes ces formations autochtone sont transgressives et
présentent des contacts normaux entre elles.

La minéralisation Pb-Zn-Ba de la région apparait sculement dans les métamorphites de
Malatya. Par contre, les corps minéralisés ne sont pas distribués d'une fagon
systématique par exemple dans un niveau lithostratigraphique préferentiel ou en
concordanse avec des couches encaissantes carbonatées. Elle est surtout déposée dans les
discontinuités de roches encaissantes soit sous forme de gilons et poches, soit en amas
dans les cauités karsttiques. Etude des lames polies au microscope ct i la microsonde
nous conduisent & proposer trois modeles génétiques:

*Le modele classique hydrothermal pour la minéralisation sulfurée.



plusieurs lames polies ot ils sont transformés dans les clivages de galéne. On les
observent également en alternance avec les lits de smithsonite.

8.ETUDE CHIMIQUE

Les analyses chimiques des échantillons de minerais provenant de différents corps
minéralisés indiguées dans le tableau L. La teneur en plomb eten zinc est assez €levée. La
densité de barytine est plus de 4.14 gr/cmz. La teneur moyenne du minerai est favorable
pour I'exploitation mais la présence des minéraux sulfurés dans la paragenése oxydée et
carbonatée diminue leurs valeurs économigues.

Tableau 1.Teneurs du minerai en galéne, en barytine et en oxydes de Pb-Zn-Ba

1 Numéros des échag_tli_lions
Elemens 1 2 3 4 5 6 7 8 9 10
Pb % T2.80 175.60 | 65.95 | 33.70 |32.65 | 6.85 |5.16 [17.60 | 5.65 | 7.13
Zn % 032 | 093 | 022 040 | 0.60 | 038 [041 [44.66 [47.17 [48.66
BaO % 140 | 090 [15.30 | 40.20 |24.50 [55.20 [57.60 | 1.70 | 2.10 | 3.10
Cu % Trace | Trace | lrace | 0.01 | 0.01 |Trace | Trace | 0.01 | 0.0 | 0.01
Ag or/T 79 85 < 65 39 - - 55 19 -

2 11 12 13 14 15 16 17 18 19 20 21
Pb % ROl | 841 | 3.68 037 116,76 | 6.16 | 2.16 [ 3.20 | 410 [ 3.20] 4.17
Zn % 76.70 |41.00 | 36.45 |49.56 |34.70 |42.81 [59.00 [35.50 [ 64.63 [60.13 [36.50
Ba0O % 2851 301 336 298 | 3.27| - - - - - -

Cu % 001 ¢ 0191 009| 080 | 102 203 035 1.i6 | 023 0.20] 113
Fe % 577 | 542 |10.00 | 1.94 | 5.27 | 860 | 736] 522 | 461 ] 3921 7.14
Cd % - 036 | 027 0471 027 - - - - - -
Si % - 484 1.12] 026 | 0.66 - - 2 - - -
¥ % - 0.020 10.009 [0.005 | 0.10 5 - - - - -
Cl % - 0.013 | 0.008 [0.005 [0.012 - - - - - -
[Ag er/T| - - - - - - - - - - -

3 MA-00-33| MA-90-16 | MA-90-23 | MA-90-27 | MA-91-10 MA-91-27 |
BaO 58.96 52.15 48.65 41.19 38.79 59.16
Pb 6.17 7.32 10.42 13.98 11.25 851
Zn 0.71 1.26 036 0.73 0.95 0.90
Egrlcm3 4.32 4.29 430 4.13 414 4.36

4 MA-01-33| MA-91-40 | MA-91-41 | MA-91-43] MA-91-4 | MA-91-45
BaO 54,17 58.62 59.25 37.36 49,17 52.66
Pb 4,13 398 3.27 5.36 5.13 422

n 0.96 0.71 0.89 0.99 142 0.79
d=gr/cm3 432 4.29 4.37 4.40 433 4.14
Légende
1-5 minerai riche en Ealéne; Minerai oxvdé; MA-91/92:Minerai riche en barytine.

9. ETUDE A LA MICROSONDE
Pour I'analyse & la microsonde sont préparées les lames polies du minerai riche en
galéne et du minerai riche en baryte. Les analyses ont ét6 réalisées a la microsonde de
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inclusions de sphalérite et de fahlerze. L'argent natif de moins de 10 p s'observe
ravement.L'anglésite (PbCO3) et la sérusite (PbSO4 ) se rencontrent en bordure des
cristaux de galéne(Planche 11, Fig.3). La sphalérite constituant un deuxidme minéral est
asscz rare. Elle est en petite plage et trés souvent fracturée. Elle présente parfois des
inclusions de chalcopyrite distribuées irregulidrement.

La sphalérite est tranformée généralement en smithsonite surtout quand clle est sous
forme de cristaux fracturés.

La barytine, le quartz et parfois la calcite constituent la gangue. On constate également
des filonnets tardifs de barytine qui traversent le minerai.

*Minerai riche en barytine

Ce minerai est constitué par des rubans et de gros cristaux de barytine. La barytine se
présente toujours sous les méme faciés aussi bien dans les minéralisations filoniennes
que stratiformes. La barytine saccharoide soit caraclasée, soit depourvue de déformation
se présente alors en grandes lattes(Planche 11, fig.4). Elle présente parois une corrosion
de dissolution par I'irrégularité ses bords.

La baryitine contient de la galéne de petite dimmension soit en inclusions, soit en
filonnets traversant la barytine elle méme. Les cristaux de galéne sont plus petits (moins
de 0.2 1) que ceux du minerai massif de galénite.

*Minerai oxydé et carbonaté(Smithsnnit+Anglésite+SérusiteiLim0nite)

Le minerai secondaire oxydé et carbonaté est constitué par une alternance de rubans de
smithsonite, d'anglésite et sérusite. La limonite et parfois I'hématite s'associent au
minerai surtout entre les rubans. La pyrite est trés rarement présente. Ce minéral existant
dans la paragenése primaire est totalement ou partiellement transformé en limonite. On
observe de place en place des mineraux argileux qui sont vraissemblablement formés plus
recemment.

Le minerai oxydé provenant de mines de Masat et de Karamanli contient de la galéne.
Elle s’y transforme en anglésite et sérusite A partir de sa périférie.

La smithsonite est plus abondante dans la paragenése secondaire et déposée en
remplagant les carbonates de I'encaissant. Elle est souvent en cristaux xénomorphes.
Rare cristaux automorphes ne se developpent que dans cavités géodiques. Suivant le
degré de la contamination avec le fer, la smithsonite présente un coloration d'aspect zoné.
Elle a porfois une structure dentritique entre lits concentriques formés par clle méme.
D'autres minéraux du zinc. Comme I'hydrozincite et I'hemimorphite ne s'y observent
que rarement,

L'anglésite et sérusite sont moins abondant que la smithsonite. Elles sont souven: sGus
forme des produits du remplissage. Ces deux minéraux sont nettement observés dans
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*Autres zones minéralisées

On observe encore dans plusicurs endroits du secteur étudié des indices minéralisés en
galéne, en baryte et a la fois des minéraux oxydés et carbonatés. Tous ces indices se
situent aux niveaux trés élevés dans la montagne dEngizek et il n'existe aucune route
stabilisée pour I'exploitation 4 ce jour. Aprés la premiére construction d'une route miniére
dans cette région tous les indices minéralisés peuvent avoir une importance économique.

6. OBSERVATION ET ETUDE MACROSCOPIQUE DU MINERAI

La minéralisation plombifere-zincifere est visible a l'ocil nu. Elle se présente sous forme
de lentille, d'amas, filons, remplissages de cavité, bandes. veines dans l'encaissant
carbonaté.

On distingue principalement trois types de minerai dans l'ensemble du secteur
septentrional de Kahramanmarag:

*Galénite massive barytinifere (minerai noir)

*Barytine massive avec des filonnets de galénite (minerai blanc)

*Minerai oxydé a smithsonite+sérusite+anglésite (minerai gris)

En plusieurs endroits le minerai a un caractére massif montrant parfois de gros cristaux
cubiques de sulfure de plomb. Dans le minerai sulfur€ (riche en galéni:z) Ia sphalérite est
difficilement visible. On observe la barytine et la calcite qui cimentent les autres minéraux
constituants,

La barytine massive avec des filonnets de galénite est un minerai caractéristique pour la
zone d'Olukbag: et Cataldere. Ce type minerai a une importance €conomique grice 2
I'extention latérale, I s'agit d'une minéralisation trés riche en barytine (%95) qui est
recoupée par plusieurs filonnets de galénite plus ou moins visible  I'ocil nu.

Un troisi¢me type de minéralisation est observe dans le secteur de boyal, de Kizilkaya
et de Karamanh. Cette minéralisation est complétement différente de deux premiéres. 11
s'agit d'un remplissage de fractures et de cavités montrant souvent une structure en
concrétion stalactique (lits concentriques plus on moins réguliers) ou mamelonnaire avec
une coloration grise, jaune, bleue et blanc laiteux(Panche 11, Fig.2). Dans ce type de
minerai on voit parfois de la galénite au milieu entousé des concrétions de minéraux
oxydés comme la smithsonite+anglésite+serusite.

7. ETUDE MICROSCOPIQUE
Etude au microscope métallographique des échantilons permet de distinguer plusieurs
types de minerai;

*Minerai riche en galénite
Elle est souvent pur est pur et sous forme de grande plage. Elle présente parfois des
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parfois des lits tres minces de lignite.

Bien qu'on sache depuis une cinquantaine d'années l'existence, en plusicurs endroits,
de ces minéralisations certaines ont seulement une importance économique relativement
récente A cause du mauvais réseau routier. Cette zone minéralisée a unc altitude de
1800-2500 m et clle est sous la neige pendant 4 mois par an. Pendant cette période le
déplacement est vraiment difficile dans cette région septentrionale de Kahramanmarag.

Corps Minéralisé

#La zone de boyal et Kuzilkaya

Dans cette zone il existe principalement deux mines qui sont actuellement en cours
d'exploitation. Au nord du village de Boyali, on a des alfleurements situés paralellement &
la ligne de charriage. La minéralisation oxydée ct carbonalée est déposée dans les fractures
ot les cavités karstiques de calcaires mélamorphiques et de calcaires dolomitiques. On voit
visiblement que le minerai s'est déplacé en suivant les résaux de fracture et les cavités de
fusion dans les carbonates(Plance I1, Fig.1). On a elfectué des travaux minicrs par
l'intermédiaire d'unc entreprise privée. On peut arriver a cette mine par une route
stabilisée.

*La zone de Cataldere

Cette zone minéralisée est située & 5 km au Nord-Est du village de Kalekdy. Elle aun
reliel de 2500 m et ¢'est pourquoi on n'y a pas acces pendant 4 mois en hiver & cause de
la neige. 11 existe deux tranchées de 3x2x4 m. On y voit unc minéralisation de barytine
avee des filonnets de galénite. Cetle zone minéralisée n'est pas encore liée par une route
stabilisée qui permet de réaliser des travaux nécessaires pour la recherche de l'extention
du corps minéralisé en Ba-Pb-Zn.

#La zone d'Olukbagst et Eskiyayla

Celle zone est la plus importante zone économique du secteur étudié. On observe en
plusieurs endroits des occurences trés riches en galénite et en bariytine. Cette zone est
située juste a la limite de la faille de Cataldere. On observe en surface une tranche de
barytine de 100 m de long sur un largeur de 4 m. Les autres indices ont une distribution
irréguliere dans les bréches le long de la faille de Cataldere.

#La zone de Karamanli
Cette zone est située au nord du village de Karamanli. Elle a été exploiiée pendant
quelques années par unc société privée mais a la suite d'une crise économigue celic

société a abandonné tous les travaux miniers. 11 s'agit d'une minéralisation de

smithsonite, anglesite et sérusité déposant dans les fractures des calcaires.
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Fig.2. Profil stratigraphique synthétique de Ia région d'Engizek (Révisé d'aprés
Onalan. 1986; Yildinim, 1989; Yigitbag, 1989).
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La formation de Bertiz, constituant Ie niveau supérieur des roches autochtones, affleure
dans le village de Bertiz. Elle est composée de membres de Menzelet, Budakl,
Islampinari, Cukurdere ct Alikayast (Onalan, 1986). L'épaisseur de cetle formation
diminue vers l'ouest. Elle est constituée de litarénite, de calcaire el de shale. Elle a une
couleur gris, rose et verdatre. On lui attribue un age Miocene inférieur au Miyocene
moyen.

Les formations alluvionaires couvrent les plateaux et les vallées. Ces formations sont
constituées de débris de métamophites de Malatya, de sable de différentes formations,

d'argiles rouge et verdatre.

4. TECTONIQUE

Les mélamorphites de Malatya du secteur étudié ont subi plusicurs mouvements
tectoniques ¢t un métamorphisme régional. Dans les formations basales on observe
différentes directions de fracturation et des plissements, aussi bien 2a I'échelle
macroscopique. qu' a I'échelle microscopique.

Les métamorphites de Malatya ont 616 charrié 2 la fin du Crétacé supéricur sur les
roches relativements autochtones. Elles constituent une nappe. On observe principalement
deux caractéristiques tectoniques: les charriages ct la formation des nappes.

On observe également dans les métamorphites de Malatya plusieurs failles qui sont plus
ou moins paralieles I'une & l'autre ¢t orientées trés souvent Est-Ouest. Les failles
d'Engizek et de Cataldere peuvent stre considérées comme les plus importantes de ces
failles(Fig.1). On observe aussi des plisscments. L'un de ces plissement est situ¢ juste
pres de la ligne de charriage en commengant au village de Boyal: et s¢ terminant au
village d'Hompur. Les métamorphites de Malatya qui ont subi une bousculade du Nord
vers le Sud présentent des plissement a I'échelle macroscopique ¢t microscopique. Par
ailleurs dans les calcaires métamorphiques(marbres) on voit des anticlinals et synclinals
orientés Est-Ouest. L'éude structurale montre que tous ces mouvements tectoniques sont
développés a partir du Crétacé suprieur par unc bousculade du Nord vers le Sud.

Dans les formations autochtones du secteur étudié ont été repérées des failles réelles et
supposées. Sur le terrain. clles sont trés peu visibles, et dépourvues de miroirs. Elles sont
aussi orientées trés souvent Est-Oucst (Fig.1). On observe un anticlinal et un synclinal
orientés NE-SW prts du village de Kemalli.

La série stratigraphique a ¢1é représentée de manicre synthétique dans la figure 2 pour
démontrer les relations du contact entre la série allochtone et autochtone.

5. DESCRIPTION DES GISEMENTS ET DU MINERAI
Tl existe plusicurs indices et corps minéralisés de Pb-Zn-Ba dans la région d'Engizek.
Toutes ces minéralisations sont déposées sculement dans les métamorphites de Malatya.

Les roches autochtones sont presque stériles sauf-quelques petites indices de limonite et
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recristalisés. L'étude microscopique de ce calcaire recristalisé montre qu'il s'agit d'une
roche métamorphique de paragendse quartz. grenal, muscovite et minéraux opaques.
Cette paragnése permet de dire que les lentilles appartenant aux métamorphites de Malatya
sont certainement placées tectoniquement dans la formation d'Harami.

La formation de Gozlu cst en discordance avec les roches métamorphites de Malatya et
la formation d'Harami. Elle affleure sculement prés de Kizilkaya Tepe. Cette formation
est composée des débris de calcaire recristalisé(marbre), de calcaire gris-beige el rougeatre
et de calcaire & nummulite dans une metrixe de shale. On a déterminé des fossiles daré de
I'Eoceéne Moyen (Yildirmm, 1989).

Les autochtones

La moitié du secteur étudié est couvert par des formations autochtones: [formation de
Midyat, de Lice. de Begenli et de Bertiz.

La formation de Midyat constituant la base de la couverture autochtone affleure dans
une direction Est-Ouest et elle présente un relief assez fort. Sa continuation latérale est
recoupée par plusicurs failles. Elle est composée a la base de calcaire biomicritique avec
des bancs minces ou moyen dans lequels on observe parfois des nodules de chert. On
observe parfois des bancs minces ¢t moyen avec une couleur foncée vers le milieu de la
série. Cette formation se termine avec des lits minces (moins de 20 cm) de couleur grise
ot blanche avec alternance de niveaux de silex(Planche I, fig.3). La formation a une
épaisseur de 250-300 m et conticnt des fossiles d'age Miocene (Erdofan, 1975: Onalan,
1986: Yildirim, 1989; Anil, 1992).

La formation de Lice affleure I'Anatolie du Sud-Est et est nommée pour la premiere fois
par Schmid((1958 in Yildirim. 1989) prés de la ville de Lice. Cette formation affleure
seulement par de ses deux membres: membre de Tunaboylu et le membre d'Atlik. Cette
formation est constituée de calcaire de couleur grise, brunitre et beige présentant une
alternance avec le shale et litarénite. Elle a une épaisseur considérable & 1'Ouest de
Caglayancerit par conlre vers Ahirdag elle continue en lransition mince sur la formation
de Midyat. Onalan(1986) signale des fossiles dans les calcaires extraclastiques qui
permetient de les dater de 1'Aquitanien-Burdugalien.

La formation de Besenli est une formation trés connue dans la région de
Kahramanmaras. Elle est caractéristique par sa couleur rougeatre(Planche 1. Fig.4). Elle
présente une série épaissc qui est composée de grés gris, de marne, d'argiles de
diltérente couleur et de l'alternance de shale-marne. Toutes ces roches peu consolidées se
distinguent facilement des autres formations voisines par leurs couleurs frapantes. Celte
formation est concordante 2 la base et passe transitionellement aux formation de Mityat et
Lice vers le sommet. Elle est couverte par la formation de Bertiz. Onalan (1986), et
Yildrim (1989) attribuent un dge Miocene moyen-Miocéne supérieur.
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serpentinisée.

*Les minéraux opaques sont plus ou moins observables dans la roche.

Les gabbros a clinopyroxéne sont moins abondants que les gabbronorites. Ils sont
composés essenticllement de clinopyroxéne, plagioclase et de minéraux opaques,

*Le clinopyroxéne constitue de 35-45 % de la roche. 11 s'agit d'augite qui est d'une part
un minéral cumulus d'autre part englobant les plagioclases et les minéraux opaques.

*Le plagioclase est aussi abondant que le clinopyroxéne, maclé albite-carlsbad non zoné
(An75_g5).11 est également un minéral cumulus et post-cumulus

*Les min€raux opaques sont essentiellement interstitiels.

Les gabbros amphibolitiques sont souvent rencontrés dans le secteur étudié. On
n'‘observe ni foliation ni linéation. 11 s'agit d'une accumulation d'hornblendes vertes et
parfois bleudtres dans la roche. Ces demitres sont parfois transformées en chlorite. Au
dehors du secteur étudié on a déterminé les amphiboles magmatiques (Anil et Martin.
1992, travaux en cours) dans les gabbros de la région de Kahramanmarag mais les
homnblendes vertes qu'on y rencontre seraient d'origine secondaire bien que les reliques
de pyroxéne ne soient pas facilement observables. I1 ne faut pas oublier par ailleurs que
cette zone €tudiée est fortement tectonisée et dériverait probablement des gabbros
clinopyroxéne ou des gabbros anarthositiques.

Les gabbros noritiques situés au niveau supérieur des cumulats gabbroiques, ont un
caractere significatif avec la présence de clinopyroxéne ou orthopyroxéne ferrifere et
minéraux opagques titaniferes (titanomagnetite et/ou ilménite: déterminé par microsonde).
On observe aussi quelques fois de I'apatite.

“Le clinopyroxéne abondant(35 %) est composé d'augite riche en fer, l'orthopyroxéne
(5-10 %) est composé d'hypesthéne riche en fer, Le plagioclase abondant (50 %) frais est
maclé d'albite. Les minéraux opaques (rés abondant(10-15 %) sont Ia titanomagnetite ou
l'ilménite. IIs se présentent en nodales interstitiels et amiboides entourant les pyroxénes
ou plagioclases.

Signalons que Ie massif métaophiolitique de Berit contient pafois des chromites, 11 s'agit
de deux types de gisement: chromites podiformes en lentilles, filons et poches avec une
enveloppe dunitique dans les tectonites harzburgitiques et les bandes riches en chromite
dans les lits de dunite.

Autres formations sédimentaires allochtones

Il s'agit de deux formations affleurant au sud de Ia montagne d'Engizek:Harami et
Gozlu. La formation d'Harami est constituée de marne de couleur créme a jaunatre et
beige; de calcaire, de grés carbonaté, de calcaire a chert, de grés turbiditique et de calcaire
argileux. Cette formation passe transitionellement aux métamorphites de Malatya. Elle a
une épaisseur de 250 m. A la base de cette formation on observe des lentilles de calcaires
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de gabbros lités, de gabbros amphibolitiques. On distingue par ailleurs de gabbronorite 3
olivine,de la gabbronorite, des gabbros 2 clinopyroxéne, et des gabbros noritiques dans
les different endroits de la région de Kahramanmarag (Yigitbas, 1989; Yildirim, 1989:
Anil, 1990: Yilmaz et al., 1990).

Les harzburgites sont presque complétement transformées en minéraux de serpentine.
Les contacts entre les mineraux constituants ne sont pas visibles A cause de l'intensité
tectonique. La roche est fortement fracturée en plusieurs directions et A I'intérieur des
fractures on observe parfois un remplissage par des filonnets de gabbro et de pyroxéne
texture pegmatitique.

L'étude microscopique de cette roche monire également une déformation i haute
température. La granulation est développée dans les olivines de sort que les enstatites
sont allongées, bouclées et tordues. La serpentinisation est bien poussée en commengant
par des fractures de cristaux d'olivine, Les chrysotiles et lizaradites abondantes sont
observables par le méthode optique. L'antigorite est trés rare et n'est pas visible au
microscope. '

Les gabbros massifs et 1ités sont abondants entre Boyali et Hompur. Les roches sont
¢galement fortement altérées au long de Ia zone charriée.

Les gabbros massifs surmontent les cumulats ultramafiques dont le passage est souvent
tectonique. Le contact entre les gabbros massifs et litées n'est pas aussi bien visible 2
cause d'un fort broyage.

L'étude microscopique de différents types de gabbros permet de distinguer plusieurs
faciés pétrographiques:

- Gabbronorites et Anorthosites

- Gabbros a clinopyroxéne

- Gabbros amphibolitiques

- Gabbros noritiques

Les gabbronorites sont des roches mélaa mésocrates, massifs, lités ou rubanés. Elles
sont composées principalement de plagioclase, de clinopyroxéne, d'orthopyroxéne et
parfois d'olivine.

*Les plagioclases formant le fond de Ia texture sont en proportion trés variée dans la
roche. On observe une accumulation ¢levée(80-90 %) de labrador dans les niveaux
anorthositiques. Ils présentent parfois une deuxiéme génération tardive constituée par des
albites fraiches et de la calcite.

*le clinopyroxéne(souvent diopside) représente d'une part un minéral cumulus, maclé
ou imbriqué avec l'orthopyroxéne et d'autre part un minéral post-cumulus (plus grand
que le premier) englobant le plagioclase ou l'orthopyroxéne,

*L'orthopyroxéne est également un minéral cumulus et post-cumulus. I s'agit
d'enstatite.

*L'olivine est peu abondante comme un minéral cumulus. Elle est souvent non
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on observe au microscope des micrites fossiliferes. Dans les parties supéricures de
métamorphites de Malatya les fossiles retrouvés par Yigitbag(1989); lui permettent de
leur attribuer un Age du Permien au Trias inférieur Jurassique.

*Les roches ophiolitiques

Les métaophiolites de Berit al fleurent en plusicurs cndroits dans la région de
Kahramanmarag montrant toujours ui contact tectonique avec les autres roches. Malgré
leur grande extention dans la région on observe seulement une lentille orientée E-W avec
une épaisseur de 10 m, au nord du village d'Hompur (Fig.1).

Le massif ophiolitique de la région de Kahramanmaras est constitué essenticllement de
tectonites. de cumulats ultramafiques et mafiques, d'une série volcanique ophiolitique
Geaillée. de roches volcaniques non ophiolitiques, d'un mini complexe filonien et enfin de
roches sédimentaires 2 la fois détritiques et pélagiques (calcaires détritiques. calcaires
silicenx, radiolarites rouges ct vertes).

Les tectonites sont formées d'harzburgites déformées A poches ou bandes dunitiques.. 11
s'agit d'harzburgites granoblastiques folices en contraste avec les harzburgites du massif
ophiolitique de Hatay.

La composition minéralogique des harzburgites porphyroclastiques et granoblastiques
est presque constante. Ces roches sont constituées essenticllement d'olivine, enstatite et
chromite (moins de 1 %).On voit localement en pelite quantité (2-3 %), du clinopyroxéne
qui est éventuellement développé de l'orthopyroxene pendant la déformation plastique. La
roche est fortement serpentinisée et les cristaux d'olivine sont granulés et parfois
recristallisés.

Les cumulats ultramafiques et mafiques sont constitués de dunites massives, de
pyroxénolites et de gabbros isotropiques. rubanés et lités. Les cumuiats dunitiques sont
de couleur noire, verditre et recouverts parfois d'une crofite mince (1-5 mm)
d'hydroxyde de fer. Dans celte roche. I'olivine est tres abondante, toujours transformée
en minéraux de serpentine. L'orthopyroxéne et les chromites sont peu abondantes. Ces
derniers remplissent localement les interstices entre les cristaux d'olivine. Les wehrlites et
les lherzolites alternent toujours avec des lits dunitiques ou pyroxénolitiques dans les
parties supéricures de la zone dunitique. On observe aussi dans les cumulats une
déformation i haute température (granulation. étirement, bande de pliage en extinction
roulante)(Planche I, fig.2). On obscrve également des gabbros isotropiques et lités.

La formation filonienne est constituée principalement par des dykes de
dolérite-diabases, des rodingites et par un complexe filonien. Les dykes recoupent toute
la masse des cumulats ainsi que des tectonites.

Les roches ophiolitiques affleurant au long de la ligne de charriage du massif de Berit
sont constituées essenticllement d'harzburgites porphyroclastiques, de gabbros massils,
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amas et en poches (remplissage des zones fracturées) de Ia minéralisation primaire
sulfurée et 1a nature karstique du piege des minéralisations secondaires.

2. CONTEXTE GEOLOGIQUE DES MINERALISATION Pb-Zn-Ba DU
SECTEUR ETUDIE

L'unité allochtone est formée de divers groupes lithologiques: prés de la moitié du
secteur étudié est constituée par les métamorfites de Malatya(Fig.1). Elles constituent des
reliefs assez forts(2500m). Elles sont formées de roches carbonatées et silicoalumineuses
d'age paléozoique a la base et de calcaires et dolomies & intercalations de marnes et de
quartzites, d'age mésozoique au sommet. Ces métamorphites sont en contact teclonique
avec des roches ophiolitiques également métamorphiques en forme d'une masse étroite
allongée Est-Ouest. Les calcaires non métamorphiques, les grés argileux et carbonatés
d'age crétacé et Eocéne constituent les autres sous unités des allochtones.

L'unité autochtone est composée de formation de Midyat d'dge Eocéne moycn
supérieur-Oligocene; de formation de Lice d'dge Miocene qui est en concordance avec la
formation de Midyat, de formation de Begenli et ensuite de formation de Bertiz d'dge
Miocene.

Les roches métamorphiques de Malatya présentent du minerai sulfuré en forme de
filon, d'amas et remplissage dans les zones fracturées(planche I, fig.1). Les calcaires
métamorphiques ont subi une Karstification plus ou moins développee; le minerai primaire
g'est transformé en minerai oxydé et carbonaté en déposant dans les cavités karstiques
aprés une altération hydrothermale et météorique.

3.DESCRIPTION PETROGRAPHIQUE
Les allochtones

#Roches métamorphiques de Malatya

Le degré du métamorphisme des métamorphites de Malatya varie de la base au
sommet. On observe, & la base, des schistes sériciteux et quartzeux, des schistes micacés
et de phyllites. Au dehors du secteur étudié. Yildirrm(1989)signale la présence de
schistes 4 grenat .

Les calcaires micritiques et gréseux sont transformés en marbre et calcschiste aprés un
métamorphisme régional. Ces marbres montrent souvent une texture granoblastique et
saccaroide et sont essentiellement constitués de calcite(95 %). Les calcscistes sont
constitués de 90 % de calcite, 2-15 % de quatz el moins de 3 % de micas généralement
chloritisés

Les calcaires recristalisés déposés au sommét conservent souvent leurs états initials et
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GEOLOGIC AND METALLOGENIC INVESTIGATION OF THE
ENGIZEK CARBONATE PLATFORM, NORTH OF
KAHRAMANMARAS, TURKEY

ABSTRACT: The Engizek region consists mainly of two units, which are
allochthonous and autochthonous. The allochthonous unit is mainly composed of
metamorphic rocks of carbonate and locally of silica-alluminate, such as schist, fillaze,
caleschist, and quarizite. The tectonic and metamorphic origin of these formations are
considerably complex, as the Pb-Zn-Ba minerilization development has taken place within
these units. An overlying ophiolitic massive has been thrusted during the period of Upper
Cretaceous-Eocene . The autochthonous unit consists mainly of four formations, named
as the Midyat, Lice, Besenli, and Bertiz formations comprising limestone, clayey
limestone, sandstone and locally conglomerates. No economic minerilization have been
observed within the authocthonous unit.

In the perspective of the geologic structure, the minerilization in Engizek are mostly
observed in the forms of filon, band packed and karstic filling. Mainly three distinct
mineralization can be differentiated: Mineralization rich in barite, mineralization rich in
galenite, and oxsidized and carbonitized Pb-Zn mineralizations.

Primary mineralization with sulphur have becn deposited along the fractured zones
while secondary mineralization with oxides and carbonates have been deposited in the
karstic cavities and fractures of carbonate rocks.

1. INTRODUCTION

Dans le district minier d'Engizek, le secteur de Cataldere-Boyali-Eskiyayla affleurant
sur les bordures sud de la montagne d'Engizek a été découvert depuis une vingtaine
d'années et a fourni seulement depuis 1986 quelques milles tonnes de minerai sulfuré et
oxydé€, dont les teneurs en plomb-zinc sont assez élevées((26 A 52 % métal). Parmi
plusieurs gisements et indices reconnus, la mine de Boyali, la mine de Masat et la mine
de Karamanli sont en exploration.Les autres divers indices et occurences ne sont pas
exploitable actuellement.

On sait par ailleurs l'importance métallogénique des formations paléozoiques et
mésozoique (métamorphiques de Malatya)(Sungurlu, 1972;Ak¢akoca ve Bahgeci, 1972;
Goziibol ve Giirpinar, 1980; Ayhan, 1983, 1984, 1987; Tarhan, 1984-1985: Yilmaz et.
al., 1985; Onalan, 1986-1988; Cevrim et al., 1986; Baydar, 1989; Yildirim, 1989;
Yigitbag, 1989; Anul, 1989; Yilmaz ve Yigitbag, 1990).Elles représentent un stock métal
important, avec prés de 500.000 tonnes de plomb-zinc dans I'ensemble de la région
d'Engizek(Nord de Kahramanmarag).

Par la description d'études précédentes, on peut y reconnaitre la nature en filon, en
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RESUME: L'analyse géologique de la région d’Engizek condnit & distinguer deux
unités structurales principales: ['unité allochtone et l'unité autochtone. L'unité allocthone
est constituée de roches métamorphiques le plus souvent carbonatées et quelques fois
silico-alumineuses(schiste, phyllite, calcsciste, quarizite). L'histoire tectonique et
métamorphique de ces formations présentant des zones minéralisées en Pb-Zn-Ba est trés
complexe. Un massif ophiolitique est charrié sur les métamorphites de Malatya du Crétacé
supérienr @ I'Eocéne moyen. L'unité autochtone comporte essentiellement quatre
formations difféerents: Midyat, Lice, Begenli et Bertiz. Toutes ces formations sont
composées de calcaires, de calcaires argileux, de grés et parfois de conglomérats. L'unité
autochtone ne contient aucune minéralisation économique.

Dans ce contexte géologique les minéralisations d'Engizek se manifestent en plusieurs
endroits sous forme de filons, d'amas, de bandes et de poches karstiques. On peut
distinguer essentiellement trois types de minerai: minerai riche en galénite, minerai riche
en barytine et minerai oxydé-carbonaté plombo-zincifére.

Le minerai sulfuré primaire est déposé dans les zones fracturées, en revanche le minerai
oxydé carbonaté secondaire s'est placé dans les zones karstiques et fracturées surtout au
miliew carbonaté.
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where;

s2 (V/D) is the variance of actual grades of blocks V within the
deposit D

S2(V¥/D) is the variance of estimated grades of blocks V within the

deposit D

is the mean kriging variance of the grades of the blocks V

is the mean: lagrange multiplier obtained in kriging the

blocks

=l ql
ol 51

The grade-tonnage curve for the actual values is shown in Fi 2.6.

6. CONCLUSIONS

A geostatistical evaluation of (he szllyijksek-Yataardlg deposit was carried out
using the kriging technique which provides the best linear unbiased estimator of block
grades. These improved estimates and the grade-tonnage curves can be taken asa
basis for mine planning purposes.
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kriged to obtain in situ grades and tonnage. The panel size of 50 m was chosen after
examination of the average spacing of the drill-holes. The search area contained a
volume of dimensions 80x80x20 m. The maximum number of samples involved in
estimation was limited to 50.

The grade-tonnage curve for the kriged estimates based on 50x50x3 m blocks is shown
in Fig.5. This grade-tonnage curve is the grade-tonnage curve for estimated grades. To
obtain an estimate of the grade-tonnage curve for actual grades, permanence of the
distribution was assumed and the variance of actual grades was estimated by the
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5. BLOCK KRIGING AND GRADE-TONNAGE CURVES

Table 1 : The model validation

Absolute Difference 1 1.62
Difference :0.00
Squared Difference 1642
Kriging Variance 1 6.20
Intercept :0.12
Slope :0.97

Correlation Coefficient : 0.63

Having modelled the experimental variograms, blocks of dimensions 50x50x3 m were
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mathematical expression which will best describe the spatial variability of the variables
under study.

Experimental variograms representing three main directions namely, strike-plunge.
cross-dip, and down-dip directions were calculaled and presented in Fig.4. These
variograms have a common sill value of approximately 10. The down-dip variogram
indicates a nugget variance of 4-5 while the nugget variance of the variograms for the
strike-plunge and cross-dip directions is inaccessible due to greater sample spacing,
compared with the size of the small scale variability. When assuming the nugget
variance in the down-dip direction, the variograms in the strike-plunge and
cross-dip variograms appear 10 have much larger ranges of 100-150 m compared with the
range of 20-30 m for the down-dip direction.

The model fitted to the experimental variograms are of simple spherical type with the
following expression:

Y(h)=Co+ C (1.5 hfa (dir.) - 0.5 13/ a (dir.)?) forh<a
Yh)=Co+ C forh>a
Y(h)=0 forh=0

with the parameters

Co=45
C =60

strike-plunge = 120 m.
the ranges in | cross-dip =120 in.

down-dip 30 m.

These model parameters were validated by the kriging back estimation technique.
Each data value is removed in turn and estimated from the remaining data.

For conditionally unbiased estimates, the linear regression of actual values on
estimated values should be close to the 45° line, i.¢., intercept of zero and slope of 1.0.
The standard error of estimate of the regression of actual values on estimated values
should be approximately equal to the square root of the mean kriging variance and the
square root of the mean squared difference between actual grades and estimated grades.

A summary of the results is shown in Table 1.
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Variable length drillhole samples were composited to give equal 3 m length
samples, resulting in 1177 composite samples. The composite size was chosen as close
as possible to the average raw sample length whilst minimising the number of raw
sample lengths requiring to be split into smaller lengths.

The histogram of 1177 composite samples is given in Fig.3. This shows a low skew
distribution with the mean of 4.36, the standard deviation of 3.24 and the coefficient of
variation of 0.74.

4. VARIOGRAM ANALYSIS
In geostatistics the tool used to characterise the natural variabilities of a deposit is
called the semi - variogram, or variogram, for short. It consists of finding the
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the top (Capan, 1983).

The Kuzilyiiksek-Yataardig chromium body is located in the lowest part of the
cumulative dunites belonging to the peridotitic series (Akmn, 1987). The geological map
of the study area is presented in Fig.2.

3. DATA ANALYSIS

The data is derived from 26 drillholes distributed over the area. The total depth of the
26 drillholes was 4772 m, the majority of drillholes were approximately 160 m in
depth. One of the drillholes was not involved in the calculations, because it is located at
the boundry of the panel. The samples were analysed for CraO3 %, Fe2O3 %, MgO
%, Al;03 % and SiO2 %. In this study, the variable under consideration is Cr203%.
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1. INTRODUCTION

In this paper, the ore reserve estimation procedure which was been applied to the
data is based on the theory of regionalized variables which has largely developed by
Matheron (1971) and is now simply referred to as "geostatistics”. Geostatistics offer a
practical and reliable estimate which can be fitted into existing evaluation and optimum
mine planning methodologies.

The known mineral resources are limited in the world in which we live, principally due
to a decreasing of the cut-off grades. For that reason, MTA (Mining Research and
Exploration Institute of Tiirkiye) has started a project which investigates several
chromium bodies having the lower grades. In this project the Kizilyiiksek-Yataardig
orebody, which is situated 2.5 km NW of Darilik Village in Karsanti (Adana, Tiirkiye),
has been considered, 26 drillholes being bored and the samples analyzed by MTA.

2. GEOLOGY

The Pozanti-Karsanti ophiolitic complex which is found at the Central Taurus ranges,
80 km NW of Adana. The first geological study on the region started with Blumenthal
(1941 and 1946). Ovalioflu ( 1963) carried out a detailed geological and petrographic
rescarch and the ophiolithes in the complex were first distinguished by Ovalioglu
(1963). The stratiform chromium mineralizations at the Pozanti-Karsanti ophiolitic
complex have been described by Rangoshay and Juteau (1980); Rangoshay et al.,
(1981). Catakli (19837, Anil (1986); and Aml et al. (1986) have been identified as an
ophiolitic (tholeiitic) volcanic series in the ophiolitic complex. The rcgional geological
setting and location map is given in Fig.1.

The Kizilyiiksek-Yataardic chromium body is located in the Pozanti-Karsanti
ophiolitic complex. The orebody belonging to the rocks which were defined as the
Pozanti-Faraga ophiolites by Blumenthal (1952) and later were described as the Aladag
ophiolites by Tekeli et al. (1981).

The Aladag ophiolites, elongated in NE-SW. has been located over an area of 1600 km?
and tectonically overlay the autochton deposits of the Arabian platform (Ricou et al.,
1975: Tekeli et al., 1981). The tectono-stratigraphic rocks of the Aladag
ophiolites have been distinguished as autochton, parautochthon, and allochtone by
Tekeli (1980) and Tekeli et al. (1981).

The autochton rocks comprises the Cambrian-Eocene age deposits, which are largely
observed between Mansurlu-Tufanbeyli in the east of the Aladag Mountains.

The parautochthon rocks from Upper Devonian to the beginning of Cenonian, consist
of the Yahyah nappe, the Black Aladag nappe, the Minaretepeler nappe, the Cataloturan
nappe, the White Aladag nappe, and the ophiolitic melange.

The allochthone rocks are represented by the Aladag ophiolitic rocks, which are
composed of the metamorphic series in the basement rocks, and the peridotitic series at
220
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ABSTRACT: This paper describes an application of geostatistical ore reserves
estimation method to the Kizilyiiksek-Yataardig orebody located in Karsanti, Adana. The
main purpose of this preliminary study is to obtain improved ore grade estimates for
mine planning.

For this purpose, after a preliminary review of available data, the Jollowing work
was done.

-Basic statistics treatment of data,

-Estimating and modelling the variograms in three dimensions,

-Estimation of the ore grades for three dimensional blocks using kriging,

-Production of the grade-tonnage curves.
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The volcanism in the survey area is assumed to be originated due to tectonism took
place in Anatolian plate which is located between Eurasian and African plates and moves
westward relative to the North Anatolian Transtorm Fault.

By this study it is proved that the volcanism of calc-alkalic character in Aliaga arca had
started in Lower Miocene and continued intermittently till the end of Miocene Epoche.
Another conclusion obtained from this research is that after the cease of volcanism of
calc-alkalic character at the end of Upper Miocene the volcanism of alkalic character
began in Pliocene.
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Figure 10. Geological cross-sections of the investigated area (Esder, 1991).

earth surface through the NE-SW striking oblique faults formed in close association with
North Anatolian Transform Fault and cut deeply the crust of the earth. The occurrence of
volcanics in NE-SW trends in this area supports the above mentioned assumption (Fig.2).
But in contrast, Dumanlidag volcanic Complex were formed at the intersection of NE-SW
striking oblique fault and NW-SE strike faults. Therefore the older volcanics occur in
NE-SW trend whereas the younger ones in NW-SE trend.

In the progressing phases of the expansion the intermixing of the alkalic magmas of
mantle origin with the magmas of crust origin the hybrid magmas were formed.
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character which later on continued as alkalin volcanism. Aliaga volcanics can be
subdivided into calc-alkalic series and sodium series according to Rittmann diagram. In
Gottini's diagram it is pointed out, that the volcanics formed in Miocene apoche are of
sialic (crust) origin and Toptepe basalts are of simatic (mantle) origin (Fig. 9).
In Aliaga volcanics Rittman index ranges between 1.47 and 3.82 whereas Gottini index
.ranges between 12.2 and 122.5. Both indices indicate that the volcanic rocks of Miocene
age found in the survey area of sialic origin, but the calculated ration of K,0/NazO which
ranges between 1.1 and 1.71 shows that these rocks are intracontinental calc-alkalic
volcanics (Table-1). In volcanics of Pliocene age Rittman index is found to be 8.09 and
Gottini index 7.17. According to this result these rocks are alkalic volcanics.
In this area calc-alkalic magmas which were the cause of the formation of the volcanoes
here were formed as a result of the secretion of high amount of heat from mantle into the
crust in Miocene which led to the partial melting of the crust. These volcanoes reached the
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research area. In general, they lie on the tectonic trend which strikes NE-SW. From
petro-chemical point of wiew, they differ from other volcanics. They are black and
resemble basalts with their cooling columnar Joints. The volcanics crop out widely in the
area, named as high-K bearing basaltic andesite, trachyandesite and latite. In thin section, -
the basic plagioclase microlites are disseminated in glassy groundmass. In addition to
this, crypto crystals and phenocrysts of pyroxene and olivine are noticed. The olivine
grains, which are seen as an assemblage, show serpentinization.

Agglomerates : These are products of an explosive event before the issue of lava from
the volcano vent, They are concentrated near the volcano center along the fissures.
Dumanhdag Andesites : These rocks crop out widely in the SE part of the survey area
in the Dumanlidag region. They trend along certain tectonical structures. The volcanic
rocks formed as a result of volcanos erupted in Dumanhdag and its vicinity buried the
older structures towards NW, SE and SW. According to diagrams, they are considered
to be high-K bearing andesite. For this reason these volcanics are called high-K
containing andesite. The petrographic investigation of this rock revealed the dissemination
of plagioclase, amphibole, biotite and pyroxene phenocrysts in a semi-glassy and semi
microlitic groundmass. In addition to this, the groundmass and phenocrysts of the rock
are seemed to be in equal proportion. Amphibole, opaque minerals, biotite and epidote
inclusions are seen in the very large plagioclase grains.

Toptepe Basalts are simatic ori gin and were formed in the 5 th volcanic phase.
Petrochemically and morphologicaly these rocks are completely different from the
previously mentioned volcanics. These are situated in the alkalic basalt field of Wu-Liren
diagram (Fig. 4). They are located in the shoshonitic basalts area in Peccerillo's and
Taylor's diagram (Fig. 5). Thin section studies of these rocks demonstrate the presence
of glassy groundmass between olivine crystals and elongated pyroxene microlites. The
olivine predominates in the rock composition, but the pyroxene is concentrated in
microlites. In the groundmass, chloritized pyroxene are noticed too.

4. ORIGIN AND FORMATION OF VOLCANISM

If one plots the results of chemical analyses of Aliaga volcanics in Miyashori's diagram
(Fig. 6), 95 % of these rocks are found to be located in the calc-alkalic field. The samples
of basaltic rocks are seen in calc-alkalic region in Aramaki's diagram (Fig. 7). In
Irvine-Baragar's, Mc Donald-Katsura's. Kuno's diagram, most of the volcanites take
position in calc-alkalic region, only a few of them are seen in alkalic region (Fig. 8),

In general alkalic volcanites and Toptepe basalts are used interchangeably here. In the
survey area the volcanic activities started with the eruption of volcanoes of calc - alkaline
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studies of the tulfs and tuffites showed the distribution of volcanic rock fragments, glass
fragments, quartz, plagioclase and K-feldspar phenocrystys in a glassy groundmass. The
glass fragments had devitrified, the groundmass is vesicular and kaolinized. The acidic
tuffs were accumulated in a lake environment (Fig. 3).

Aliafa pyroclastics formed in the 3 rd phase are approximately 250 m thick and
composed of different grain sized white and creamy rhyolitic and dacitic tuffs fragments.
Petrographic investigation of the acidic tuff shows the presence of corroded primary
quartz, altered K-feldspar, phyllosilicate, crystals, chert, chlorite and sericite fragments
in a silisified groundmass. Coarse-grained lava fragments are also noticed in the rock.

Due to extrusive volcanic activities that took place intermittently during the formation of
pyroclastics produced pyroxene andesite lava flows inside the Aliaga pyroclastics. The
pyroxene lava flows are black and dark grey colored, massive and hard. These
intermediate volcanic rocks are made up of plagioclase, pyroxene, amphibole and biotite
phenocrysts. The plagioclase shows kaolinization towards the grain edges. Petrographic
naming from the same rock specimen proved to be latite in accordance with Peccerillo and
Taylor (1976); Cox et al. (1979) and andesite in accordance with Wu-Liren et al.,
(1983) diagram. Owing to the presence of abundant pyroxene in the sample the rock is
called pyroxene andesite.

In the fourth phase, the stretch taking place in Upper Miocene caused tectonic

disturbance of the area which led to the formation of Aliaga volcanics covering large area
in this region. As a result of extrusive volcanism sialic calc-alkalic type volcanics
originated dome and pin shaped structures on the dominant tectonic trend of the area.
The petrochemical results of these volcanics are given below from bottom to top;
Hatundere Dacites : overlie Aliaga pyroclastics as thin and thick lava flows. In
Peccerillo's and Taylor's, 1976 and Wu-Liren's et al., (1983) diagrams, these rocks are
located in the high K-bearing dacite region. The dacites found in this area are assumed to
be derived from admixture of granitic and granodioritic magmas with magmas originated
in the upper mantle. The microscopic studies of the rock show the presence of unaltered
phenocrysts of plagioclase, biotite, amphibolite and pyroxene in a semi-microlitic,
semi-glassy groundmass.
Sarikaya Rhvolites : After the formation of Hatundere dacites, rhyolitic rocks were
formed along tectonic trends in separated and restricted zones. These rocks form thin and
thick lava flows and dykes. The microscopic studies of these rocks indicate the
distribution of phenocrysts in microcrystailine groundmass. Except of plagioclase and
biotite phenocrysts, there are glassy fragments in the rock with obscured borders.

Bozdivlit Basaltic Andesites : These volcanic rocks occupy an important part in the
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sedimentary rocks were formed. It is approved that these rocks form volcanosedimentary
rock sequence constituting the upper levels of Soma Formation (Fig. 3).
LIL_Volcanic phase ; This phase is mostly of explosive and to a less degree of
extrusive character which led to the formation of Aliaga pyroclastics. This volcanic
activity took place in Middle Miocene.
IV. Volcanic phase ; It is extrusive character and led to the formation of volcanics
which are Sialic calc-alkalic origin. This activity occurred in Upper Miocene. The
volcanics, which originated in this period from bottom to the top, are; Hatundere dacites,
Sarikaya rhyolites, Bozdivlit basaltic andesites, agglomerates and Dumanhdag andesites.
V, Volcanic phase ; Extrusive eruption of Pliocene Toptepe basalts with shoshonitic
character and Simatic origin.

Pyroclastics in the 1 st and 2 nd phase named as acidic tuffs and tuffites. Petrographic
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' L.Volcanic phase ; Began in Lower Miocene as intrusions and explosive
(volcanoclastics and carbonatic volcanics) (Turgut, 1987), (Fig. 3).
II Icanic phase ; Towards the end of Lower Miocene tuff and tuffite interstratified
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TABLE 1. MAJOR ELEMENT CHEMICAL ANALYSES AND VARIOUS PARAMETERS
OF THE ALIABA VOLCANICS
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Fe o 23123 150 [ 21 108 | 1.0 | 1.7 | 40 |2.35 155 0.65 | 205 | 2.3 | 245 4.0 0.4 | 255 | 2.7
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Hy 0 1000 1.2 te | vz | n26 | 1se | 1.sa| 2 | s | 1.se| 166 | 1s 1.16| 0.9 | 0.94 1.48 | 104 | 0.35
e R I I efle (R E|e=EEE (B (23] IE e
e TAMOR| 2 W e |8 GuIGE BT S |HE|5F B2 g 825 |3Z|z3|38NE=F |3 |42 s |ETZIE3
= |25|<5|1333|55/13¢| & |55|32(35|F |38]3 SE|SRIs3E E s |8 |58 = 2|38

w

COX ot alt. | 5 m & 2w wm m m o wm m m e = - mm mm W w x5 .m e m =

£ /g /8 o o [SE/8 |E |5 (g8(8 |& |[E |5 |= A8 x| E |E |33/% |9 |4 |&

e (2 |5 s |8 |52z |2 |3 |27 | |3 |3 |5 |45|fE|5 |5 £z| % |d8 |z |3
5 (5 (5 [¢BIE 2 (e 8 (.18 [E [ 1& m s o2 [ E Towig W T TR o
welt |2 B |E (8% |8 (3|8 |t |33 |7 ls S7s 20 |8 | FE358 8 (335§ P
Mo JE T % (23)2 |3 |F |5 |3 |F/E|E|f |3 Fad o | % |§%)afZf |38(8 |§ %
S 2.89| 204 | 232 2.24| 262 2.64] 197 [ 1.47] 243 ] 3.01 | 1.63] 1.5 | 298 V83T 234) 2.72) 305 [ 3.95 | 3.20] sos | 232 | 191 382

log & 0.46( 0.33 | 0.38( 0.35 0.42 | 0.42 az29 | 0.17 0.83| 0.49| o021 017 | 0.47| 0.26] 0.57 | 0.37 0.43| 0.50( 0.57| 0.5 0.81| 0.36 | 0.28| 0.5¢
7 87 1280 136 (32,0 258 [21.7 [92.5 [23.0 [30.0 |1as 225 |23 16.8 M55 (19.3 1230 | 140 [12.2 |14.7 |27.6 | 7.97 | 12.45 | 250 |13.6
log T 199 | A3 133 s | ot | n3e| 186 | tas| ne | s | 208 137] 122 | 2.08 1281 1.36) 115 ) 108 1.7 | 1.44] 0.85| 1.08 | 1.40] 1.3
K;0 / Ng,0 1.57 [N} 0.68 [ 0.31 1.4 0.83| 132 | 0.56( 1.28| 0,76 2.0 0.77| 1.22| 0.89 1.1 0.68 | 0.89/ 1.1 1.18 | 0.87 1.93 36 | 0.98 1.7
K,0/5i0; | 0.077] 0054 0.041 ] 0.051 | 0.062) 0.047 0.056] 0.00| 0.058] 0,051 0-063) 0.037] 0.0 65) 0.039| 0.062| 0.038| 0.044| 0.059| 0,065| 0.058] 0.075| 0,035 0.048] 0.079

207




According to the data obtained from Foga-1 offshore drillhole drilled in NW (in
Aegean Sea) Soma Formation consists of Lower Miocene volcanic and evaporitic rocks.
The rocks belonging to this unit rest on Izmir Flysch. The drill hole data indicate that
there are 500 m thick volcanoclastics in the lowermost part of the section. In the middle
of the section there are 400 m thick carbonatic volcanics and a 400 m thick anhydrite bed
in the upper part of the section. This sequence is overlain by 150 m thick sandstone and
mudstone. There is 170 m thick yellowish grey limestone and clayey limestone over the
above mentioned level. The last one overlain by 200 m thick tuff and tuffite interstratified
with mudstone and claystone. The total thickness of the last three sequences is 520 m and
this equals to the thickness obtained by geological work in the area. These data indicate
the existence of different facies in the Aegean Sea and on the continental part during
Lower Miocene.

The Aliaga pyroclastics formed in Middle Miocene lie over Lower Miocene sediments
disconformably. These rocks grade verticaly into bio-micritic Camdag limestones.

The Camdag limestone indicates a nonvolcanic period in Middle Miocene, Later Camdag
limestones were buried under Upper Miocene volcanics which started with the eruption of
Hatundere dacitic rocks (Fig. 2, 3).

In this arca Toptepe basalts were formed in Pliocene, but alluvium and taluses were
accumulated in Quaternary.

3. VOLCANISM

For petro-chemical investigations, analyses of 77 volcanic rock specimens were
performed in MTA Laboratories (Table I). In addition, detailed petrographic investigations
of the same samples were carried out. Peccerillo and Taylor (1976) and Wu-Liren et al.
(1983) diagrams were used to classify the different types of volcanic rocks (Figure 4, 5).
Naming done according to the above diagrams showed the occurrence of acidic rocks like
rhyolite-rhyodacite, high amount-K bearing dacite, quartz andesite, andesite with high K
content, basaltic andesite latite and shoshonite. Besides, trachyandesite, basaltic
trachyandesite and alkalic basalt type rocks are found in the area.

In the studied area, the volcanic rocks of different ages and types crop out on both the
NE-SW trending tectonic structure which intersects the above one and trends NW-SE
direction.

Miocene and Pliocene volcanic activity is divided into five phases. The volcanic rocks
produced by this activity are studied and identified in accordance with their positions and
order of formation within the general stratigraphy of the area.
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Figure 3. Generalized columnar section of the investigated area.

by yellow and beige limestone, clayey limestone, mudstone, claystone and tuffite
interlayered rocks. The upper part of Soma Formation is formed of alternating

sedimentary rocks and volcanoclastics.
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Geologically the area is located NW of the [zmir-Ankara Suture Zone. The area
specifically is situated in the SE part of the geologic structure that strikes NE-SW which
dips together with the basement towards the Aegean Sea.

Several geologist have conducted important geological work on the Neogene magmatic
evolution of the NW Anatolia on the basis of tectonic events (Paola,1969;
Savagem,1975: Innocenti et al., 1977; Savagem and Dora, 1977; Esder, 1978: Ercan.
1979; Kaya, 1979: Ercan, 1982a; Ercan, 1982b: Kaya, 1982; Filiz, 1982; Ogdiim, 1982;

Ercan et al., 1984; Ercan, 1985; Jica and MTA, 1987; Egder, 1988).

The volcanic rocks of different ages and types cover 3/4 of the area. The volcanics are
classified according to the order of formation into phases and the volcanostratigraphy
and petrologic characteristics of them have been studied. Taking into consideration the
geological events of the area the past volcanic activities can be related to the neotectonic
events.

2. THE STRATIGRAPHICAL GEOLOGY OF THE AREA

The Paleozoic metamorphics of the Crystalline Menderes Massife do not crop out in
this area. The paleo-autochthonous metamorphic sequence forms the basement in
Western Anatolia. This sequence consists of different schists in the uppermost parts of
the Massif and of gneisses towards the core (Fig. 10).

The Izmir Flysch which was formed in Upper Santonian-Lower Maastrichtian had
moved from NW towards SE and rested on the Menderes Massif as ,allochthonous
between Paleocene and Lower Lutetian (Esder, 1988).

The lzmir Flysch crops out at about 500 m above sea level in the SE part of the
rescarch area. The Flysch was intercepted at 2100 m below sea level according to data
obtained from Foga-1 offshore drill hole at the Acgean Sea (Turgut, 1987). The flysch in
the area is of epiclastic character and generally composed of interbedded turbidite and
olistostromal layers (Fig. 2).

Triassic and Jurassic recrystallized limestones lie on the uppermost part of this
sequence discordantly (Fig. 3). There is a big stratigraphic gap between Paleozoic and
Neogene in this area.

There is an angular unconformity between lzmir Flysch and Lower Miocene aged
sedimentary rocks and older volcanics. Neritic, lacustrine and volcano-sedimentary
sequences of Lower Miocene age are called Soma Formation.

The sequence is divided in two units (Fig. 3). The Lower part of this formation is
composed of conglomerate, claystone, mudstone, silistone and sandstone beds. The
upper part of it ends with micritic marl beds. In the NW part the micritic marl is overlain
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1. INTRODUCTION

The geological work was conducted in the Aliaga (Izmir) arca located in Western
Anatolia between Menemen, Yuntdag and Foga (Fig. 1).
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Kizildere
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Figure 1. Location Map.

An area of 650 km?2 was studied in detail and geological map with a scale 1/25 000 was
performed. During this work the volcanostratigraphy and geothermal potential of this
region were investigated in detail.
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ABSTRACT : Field work was carried out in Aliaga ({zmir-Turkey) area which is si-
tuated in Western Anatolia, NW of the Izmir-Ankara Suture Zone with the aim of compi-
ling knowledge on the geology, volcanology and geothermal potential of this area.

The oldest rock unit of the area is Izmir Flysch of Cretaceous age which overlies the
Menderes Massif as allocthonous cover.

The rocks of Lower Miocene age are volcanic, evaporitic and lacustrine deposit at the
Aegean Sea side of the area. In the Aliaga area they have lacustrine and
volcanosedimentary character. The above mentioned rocks are summarized lithologically
to The Soma Formation. This Formation is buried under pyroxene andesite lava
interstratified with Aliaga pyroclastics of M iddle Miocene age. This unit grades into
Camdag limestones of the same age.

The rocks of calc-alkalic and alkalic volcanic character were formed during the ent.r.
Upper Miocene and Pliocene. These rocks are grouped together to the Aliaga volcanics.

In the studied area the sialic calc-alkalic volcanism started in Lower Miocene and
continued intermittently during Middle-Lower Miocene. The volcanic activities continued
in Pliocene and ended with the formation of so called Toptepe basalts which are of
Simatic origin and of basic alkalic character.

After dividing the volcanic rocks into five different phases, their petrology, formation,
origin and stratigraphy were studied. Neither calc-alkalic nor alkalic volcanism are
assumed to have any association with a subduction zone. The volcanics in the research
area are considered to be formed as intracontinental volcanics in the NW part of the
Anatolian plate which is located between the Eurasian and African plates and moves
Westward relative to the North Anatolian Transform Fault.

The calc-alkalic and alkalic volcanism in the research area are thought to be related to
expansional tectonic regime which was active from Lower Miocene up to Quaternary.
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which were also responsible for the formations of other carbonate clay minerals at the
same levels.

3) The formation of Pirrsonite has affected largely the changements of
physicochemical parameters, mostly aco, and temperature and also mco,. The
changements of these parameters have resulted in transformations, mostly to Nahcolite
(NaHCO3), Gaylussite (NaZCOj.CaCO3.SH30), Thermonatrite (Na,CO3.H,0) and
Calcite.
~ 4) Trace element contents have been analyzed and it was determined at the high levels
of Cl, Br, F and B which were indicated to volcanic origin.

5)The XRD, DTA and SEM characteristic of Pirrsonites have been defined.

6) Na/Ca ratio had been increased very fast and for this reason Pirrsonite formation
had cut down suddenly; trona accumulation had started. This ratio had been protected
from the changements in two large periods, resulting in two thick trona levels. At the
last stage of deposition, as a result of increasing of HCO5 contents in the solutions,
Nahcolites have been deposited.
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Figure 8. The formation paths of Pirrsonite and other carbonates observed in Beypazan
Trona Deposits

acoy, from Gaylussite, other Ca-Na double carbonate hidrated.

2) Pirrsonites have been formed as small and pseudohegsagonal crystals as a result of

the rapid changements of physicochemical parameters of depositional conditions. The

filling of volcanic outcrops had also affected these deposition and formation parameters
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Nahcolites had been formed in upper levels of trona horizons. The general deposition
steps and products are summarized in Figure 8.
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7. CONCLUSIONS

In this study, Pirrsonite has been examined at the first time. The determined
conclusions obtained from mineralogical, petrological, chemical studies have been
summarized as follows: ‘

1)The mineral had been formed during the beginning period of deposition from
the partly Ca-rich solutions not only primarely but also secondarely, depending on
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Table 1. Statistical Parameters of Trace Elements observed in Pirrsonite

X S Sy M; Mg Sk
K 38.9 1.66 1.74 38.33 38.39 . -0.05
Mg 4165 162.1 170.6 4166.6 4169.9 -0.05
Ba 349.5 11.17 11.75 346.25 339.75 0.82
Rb 31.3 1.92 2.03 31.2 31.0 0.147
Cs 331.5 2.82 296 3314 33042  0.364
Si 189.0 23.0 24.43 188.0 186.0 0.123
Cl 998.0 7141 75.17 987.2 985.8 0.29
P 115.5 244 2.56 115.33 11499  0.198
Al 168.6 443 4.66 168.86 16937 -0.163
Ti 54.6 1.26 1.32 54.62 54.67 -0.05
Li 5.2 0.44 0.46 52 -—- -
F 9780 1054 110.9 9775 9765 0.135
| 3365 115.21 121.28 3350 3320 0.37
S04 4745 107.12 112.75 4744 4 47433 0.015
B 20.05 0.804 0.847 19.90 19.6 0.53
Br 491 6.63 6.98 491.8 49343  -0.35

6. PHYSICO-CHEMICAL CONDITIONS OF PIRRSONITE FORMATION
Pirrsonite is a mineral that can be transformed to other similar carbonate minerals easily
because of physico-chemical parameters, mostly of ag,0, 4co,, Mco, and temperature. This
mineral, according to ion and Eh-pH levels and concentrations, can form from
Gaylussite, Nahcolite, Trona, Thermonatrite, Thenardite primarely and secondarely. If there
are not any other salts in environment, Pirrsonite can precipitate around 40°
approximately. The temperature may decrease depending on the presence and concentration
of other salts, such as Burkeit and Thycite. In other words, Pirrsonite formation, as a
result of the presence of salts, depends on low ag,o and temperature, gencrally. In
Beypazari Basin, this deposition with jllite- smectite- dolomite- calcite dominant paragenesis,
had been formed in low diagenetic conditions and temperature and also from poor salty
solutions in limited periods. The solutions which responsible for the formation of
Pirrsonite were rich of Ca in the beginning period of filling of the paleolake; forming calcite
and dolomite, depending on Ca/Mg ratio at the bottom of Hirka Formation. As a result of
the filling of the lake with Na-rich volcanic material and solutions, Pirrsonites had been
deposited in limited period because of the increasing of Na concentration in solutions from
which thick trona seams had been precipitated. At the last stage of evaporation and as a
result of the increasing raie of HCO; in solutions and also lower  temperature,
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As shown in Figure 5., the decomposition of the mineral has been determined at 377°C
and 428°C; in two steps. The dehydration has observed at 198°C.

Figure 6. Scanning Electron Microphoto of Pirrsonites on Claystone.

5. GEOCHEMICAL STUDIES

The major and trace clement contents of pure Pirrsonite specimens have been
determined using different analitical methods. The data getting these studies have been
evaluated statistically and obtained statistical parameters which are shown in Table 1.

The most important point of “the results was that the trace element contents of
Pirrsonites were approximately the same from one specimen to another. As a result of
this situation, the coefficient skewness was very low generally and the distribution
character has observed as normal Gausian Distribution. The standart deviation of the
speciments  were  also determined as low or very low because of the mentioned
properties of Pirrsonite analyses.

The other important point, was that volatile elements such as ClL, Br,F and B were
present in Pirrsonites indicating volcanic effect and the precence of circulating water
within the rocks.

196



Figure 4. The XRD difractogramme of Beypazan Pirrsonite: Cu (Ni) K,
n= 1.54378; (20mA x 40kV); 20= 1°/1 sec. operating conditions,
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Figure 5. DTA curve of Pirrsonite. Pt-Pt/Rh thermoelement, 10%sec
heating rate; 2.5 mm/sec. recording rate, normal atmosphere 195
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Figure 3. Geological Stratigraphic Section of Cenozoic Sequences of
Beypazart Basin (Suner and Coban, 1989)

The other investigation way of Pirrsonites was XRD method. The XRD pattern is
shown in Figure 4. Tt must state that some of the peaks of Pirrsonite mineral are the
same with those of Gaylussite and Trona partly. For this reason, the data of XRD must
be interpreted carefully. The DTA studies were the other way of research for Pirrsonites
of Beypazari. These studies were very useful for making distinction between
Pirrsonite and Gaylussite because of an exothermic reaction around 300°C. The DTA
curve of the Beypazan Pirrsonite is given in Figure 5.

Scanning Electron Microscopy (SEM) study was the other investigation way and it was
very useful to determine the crystal shape and morphology of Pirrsonite and also other
minerals,
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Figure 2. Pseudohegsagonal crystals(Orthorombic) of Pirrsonites

As a result of microscopic studies it was also determined that the single and double
nicol optical properties of this mineral were very similar to those of trona
(NayC0O3.NaHCO3.2H;0). For this reason, it was difficult to identify easily these two

minerals using only microscopic studies.
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1. INTRODUCTION

Pirrsonite. a rare forming mineral, had been found in Green River Formation
(Bradley and Eugster, 1969) and in the muds of Searles Lake (Eugster and Smith
1969) with Trona and other evaporative minerals. In Tiirkiye, the mineral has been
discovered in the second largest Trona Deposits of the world in Beypazar, the province
of Ankara. The mineral had been deposited very scatteredly at the lower parts of trona
seams in Hirka formation, showing an association of carbonate laminated limestones,
dolomites and claystones. Bituminous shales and tuffs tuffites were the other im-portant
rocks. The aim of this study is the evaluation of this mineral and the determination of
the periods of Pirrsonite formation physico-chemically by taking into account of
experimental data.

2. STRATIGRAPHY

Pirrsonnites have been found within volcano-sedimentary Hirka Formation which
has overlaid Coraklar Formation and was overlaid by Karadoruk Formation (Suner
1989: Helvact et al., 1989; Suner and Coban, 1989). All these formations
(sequences) were Miocene aged and had been deposited conformably in this period.
Pliocene sequences have overlaid with unconformably the Miocene sequences.The
thickness of Miocene sequences were very different and have ranged from 60m to
350m. The main lithologic assemblage has been determined as claystone + bituminous
shale + tuffite and trona, the main evaporative mineral of the Beypazar1 Basin
(Giindogdu et al., 1985). Pirrsonites have been discovered in the lower part of the
lower Trona Horizon in Hirka Formation, especially over the level where bituminous
shales were common, with claystones and dolomites or dolomitic claystones.

3. MATERIAL AND METHOD

Pirrsonites have been collected from the part of the lower trona horizon and the
mineral has been studied under the binocular microscope and prepared for analizing. The
chosen specimens have been investigated by XRD, DTA. SEM techniques and
analyzed wet chemical, gravimetrical, colorimetrical and spectrographical methods.

4, MINERALOGICAL STUDIES

Pirrsonites have been studied macroscopically and the dimensions of the mineral have
been determined. The measured dimensions were not more than 4 mm and there were not
big difference in crystal dimensions. Their colors were white and grayish-white ;
they have exhibited disseminated structure in host rocks. In most specimens
idiomorphic and well-crystallized pirrsonites have been seen. Pseudohegsagonal system
were very common while pirrsonites have crystallized in orthorombic system.
Piroelectricity was the other observed property of this mineral.
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ABSTRACT: Pirrsonite is a rare-forming carbonate mineral, This double salt
(NapC0O3.CaC0O3.2H20) has been found sporadiccally in Beypazari Basin (Ankara),
as a secondary mineral. In this study, the mineralogical and geochemical properties of
Pirrsonites, in Miocenous volcano-sedimantary sequences, associated with dolomites
and claystones, have been determined and the Jormation conditions have been
discussed. The idiomorphous crystals and disseminated structures of Pirrsonites have
been investigated using XRD, SEM and DTA methods. The trace element contents,
Pphase relations and mineral paragenesis have been determined. According to the data
and their stratigraphic positions and horizontal-vertical distributions, it was
thought that this mineral had been formed under the effect of low temparature and high

Ca**INa* concentration.
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exhalative processes took place, thereby raising the exploration interest in an area."
(Plimer, 1988, p. 280). ‘

Likewise, the tourmalinite near Karahayit village (#1 above), and the along-strike iron
showings, should be considered encouraging indicators of mineralization and the areaa
prime exploration target for metallic resources.

The boron concentrations represented by the tourmaline disseminated in mica schist,
paragneiss and the felsic gneiss unit described above (#2 and #3) are apparently not
anomalous and may simply reflect normal B abundances in sediments or magmas.

The quartz-tourmaline nodules and the possibly related massive lenses within the
felsic gneiss basement (#4 above) formed via metamorphic processes, metasomatic
processes or both. The massive lenses formed within zones of weakness and exhibit
evidence of shearing. Both the source of boron and the concentration processes
being enigmatic, it is unclear whether or not the nodules and massive lenses have any
significance for exploration. It is suggested that where such tourmaline concentrations
are abundant, the lithogeochemistry of the felsic gneiss basement unit be studied
carefully, with attention especially given to possible concentrations of volatiles and
metals. Movement of large amounts of volatiles (such as B) may indicate favorability
for mineralization; that is, movement and concentration of metals may have
accompanied B metasomatism.

Although tourmaline associated with pegmatitic granitic rocks is sometimes
gemmy, because of their color, the tourmaline crystals that occur in pegmatoids of the
Kula and Gordes areas (#5) are not suitable for use as gem material. However. the
tourmaline maybe uselul as an indicator mineral for Be-mineralized pegmatoids.
According to Dag and Dora (1991). the tourmaline-bearing E-W-oriented pegmatoids in
the central and northern parts of the Menderes Massif may contain reserves of
approximately 2000 tons of beryllium which could be a by-product of muscovite and
feldspar mining.

The tourmaline-bearing intrafolial pods or segregations, such as those observed along
Gokgay near Bucakbelen (#6), are simple "sweat-outs" produced during regional
metamorphism. There is no evidence to suggest that such occurrences have importance
for exploration. ’

Although there is no known mineralization directly related to the occurrence of
tourmaline in sheared granitic gneiss near Eskihisar (#7). nearby up-section within
another fault zone weak copper mineralization has been observed. The normal faults of
the Aydm-Salavatl geothermal area should be considered prospecting targets with low to
moderate potential.

For the Sinancilar tourmaline occurrence (#8). we suggest that more detailed
sampling be done along the W-SW side of the granitic body, and that analyses include
determinations of Sn, W, Mo, Ta, Nb and possibly U, Th and REE. If the results of
such analytical work are encouraging, trenching and possibly drilling will be necessary as
exposures are limited. Fluid-inclusion work would be helpful in determining conditions

under which the Sinancilar mineralization formed.
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Detailed stream-sediment sampling and soil-rock sampling traverses showed very low
As and Ag values and no detectable Au.

Nevertheless, exposures along the Sinancilar-Baymdir road on the W-SW margins of
the granitic body have many aspects which commend a comparison to  greisenization,
"a high-temperature (500-300°C), complicated post-magmatic transformation of rocks
under the influence of the acid residual solutions, high in silica and volatile
constituents, connected with intrusions of granitoids." (Scherba, 1970, p. 114).
Scherba described greisens as follows:

Greisens are metasomatic rocks, essentially quartz-mica by
composition, often with topaz, fluorite, tourmaline, feldspar, and
ore minerals, formed from granite and other rocks by action of
high-temperature pneumatolytic-hydrothermal solutions, high in
fluorine, chlorine, and water. (p. 114)

In addition, the descriptive model for Sn-greisen deposits of Reed (1986) is an

excellent outline to which the Sinancilar occurrence can be compared. Many aspects of
the geological setting and mineralogy of the Sinancilar occurrence are consistent with
Reed's greisen model.

First, the Sinancilar gangue and ore mineralogy are consistent with typical greisen
mineralogy. The predominant gangue minerals within the mineralized ZOones are quartz,
tourmaline and mica. Fe, Cu and As(?) sulfides are present and apparently formed
more-or-less coevally with tourmaline. Also, fluorite and torbernite(?) were identified in
at least one specimen. Second, the geological context is appropriate for greisen
formation. According to Scherba (1970) and Reed (1986), greisens occupy apical
parts/cupolas of granite massifs or occur along the margins of granitoids, and
greisenization generally is imposed onto contact-metamorphosed rocks. Both of
these conditions are satisfied at the Sinancilar occurrence.

4. IMPLICATIONS FOR EXPLORATION AND FURTHER STUDY

Tourmalinite, as described above, is associated with many types of metallic mineral
deposits, including those of Au (Fleischer and Routhier, 1973 Plimer, 1986; McArdle
et al., 1989), W and Sn (Plimer, 1980, 1987: Appel, 1985, 1986: Raith, 1988),
Pb-Zn-Ag (Ethier and Campbell, 1977; Benvenuti et al.. 1989), Zn-Pb-Cu-Ag-Au
(Plimer and Lees, 1988), Cu (Slack, 1982), and Cu-Co (Ito and Plimer, 1987).
Therefore, this minor but significant rock type, by virtue of its spatial relationship with
such mineralization, should be considered an important exploration guide.

As pointed out by Plimer (1988, p. 280), "Although tourmalinites can be the host for
or are intimately associated with exhalative mineralization, they need not be associated
with mineralization." Plimer also noted that the tourmalinites in Australia are most
commonly immediately above or stratigraphically equivalent to exhalative
mineralization. He further commented that while "no rigid facies relationship between

tourmaline-rich rocks and mineralization can be established. their presence indicates that
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metamorphism. Where exposed on the Alagehir-Kula road at Selce village, the
tourmaline-bearing pegmatoids occur within metavolcanic rocks (leptites) and, locally,
there is evidence of migmatization and a lithologic transition to gneiss and schist. It is
likely that the pegmatoids, characterized by diffuse contacts rather than by sharp igneous
contacts, formed under temperature and pressure conditions that led to migmatization.

6) Black tourmaline occurs in subhedral to anhedral crystals or clots, with quartz, as
intrafolial pods or segregations within gamet-quartz-mica schist. We have observed
this mode of occurrence along Gokgay, near Bucakbelen village (Mugla-Yatagan).

This is probably a very common mode of tourmaline occurrence in the MM as it is in
many metamorphic terrains. During metamorphism, volatiles such as B are easily
mobilized and silica seems to be ubiquitously available. Under clevated temperature
and pressure conditions, excess silica and volatiles may "sweat out" or be laterally
secreted along existing foliation planes or zones of weakness. We envision the Gokgay
occurrence as having formed in this manner.

7) Near Eskihisar (Aydm-Sultanhisar) on Bayazik Tepesi, approximately 1-cm-thick,
poorly defined bands of anhedral to subhedral black tourmaline crystals occur locally
within strongly sheared granitic gneiss. Microcline, quartz and muscovite are the
main constituents of this gneiss, but biotite is also present. This tourmaline occurrence is
within a normal fault =zone; the texture of the rocks should probably be
termedprotomylonite or mylonite gneiss. Approximately 100 m upslope, still within
the fault zone, undeformed tourmaline-bearing granitic pegmatite dikes transect
metavolcanic rocks (leptites). Here. the tourmaline occurs in black euhedral to
subhedral crystals, 2-7 mm in cross-section. It is possible that these pegmatite dikes had
their source in the underlying sheared granitic gneiss. Movement along the fault zone
may have induced melting which resulted in the emplacement of the dikes.

8) Along the Sinancilar - Baymdir road between Sinancilar village
(Izmir-Kemalpaga) and Ovacik Yayla, black tourmaline occurs in natrow (0-3 cm) veins,
joint- and fracture-fillings, in irregular layers of massive, sulfide-bearing
quartz-tourmaline rock, and with quartz. mica and sulfides as country-rock replacements.
These occurrences are at the margins of an unmetamorphosed, post-kinematic, fine-
to medium-grained Dbiotite granodiorite body and associated sills and dikes. Andalusite
hornfels also reportedly occurs in the contact aurcole of this granitic body (UNDP,
1974). This granitic body is believed to be of Miocene age and intruded gently to
moderately N-dipping schist and quartzite of probable late Paleozoic age which have
been assigned to the Ovacik Formation (UNDP, 1974).

The UNDP (1974) performed an investigation of the Sinancilar arsenic anomaly
during which a small (20-m-long) Pb-Zn-Cu mineralized area was discovered in
Kiigiikkéy stream, 1.5 km NE of Ovacik Yayla. Although this mineralization was
deemed economically insignificant and no further work was recommended. the weak
arsenic anomaly farther north remains a "teaser” for explorationists. The results of the
UNDP effort to follow up stream-sediments arsenic anomalies were discouraging.
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pyrite) are generally present. In fact, most of the nodules at the Irmadan locality arc of
pale, rusty pinkish or reddish color, reflecting the oxidation of iron.

Although these quartz-tourmaline nodules are of great interest, their occurrence is not
unique. Similar nodules have been described previously by Edwards (1936, and
references therein) from Australia, and by Nemec (1975) from Czechoslovakia. In both
of these cases, the nodules occurred in leucocratic granites and it was believed that
the nodules formed by metasomatic replacement of granite. Nemec (1975) likened the
origin of "tourmaline spots" in granites to the development of the quartz-tourmaline
facies of greisens and supposed that the B was imported from outside.

The massive lenses of tourmaline mentioned above have only been observed by us at
one locality, between the Labranda ruins and Kargicak village, ENE of Sarikaya village.
These lenses are mainly tourmaline with some quartz, and are apparently sheared and
formed in zones of weakness. They are aligned. as are the abundant quartz-tourmaline

nodules, N to NIQ°E, parallel to a weak lineation defined by elongated potassium
feldspars. At this locality and to the north, tourmaline also occurs within narrow veins,
as fracture fills, and within light-colored granitic dikes/veins,

In the southern part cf the MM, the metasomatic process that led to the formation of
the quartz-tourmaline nodules and massive lenses was apparently of large scale; the

vast area that was affected by this enigmatic process attests to this. Reheating and

circulation of fluids may have been induced during a regional metamorphic event. The
process that mobilized the B necessary to form the quartz-tourmaline eyes likely also
mobilized the B necessary to form the nearby massive lenses.

The formation of these quartz-tourmaline nodules involved movement of large
amounts of B, maybe over relatively long distances. It is possible that the B had an
external source. On the other hand, the B may have been concentrated in the granite
precursor of the felsic gneiss basement unit, at least in its upper parts, and simply
concentrated by a poorly understood metasomatic process. What caused nucleation and
subsequent formation of the quartz-tourmaline nodules is unknown.

5) Euhedral crystals, some very large, of black tourmaline occur within pegmatoids and
pegmatites in the area of Kula and Demirci-Gordes. Dag (1991) and Dag and Dora
(1991) have discussed these rocks in some detail. so the reader is referred to those papers
for more information.

These pegmatoids, possibly better described as leucosomes, are of fairly simple
mineralogy, with quartz, feldspar and tourmaline as major constituents. Biotite is
present locally. Dag and Dora (1991) reported that the tourmaline in the pegmatoids
of the Gordes area is dravite (Mg-rich), but presented no optical or geochemical data to
support this identification. If this determination is correct, this isindeed an unusual
paragenesis as tourmaline in granitic pegmatites/pegmatoids is typically of the schorl
(Fe-rich) species.

On the basis of field observations, we conclude that the tourmaline-bearing
pegmatoids described above formed by partial melting during high-grade regional
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migmatite and granitic dikes within the "transition zone" between the felsic gneiss
basement and the overlying mica-quartz schist. Konak et al. (1987) also noted
tourmaline as a common mineral phase in the various units within the Cine Group. In the
highway section at Irmadan Mahallesi (Mugla-Yatagan), Kun (1976) described the
occurrence of a deeply weathered, 1.5-m-thick unit of tourmaline-rich quartz-mica schist.
Within this unit occur abundant 2-3-cm-long, cuhedral, black tourmaline crystals.
Using optical and XRD methods, Kun (1976) identified the tourmaline of this schist
to be schorl.

With the exception of the Irmadan locality, these aforementioned rocks do not
apparently contain anomalous concentrations of tourmaline. The tourmaline-rich schist
at Irmadan may have formed by remobilization of B from the underlying felsic gneiss
basement unit.

3) Black tourmaline in weakly concentrated, fine- to medium-grained, anhedral to
subhedral crystals occur within the vast felsic gneiss unit that is considered to be the
oldest unit of the Menderes crystalline sequence. Excellent exposures of this mode
of tourmaline occurrence are present near Irmadan Mahallesi and between the Labranda
ruins and Kargicak village.

Previously, Konak et al. (1987) described augen gneisses of granitic origin of the
Cine Group. These gneisses represent the core of the MM. These granitic gneisses
consist essentially of quartz, feldspar, white mica and some biotite. Minor constituents
include tourmaline, apatite, zircon, rutile, and opaque minerals.

This mode of tourmaline occurrence does not seem to reflect an anomalous
concentration of B in the paleoenvironment, Because granitic magmas are typically
relatively enriched in B, this sort of weakly concentrated or disseminated tourmaline is
probably in no way unusual. However, quantilative petrographic studies of many
specimens of this gneiss may show that the B concentration is anomalous and that the
granitic precursor was a "specialized" granite, enriched in volatiles and metals.

4) In the highway section at Irmadan Mahallesi and in exposures between the Labranda
ruins and Kargicak village, black tourmaline occurs in eye-shaped concentrations or
nodules and in massive lenses (the latter in zones of weakness) within the felsic gneiss
basement unit. Kun (1976), Konak (1985), and Konak et al. (1987) mentioned the
tourmaline at these occurrences, the latter authors describing "tourmalines that are
aligned radially and flocs of interesting shapes where they become denser” (p.44). In
characterizing the augen gneiss of granitic origin in which these modes of tourmaline
occurrence are found, Konak (1985, p. 33) reported the presence of a "tourmaline
balled leucocratic phase in the contact aureoles.” It is obvious 1o us these descriptions
apply to the nodules that we have observed and describe below.

In longitudinal section, as they typically appear in outcrop, these tourmaline
concentrations are roughly eye-shaped, but in toto these concentrations are spherical,
ellipsoidal or discoidal nodules. They consist mainly of tourmaline and quartz but,
at the Irmadan locality, euhedral cubes (up to 2 mm) of oxidized sulfides (probably
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To the north and south, the tourmalinite gradually passes into schist and micaceous
quartzite. The tourmalinite continues for an unknown distance to the west and, to the
cast, only thin discontinuous layers occur within the enclosing schist-quartzite unit.
Away from the hillock, the tourmalinite increases in content of quartzofeldspathic
minerals and passes imperceptibly into schist and quartzite. Locally, distinct angular
(sedimentary) quartz grains and tourmaline-rich rip-up clasts are present.

Obviously, an incredible amount of boron in tied up in a tourmalinite occurrence such
as that near Karahayit. For the depositional environment for tourmalinite, there are only
two viable possibilities: either tourmalinites are deposited as volcanogenic chemical
sediments (exhalites), or they form by metamorphism of evaporitic borate deposits (Slack
et al..1984). Slack (1982) pointed out that ancient evaporitic terrains are generally
marked by an abundance of diagnostic minerals such as anhydrite and scapolite.
Therefore, "these minerals, and related chemical signatures, allow identification of
evaporilic environments even where post-depositional deformation and metamorphism
obscure primary sedimentary features” (Slack, 1982, p. B86). Since most borate
deposits are considered to be related to volcanic sources/activity (Chamberlain, 1912;
Foshag, 1921; Muessig, 1965: Helvaci, 1984: Alonso et al., 1988), any occurrence
of tourmalinite is, either directly.or indirectly, volcanogenic and, more specifically. related
to volcanic vents, fumaroles or thermal springs.

Based upon these data and observed field relationships, we conclude that the precursor
for the tourmalinite - B-rich chemical sediments or exhalites- which likely issued from a
voleanic vent/fumarole, was probably deposited into seafloor depressions. The lateral
continuity of extremely fine-scale tourmaline and quartz laminae on the hillock
indicates a quiescent depositional environment. Because the tourmalinite is almost
massive tourmaline locally, that part of the depositional system was probably near the
source. The more-distal, lateral equivalents, however, are richer in quartzofeldspathic
(arenaccous) material and reflect a more active depositional environment. In these
distal facies, bedding and/or lamination tend to be less continuous. that is. more
disrupted. It is also in these more-distal parts that the rip-up clasts and distinct angular
quartz grains occur.

Interestingly, at least two iron-ore showings are present along strike in approximately
the same structural-stratigraphic position (Bagarir, 1970). According to Basanr,
these hematitic iron ores are probably of sedimentary origin. During our field work, a
fragment of magnetite-rich float material resembling iron-formation was found near
the cemetery at Karahayit village.

We suggest that both the Karahayit tourmalinite and the along-strike iron ores
resulted from volcanogenic exhalative activity.

2) Black tourmaline in <I mm-3 cm-long, euhedral to anhedral crystals is disseminated
within various lithostratigraphic units, especially mica schist and paragneiss, in the
southern part of the Menderes Massif,

Basarir (1970) reported tourmaline as an accessory mineral in  fine-grained gneiss,
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Turgutlu (Ketin, 1983). Dixon and Pereira (1974) considered the MM to be one of a
number of "Zwischengebirge”, essentially microcontinental blocks, "made up of
pre-Mesozoic basement rocks having some of the characteristics of the cratons, but
displaying evidence of Alpine tectonic and magmatic involvement" (p. 187).

It is not an object of this paper to review the geology and structure of the MM, so the
reader is referred to Konak et al, (1987) and Dora et. al. (1992) for cogent summaries.
However, the major lithostratigraphic units of the MM must be described if the tourmaline
occurrences discussed herein are to be understood in context.

A felsic gneiss unit, previously described as augen gneiss, migmatite, granitic gneiss
and core gneisses, is considered to be the oldest lithostratigraphic unit in the MM
(Dora et al.. 1992) and, therefore, is believed by us to be basement to the rest of the rock
units in the MM. At the southern end of the MM, where much of the current research
was done, this granitic core unit is overlain by a transition zone of fine-grained
gneiss/migmatite/granitic gneiss/ gneissic granitic "dike" (sill or leucosome?), then
successively by mica - quarlz schist, garnet - quartz - muscovite schist (with
marble lenses), chloritoid schist, muscovite-quartz schist (or mica quartzite), a repeating
series of quartz schist-calc schist-chlorite  schist-metaconglomerate-phyllite - marble,
phyllite and marble (Basarir, 1970). Many of the tourmaline occurrences described
herein are present within the felsic gneiss unit and the overlying mica-quartz schist
unit.

3. MODES OF TOURMALINE OCCURRENCES

1) Basarir (1970) described tourmaline zones or bands within his biotite-quartz
schist unit, southwest of Karahayit village (Mugla-Milas) and approximately 2 km east
of Bafa Golii. The maximum thickness of these zones was reported to be about 100 m
(Bagarir, 1970). We have found these zones/bands to be tourmalinite, a stratabound
and/or stratiform laminated quartz-tourmaline rock containing = 15-20% tourmaline by
volume (Nicholson, 1980; Slack, 1982). Tourmalinites have been described from many
places, including Australia (Plimer, 1988), Austria (Raith, 1988), Brazil (Fleischer
and Routhier, 1973), Canada (Ethier and Campbell, 1977). Greenland (Appel,
1985), Italy (Benvenuti et al., 1989) and the USA (Slack, 1982; Mittwede, 1984b). The
reader is referred to Slack et al. (1984) for a succinct review of stratiform
tourmalinites in metamorphic terranes and their geologic significance.

The tourmalinite at the Karahayit locality occurs as locally significant but discontinuous
lenses or intercalations within mica-quartz (+ garnet)schist that grades into micaceous
quartzite. The most significant outcrop of tourmalinite is on a hillock about 1 km
southwest of Karahayt village, on the west side of Yatakyeri stream and about 100 m
west of the village road. There, black or very dark brown tourmaline and quartz occur
together in an extremely finely laminated rock. Locally the tourmalinite is virtually
massive tourmaline with some irregular quartz veinlets. No other minerals have been
identified on the hillock except very minor sulfides.
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1.INTRODUCTION

Tourmaline, a complex borosilicate mineral, is the most common boron mineral in
crystalline rocks and is also one of the dominant, non-opaque heavy-mineral species in
recent and ancient sediments and sedimentary rocks. Recently, an entire volume about
the tourmaline group was published (Dietrich, 1985), and the reader is referred to that
valuable sourcebook for a discussion of the physical and chemical propertics,
occurrences, geneses and significance.

Boyle (1971) noted that boron and boron minerals, because they are widely diffused
in many types of mineral deposits, can be used as indicators of mineralization. As
practical applications of this, Slack (1982), Mittwede (1985) and Robinson et al.
(1988) suggested that identification of anomalous concentrations of tourmaline in
samples of panned stream sediment might be a useful tool in exploration programs
designed to locate metallic ore deposits. Furthermore, the chemical composition of
tourmaline can be used in metallogenetic analysis and may be a sensitive and reliable
guide to the location of submarine ecxhalative sulfide deposits (Slack, 1982; Mittwede,
1984a; Robinson, 1989; Koval et al., 1991).

Tourmaline as well as many other minerals, such as spessartine, gahnite, lazulite,
hogbomite, are due (0 hydrothermal enrichment + metamorphic recrystallization
at/near volcanic centers and have been considered "mineralogical anomalies” (Allard
and Carpenter, 1988). Because they form by metamorphism of hydrothermal alteration
assemblages, these mineralogical anomalies can be important exploration tools for metallic
mineral deposits in metamorphosed terrains. Tourmalinite, a laminated or banded
quartz-tourmaline rock, can be a particularly valuable exploration guide for metallic
mineral deposits as well as a distinct marker unit during field mapping in multiply
deformed, highly metamorphosed  terranes (Slack, 1982; Slack et al., 1984).

The purpose of this paper is to present the first general synthesis of the modes of
tourmaline occurrences in the Menderes Massif, western Anatolia, Tiirkiye. This
paper is based upon our field observations, literature research and interpretations. A
paper of this length cannot be considered comprehensive, but an effort has been made
to review the main types of tourmaline ocCurrences with particular attention given to
those types that have significance for mineral exploration. Figures have been omitted SO
that descriptions, interpretations and pertinent references can be presented. Although
some of the conclusions may be premature, this work provides a starting point for future
investigations. The results of in-progress analytical work will shed light on the
problems at hand, especially those concerning petrogenesis and implications for
exploration.

2. REGIONAL GEOLOGY

The Menderes Massif (MM), an internal basement massif in western Anatolia, is
one of the largest metamorphic massifs in Tiirkiye, measuring roughly 200 km N-S
between Simav and Mugla, and approximately 150 km E-W between Denizli and
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ABSTRACT: Tourmaline, specifically of the schorl (Fe-rich)-dravite (Mg-rich)
series, is abundant in rocks of the Menderes Massif of western Anatolia and has at least
eight modes of occurrence, some of which are genetically related, spatially related,
or both. In this region, the modes of tourmaline occurrence include the Jollowing :

1) as tourmalinite (stratabound andfor stratiform  laminated quartz-tourmaline
rocks containing > 15-20% tourmaline by volume) - as locally significant but
discontinuous lenses or intercalations within mica-quartz (*+ garnet) schist; 2 ) as
euhedral to anhedral crystals disseminated within mica schist or paragneiss; 3) as
weakly concentrated, fine- 1o medium-grained, anhedral to subhedral crysials within
the vast felsic gneiss unit that is considered 1o be the oldest unit of the Menderes
crystalline sequence; 4) as eve-shaped concentrationsinodules and in massive lenses
(the latter in zones of weakness) within the felsic gnelss unit; 5) as ewhedral crystals,
some very large, in pegmatoids(leucosomes) and pegmatites;, 6) as subhedral to
anhedral crystals or clots, with quartz, as intrafolial pods or segregations within
garnet-mica schist; 7) in bands of anhedral to subhedral crystals within strongly sheared
granitic gneiss; 8) as joint- and fracture-fillings, with quartz in veins or
layers, and as country-rock replacements accompanying  sulfide mineralization
near the margin of unmetamorphosed, post-kinematic granite,

These modes of tourmaline occurrences all reflect particular petrogenetic
conditions. Some indicate anomalous concentrations of B in the depositional
environment (e.g. tourmalinite = volcanogenic chemical sedimentsiexhalites), while
others may simply represent normal B abundances in sediments or magmas (#2, #3).
Numbers 4-7 reflect B concentration by metamorphicimetasomatic processes, although in
these, too, B may have been anomalously abundant in the palecenvironment. Number
8 is related to B-enriched, late- or post-magmaticlresidual or hydrothermal Huids
associated with emplacement of granitic rock. The genetic implications of these iypes af
occurrences may have great significance in  mineral exploration and studies of
petrogenesis.
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from low grade iron mineralization does not have any significant REEcn enrichment
(Fig.5), with lower values than those of scapolite and garnci fels. Such a behaviour of
REE in a hydrothermal environment, including altogether the silicate. oxide and sulphide
phascs, is considered as a normal case due (o preferred migration of the REE into
silicate rather than oxide or sulphide minerals (Henderson. 1984). Sample BLO-11,

a representative  specimen for the biotite rich veins. shows more or less the same

LREECN pattern with that ¢ sample 10 taken from the iron mineralization but
differs from that by its lower values of HREEcy pattern (Fig.5).

5. CONCLUSION AND DISCUSSION

The preliminary data on the REE contents of the rock samples of the Konukdere
metasomatite may suggest that the possible REE potential is restricted to the scapolite
fels, scapolite-pyroxenc fels and gamet fels rocks rather than low grade iron
mineralization and biotite rich vein occurences, even though the REE contents of the
former group are 3 to 5 times higher than that of crustal abundance level (Neary and
Highly, 1984). This low grade REE concentration in these rocks can be improved a little
by the monomineralic nature, i.c.scapolite fels, of host rocks. As a monomineralic
source for REE, some apatites associated with alkaline igneous complexes can be
considered as commercial when the grade of REO is about 0.85 % (Neary and
Highly, 1984). However, the grade of REE ore reserves varies markedly depending on
the type of deposit. For instance. the high grade primary bastnasite deposit at
Mountain Pass averages 7 % REO, but in some heavy mineral placer deposits the grade of
REO may be aslow as 300 ppm, just little above crustal abundance levels (Neary
and Highly, 1984), since, the constituent minerals have already been liberated by natural
processes. Because of the near monomineralic nature of the scapolite fels and garnet
fels rocks from the Konukdere metasomatite, a detailed study of these rocks may
provide more meaningful and useful data as to the REE potential of the Konukdere
metasomatite.
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The REE contents (Table 4) of the rock samples from the Konukderc metasomatite
have been normalized to chondrite values (Evensen et al., 1978). Figure 5 shows the
chondrite normalized spider diagram of REE contents of these samples. Clearly. the
scapolite fels and scapolite-pyroxene fels types of rocks possess an enrichment of
approximately 100 to 350 times in LREEcN (chondrite normalized light rare earth
elements) such as La and Ce. These rocks also represent an enrichment of 15 to 40
times in HREEcN (chondrite normalized heavy rare earth elements). The actual content
of La and Ce varies from 30 to 80 ppm and 70 to 190 ppm, respectively (Table 4). The
REEcy pattern of the rock specimen BLO-8. a representative sample of the gamet fels
dikes. is similar to the scapolite fels and scapolite-pyroxene fels, although. its
LREEcy values are slightly lower (Fig.5). On the other hand, as clearly seen in Figure 5,
the garnet fels sample has a conspicuous Eucn enrichment of approximately 150
times. although its actual Eu content is only 8.8 ppm (Table 4). Sample BLO-10, taken

Table 4. INAA results of the rock samples from the Konukdere metasomatite.

Table 4. INAA results of the rock samples from the Konukdere metasomatite

BLO-1 BLO-2 BLO-3 BLO-4 BLO-5 BLO-6; BL'G—62 BLO-7 BLO-8 BLO-9 BLO-10 BLO-11

La &0 33 53 37 50 36 4 32 2 s 14 12
Ce 190 6 93 100 99 100 92 82 110 76 27 22
Nd 73 23 22 42 21 44 28 38 69 16 6 5
Sm 13 43 5.0 87 51 86 47 6.7 14 2.8 0.8 0.8
Eu 39 1.0 1.5 21 1.6 22 1.7 1.6 88 1.0 05 04
b 235 05 08 1.6 05 1.7 09 05 1.6 07 05 05
Yb 718 2.62 3.39 5.77 3.62 5.83 2,92 4.41 4l2 182 0.90 0.3
Lu 105 0.3 0.7 0.85 0.59 0.0 0.50 0.81 0.62 0.29 0.18 0.08
Ta 3 3 2 % 3 5 2 4 1 2 1 5
Au 5 6 5 6 5 5 1m 5 6 5 5 10
Ag 5 5 5 5 5 5 5 5 5 5 5 5
As 5 5 7 2 6 2 7 3 3 7 8 7
Br 22 27 2 29 21 29 23 23 1 1 6 1
Cs 2 4 10 2 13 2 2 2 2 2 4
HE 9 7 5 9 8 9 16 4 4 2 1
Ir 5 5 5 5 5 5 5 3 5 5 5 5
Sb 16 2.6 11 1.4 09 1.4 07 1.3 20 45 20 66
Se 8.4 4.7 13 4.4 6.9 44 16 6.2 15 31 12 3.5
U 10 8.7 7.4 7.2 7.0 7.7 6.8 14 64 5.0 4.9 0.5

- Au and Ir elements are given in ppb, the others are in ppm.
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and later the replacement of Fe and Mg by Ca as shown in Figure 4. Excess Ca generated
during these transformations can help from the associated garnet and clinopyroxene
(Barton et al., 1991).

4. PRELIMINARY REE RESULTS
As mentioned earlier, some geological environments similar to that of the
Hekimhan-Hasangelebi arca. e.g. Bayan Obo region in the N China (Neary and Highley,
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Figure 5. The chrondite (Evensen et al.. 1978) normalized distribution pattern of the REE
contents of the rock samples from the Konukdere metasomatite.

1984; Mariona, 1989), are associated with REE mineralization. The rare earth oxide
(REO) content may range from 1 to 6.19 % however, high grade areas may contain up to

10 % REOQ in the Bayan Obo region in N China.
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Table 3. Wholerock major and some trace element chemical analysis results of the rock samples from the Konukdere metascmatite and parent rocks.
MMMWF Geographic Coordinates mHO.N ._._Hmou _..m.mNOu Mn0 MgO  CaD Zwmo mmo .Ecm m.mOm 0T Total Rb Sr- Ba Y Zr Kb Zn Th Cr Co Cu V¥
BLO-1 m._.cmm_@._ E, 3520 55.02 15.87 1.81 0.05 2.93 7.72 6.26 2.37 1.16 0.02 5.07 98.28 61 424 939 25 358 55 25 61 27 nd 26 30 123
BLo-2 35250 E, 38755150 N 51.89 14.66 2.90- 0.06 4.72 8.82 4.88 2.13 0.37 Q.15 7.95 98.53 45 308 469 26 314 42 26 81 33 nd 21 28 60
BLO-3 370520 E, 375517 W 53.41 16.74 2.00 0.03 4.03 7.61 8.17 0.55 1.24 0.28 4.58 68.64 43 540 349 26 240 36 29 77 18 nod 32 30 140
BLU-4 wun_mm_pw: E, wmomm_mn... N 55.00 14.21 2.04 0.05 4.17 B.60 6.06 1.58 0.61 0.02 6.52 98.86 31 396 745 26 455 59 24 61 33 nd 29 30 79
BL-5  3%2e E, 355w N 55.54 16.38 .21 0.04 3.38 5.85 8.16 0.97 0.80 0.23 5.65 99.21 26 288 368 26 356 350 25 78 21 2% 34 28 9
wro.lm_. 35256 £, 385502 N 51.93 14.20 2.03 0.07 1.9510.91 5.87 1.27 0.55 0.15 9.38 98.31 51 392 317 27 341 44 29 356 32 nd 20 26 TV
3%2156" B, 38%55'21" N 54.81 15.74 1.75 0.03 4.42 B.66 7.71 0.83 1.03 0.26 3.80 99.04 59 470 420 26 212 31 26 65 13 33 34 26 122
375256 E, 35500 N 53.11 1l4.64 2.17 0.04 5.63 9,12 5.55 1.26 0.42 0.06 6,18 98.18 39 333 453 26 705 55 25 65 42 nd 19 2 64
35110 £, 175610 N 35.99 9.12 16.33 0.16 0.76 27.47 0.22 1.01 0.46 0.22 2.36 94.10 35 nd 233 27 43 22 31 63 5 39 33 23 109
wwoﬂ_mu.. E, mmomm_mm: N 55.52 17.52 0.99 0.08 1.05 B8.02 6.18 2.65 0.27 0.03 7.90 100.21 20 193 581 27 264 49 28 58 58 nd 17 27 48
BLO-10 37752130 E, wmcmm..:: N 37.47 11.02 34,47 0.03 5.04 3.73 2.74 2.99 0.78 0.07 2,03 100.37 65 nd 325 27 31 18 25 58 7 195 15 28 149
BLO-11 375302 E, 3°56'%6" N 40.82  9.67 11.86 0.05 20.06 4.37 0.11 5.13 3.23 0.02 6.12 101.44 230 nd 846 26 nd 76 2 73 2 nd 91 29 307
HASANGELEBI
sy-17 3P0 E, %55 N 63.76 15.94 1.42 0.11 0.14 0.85 8.89 0.44 0.65 0.02 2,38 96.60 12 120 276 27 1143 102 33 56 106 nd 16 39 63
sy-19 375017 E, 85 N 65.19 18.32 0.82 0.07 0.87 0.81 5.09 7.34 0.71 0.03 0.72 99.97 108 275 2003 26 652 70 31 &7 38 nod 57 35 80
sY-20 3502 B, 38%55'18" ¥ 61.99 16.92 1.32 0.03 1.39 4.44 5.18 5.60 1.09 0.05 1.18 99.19 85 425 2651 26 418 53 3z n 23 nd 135 27 113
sv-21 3770 E, 3%517 N 70.70 15.38 1.68 0.02 0.04 0.69 9.05 0.26 0.52 0.03 0.77 99.14 nd 66 233 25 1582 156 38 65 126 nd 72 33 69
sv-22  3P0% B, %5513 N 66.11 15.56 0.82 0.01 0.43 0.88 3.56 8.09 0.47 0.03 2.55 98.51 120 87 1352 25 929 109 30 67 70 nd nd 30 62
sy-23  350'®" E, 85507 K 65.66 15.46 0.89 0.02 0.04 0.54 3.05 8.98 0.66 0.04 2.82 98.16 109 80 1603 26 1075 125 37 63 67 nd nd 29 75
sy-25  3750us E, 35500 N 62.03 17.76 0.92 0.01 0.04 1.57 6.95 3.64 0.76 0.17 2.89 96.74 61 525 2411 26 272 50 34 66 28 nd 13 31 80
sY-120 375140 E, 375447 N 63.52 17.03 0.58 0.04 0.09 2.50 4.48 7.03 0.71 0.03 2.69 98.70 83 478 3606 26 368 50 28 61 24 nd 28 29 77
sy-361 37%9'38" E, 38%55'13" N 67.31 16.97 1.08 0.02 0.04 0.80 5.00 6.80 0.56 0.12 0.69 99.39 132 56 1041 26 228 67 32 65 43 nd 39 39 69
sy-362  37%9'43" E, 38755147 N 65.40 15.47 1.08 0.02 0.42 1.55 4,39 6.84 0,47 0.13 2.69° 98.46 214 63 1303 25 399 61 29 75 36 nd 20 32 64
SY-450 374857 E, 355'14" N 63.80 15.54 1.29 0.02 0.28 3.45 3.81 6.41 0.65 0.17 2.87 98.29 119 1651205 26 383 52 31 72 4 nd 10 29 80
BAHMGEDAM . )
SY-52 375237 E, 340" N 44.82 15,99 9.52  0.32 0.62 10,51 3.07 2.19 1.84 0.43 9.61 98.97 58 622 696 27 181 40 34 163 8 52 23 36 203
SY-61 3P%5108" B, 38°54118" N 51.18 15.78 8.99 0.28 1.06 4.46 4.39 3.47 1.16 0.37 7.79 98.84 95 58 572 26 287 59 1 93 16 nd nd 26 123
SY-62 H_bmkom._ E, s K 49,46 15.25 10.65 0.40 1.39 4.60 4.76 2.69 1.19 0.37 7.52 98.28 83 nd 379 26 263 61 32 67 13 nd nd 21 128
sy-64 37502 E, 353138 N 40.45 14.59 10.72 0.39 3.52 12.26 3.23 0.70 1.60 0.42 12.00 100.60 78 120 249 26 144 35 31 91 nd nd 11 26 177




(Boztug and Yilmaz, 1992). Such a normalization (Fig. 2), for the major elements,
shows that during the metasomatic transformation, the Karadere ultramafite has been
depleted of considerable Fe, Ca. Mg, and Mn, and enriched in Si, AL, K, Na, Ti and P.
The Bahg¢edam volcanics also lost Fe, Mn, Ti and P, and gained Si and Na. As for the
Hasangelebi pluton, it has lost X and Si, but gained Ca, Mg, Mn and some Na and P
(Fig. 2). The trace element normalization diagram (Fig. 3) shows that the Karadere
ultramafite has lost Co, Cu and Y, and gained Sr, Zr, Th, Rb, Ba, Nb and V. The
Bahgedam volcanics have lost Rb, Ba, Pb, Zn, Cu and V., but gained Zr, Th and Co; the
Hasangelebi pluton has yielded Rb. Ba, Th, Zr, Nb. Pb, Co and Cu to the environment,
whereas it has gained only Srand V (Fig. 3).

So far, all mineralogical and geochemical data (Boztug and Yilmaz, 1992). summarized
here. indicate that the Konukdere metasomatite is productof the Na (-Ca) and Ca-types

Na K A

Ca

M} Konukdere B Bahgedam

® Hasancelebi A Karadere

Figure 4. The positions of the Konukdere metasomatite and parent rocks in the molar
proportions of Na-K-Ca and ACF triangular diagrams (Boztug and Yilmaz, 1992).

of metasomatism (Barton et al., 1991). The main mineralogical characteristics of such
a metasomatism are the transformation of albite and anorthite into marialite and
meionite with addition of NaCl and CaCOs, respectively (Deer et al,, 1962). The

principal geochemical transformations include firstly the replacement of Ca or K by Na,
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Figure 3. Some trace clements of the Konukdere metasomatite normalized to fresh rocks
(Boztug and Yilmaz, 1992) (See Fig.2 for location/cxplanation).

01

magnesioferrite/magnetite, marialite, and phlogopite (Table 2). Sample BLO-11, taken
from a biotite rich vein, consists mainly of vermiculite, biotite and phlogopite (Table 2).
The vermiculitization of this sample can be considered 1o be related to the hydrothermal
activity which formed the wairakile and analcime found in the scapolite fels rocks
(Boztug and Yilmaz, 1992).

The major and trace element contents of the most common rock types. e.g. scapolite
fels. of the Konukdere metasomatite and parent rocks (Table 3) have been evaluated by

means of normalization of metasomatite to the fresh rock for each major and trace element
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Table 2. XRD mineralogical compositions of the rock samples from the Konukdere

metasomatite.
Rock Mineralogical Composition
Sample
BLO-1 marialite + augite + diopside
BLO-2 marialite + mizzonite + meionite + calcite + wairakite + analcime +
andradite + schorlomite
BLO-3 marialite + wollastonite + piedmontite(?)
BLO-4 marialite + diopside + nyerereite + quartz
BL(-5 mizzonite + meionite + analcime
BLO"Gl marialite + quartz + andradite + schorlomite
BL@“ﬁz diopside + augite + hyperstene + marialite + analcime
BLO-7 marialite + augite + diopside + calcite
BLO-8 uvarovite + hydrogrossularite + andradite + jacobsite/magnetite
BLO-9 calcite + albite + andesine + Na-zippeite(?)
BLO-10 magnesioferrite/magnetite + marialite + phlogopite + brunogeierite(?)
BLO-11 vermiculite + bhiotite + phlogopite + calcite

- See Table 3 for the peographic locations of the rock samples.

100+ o
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Figure 2. Major element oxide distribution pattern of the Konukdere metasomatite

normalized to fresh rocks (Boztug and Yilmaz, 1992).
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the south of the Hasangelebi railway station (Fig.1). The Konukdere metasomatite
consists mainly of complex of vein rocks whose thicknesses range from 0.5 to 5 m and
even sometimes 10 to 15 m.

The most common rock types among these purely metasomalic veins are scapolite fels,
scapolite-pyroxene fels. pyroxene fels, and rarcly garnet fels and biotite. Other rock
types showing slight metasomatic affects arc minette, kersantite, porphyritic syenite and
altered aplitic vein rocks (Yilmaz et al., 1992). Scapolite minerals, found in scapolite
fels type of rocks, are seen as euhedral, neddle like prisms and radial nodules with
crystal lengths from 5 to 10 cm and even at certain localities 15 to 20 cm. The neddle-like
prims are 2-3 to 10 mm thick. As pointed out by carlier workers (lzdar and Unld,
1977; Ozer and Kusgu, 1982)..these fels type rocks are associated with stockwork vein,
dyke, massive and disseminated types of pneumatolytic-hydrothermal iron
mineralization. The massive iron oxide mineralization, in Karakuz area, also contains
minerals indicating hydrothermal activily, e.g. barite, quartz and calcite.

3. MINERALQGY AND PETROLOGY OF THE KONUKDERE
METASOMATITE '

As mentioned abo-e, the most common rocks in the Konukdere metasomaite are
scapolite fels, scapolite-pyroxene fels, pyroxene fels and rarely of garnet fels and some
biotite rich veins. Clearly, these rocks are unusual and uncommon and that is why we
have studied these rocks in detail by means of their mineralogy, major and some .
trace and also REE geochemistry. Other, less unusual, rocks such as minetie,
kersantite, porphyritic syenite and aplites, representing a slight metasomatism, have
been excluded from this study.

Table 2 shows the main constituent of the scapolite fels and scapolite-pyroxene
fels types of rocks to be marialite (Na-scapolite). In addition to marialite, some rocks
also contain meionite (Ca-scapolite) and mizzonite (Na-Ca scapolite). Apart from the
scapolite group minerals, other constituents present such as calcite, wairakite and analcime
suggest low temperature hydrothermal alteration. The major minerals of the
pyroxene fels, seen as an ultramafic vein rock in the field, are diopside, augite,
hypersten, tmarialite and *analcime (BLO-6;, Table2). The garnet fels consists of
euhedral, reddish brown gamet grain sizes from 3-5 to 8-10 mm in hand specimen.
XRD mineralogical study shows the mineralogy of the garnet fels to be uvarovite,
hydrogrossularite and andradite with lesser jacobsite/magnetite (BLO-8, Table 2).
XRD study of sample BLO-10, taken from a massive iron oxide mineralization zone,
about 3 km SW of Hasangelebi (Fig. 1), shows that the major constituents are
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Table 1. The comparision of chemical analysis of some rock standarts from CRPG.
(1) represents the observed values in the Cumhuriyet University, (2) shows the
published values by Govindaraju (1989).

Table 1. The comparision of chemical analysis of some rock standards from CRPG.
(1) .represents the observed values in the Cumhuriyet University, (2) shows
the published values by Govindaraju (1989).

MAN DR N BEN
11 2] €11 21 11 21
510, 65.88  66.60 52.12 52.85 38.30 38.20
A0, 1816 17.62 16.54 17.52 9.93 10.07
tFe,0, 0,24 0.47 10.55 9.70 12.05 12.84
M0 0.04 0.04 0.23 0.22 0.19 0.20
Mg 0.02 0.04 4.82 4.40 12.94 13.15
Ca0 0.83 0.59 6.82 7.05 13.87 13.87
Na,0 5.73 5.84 2.73 2.99 3.43 3.18
K,0 3.09 3.18 1.65 1.70 1.46 1.3
110, nd 0.01 1.13 1.09 2.59 2.61
X 1.2 1.39 0.23 0.25 1.05 1.05
Rb 4304 3600 66 73 43 47
st 6 84 349 400 1244 1370
Ba nd 42 462 385 911 1025
Y 1 1 27 28 27 30
7e 3% 27 116 125 238 265
b 174 173 19 8 66 100
Pb 49 29 34 55 23 4
Zn 229 220 123 145 99 120
Th 4 1 7 5 10 1
Cr 38 3 13 42 240 360
Co 1 1 37 35 54 61
Cu 147 140 45 50 59 72
v 29 5 143 220 263 235

- Major and trace elements are given in weight percent and in ppm, respectively.

Hasangelebi pluton. The Hasangelebi pluton is mainly syenite, quartz-syenite and rarcly
monzonite and quartz - monzonite (Yilmaz et al.. 1992). According to the major element
geochemistry (Yilmaz et al.. 1992), the Hasangelebi pluton is an alumino-cafemic
(ALCAF), alkaline oversaturated (ALKOS) (Debon and Fort., 1982). felsic-I type
(Chappel and White, 1974; White and Chappel, 1977) intrusive. Some tectonic
classification diagrams, based' on the trace elements such as Y, Nb and Rb, point to a
within plate origin (WPG) (Pearce et al., 1984) for the Hasangelebi pluton. As for
the Konukdere metasomatite, the best outcrops are seen around Konukdere village to
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1. INTRODUCTION

There is a widespread contact metasomatic zone between the Hekimhan and
Hasangelebi towns of Malatya province in Central-Eastern Anatolia. The metasomatic
rocks, recently named the Konukdere metasomatite (Yilmaz, 1991 and Yimaz et al.,
1991) are also associated with extensive iron mineralization (lzdar and Unli, 1977).
A petrological study has concluded these rocks are the product of Na (-Ca) and Ca-types
of metasomatism (Boztug and Yilmaz, 1992). By taking into account the REE occurences
in similar geological environments (Neary, 1992 and Mariano, 1989), some 12 rock
samples, collected from the Konukdere metasomatite have been analysed by XRD and
INAA methods to determine their mineralogical compositions, REE and some trace
element contents, respectively, in the Univ. of Nevada-Reno, USA. Major and some
trace element geochemical analyses of the Konukdere metasomatite and parent rocks have
been completed (Boztug and Yilmaz, 1992) using CRPG (Govindaraju, 1989) rock
standarts (Table 1) in the Mineralogical-Petrographical and Geochemical Research
Laboratories (MIPJAL) of the Dept. of Geological Engineering of Cumhuriyet
University in Sivas using Perkin-Elmer Atomic Absorption Flame Spectrophotometer
and Rigaku-3270-E(WDS) X-Ray Fluorescence Spectrometer instruments.

The principal aim of this paper is to represent the preliminary results on the REE
potential of the Konukdere metasomatite.

2. GEOLOGICAL SETTING

The Konukdere metasomatite has developed in the contact zone of the Palaeocene(?)
Hasangelebi pluton which intrudes the Karadere ultramafite of the pre-Maastrichtian
Kuluncak ophiolitic mélange and the Maastrichtian Bahgedam volcanics (Yilmaz et
al., 1991) (Fig. 1). The Karadere ultramafite consists mainly of wehrlite, pyroxenite,
serpentinizated ultramafite and serpentinites. The transformation of the Karadere
ultramafite into the scapolite fels of the Konukdere metasomatite by the intrusion of
porphyritic syenite dikes belonging to the Hasangelebi pluton is well exposed around
Ciritbelen village located to the south of Karakuz mountains (Fig.1). The alkaline
Bahgedam volcanics are composed of tephrite - basanite, trachy - basalt, basaltic
trachy-andesite  and trachy-andesite on the basis of major element geochemical
nomenclature (Yilmaz et al., 1992). Ti-Zr-Y and Ti-Zr-Sr triangular diagrams (Pearce
and Cess, 1973: Pearce et al., 1981) show both of the within plate and arc characters for
these basaltic rock (Yilmaz et al.,1992). Some parts of the Bahgedam volcanics,
‘particularly those of the N Karakuz mountains and W Bahgedam village, are converted
to scapolite fels type rocks of the Konukdere metasomatite due to intrusion of
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ABSTRACT: There is a widespread contact metasomatic zone developed around the
Palaeocene(?) Hasangelebi pluton which intrudes the Karadere ultramafite of the
pre-Maastrichtian Kuluncak ophiolitic mélange and the Maastrichtian Bahgedam
volcanics. The Karadere ultramafite consists of wehrlite, pyroxenite, serpantinizated
ultramafics and serpentinites. The Bahcedam volcanics, with an alkaline affitinity, are
composed of tephrite basanite, trachy-basalt, basaltic irachy-andesite and
trachy-andesite. As for the Hasangelebi pluton, it comprises mainly syenite,
quariz-syenite and rarely monzonite, quartz-monzonite all of wich are ALKOS, Selsic-1
type and WPG in character. The metasomatic rocks, recently named the
Konukdere metasomatite, are composed of scapolite fels, scapolite-pyroxene fels,
garnet fels, biotite rich veins, lamphrophyres (minette, kersantite), porphyritic
syenite and aplitic veins. Characteristic minerals, Jound in the fels type rocks, are
marialite (Na-scapolite), mizzonite (Na-Ca scapolite), meionite (Ca-scapolite),
diopside, augite, uvarovite, andradite, hydrogrossularite, jacobsite/magnetite,
schorlomite, wairakite, analcime, biotite, phlogopite, vermiculite and calcite. The
Konukdere metasomatite is a product of Na(-Ca) and Ca-types of metasomatism.
Scapolite fels and scapolite-pyroxene fels rocks show enrichment of 100-350 times in
LREEcN , and 15-40 times in the HREEcy. Garnet fels is enrichment 110-180 and
25 times in the LREEcy and HREEcy, respectively, with a conspicuous positive Eu
anomaly. Rock samples, taken from both the iron mineralization and biotite rich veins,
do not have any significant REEcy pattern, however, and always provide low values
relative to those of other metasomatite samples. We conclude that it is necessary to
study the scapolite fels and scapolite-pyroxene fels in detail in order to obtain more
meaningful and useful data on the REE potential of the Konukdere metasomatite. 163
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A preliminary foraminiferal study carried out on the 2.4m long topmost section of
a finely layered core retrieved from the similar continental slope off Acre at 600m
depth showed that the sediment is young, most probably less than 2 000 years old (B.
Luz-personal communication).

Occasional sliding of intact large sediment chunks occur. The 1.5 km wide, 80 m high
hill that blocks the canyon thalweg at 2835N/ 1475E (Fig.1) is probably such a slab.
The slumping, though frequent, is episodic and must be related to weak earthquake
tremors that readily affect the sediment slopes in the area (Almagor, 1976; Almagor and
Wiseman. 1977; Frydman et al., 1988). The steep walls of the canyon are especially
susceptible to slumping. Almagor and Wiseman, 1977, showed that sediment slopes as
steep as 20-22. off southern Israel are stable, and geotechnical studies that are presently
carried out by the author and his associates aim to investigate the slope stability in the
study area as well.

The active intense faulting of the western Galilee trends in an E-W direction (Freund,
1970; Ron, 1984 among others). Whereas these faults are sharply expressed inland as
morphologically fresh narrow latitudinal grabens, this piano-keys-like morphology in
the coastal zone can be inferred from the interpretation of shore-parallel seismic
reflection lines, and by the thickness of the Pliocene-Quaternary sediments (Kafri and
Echer, 1964; Issar and Kafri, 1972; Kafri, 1974; Mero, 1983), (Fig.2). Except for the
prominent Rosh HaNikra and Yagur-Carmel faults, and the fault that delimits the
northern side of the Qishon Graben, the westward extensions of these faults cannot be
or are hardly identified on most of the single channel seismic profiles that were
collected off northern Israel. The Carmel and Rosh HaNikra faults. which converge
at a zone located some 20-25 km offshore, delimit the seaward extension of the Western
Galilee Graben (Garfunkel and Almagor, 1985; Hall, 1976).

The seaward extension of the Rosh HaNikra Fault has in part captured the upper
section of the Akhziv Canyon causing its major tributary to deflect from its
perpendicular-to-slope NW course and incise its way landwardly (Figs.1, 2).
Although the directions of the two heads of this tributary suggest that they are the
submarine extensions of the Betzet and Keziv streams, no supportive evidence exists, and
the morphology that is hidden underneath the shelf is presently unknown. The author
suspects that the Akhziv Canyon does not at all relate morphologically to any of the
westward flowing coastal streams. Further seaward the Rosh HaNikra Fault is
expressed in the seismic profiles by the shape of the unconformity surface between
the Upper Miocene and the Pliocene-Quaternary sediments (Reflector M), (Garfunkel and
Almagor, 1985).

1t should be noted that the Lebanese submarine canyons (Carlisle, 1965; Goedicke,
1972) seem to be also fault-controlled. They begin opposite the major Lebanese
rivers, which are controlled by faults in a WSW direction (Dubertiet, 1951, 1961), and
run in the same direction.
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consolidation is dependent on the sedimentary overburden that rested on them. Ten
short gravity cores. 0.4 to 2 m in length (Nir, 1973), and a suite of 22 piston cores, 1.5 to
6m in length, that were retrieved from within the canyons and its margins (Almagor,
1990) neither encountered a rocky bedrock nor contained rocky pebbles. X-radiographs
of the cores reveal that in general the continental shelf and upper slope sediments are
extensively bioturbated displaying a homogeneous "cloudy"-looking structure with
faintly observed lamination and occasionally containing tracks of burrowing animals.
Spanier et al., 1991, who photographed the upper head of the canyon, also report

that the bottom is "extensively bioturbated by megafaunal species”. Common
occurrences of gas within the sediment cores also indicate faunal prolifiration within the
bottom sediments. The cores recovered from the canyon, and those from its sloping
margins contain large sections with slump structures, and still larger proportions of
fine, usually inclined layered sediments. Examination of core samples show that these

layers grade from fine sand to fine clayey particles. A series of towed video transects
that were carried out across the-canyon at depths of 30 to 300 m also showed that the
canyon and its walls are entirely covered by uniform fine-grained sediments (Mart, 1989).

The canyon thalweg is floored with crushed organogenic (shelly) material of sand
and pebble sizes, which were recovered during coring. Cobble-sized fragments 1-5 cm
in diameter, scattered along the canyon walls in several places, were photographed
(Mart, 1989). These cobbles could either be rocky fragments originating from the
Pleistocene kurkar rocks of the continental shelf, or mud fragments from (he canyon's
floor or walls that subsequently slumped down similar to the mud balls reported by
(Goedicke, 1972) in the Beirut Canyon.

The sediments and their structural patterns suggest intensive mass transport over the
continental slope and within the canyon. Swift alongshore currents over the shelf
(Goldsmith and Golik, 1980) transport large quantities of sand and pebble-sized
organogenic material that is largely eroded from the Pleistocene kurkar floor of the
shelf. Large exposed rocky areas on the shelf are indicative of these currents (Eitam,
1988). These sediments are trapped by the Akhziv Canyon, which deeply incised the
shelf, and are transported to the deep sea. Frequent failures of the steep canyon walls
result In massive slumping of large quentities of sediments into the canyon. These
sediments are further transported downstream by density currents. The inclined finely
layered sediments within the canyon as well as the 10 m thick nepheloid layer over the
bottom that was observed by Mart, 1989, are indicative of this mass transport.
Slumping also occurs on the undisturbed continental slope to the sides of the canyon. The
absence of large slump scars of the type recorded off southern Israel (Almagor and
Wiseman. 1977) proves that usually thin sediments slabs slump, and that in the
process they completely disintegrate and flow downslope. Large masses of sediments
are, however, thus transported.
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The weaker influence of the Nile-derived sedimentation north of the Carmel
promontory and Haifa Bay (Neev and Bentor, 1960), and the differential uplift of the
Sinai-Isracl-Lebanon versus the subsidence of the southeastern Mediterrancan
basin, which progressively accentuates northwardly, since Tertiary times (Gvirtzman
and Buchbinder, 1978) have led to the build up of a narrow, steeply sloping continental
margin off northern Israel and Lebanon relative to that off southern Israel and
northern Sinai. Off northern Israel, the contiental shelf, with a slope of less than 0.5.
ends with a sharp break at a water depth of 70-80m, located 10-14km offshore. The
continental slope, which faces roughly a N60 °W direction, is about 5km wide, and
deepens to a depth of 1,150m. The average gradient is 6-8. while the steepest
gradients of the slope reach 8-14., occuring at water depth of 500-600m. The
continental margin progressively narrows and deepens northward, and north of Beirut
forms a 2.5-5km wide strip sloping at 8-14. in average to 1,500m depth. attaining
maximal slopes of 17-28. (Carlisle, 1965: Goedicke, 1972; Goedicke and Sagebiel,
1976; Hall et al., 1983). The slope is further accentuated by large scale slumping of large
sediment blocks that takes place particularly along the entire lower continental slope
from Caesarea in central Israel to Tyre (Sour) in southern Lebanon (Garfunkel and
Almagor, 1985; 1987)

Akhziv Canyon (Fig.1) is the southemmost submarine canyon in a system of some
9 large canyons that deeply incise the entire northern Israel-Lebanon margin up to
Beirut (Carlisle, 1965:; Hall et al., 1983). It deeply (300-550 m) and widely (6.5km)
carves ils way along a distance of nearly 10km into the continental shelf. Its major head
starts at a water depth of about 50m some 3.2 km offshore. Its major tributary
sinuously trends in a nearly N-E direction along a distance of about 11.5 km to a depth
of 600 m, where it adopts a broadly NW direction to 950 m depth and then runs
northwardly until it loses its identity over the adjacent deep sea Levant Platform. A
second head, which also starts-on the continental shelf some 8 km off Gesher Haziv.
trends in a northward direction and joins the canyon after some 5 km at a depth of
about 700 m. Other tributaries which originate on the canyon's northern flank trend in a
general E-W direction for distances of 4 to 7 km, while those that originate on its
southern flank travel for 5 to 8km at N and NW directions. A slopes map prepared by
J.K. Hall shows that the thalwegs of the canyon tributaries attain slopes that are
generally less than 10., but the deeper parts of the canyon walls are appreciably steeper
with common inclinations of 15 to 30 that occasionally reach 40.

The sediments and the pattern of sedimentation have essentially been the same since
early Pliocene times (Gvirtzman and Buchbinder, 1978). Their accumulation along
the northern Israel-southern Israel coast has created the present continental terrace which
is about 1km thick (Garfunkel and Almagor, 1985). It is therefore assumed that the
canyon cuts its entire way into essentilally unindurated sediments, whose state of
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Figure 1. Batymetric map of the submarine Akhziv Canyon off northern Israel. Dots
denote piston samples collected during the present study, squares denote

gravity cores collected by Nir (1973).
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1. INTRODUCTION

The existing bathymetric map of the continental margin off northern Israel and
southern Lebanon (Almagor and Hall, 1980; 1984) was prepared based on data collected
throughout several continuous seismic exploration surveys in the area. These data
were assembled at different times and using various equipment and navigational systems.
Therefore, even though much effort was made to reliably correlate data of various
sources, mismatching of the data and little coverage of certain arcas unavoidably resulted
in inaccuracies. The need for accurate coring in the morphologically highly rugged
terrain of Akhziv Canyon, that was carried out within the framework of the study on the
ecarthquake effects on the sediment slopes and on the sedimentological processes within
the canyon area, necessitated the preparation of an accurate bathymetric map.

The R/V "Shikmona" mapped the area using a computerized system that was built and
operated by the Isracl Oceanographic and Limnological Research, Ltd. This system
included a Raytheon echo-sounder and a Motorolla Mini-Ranger navigation system.
The boat sailed at a criss-cross pattern in lines along and across the axis of the Akhziv
Canyon. The lines were generally 500m, sometimes 1000 m apart as was dictated by
the complexity of the submarine topography and the distance limitations of the
navigational system. The accurately-navigated bathymetric data were presented as
depth points on a 1:10 000 scale trackline map which served as a basis for the preparation
ofa 1:250 000 scale, 10m contour interval bathymetric map. Fig.1 presents the map,
its size reduced to a 1:500,000 scale. A future effort to combine the present and old data
will result in a still more accurate map.

The present margin of the southeastern Mediterranean is largely the product of the
accumulation of Nile-derived sediments that were transported by the counterclockwise
contour current system off the shore of northern Sinai, Israel and Lebanon (Neev et al.,
1976; Almagor, 1976). These sediments are predominantly silty clays characterized by
their high montmorillonite content (60-809%), some kaolinite (20-40%), low illite content
(less than 15%), and low carbonate content (0-60%) (Almagor,1976; Nir, 1973). In the
study area the continental margin sediments accumulated since early Pliocene times attain
a thickness of up o 1000 m (Almagor and Hall, 1984; Garfunkel and Almagor, 1985).
Except for a thin vencer of modern Nile-derived fine-grained sediments, the
uppermost sediments of the continental shelf are essentially fossilized dunes made of
carbonate - cemented quartz sandstones (locally termed "kurkar") that were formed when
it was exposed during the low stand of the sea level at approximately -120 to -130m
during the Last Glacial (Neev et al., 1976). Off northern Isracl, where no steady supply
of quartz sands from the south exists, the kurkar rocks are nearly purely calcarenites,
mostly made of reworked crushed shells, and the unconsolidated sediments contain large
proportions of organogenic material eroded from these rocks (Neev el al., 1976; Eitam,
1988).
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ABSTRACT : Akhziv Canyon is the southernmost submarine canyon in a system
of some 9 large canyons that deeply incise the entire southern Lebanon continental
margin. The canyon is fauli-controlled, and runs diagonally across the 6-8.-steep
continental slope. The canyon serves as a conduit for massive sediment transport to
the adjacent deep Levant Platform. The sediments are: (1) shelf sediments rapped at the
canyon heads, and (2) from the steep canyon walls which fail and slump into its
thalweg. The sediment transpori is episodic, and is believed to be earthquake-induced.
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Anamas-Akscki platforms and their associated continental margin units show a prominent
but reciprocal asymmetry reminiscent of conjugate passive margin pairs around the
Atlantic Ocean and the offshore territory of northwestern Australia (Rowland and Dilek.
1992). '

Rift assemblages in the Antalya Complex include chert, pelagic limestone, mudstone,
sandstone, and alkaline lavas ranging in age from Upper Triassic to Upper Cretaceous
and locally include serpentinite lenses exposed along fault zones. These rock units
indicate deposition and associated volcanism contemporaneous with block faulting and
subsidence between the evolving carbonate platforms and their continental margins
through much of the Mesozoic. The basement to the rift assemblages is nowhere exposed
within the Isparta Angle because they commonly form the structurally lowermost tectonic
unit within the Antalya Complex,

Several platform ribbons, locally several km wide. crop out as north-south trending
carbonate strips within the Antalya Complex in a close proximity to the Bey Daglar:
platform. These ribbons contain Upper Triassic to Jurassic neritic carbonates and
Jurassic to Maastrichtian neritic and pelagic limestones and have a Paleozoic nucleus.
They are interpreted as marginal plateaus [ragmented from the autochthonous Bey Daglan
platform during rifting (Rowland and Dilek, 1992).

Ophiolites and mantle slabs in the Antalya Complex occur near the apex and/or the
western limb of the Isparta Angle and reveal Late Cretaceous igneous ages. The Tekirova
ophiolite along the western coast of the Bay ol Antalya displays a nearly complete
pseudostratigraphy with harzburgites, cumulate and isotropic gabbros, quartz diorites,
plagiogranites, dikes, rare pillow-lavas, and ophiolitic debris flow (Figures 1 and 2)
(Juteau et al., 1977). A spreading center-transform fault intersection setting has been
inferred for the origin of the Tekirova ophiolite (Juteau et al., 1977; Reuber, 1984). The
ophiolite complex tectonically overlies one of the platform ribbons (Kemer Limestone) in
the west along a steeply to moderately east-dipping reverse fault.,

Rock types and structures documented in the region within the Isparta Angle indicate a
progressive evolution from continental rif] ting and passive margin development to ocean
basin formation in the Tauride belt during Mesozoic time. Different phases and the
mechanics of this evolution are discussed elsewhere (Rowland and Dilek, 1992). The
model presented therein suggests that the sharp bend in the Tauride belt marked by the
Isparta Angle is a primary feature inherited from and developed during rifting and
subsequent diachronous spreading between the two carbonate platforms (Bey Daglar: and
Anamas-Akseki) that were either part of a much larger platform or two contiguous
carbonate banks. This interpretation disregards the possibility of its origin as a
tectonically induced bend of a once continuous carbonate platform in the Tauride belt and
suggests that the Antalya Complex is a parautochthonous tectonic assemblage that
evolved within the Isparta Angle as the southern branch of Neotethys was opening up in
the wake of northward travelling continental fragments. 149



isolated diabasic dikes (Dilek and Moores, 1990; Juteau, 1980). Dike intrusions are
generally undeformed and retain their igncous textures. The ophiolite is underlain by a
metamorphic sole, compoed of amphibolites, quartzites, and marbles, which in tum
overlies a melange unit. The melange consists of thick slices of basalts (locally
pillowed), radiolarites, and limestones and rests on the Cretaceous limestones of the
Bolkar massif. Diabasic dikes intruding the ophiolite and the metamorphic sole do not cut
across the melange units and are truncated by the fauli(s) beneath the metamorphic sole
indicating that their intrusion occurred prior to the emplacement of the ophiolile over the
Bolkar massif. These relations and the internal structure and stratigraphy of the Mersin
ophiolite are similar to those described for the Aladag ophiolite to the east. Restoration of
the sinistral offset along the Tertiary Ecemis fault and the palinspastic reconstructions thus
suggest that the Aladag and Mersin ophiolites may be the remnants of the same
Neotethyan oceanic lithosphere with a root zone to the north (Dilek and Tekeli, 1992).
Their geographic and tectonic position directly over the platforms indicates that the
ophiolite-laden carbonalte platforms underwent rapid uplifting in Cenozoic time following
terminal closure of the Neotethys in Miocene time leaving the ophiolite exposures as
erosional remnants of the Neotethyan oceanic lithsophere. Pre-emplacement tectonic
setting of the Aladag and Mersin ophiolites with respect to the Alihoca and
Ispendere-Komiirhan ophiolitic basement and the island-arc system(s) is a significant
question, however, for the Neotethyan paleogeography that awaits further investigations
in the region.

3. ISPARTA ANGLE: AN OROCLINAL BEND OR A RIFT STRUCTURE

The Mesozoic carbonate platform of the Tauride belt displays a sharp bend and a
north-pointing cusp in the west, near the city of Isparta that is known as the "Isparta
Angle" in the literature (Figure-1) (Brunn et al., 1971; Poisson, 1977). The western and
eastern limbs of the Isparta Angle closely follow the general outline of the Bay of Antalya
and consist of the Bey Daglar1 and Anamas-Akscki platforms, respectively. The region
occupying the center of the angle contains continental margin sequences, rift
assemblages, mantle peridotites and ophiolite(s), platform ribbons, and Cenozoic flysch
and molasse deposits. Mesozoic units are collectively known as the Antalya Complex
(Figure-1), which is thrust over the limbs of the Isparta Angle both in the west and the
east.

The autochthonous basement consisting of the Bey Daglar: (in the west) and the
Anamas-Akseki platforms (in the east) includes continuous series of mainly carbonate
rocks ranging in age from Upper Triassic to Eocene. However, the intemal structure and
stratigraphy of these platforms show differences in their rock record starting in Late
Triassic time indicating different sedimentation patterns and paleogeography after the
initial rifting in the Tauride belt (Rowland and Dilek, 1992). The Bey Daglan and the
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Ispendere-Kémiirhan ophiolite duo might have constituted a Late Jurassic to Early
Cretaceous oceanic basement on which an early Late Cretaceous island-arc was
constructed in the Neotethys.

The evolutionary path depicted for the Ispendere-Komiirhan ophiolites is analogous (o
that outlined for the Alihoca ophiolite to the west and has two important implications for
the Neotethyan geology. One implication is that there was oceanic crust generation and
thus seafloor spreading in the Neotethyan branch that developed north of the carbonate
platforms and metamorphic massifs in Late Jurassic to Early Cretaceous time. This
timing precedes the evolution of oceanic crust generation in the southern branch of the
Neotethys that evolved between Afro-Arabia to the south and the platforms to the north.
The second implication suggests that a convergent margin tectonics and island-arc
development must have occurred in Cretaceous lime within the Neotethyan domain
immediately north of the Afro-Arabia derived continental fragments. During this period
previously formed ophiolites were emplaced in a supra-subduction zone setting (o form
an oceanic basement for the island-arc system(s) in the Neotethys. The important
question to be addressed is the polarity of the inferred subduction zone within the
northern branch of the Neotethys.

The ophiolites that occupy an intermediate geographic position between the inner and
outer ophiolite tracts and that rest directly on the platform carbonates include the Aladag
ophiolite (or the Pozant-Karsanti ophiolite in some literature) in the Aladag Mountains and
the Mersin ophiolite along the southern foothills of the Bolkar Mountains (Figure-1).
These ophiolites and their parautochthonous basements are separated by the sinistral
Ecemis fault (Figure-1). The Aladag ophiolite forms the structurally highest nappe sheet
in the Aladag Mountains and includes tectonized peridotites, cumulate gabbros, and
isotropic gabbros that are intruded at all structural levels by numerous microgabbroic to
doleritic dikes (Dilek and Tekeli, 1992: Tekeli et al., 1984). A disconlinuous outcrop of a
thin metamorphic sole is exposed around the periphery of and structurally below the
ophiolite and is locally cut by microgabbroic dikes. The metamorphic sole is in turn
underlain by an olistostromal melange consisting mainly of ophiolitic material, clastic
rocks, and limestones that unconformably overlies the platform carbonates in the Aladag
Mountains. This melange unit occurs as thin slivers between different nappe sheets in the
Aladag Mountains and displays a locally well-preserved internal stratigraphy composed,
from bottom to top, of rudistid, pelagic, and detrital limestones, mudstone, ophiolitic
olistostrome, and a block-supported melange. Regional correlations indicate that the
melange units exposed beneath the ophiolite complexes in the Inner-Tauride belt show a
similar internal structure and stratigraphy and that they represent deposition in a restricted
basin developed in front of southward advancing ophiolites (Dilek and Tekeli. 1992).

The Mersin ophiolite south of the Bolkar massif represents a dismembered and
deformed suite consisting of serpentinized harzburgites and dunites, layered gabbros, and
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they contain layered to isotropic gabbros, hypabyssal intrusions and dikes in addition to
their mantle sequences. Most importantly, however, different subunits in these ophiolites
are cross-cut by dikes and stocks of various rock types of island-arc affinity indicating
that the entire ophiolitic sequence in these complexes underwent magmatic plumbing and
igneous underplating in a subduction zone environment subsequent to its generation
(Dilek and Moores, 1990). :

The Alihoca ophiolite north of the Bolkar Mountains forms a narrow zonc of oceanic
rocks consisting of peridotites, pyroxenites, cumulate to isotropic gabbros. massive
diabase, isolated dikes, and pelagic limestones, and marks a suture zonc in the
Inner-Tauride belt (Dilek and Tekeli, 1992). The tectonic contact between the ophiolite
and the Bolkar massif (a continental fragment consisting of Paleozoic (0 Mesozoic clastic
and carbonate rocks) to the south contains discontinuous exposures of
glaucophanc-riebcckite bearing metamorphosed mafic and ultramafic rocks (B lumenthal,
1955; Kaaden, 1966). The orientation of stretching lineations in metamorphic rocks and
steeply to moderately north-dipping thrust contact indicate a root zon¢ of the ophiolite to
the north and thus its southward transport over the Bolkar massif. The Alihoca ophiolite
constitutes the basement of the Ulukigla basin in which flysch deposits consisting of
ophiolitic olistostromes, turbiditic sandstones, agglomerates, volcanic breccias, tuffs, and
shales of Late Cretaceous to ‘Palcocene age (Ciftehan Formation) were deposited
(Demirtaglh et al., 1984). Although no radiometric dates are yet available from the
ophiolite, basaltic andesite dikes intruding mantle and crustal rocks of the ophiolite have
revealed Neocomian ages suggesting that the Alihoca ophiolite may be as old as and/or
older than Early Cretaccous (Dilek and Thy, in preparation). The island-arc tholeiite
geochemistry of these dike rocks and the existence to the north of dikes and stocks of
microgabbro, diorite, and tonalite intrusions indicate that oceanic lithosphere now
represented by the Alihoca ophiolite was possibly situated in the hanging wall of a
subduction zone during Cretaceous to carly Cenozoic time ( Dilek and Tekeli. 1992).

The Ispendere-Komiirhan ophiolite complexes occur farther east, between the Putirge
metamorphic massif and the Keban metamorphics (Figure- 1), and contain. from bottom
to top, polydeformed, amphibolite-grade mafic and ultramafic rocks (Komiirhan)
structurally overlain by cumulate and isotropic gabbros, sheeted diabase dikes, and
pillow-lavas (Ispendere) (Yazgan and Chessex, 1991). K/Ar radiometric dates from the
amphibolites in the K@miirhan ophiolite reveal metamorphism ages ranging from 127+14
Ma to 9549 Ma (Yazgan and Chessex, 1991), suggesting protolith ages older than
Neocomian. The Ispendere ophiolite is unconformably overlain by a flysch sequence that
contains Upper Campanian (0 Lower Maastrichtian fossils, and both Ispendere and
Komiirhan ophioiies are in turn intruded by Coniacian to Santonian age granodiorites,
tonalites, quartz monzonites, monzodiorites, diorites, and gabbros of an island-arc
affinity (Yazgan and Chessex, 1991). These relations suggest, in general, that the
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section.

Recent structural field studies of the crustal sections in the Troodos and Kizildag
ophiolites have shown that the internal structure and stratigraphy of these ophiolites are
most likely to have developed as a result of tectonomagmatic processes that operated at
paleo-spreading centers in the southern Neotethys (Moores et al., 1990: Dilek and
Delaloye, 1992; Dilek and Eddy, 1992). Both ophiolites display numerous planar to
listric normal faults and structural grabens in their sheeted dike complexes suggestive of
tectonic extension along a spreading axis. Complex intrusive relations in their plutonic
units indicate recurring and intermittent magmatic activities which alternated and/or had a
balanced interplay with amagmatic crustal stretching and thinning. The existence of
accommodation zones as detachment surfaces within the lower crustal sequence
(Troodos) or at the boundary between the crustal and mantle sequences (Kizildag)
provide a further evidence for tectonic extension during the evolution of fossil oceanic
lithosphere. In the Kizildag ophiolite, northeast-trending contacts between the ophiolitic
subunits, consistent dike trends, and the inferred paleo-spreading axis are cut and offset
by northwest-striking tear faults that are analogous both in size and geometry to the
transfer faults on the eastern wall of the Mid-Atlantic Ridge in the TAG area (Dilek and
Delaloye, 1992). Transfer faults in modern oceanic crust permit differential extension
and rotation between major crustal blocks along the spreading axis, generally are oblique
slip in nature, and are sites of off-axis volcanism and hydrothermal alteration (Dilek and
Delaloye, 1992 and references therein). These characteristics of transfer faults are similar
to those observed and inferred for the tear faults mapped in the Kizildag ophiolite and
provide further evidence for its paleo-tectonic setting in a spreading center environment
(Dilek and Delaloye, 1992; Dilek and Eddy, 1992). The structural architecture and the
inferred tectonic evolution of both ophiolites are reminiscent of a slow-spreading ridge
system in the southern Neotethys, which evolved immediately north of Afro-Arabia in
Mesozoic time (Dilek and Delaloye, Dilek et al., 1990).

Ophiolites of the inner ophiolite tract are in general deformed and metamorphosed, and
display an incomplete pseudostratigraphy. The main ophiolite massifs include, from west
to east, Lycian and Beysehir nappes, Alihoca, Pinarbagi, Ovacik, Guleman,
Ispendere-Komiirhan, and Gevag ophiolites, which are commonly associated with
underlying metamorphic soles and melanges (Figures 1 and 2). Some of these inner tract
ophiolites in the east occur between the metamorphic massifs to the south and the
easternmost platforms to the north (i.e., Munzur) and are displaced and translated laterally
along the East Anatolian Fault. The Lycian and Beysehir nappes in the west represent
'decapitated’ oceanic lithosphere with extensive peridotite exposures intruded by
numerous diabasic to microgabbroic dikes. Crustal subunits are missing in these
ophiolites most likely due to their post-emplacement uplifting and subsequent erosion.
Towards the east the ophiolites seem to have preserved their subcrustal units better, for
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1. INTRODUCTION

The Tauride belt in southern Turkey is a significant component of the Alpide orogenic
system in the Tethysides (Sengdr, 1984) and has developed mostly during Mesozoic and
Cenozoic times as a result of amalgamation of a number of metamorphic massifs,
carbonate platforms, and oceanic terranes of Tethyan origin (Figure-1). Of particular
significance in the architecture of the Tauride belt is the existence of Mesozoic ophiolite
complexes with the Neotethyan affinity, which rest tectonically on the platform
carbonates (Figure-1). These ophiolites and related tectonostratigraphic terrancs generally
form two nearly east-west trending, discontinuous linear zones in the southern and
northern parts of the belt , although some ophiolite complexes occupy an intermediate
geographic position between them (Dilek and Moores, 1990). Timing and the mode of
igneous development and tectonic accretion into the Tauride belt of these ophiolite
complexes are important subjects of the Neotethyan geology and have strong implications
for the Mesozoic and early Cenozoic paleogeography of the eastern Mediterranean region.

This paper presents a synoptic overview of some aspects of the geology of the Tauride
belt and outlines some new information and interpretations derived from most recent
studies in the region.

2. OPHIOLITE GEOLOGY OF THE TAURIDE BELT

The Neotethyan ophiolites in the eastern Mediterranean region occur in two nearly
east-west trending tracts separated by a number of carbonate platforms and metamorphis
massifs of the Tauride belt. These platforms (e.g., Bey Daglari, Anamas-Akseki,
Aladag, Tufanbeyli) and metamorphic massifs (e.g., Piitiirge, Keban, Bitlis) are
underlain by a Paleozoic and older (?) basement and are interpreted to be rifted-off
fragments of Afro-Arabia (Figure-1) (Sengor, 1984; Dilek and Moores, 1990: Ricou.
1975: Robertson and Dixon, 1984). In this paper the ophiolites that are exposed to the
south of the carbonate platforms and metamorphic massifs are grouped as part of the
outer ophiolite tract and those to the north as part of the inner ophiolite tract.

Ophiolite complexes of the outer ophiolite tract display a relatively complete
pseudostratigraphy with thicknesses around 5 to 7 km. These ophiolites include the
Troodos massif in Cyprus, Tekirova and Kizildag ophiolites in southern Turkey, and
Baer-Bassit ophiolite in Syria (Figures 1 and 2). The Baer-Bassit ophiolite differs from
the others in that it has a metamorphic sole that separates it from the underlying Arabian
platform and that it is strongly dismembered by numerous thrust slices, which were
probably developed during its emplacement (Parrot, 1980). The Tekirova ophiolite is
part of the Antalya Complex, a tectonic assemblage of continental margin and rift units,
platform ribbons, ophiolites and mantle slabs. The Antalya Complex as a whole rests
tectonically on the Bey Daglan and Anamas-Akseki platforms in the west and east,
respectively. The evolution of this assemblage in the Tauride belt is discussed in the next
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ABSTRACT : The Tauride tectonic belt in southern Turkey consists of a number of
tectonostratigraphic terranes with both continental and oceanic affinity, which evolved
and were pieced together through mainly divergent and convergent tectonics within the
Mesozoic Neotethyan realm. Whereas rifting and seafloor spreading played an important
role during early stages of the evoluton of the Tauride belt as evidenced by the existence
of several tracts of ophiolites with ages ranging from Late Jurassic to Late Cretaceous,
contraction and associated thrusting, crusial stacking, and magmatic underplating
dominated its late-stage evolution in terms of island-arc development, emplacement of
ophiolites and nappe sheets, and internal imbrication within its different entities during
Late Cretaceous through early Cenozoic time. The Neotethyan paleogeography in the late
Mesozoic is envisioned to have included a small ocean basin in the south with an active
spreading center system between Afro-Arabia and the carbonate platforms and a wide
ocean with island-arc system(s), marginal basins, and continental fragments to the north.
Carbonate platforms that constitute the backbone of the Tauride belt seem to have
experienced internal rifting as they travelled northwards away from Afro-Arabia during
opening of the southern branch of Neotethys.
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As the fluid inclusions keep their originality until 60 Km of depth (Bilal, 1978), the
lower determined temperature, by geothermometric model, gives with the density of
early carbonic inclusions, the thermodynamic conditions and consequently the depth of
upper mantle in the studied localities as it is presented in table(3).

Locality Dj.AL Arabe AL Mhailbeh Kadmous Jubates

TC°Minm 1028 978 1013 956
PKbMinm 11.3 11 104 10
Depth Km 394 38 354 33

Table 3. Depth of upper mantle in the studied localities.

5. CONCLUSION

These results correspond to a rift geothermometre which confirm, so, the riftogenesis
of the Syrian fault Fig.3, and suppose a thermal anomaly inviting, thus, more care of this
region which could be rich in some liquid and solid gisements.

The thermodynamic conditions in the studied localities allow to follow the oscillations
of the upper mantle depth and to more understanding the Arab-African plate tectonic.
The depth of upper mantle, after these results, increases towards the South and East,
which explain partially, the thinness of the crust in the opposite direction and to explain
the changes of the rejection of the Syrian fault and their projection of the orogenesis of
Palmyra Chains.
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-Early generation where the homogenization changes in relation with locality and
petrographic type Fig(2);

-Late generation, the same in all localities and result from the contamination by the
volcanic gas (Bilal and Touret 1976, 1977).

Table (2) presents physio - chemical variations (Th: homogenization temperature,
Tf: fusion temperature) of early carbonic inclusions. Fusion temperature is stable at
-56.6°C which indicate a pure CO».

Locality Dj.AL Arabe AL Mhailbeh Kadmous Jubates
TFC? -56.6 -56.6 -56.6 -56.6 4 -57
ThC® -41 -47 -39 -35

D g/cm? L11 1.12 1.1 1.02

Table 2. Physio-chemical variations of carly carbonic inclusions,

4. THERMODYNAMIC CONDITIONS

According to the recent data (Al Sharkawi .1982; Glucklich and Mercier, 1992) the
studied xenoliths are a represenative sample of upper mantle (Bilal, 1990) which
allows to apply the geothermometric models,

Many geothermometric models are proposed (Brey et al., 1986: Vincent 1987, Webb
and Wood, 1986), but the Bertrabd and al mode! (1986) is the best applied model where
the fault ranges from +1%, which could be negligible for a high temperature (1000°C) as
is the case of the upper mantle. _

This model is based on the chemical equilibrium between ortho and clinopyroxene
using the equation:

Tems = (36273 + 399P)/ [19.31 - 8.314 In(K*) - 12.15(Ca*cpx)3]
where
(X e cvs = Cartep = [XM2 /(1 - XM )]epx + [ - 0.77 + 10-3T] - [Fe/Fe + Mg)]

[Xl\gaz]opxCMS = ca*opx = [Xhéi /(1 - XI\{E )]OP"

K*=[1- Ca*cpx] /1- Ca*opx]
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Type Lherzolite Webstrite Basallts Grenatites
petrographic asp asp

Echantillon 1 14 Th 11 5 10 4
Si0, 44431 42.82 | 49.90 4983 | 44.48| 37.90
Al,O3 1.41 3.07 10.12 16.56 | 19.34| 2254
Fe 03 135 | 2.17 1.62 3.41 3.24 595
FeO 6.92 | 674 418 6.93 | 5.83 8.90
MnO 0.13 0.14 0.15 0.18 | 0.14 0.54
MgO 43.451 3996 20.85 503 | 1098 | 8.35
Ca0 1.01 241 11.20 9.08 | 1256 | 6.25
Na20 0.08 | 029 0.48 3.37 | 1.33 0.27
K0 001] 0.13 0.03 147 | 0.11 0.85
TiO, 004 035 0.15 220| 042 0.41
P>0s 0.01 | 0.10 0.06 036 | 0.06 0.87
CO» tot 0.08 | 0.40 0.19 0.13| 0.09 0.33
H,0 tot 0.77 1.03 - 0.52 .16 1.39 6.15
TOT AL 99.68 | 99.61 99.45 99.801 99.97 | 88.31

Table 1. Total chemical composition of principal petrographic types.

1-Kadmous, 14Th-Dj.Al Arabe, 4,5,10,11-Mhailbeh
(Analyse de C.R.P.G., Nancy, France)

The olivine is forsterite at a rate of 90-93%, and exists in contact with orthopyroxene
(enstatite) which is changed in situ, to diopside by coronetic reaction with spinel and
clinopyroxene. This later is diopside, while spinel, which could be green, brown or
chestnut, takes different shapes: In inclusions or in thin interstice plates, it can also fill
the mineral fractures especially olivine and orthopyroxene,

Table(1) shows global chemical composition of studied types and carrier rock. The
peridotite (samples 1, 14Th) is spinel lherzolite, but sample 1 is more magnesian and
differential (poor in Al,03 and CaO) from sample 14Th. The pyroxenite (sample 11)
is spinel webstrite, and the basalt indicate high quantity of AlOj3, so it is differential
alkali basalt and feldspathic. Finally, in gametite (sample 4) the relation Fe/Mg is over
1 indicating Almandine garnet, which distinguish amphibolitic and granulitic rocks, of
the lower continental crust. '

These rocks contain many carbonic fluid inclusions which can be distinguished in
two generations:
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Fig 1. African Rift (a) and Syrian Rift (b) with lava basaltic distribution in Syria.
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1. INTRODUCTION

The study of the mantle xenoliths, which arise to the surface by kimberlitic and
basaltic lava, increasingly entice geologists attention throught various aspects:
Petrology. structurology and geochemistry (Berger and Vannier ,1984; Dawson 1980,
Gutmann, 1986; Leyreloup, 1973; Neville et al., 1985; Witt and Seck,1987) in different
countries of the world.

More-over the study of the liquid phase enclosed in these xenoliths by studying of
fluid inclusions has increased our knowledges on the depth levels, hence more
understanding of the geological processes of these levels of lithosphere and particularly
the upper martle. _

In the Arab region, the study of the upper mantle xenoliths and its bearing rock, has
not begun until the last ten years. In Saudi Arabia (Ghent et al., 1980), in Red Sea
(Coleman and McGuire 1988), in Jordan (Berger and Vannier, 1984; Bilal, 1991) and in
Syria (Bilal 1984, 1990,1991; Sheleh ,1988).

The aim of this paper is to contribute to the study of the evolution of the lithosphere in
the Northern part of the Arab plate and particularly drawing the oscillations of the upper
mantle depth and its reflex on the movement of the Arab-African plates.

2. REGIONAL GEOLOGY

Volcanism covers an important portion of Syria. Its age is unknown exactly, but after
the previous studies (Dubertret ,1940a; Ponikarov ,1967) are believed to have begun in
Secondary (Cretaceous?) and arrived his apex in Tertiary and Quaternary.

The basaltic lava, which represent different petrographic types: Olivine basalt,
Hawaiian basalt, mugearite, trachite and basanite, carried to the surface a large
quantity of xenoliths of differents geological levels. These xenoliths were observed in
the southern of the country from 1977 by the General Establishment of Geology and
Mineral Resources team, where a brief petrographic description and chemical “analysis
have been excuted, but the first serious study has been effected by Sheleh (1988).

The studied localities in this paper are: Djabel AL-Arab in the South, AL-Mhailbeh in
the middle and Kadmous and Jubates in the North. All these localities are placed along
the grand Syrian Rift which is the northern continuation of the African rift Fig(1).

3. PETROGRAPHIC STUDY AND FLUID INCLUSIONS

The global mineralogical composition of studied xenoliths permits to determine several
peridotitic and pyroxenitic types. The studied types are: Lherzolite, spinel lherzolite,
harzburgite, wehrlite, websterite and garnetite. All these types arc characterized of
three principal minerals: Olivine, ortho and clinopyroxene, except gametite which is
composed completely of gamet.
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ABSTRACT : The Syrian basalt cover an important part of country which
indicates an intense volcanic activity, distributed as parallel lines oriented South-North.
The basaltic products are composed of several petrographic types: Olivine basalr,
hawaiite, mogerite, trachyte and basanite. They contain various xenoliths:
Peridotites, pyroxenites, grenatites, granulites, amphibolites, ...etc. These xenoliths
belong to the mantle and they allow the determination of the crust thickness, hence the
depth of the upper mantle.

Tens of samples of ultrabasic xenoliths ascending in basalt have been studied in various
locations in Syria: Nabi matta, Tubate, Kadmous and Djabel Al-Arab. It was found
out that they reflect a petrographical stability consists in peridotite, pyroxenite, and
grenatite rocks which are essentially composed of Olivine, Orthopyroxene,
Clinopyroxene, as well as Grenat, Spinelle and Plagioclase as minor minerals, depending
on the rock type. Such types contain carbonic fluid inclusions similar to those
describe in other regions of the world.

Through the analysis of Orthopyroxene and Clinopyroxene conducted by the use of
Bertrabd et al., (1986) geothermometre, subsequent to ensuring that the studied
samples belong to the upper mother mantle, and using the density of carbonic fluid,
it has been possible to determine the pressure and temperature conditions.

These conditions comply with a rift geotherm and they determine the depth of upper
mantle in the studied locations. It changes from North to South and from West to Eart.
As a matter of fact, these results are of great importance for understanding the
evolution of the lithosphere of the northern part of the Arabian Plate,
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1989). The K;O content of illite varies between 8.70 and 10.82 % and these values are
very close to real illite defined in the literature.

As a conclusion, both chemistry and polymorph types of hydrothermal illites in the
study area are unlike to the illites in the Paleozoic rocks. As defined above Paleozoic aged
clays shows different clay mineral paragenesis and their illite polymorph types are
different. Neogene aged volcanics and tuffs are not observed in the investigation area.
But at near the study area (Hatip), the tuffs include various clay minerals. The illite
occurred at the country rocks of ore mineralization is not related to the volcanics. That's
why the illites are products of neither degradation nor aggradation of volcanics. They are
ncoformed minerals have developped by hydrothermal solutions being rich in K cation.
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Table 2. Chemical Aﬁalysis and Structural Formul

ae of Pure Illites.

% Oxide
Si0

2
Al O

2.3

Fe O
23
TiO
2
K O
2

Total

Tetrahedral
Si

Al

Octahedral
Al
Fe

Ti

63.07

24.94

1.25

9.35

100.01

1.65
0.057

0.064

Interlayer Cation

K

Total Octaeder

0.73

5.41

Tetrahedral Charge

Octahedral Charge

Calculated Layer

Charge

9.70

100.00

3.84

0.16

0.057

0.066

60.46

24.22

3.03

10.82

100.00

0.87

100.00
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0.21

0.21




LN

e

F
E

Mg :

P ?’?"I'1"|‘i?mtn—rml.-\.-.J-J-“7\_,,..-n .

P

Figure 6. EDX Analysis of high K illite.

3 1 E
I

I

Figure 7. EDX Analysis of low K ilite.




2163 28KV - X2,588 16Mm WD16

e

3164 20KY  ¥5,800  1vm HDIS

Figure 5. Electron microscope morphology of illites.

126



mica was formed from 1Md illite. In the literature it is pointed that unorganised 1Md illite
transforms to 2M mica under condition of presence of sufficient element, heat and
pressure (Closs, 1983: Velde, 1985; Larsen and Chilingar, 1983; Weaver, 1984). In
these studies, it has been concluded that approximately 1kb pressure and 150-200 °C heat
is necessary for this kind of transition. The temperature of hydrothermal solutions caused
the formation of mercury deposits in the study area is close to above mentioned
temperatures ( Inoue and Utada, 1983; Nemecz, 1981).

The appearance and electron diffraction (EDX) analysis of the samples were done by the
electron microscope. The appearance of illite under SEM are as elongated crystals, detritic
appearance has not been observed (Figure 4,5). The EDX analysis of illite has been done
and chemical formulae of analyzed minerals have been established (Figure 6,7 and Table
2). In the arragement of mineral formulae calculations were made eleven oxygen base by
finding % oxide.

K are only present between layers of illite, no unbalanced charge has been determined.
The structure of illite is quite stable. Illite octahedra in the samples bearing %10 of
chlorite in the paragenesis. Contains more Fe but less K relative to the others.

Measured drkl heights of above mentioned samples are lower than these having high K
content. The dnki heights of these samples which having high K content and high
unbalanced charge of octahedra and tetrahedra are much lower (Table 1). After correction
relative to the standart patterns, it has been seen that differcnces between dhkl parameters
of samples having high and low K content are about 0.03-0.01 range. Minerals. having
high unbalanced tetrahedral and octahedral charge, attract the cation, which equilibrate the
unbalanced layer charge, more forcefully to unit cell (Weaver and Pollard, 1973). This
causes differences even if dnkl height is low.

It is thought that 2M mica occured as an authigenic mineral formed by means of
hydrothermal solutions. 2M mica may have occured in two ways, firstly the solutions
might have formed to smectite , then the mineral transformed to 1Md by means of high
temperature solutions and finally to 2M mica . Secondly K-mica may be formed from
K-feldispar as follow:

3K- Feldispar+2Water ======= K-Mica +6Quartz+2K" +20H"
3KALSiI308+2H20  -------- [SizAlO10(OH)2Al2] K+6Si02+2K™ +20H"

The probability of this kind of formation is much more than trasformation from
smectite. The type of smectite may be rich in Al (baydellite) because determined Mg was
not found Mg in analysis. This is supported by the observation of no change in peak
position of clay size fraction, especially in ethylene glychol and heat threated samples.
Microcline found at the whole rock paragenesis show that the solution is rich in K. K
took part in the formation of 2M mica by fixation between to smectite layers (Chamley,
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Table 1. X-ray Diffraction peaks of 2 M Mica.

Low K

d rel. I
9.8522 100.00
3.3143 75.94
4.8476 33.96
1.9903 25.13
2.5554 17.38
2.9807 16.84
3.1822 16.84
2.8466 i3.64
2.7795 13.37
3.4719 13.10
4.4491 12.83
1.3514 9.63
2.4893 8.29
2.1231 8.02
2.4547 7.60
3.7075 7.60
1.3365 7.22
4.2322 7.22
1.4982 7.20
1.6489 7.20
3.8338 7.20
1.9701 6.95
3.8907 6.80
2.3758 6.40
15237 6.00
1.7262 5.61
1.4493 4.81
1.6872 4.81
2.2392 4.80
4.0888 4,88
2.2751 4,01
1.8158 4.00
1.5502 3.60
2.6890 3.48

High K

d rel. I
10.0248 100.00
3.3371 g94.24
4.9849 25.90
1.9965 24.46
2.5632 19.42
2.9887 16.55
4.2617 14.39
4.4692 14.39
2.3800 13.67
2.7901 13.67
3.2080 13.67
1.5057 13.20
2.1330 12.95
1.6489 12.80
1.3744 11.60
2.8708 11.51
3.4858 1151
2.4565 10.79
3.7265 10.07
1.3390 10.00
1.3805 9.20
1.5448 8.00
2.2331 8.00
1.4523 7.91
3.8638 7.91
1.3564 6.40



10 A

Air Dried
* Heated (350-400°C)

~ T T~ Ethylen Glycol Saturated

Figure 2. Oriented Clay Size Diffractogram of 2M illite.

4 -~
BNE .m ®
il 1 J 0
OSesi G 3 .
111M h& N.

L SI0I0aRE =
NG 5 3
b
Dy ]

5 . d
xi =
53 3
i L
R SITITII  IS°T-6b°T %
i 3 N
M A 5
s 3 e
vl [
b [ ET =

Frirw — i

uhe PATITI 66°1 " =

g

[

[}

=

PITTII v8°2-6L°2 i

-

- MIITII 86°z bt

TITTI SUTTO0ISIN 0Z°g -

e e %
.e.m SHTE 2ITITI Lb'g
2}TIOTY) pg g

Z3Ieny gz y z

FITTTI Sp v . o

9ITTII  S6°v—86°F g ..LJ £

1A

i S

93 TIOTUD T0°2 S

9QITTI ; i 8

£0°01-GB"6 8

91 TIOTYD 20°HT o

pga ~

Figure 3. Unoriented Clay Size Diffractogram of Samples (Peak values is in Table D).

3



are observed in the study area. Aciddic volcanic rocks widely crop out in the vicinity of
Konya (Figure 1). Clay mineral paragenesis of Paleozoic low grade metamorphics rocks
consist of illite+chlorite rich in Fe. In addition to main minerals (14C-14V), kaolinite,
smectite and(10I-148) are observed as a degradation product in the investigation area
(Celik et al., 1991).

Neogene aged volcanics are mainly acidic and clay occurrences originated from the
volcanics generally are composed of kaolinite , illite, alunite, jarosite, natroalunite and
smectite. In addition to clay minerals, polymorphs of SiO2 such as crysobalite, opal -CT
and quartz are found.

Mercury deposits mined in Ladik-Sizma town occurs at the contact of Paleozoic aged
schist and limestone and are the most important mercury ore in Turkey. The contact is
generally fault controlled (Motorcu, 1987). Low temperature hydrothermal solutions
affected the contact and their circulations were retarded by schist.

4. XRD AND SEM ANALYSES

Whole rock and clay mineral analysis of samples taken from mercury deposits were
done by X-ray. Collected samples are highly soft, whitish, beige and gray in places and
are as few cm wide bands around mercury deposits. The whole rock composition of
whitish beige samples is in muscovite+microcline+quartz paragenesis, and of gray
samples is in muscovite +microcline+ quartz + chlorite + siderite + calcite paragenesis
(Figure 2).

In clay size paragenesis, the whitish ones have only illite, whereas gray ones contain
illite+chlorite. But semiquantitavive analysis show that the ratio of chlorite is %10 or less
(Figure 2.3). The presence of illite siderite beside chlorite in the above mentioned samples
show that there was Fe with solutions. No apparent change in the 10 A® peak of oriented
illite have been observed after treating them with ethylen glycol and heat (350-400 °C)
(Figure 3). Illite shows good crystallinity. An asymmetry of peaks toward the 11-12 A°
Thas not been observed. This points that the illite+smectite intrerstratification content of
illites is very low. The pure illite peaks were measured by analysing unoriented of clay
fractions of samples with 0.5%/min accuracy. In the analysis, NaCl standard was used.
The illite's peaks were determined by taking diffractions of powder samples of pure illites
( Tablel). Illite peaks are alike 2M mica peaks given by Thorez (1976). The 2M illite
content in the paragenesis is calculated by the following formulae:

%2M=2M/2M+1Md(Maxwell and Hower, 1967) and
%2M=1(025)(2M)* 100/[1(112)(1M)] ( Caillere et al., 1982).

Peaks of (025) and (112) are calculated from 2.99 and 3.06 A° peaks. 2M mica

polymorph conent is determined to be %96. 1t contains about %4 of 1Md polimorph. 2M
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1. INTRODUCTION

Investigated clay occurrences are located between Ladik and Sizma towns at the
southern part of Sarayonii. Konya (Figure 1). The aim of this investigation is to
determine mineralogical and geochemical properties of clay layers formed by
hydrothermal solutions around the mercury deposits. Research on secondary
hydrothermal alteration in the country rock and its relationship to the ore mineralization is
not new. Ore lodes tend to be embedded in highly decomposed country rock. and this has
focussed interest on some sort of connection between alteration and mineralization. But
there is a few study on this type of clay minerals originated from hydrothermal alteration
in Turkey.

Ore minerals, observed at the contact of Paleozoic aged schists and limestones, consist
of sulphide minerals such as cinnabar, stibnite, pyrite. tetrahedrite and oxidation
minerals( malachite and azurite). Calcite and quartz veins cross the wall rocks and have
20-50 cm thickness. The quartz veins show brecciated structure. Lateral distance of
quartz veins is about one to two meters. The clay occurrences at the country rock
generally are whitish, and have 2-4cm thickness.

2. ANALYTIC METHODS

Samples were examined by means of optical microscopy, scanning electron microscopy
(SEM) and X-ray powder diffractometry (XRD). XRD patterns were obtained using a
Philips 1540 and a Siemens D-5000 diffractometer equipped with a generator, Cu
radiation, and a graphite monochromator. A scanning rate of 2°/ min was used. The clay
samples are 2m fractions separated from samples using by series of centrifugations and
sedimentation methods. The type and content of illite polymorphs of war defined by
detailed X-ray techniques. Samples of clay were prepared for scanning electron
micrography by breaking, them so as {0 expose fresh surfaces of natural fractures that are
characteristic of the minerals . To avoid introducing artifacts, they were not processed
further except to sputter them with a thin layer of Au to carry away excess charge from
the electron beam . The microscope was equipped with an auxiliary energy-dispersive
analytical unit which with element content of illite were estimated. Structural formulae
were calculated by normalizing cation analyses to a theoretical structure containing Oq
(OH),. All Fe was treated as Fe,04. K was assumed to be nonexchangeable(i.c., fixed
in the interlayer of illite layers) cation. X-ray analysis of clay size fraction was done at
Hacettepe University while whole rock analysis was made at Laboratories of Etibank
Seydisehir Aluminum Institute. Electron microscopy investigation was carried out at
TPAOQO Research Centre laboratory.

3. GEOLOGIC SETTING
Paleozoic aged metasediments and magmatic rocks and Neogene aged acidic volcanics
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ABSTRACT : Argillazation was observed at the wall rocks of ore minerallization, as
being mainly mercury and low temperature sulphides, formed by means of hydrothermal
solutions. Clays are of hydrothermal in origin and generally consist of pure mica and
rarely mica+Chlorite paragenesis. The polymorph of mica is 2M and include K in their
interlayer. It is determined that micas are rich in K, and K content is equal to charge
deficiency of layers. K;O content of mica varies between 8.70% and 10.80% and they
have same the features as potassium mica . The mineral formula of 2M illite is organised
as follows;

(Si3.81A10.19) (Al1.€1 Feo.ro1 Tio.oee)Ko.78 Q10(OH )2

The origin of illite is dependent on two factors. First , Al smectites may be
transformed to 1Md illite by fixation of K into present in hydrothermal solutions their
interlayer. And then 1Md illite might be aggradated to 2M mica by the effected of
temperature. Second factor is alteration of K-feldispar to 2M mica by means of solutions
being rich in Si0, .
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along the southern segment (south of Lebanon) since Miocene time is contrasted with
only about 25 km offset along the northern segment in Lebanon and Syria. One reported
possible explanation for the difference in the observed offsets in that the Palmyrides
absorb this documented difference through shortening. Estimates of crustal shortening
along strike of the Palmyrides belt based on balaced cross sections constrained by
available seismic reflection profiles, drill holes, and detailed geologic maps give a
minimum estimate of about 20 km in the intensely deformed, southwestern segment of
the belt (Chaimow et al., 1990). Shortening estimates arec much less to the northeast.
Clearly this is insufficient to explain the above paradox. Two geologically reasonable
alternatives are (1) considerable strike-slip movements exist along the Palmyrides and
possibly within the Aleppo region, though displacements can not yet be estimated, or (2)
the southern Dead Sea fault segment formerly continued in a NW direction towards the
Mediterranean (the Roum fault) and only began to propagate northward in Lebanon and
Syria (the Yammuneh and Ghab faults) since about the beginning of Pliocene time. The
segment of the fault in Lebanon and Syria is historically a very active seismogenic fault
(Ambraseys and Ba}azangi, 1989).

In conclusion, the evolution of the Palmyrides, an active right-lateral transpressive
mountain belt, probably can be traced back as far as the Proterozoic. The present structure
of the belt, however, is the results of successive tectonic phases that were dramatically
influenced by variations in the sedimentary section and the presence of crustal zones of
weakness, and by interactions with nearby plate boundaries.
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southwest segment, just east of Lebanon, to 9 km in the northeast segment of the belt
(Schber et al., 1993). Neogene and Quaternary basaltic volcanism is widespread in the
Rutbah and Aleppo regions but no surface volcanism exists within the Palmyrides.

Bouguer gravily anomalies in central Syria indicate {hat three is a fundamental difference
in the crusts of the Rutbah and the Aleppo regions: the Aleppo crust being denser and/or
thinner than the Rutbah crust (Best et al., 1990). This observation could be interpreted,
though not uniquely, to suggest that the Palmyrides, which separates these two
subprovinces, is the location of a possible Precambrian (Proterozoic?) suture and/or
strike-Slip fault zone. This is not a suprising possibility since Proterozoic suture Zones
are documented in the exposed Arabian ghield in western Saudi Arabia. If the above
interpretation is valid, then it may explain the subsequent development of the Palmyrides
in early Mesozoic time as reactivation of a zone of crustal weakness along the postulated
Proterozoic suture Zone. _

Minor Late Cretaceous uplift marks the first inversion phase of the Palmyride trough.
This phase had a direct temporal relationship to the emplacement oOf ophiolites along the
northern and eastern Arabian plate margins. Thus, the inititation of inversion in the
Palmyrides, an integral part of the Syrian Arc (which extends from central Syria
southward to central Sinai) apparently predates development of the Red Sea/Dead Sea
plate boundary and is approximately coeval with the closing of the Neo-Tethys.
However, the development of the present-day Palmyrides, mostly in Neogene and
Quaternary times, is synchronous with documented intense movements along nearby
Arabian plate boundaries, including the development of the Dead Sea transform fault
system, the Bitlis suture and the East Anatolian fault, and the Zagros continental collision
zone (Chaimov et al., 1992). The northward movement and anticlockwise rotation of the
Arabian plate since Miocene time must have played a critical role in the intense inversion
of the Palmyrides depression. The above discussion suggests that plate stresses have
been transmitted penecomemporaneously for hundreds of kilometers from the
surrounding Arabian plate boundaries to the Palmyrides, in the interior of the plate,
through the stable northern Arabian platform. Finally, it is tempting to speculate based on
limited seismic evidence about the presence of a regional master detachment beneath the
Aleppo plateau, either along the basement surface of within the basement, that
accommuodates some of the convergence along the Bitlis suture in southern Turkey and
{ransmits it farther southwards (o the Palmyrides in central Syria. Evidence for this
scenario is sparse at the present time.

An important question is the magnitude of shortening along the Palmyra fold and
thrust belt, and how this shortening contributes to a better understanding of the
kinematics of the nearby plate boundaries. A long-lasting paradox in the literature is the
reported major discrepancy in the measured left-lateral offsets along the southern versus
the northern segments of the Dead Sea fault system. A well-documented 105 km offset
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with the development of Neo-Tethys. The Palmyrides were the site of an aulacogen - type
depression in early Mesozoic time that was linked to the Levantine rifted continental
margin. Inversion of this depression throughout the Cenozoic, especially in Neogene and
Quaternary times, resulted in the present - day Palmyrides. The inversion process
involves both shortening by folding and reverse faulting as well as translation and
rotation along numerous strike - slip faults. The Palmyrides can be considered as a type
example of an intracontinental transpressive mountain belt.

To a first approximation the Palmyrides can be divided into northeast and southwest
segments that ar¢ separated by the E-W oriented Jhar fault zone. The northeast segment
basically consists of broad anticlines, including the Bilas and Bishri blocks, while the
southwest segment consists of long linear ridges with a few intervening depressions
(McBride et al., 1990; Al-Saad et al., 1991 and 1992). All of these structural elements are
bounded by faults of both the reverse and strike-slip types. The most prominent of these
faults is the South Palmyra fault zone that approximately defines the southernmost limits
of the Palmyrides (Figure 2). Geologic evidence based on morpho-tectonic observations
indicate that many of these faults in the Palmyrides have been active during Quaternary
time. The occurence of earthquakes along the Palmyrides, though infrequent and
relatively small in size, supports the above observation. The focal mechanism of two
moderate-sized earthquakes show both reverse and strike-slip components (Chaimov et
al., 1990).

Available seismec reflection data indicate that the northeast Palmyrides belt exhibits
more symmetrical deformation, with reverse faults along the southern and northern flanks
of the belt that dip towards the interior of the belt, whereas the southwest segment
exhibits clear asymmetrical deformation with predominantly north dipping reverse faults.
Moreover. seismic reflection data suggest that deformation is thick-skinned in the
northeast segment in contrast to some locally thin-skinned deformation in the southwest
segment, where possible detachment surface(s) exists along the Triassic evaporites. A
pervasive regional decollement is not observed, however, in either region. The seismic
data also suggest the inversion of some of the Mesozoic rift-bounding normal faults into
reverse faults in both segments during Cenozoic time.

The Palmyrides separate the northern Arabian platform into the Rutbah uplift in the
south and the Aleppo plateau in the north. The Phanerozoic sedimentary section in these
two regions is relatively undeformeds; this is in sharp contrast to the intense deformation
of the Phanerozoic section, especially the Mesozoic and Cenozoic sections, within the
Palmyrides. No foreland basin exists along the margins of the Palmyride belt-the belt is
strictly "sandwiched" between the two relatively rigid subprovinces of the Arabian
platform. Detailed seismic refraction/wide-angle reflection profiling indicate that depth to
Precambrian basement varies from about 5.5 km in the Aleppo region to about 8 km in
the Rutbah region. In the Palmyrides, basement depth decreases from 11 km in the
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faults. The inversion processes formed at least three structurally distinct crustal blocks
within the Palmyrides. The two blocks in the northeast Palmyrides (Bilas and Bishri)
consist of broad anticlines that exhibit symmetrical thick-skinned deformation with
reveise faults on the southern and northern flanks of the belt, whereas the southwestern
Palmyrides consist of long linear ridges with intervening depressions that exhibit clear
south vergence and local detachment, probably within Triassic evaporites. Depth to
metamorphic basement beneath the Palmyrides increases from 9 km in the northeast to 11
Jan in the southwest. This is in contrast to a basement depth of about 6-8 km beneath the
adjacent stable Arabian platform. A 20-25% estimated shortening across the southwestern
Palmyrides has not been sufficient to invert the basement morphology beneath this
mountain belt.

Close temporal relations between inversion episodes in the Palmyrides and
well-documented episodes of convergence and collision along nearby Arabian plate
boundaries suggest that plate boundary stresses are transmitted hundreds of kilometers
across the northern Arabian platform to the Palmyrides. Finally, Bouguer gravity
observations provide an estimate of crustal thickness of about 38 km beneath the
Palmyrides, but also require different crustal properties to the north and south of the
Palmyrides. These observations suggest that the Palmyrides occupy the location of a
possible Precambrian (Proterozoic?) suture andfor strike-stip fault zone along which the
two crustal blocks of northern Arabia were accreted. This possible early history may
explain the subsequent development of the Palmyrides in early Mesozoic time as due to a
reactivation of a zone of crustal weakness along the postulated Proterozoic suture zone.

1. DISCUSSION

Syria is part of the Arabian plate and surrounded by the Dead Sea leaky transform fault
in the west. the Turkish Bitlis suture and the East Anatolian fault in the north, and the
foothills of the Zagros folded belt in the northeast (see Figure 1). The Palmyride
fold-thrust belt is a relatively modest mountain belt, though it is the most prominent
structural feature in central Syria. The Palmyrides is embedded in the northern Arabian
platform, is about 400 km in length and about 100 km in width, and strikes in a NE-SW
direction. The belt approaches an average elevation of about 1.5 km in the southwest,
where it merges with the Dead Sea fault system and associated Lebanon and
Anti-Lebanon mountain ranges. Toward the NE the Palmyra belt gradually becomes more
subdued with an average elevation that rarely exceeds eight hundred meters, until it
intersects with the NW-SE oriented Euphrates graben/fault system (Sawaf et al., 1993).

Geologic and seismic evidence suggests that the northern Arabian platform records the
transformation of an east - facing Gondwanaland passive-margin in the early Paleozoic
into a west - facing Levantine margin in the Mesozoic. Timing of the margin
(ransformation is inferred to be Triassic in age (Best et al.. 1993) and is closely associated
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ABSTRACT : The intracontinental Palmyride mountain belt strikes NE and is located
within the northern Arabian platform. The belt is about 400 km in fength and about 100
km in width. Abundant data, including seismic reflection and refraction profiles, drill
holes, gravity, magnetics, and geologic maps are used to infer the crustal structure and
geologic evolution of this belr.

The Palmyrides were the site of an early Mesozoic aulacogen-type depression that was
linked to the Levantine rifted continental margin in the eastern Mediterranean. Seismic
stratigraphic analysis indicates that inversion of the Palmyride depression was initiated in
late Cretaceous time, but especially intensified in Neogene and Quaternary times. The
inversion process varies considerably along strike and involves both shortening by
folding and reverse faulting (including the inversion of some of the Mesozoic rift -
bounding normal faults) as well as translation and rotation along numerous strike-siip
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evolution of the Levantine margin along the eastern Mediterranean. There is at least one
exploratory well located on each profile. This gives us a unique opportunity to correlate
velocities with geologic formations (Figure 5). Also the velocity models obtained for
Profile I and Profile III agree well at the intersection of these two profiles and allow us to
correlate each velocity layer from one profile to the other. We have not observed
considerable variations in the basement velocities between the Aleppo and Rutbah blocks.
Considerable velocity variations, however, are observed in each geologic formation
depending on the depth rather than age of the formation.
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Profile 1. The bottom layer is the basement. Wide-angle reflections become crucial in
identifying the basement along this profile, because these reflections, not the refractions,
are usually the first arrivals seen on the records at long offsets in this region. The deepest
basement is observed beneath this profile. A sedimentary column, totally 11 km in
thickness. overlies the basement in the severely deformed southwestern segment of the
Palmyrides. This very thick sedimentary column formed mainly in the Mesozoic as a
results of the Palmyrides rifting. Approximately the upper 6 km of sediments in this
region is composed of Mesozoic sediments (Best et al., 1992). The remaining part isa
combination of Paleozoic and Precambrian sediments. The minimum Bouguer gravity
values, with-70 mgal, in the region are also observed in the vicinity of the profile.
Modeling of Bouguer gravity anomalies in the Palmyrides also confirm the existence of a
very thick sedimentary cover beneath the Palmyrides (Best et al., 1990).

Profile 111

Profile TI1 is 380 km long, N-S trending regional profile traversing Syria from Turkey
in the north to Jordan in the south. It crosses three major structural units: The Aleppo
plateau, Palmyride belt, and Rutbah uplift. Data from 62 different shots, 33 forward and
29 reverse. were analyzed. The final model consists of the five characteristic layers that
are also identified in Profiles I and II (Figure 4). A low 2.0-2.8 km 5! velocity layer near
the surface is followed by sedimentary layers having velocities of about 4.4-4.5 km sk
5.2-5.3 km s°!: 5.4-5.7 km s~! and basement with a velocity of about 6.0 km s™!. Lateral
velocity variations are obvious in the model, especially at locations where major faults of
the region are crossed. Considerable variations in basement morphology is observed
along the profile. The Rutbah uplift also shows considerable variations in basement
structure. In the northern portion of the Rutbah uplift, adjacent to the Palmyrides. a
basement depth of about 6.5 km is obtained. Ray tracing results from two shot points are
shown in Figure 3. Farther south the basement deepens steeply and becomes
undetectable because of the absence of the 6 km 57! basement identifying branch in the
travel-time observations. This may be due either to decreasing basement velocities
towards the south nearing that of the overlying layer, or, more probably. to steep increase
in basement depth towards the south.

3. CONCLUSIONS
Interpretation of the scismic refraction profiles indicates that sedimentary rock thickness
in the northern Arabian platform in Syria varies from 5.5 km in the Aleppo plateau to 1 |
km in the Palmyride belt. Despite the crustal shortening since the late Mesozoic a
basement trough, filled with 9-11 km thick Phanerozoic sediments, still remains beneath
the intracontinental Palmyride fold belt. The obtained geometry of the Palmyride trough
supports the idea that rifting in the Palmyrides developed as an aulacogen during the
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Profile I

This profile is located in the relatively stable Aleppo plateau. The final model for this
profile has a three-layered sequence in the upper 1 km, with increasing velocities from
2.0 to 3.8 km 571, corresponding to Cenozoic and Mesozoic sedimentary rocks. This
sequence was also constrained by the sonic log of the Khanaser-1 well. Even though
different geological units are traversed, no lateral velocity variation is observed. The
boundary between this three-layered sequence and the underlying layer with a velocity of
about 4.8 km s°! corresponds to the Mesozoic-Paleozoic boundary as inferred from the
Khanaser-1 well. Beneath this layer lies another sedimentary layer with a velocity of
about 5.2 km s°!, which corresponds to the lower section of the Paleozoic. The
Khanaser-1 well bottoms at about 3800 m in the lower Cambrian. The refraction model
gives a velocity boundary at about 4000 m, possible marking the base of the lower
Cambrian in this region. According (o the refraction interpretation, approximately 1.5 km
lies between this interface and the top of basement, amounting to a total sedimentary
thickness of 5.5 km. The lowest sedimentary layer on top of the metamorphic basement
has a velocity of 5.5 km s, and is interpreted as early Paleozoic and late Precambrian
sediments equivalent or similar to those documented to the south in Jordan (e.g.. Abed
1985; Husseini 1989). The deepest boundary on the refraction model represents the
sedimentary-metamorphic basement boundary. The basement velocity is 5.9-6.0 km s°!,
and the basement depth is about 5.5-6.0 km in this region. An offset in the velocity-depth
model beneath the southeastern end of Profile I was interpreted as a fault. Relatively
deeper southeastern segment in the section is a clear indication of either a normal and/or a
strike-slip fault. Observations based on nearby seismic reflection profiles (Figure 1) and
the Bouguer gravity map confirm this interpretation.

Profile II

Profile II is 83 km long, NW-SE trending profile located in the southwestern segment
of the Palmyrides. This is the-most deformed region in the Palmyrides and shows
20-25% crustal shortening (Chaimov et al., 1990). The upper crustal model includes the
same five distinct velocity layers observed in Profile I with some lateral velocity
variations. The major mapped faults of the region are also observed in the model. The
Cheriffe-2 well located on this profile provides information on near surface rocks. It
bottoms at about 3100 m in Triassic rocks. The first layer, with a velocity of about 2.0
km s, represents young (Quaternary) and/or surface exposed sedimentary rocks. The
second layer, with a velocity of about 2.6 to 3.6 km s\, corresponds to upper Triassic
dolomitic rocks. A much thicker underlying layer with a velocity of about 5.0-5.4 km s°1,
corresponds to lower Triassic and late Paleozoic sedimentary rocks as indicated by the
Cheriffe-2 well. The fourth layer with a velocity of about 5.4-5.7, km s! is probably
composed of the early Paleozoic and late Precambrian sedimentary rocks also identified in
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Figure 1. Locations of the seismic refraction and reflection profiles and well
information relative to the major tectonic units of the western and central Syria.

NW SE
[
.___.._.._
® @—  (Forward)
 —
> PROFILE 1
—_—_— e
— e
e = o Uy
& (Reverse)
e —-
_
£ 800
3 600
© 400
8 200
£ 0

@ Shot Points _ [
— Geophone Locations 0 km 20

Figure 2. Example of configuration of data acquisition technique.
Overlapping forward and reverse shots enable detailed velocity-depth
estimation.
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1. INTRODUCTION

Geological and structural units of Syria are under an extensive stedy to understand the
evolution of the northern Arabian platform. All existing knowledge about this region has
been primarily from surface mapping, exploratory wells, and seismic reflection lines.
However, no wells penetrate into the Precambrian basement. The deepest seismic
reflector that can provide structural constraints on the older sedimentary rocks in the
so-called "D" reflector (McBride et al, 1990), which is most probably the mid-Cambrian
Burj limestone. In this study we attempt to explore the nature of the basement and to
determine the upper crustal velocities, thicknesses of sedimentary layers. especially those
of early Paleozoic and late Precambrian in age, and basement morphology throughout the
region. Obtaining the depth to the basement beneath an intracontinental mountain belt is a
challenging task. To constrain our results. seismic reflection and well data acquired for
hydrocarbon exploration in the region along with Bouguer gravity and surface geology
information will be integrated with the refraction data.

The first interpretation of the refraction data was made by the Soviet scientists in 1974
using classical interpretation techniques of refraction data (Ouglanov et al,, 1974).
However, this interpretation is questionable because of lack of geological information and
also lack of computerized techniques at the time of interpretation. There are considerable
differences between our interpretation and that of the Soviet scientists. Our results differ
substantially especially in thicknesses of sedimentary layers and basement velocity
throughout the region, such as the thickness of sedimentary cover in the Rutbah uplift and
basement velocities.

2. DATA AND RESULTS -

The locations of the three available seismic refraction profiles in the region are shown in
Figure 1. The lengths of Profiles I, 11 and 111 are 92 km, 83 km, 380 km, respectively.
Data from 90 forward and reverse shot points in these three profiles are analyzed. The
distance between any given shot point and the last geophone averages about 40 km,
ranging from 25 km to 55 km. Geophone spacing for Profiles I and 111 is 100 m and for
Profile I is 150 m. An example of data collection geometry is shown in Figure 2.
Overlapping forward and reverse shot points provide up to 8-fold data coverage in some
regions. which helps in obtaining reliable and unique velocity-depth models. Average
charge size varied from 200 kg to 1000 kg in the Aleppo and Rutbah regions and it was
usually twice as large in the Palmyride region, mainly because of a thicker and more
deformed sedimentary section.

Interpretation was carried out using a 2-D ray tracing software developed by Luetgert
(1988). Approximately 25.000 first arrivals of original, analog. photographic paper
records were digizited and interpreted.

104



: . Ist International Symposium on
YBRBILIMEPRI Eastern Mediterranean Geology
GEOSOUND _ 13.16 October 1992 Adana-TORKIYE SPECIAL ISSUE

ISSN 1019-1003

GEOMETRY AND VELOCITY STRUCTURE OF THE -
PALMYRIDE FOLD-THRUST BELT AND SURROUNDING
ARABIAN PLATFORM IN SYRIA

Dogan SEBER!, Muawia BARAZANGI!, Thomas CHAIMQV!
Damen AL-SAAD?, Tarif SAWAF? and Mohammed KHADDOUR?

Unstitute for the Study of the Contitents and Department of Geological Sciences,
Cornell University, Snee Hall, Ithaca, New York 14853, USA
2Syrian Petroleum Company, Minisiry of Petrolenm and Mineral Resources, Damascus,
Syrian Arab Republic

ABSTRACT : A seismic refraction survey was conducted in the northern Arabian
platform in Syria in 1972-73 by Syrian and Soviet scientists Jor the upper part of the crust
(<15 km). Seismic refraction data were collected over 9 transects. Data from three
fransects, i.e., one in the Aleppo platean, one in the southwestern Palmyrides, and a
regional profile traversing Syria from Jordan to Turkey, have been made available and
form the refraction database for this study. The data were analyzed using 2-D ray tracing
to obtain an upper crustal \?eioc}'fy-deprh model in the region. Our results show that high
velocity (4-5 km s1) Phanerozoic sedimentary rocks overlying the metamorphic basement
vary in thickness from 5.5 km in the Aleppo plateau to 11 km in the Palmyrides trough.
The depth to the basement beneath the Palmyride belt decreases from the southwest (11
km) to the norheast (9 km), suggesting that development of the Palmyrides trough is
related to the Levantine margin to the farther west.
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regime in these times. E-W trending and N dipping thrusting affected also Lower
Pliocene beds. Fold axes in this area trend also E-W (Tatar, 1982: Tatar, 1983;
Yilmaz and Ozer, 1984).

6. DISCUSSION AND CONCLUSION

According to the plate tectonics, mountain building results from the convergence and
collision between any two plates. The direction of the plate movements is of prime
importance for the trends ol the resulting orogenic lines. The expected horizontal
direction of the plate movement must normally be perpendicular to the trends of the
main orogenic lines. In some orogenies of the World, ¢.g. in the Andes, this geometric
relation seems not to be complicated, and rather simple to explain. But in the
Alpine-Himalayan belt with many mega curvatures it is rather complicated and uneasy
to understand.

The difficulty mentioned above is also valid for the region around the northern and
northeastern border of the Arabian plate. If we consider the orogenic trends in E and
SE-Tiirkiye, we come to the conclusion that the direction of the movement of Arabian
plate must have been due nearly N:but the consideration of the trends in Zagros region
suggests approximately a NE direction for the same movement during the Alpine
mountain building.

To overcome this difficulty, some authors tried rotational stress field models. Illies
(1975) suggests such a model for the Middle East region. According to this model, the
direction of the movement of the Arabian plate has episodically rotated from NNW (40
ma ago) to NE (20 ma ago) and ifs recent position is towards NW. lllies also
emphasizes the role of microplate rotations during the evolution of the Alpine mountain
system in the Medilerranean region. Bekiag (1987) assumes a NNE direction in Upper
Cretaceous-Eocene period, and a change to NNW after Eocene, relying rather on very
local structural data. In another model published by Roy. Soc. London (Mattauer,
1980), a continious sinistral rotation of the Arabian plate from NNE to NNW by the
angle of about 6 was proposed, and held responsible for the opening of the Red Sea.
These proposals howewer seem not sufficiently supported by field evidence.

The very briefly discussed data in the present paper indicate approximately a N
direction for the movement of the Arabian plate during the shrinkage and closure of
Neotethys in E and SE Turkiye within the time interval between Upper Cretaceous and
Upper Miocene to Early Pliocene. In this rcgion. no convincing ficld data was
found supporting any notable change in the direction of the movement of the Arabian
plate within this geological lime span. This conclusion however is also subject to
further discussion. The on-going northward movement of the Arabian plate seems
evident in the seismo-tectonic activities along the North Anatolian and East Anatolian
fault zones. and even along the Bitlis suture zone (Dewey et al., 1986; Barka and Giilen,

1987; Kogyigit, 1983-1989; Brinkmann, 1976). 5



5. DATA FROM SIVAS-YILDIZELI AREA

The Central Anatolian ophiolite thrust, an ophiolite obduction, extends from
Erzincan westwards through Sivas area and can be traced as far as Yozgat. a city nearly
150 km east of Ankara. The thrust faults in this thrust belt strike E-W and dip due N.
Ficld mapping on this important tectonic zone revealed interesting data about the Late
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Figure 7. The Yildizeli segment of the Central Anatolian ophiolite thrust zone
(Tatar, 1982; Tatar, 1983; Yilmaz and Ozer, 1984). The traces of the geological cross
sections A-A' and B-B' are shown on the map. 1: Akdag metamorphics (Paleozoic). 2z
Serpentinite and 3: Diabase(Pre-Upper Cretaceous), 4 Flysch (Upper Cretaceous), 5:
Flysch (Paleocene-Eocene), 6: Conglomerate (Pliocene).

Alpine tectonic movements in Anatolia. Olistoliths of ophiolitic composition are
found in Upper Cretaceous and in Eocene sediments, indicating a N-S compressicnal
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Figure 5. Location of the study area in Van region (Aksoy and Tatar; 1990), and the
trends of the folds and thrust faults in this area.
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Figure 6. The main neotectonic structures in the vicinity of the city of Erzincan (simplified
from Tatar, 1978b).NAF: North Anatolian fault, NEAF: Northeast Anatolian fault,
OT: Central Anatolian ophioli.te thrust. K: Karakulak, M:Mihar, R: Refahiye, T:
Tanyeri. The trace on the cross section A-A' is shown on the map. 1:Serpentinite
(?Paleozoic) 2: Limestones and clastics (marine Miocene). 3: Conglomerates
(Pliocene).Late Miocene-Pliocene times (Tatar, 1978; Bektas, 1981; Tatar, 1975: Barka
et al., 1987; Tatar, 1982; Tatar, 1983;,Y1lmaz and Ozer, 1984 and Fig.6).
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Figure 4. Geological cross section 6 km east of Karakaya dam site, via Hindibaba village
(schematically drawn in the field). 1- Kogali complex;(ophiolitic melange emplaced in
Upp. Cretaceous), 2- Firat Formation of Midyad Group (Eocene-Miocene limestone)
3-Lice Formation (Lower Miocene flysch-like facies), 4- Ciingiis Formation (Lower
Miocene, wild flsch),5-Piitiirge metamorphics (Paleozoic-Mesozoic). Arrows indicate the
thrust direction (Tatar, 1991; and see Photo 12 in Incedz, 1989).

3. DATA FROM VAN AREA

The dissertation work we have carried out in Van district (Aksoy,1988) has revealed
that the upper limit of the age of Kirkgegit Formation is not Oligocene, but it extends to
the Lower Miocene. This formation contains olistolithic blokcs of Seske limestone, the
age of which is Late Paleocene-Early Eocene. The existence of these blocks indicate a
compressional regime during Oligocene and Early Miocene times. Fold axes and thrust
faults of post-Early Miocene age in this area also strike nearly E-W and the thrust faults
dip due N (Aktiirk,1985; Aksoy,1988, Aksoy and Tatar,1990; and Fig.5).

4. DATA FROM ERZINCAN AREA

The Erzincan area has an interesting, 110%-striking segment of the active and dextral
North Anatolian fault zone with excellent outcrops of the main fault and other related
structures (Tatar, 1978; Bektas, 1981). The starting age of this large fracture zone
seems very likely to be Upper Miocene, perhaps Lower Pliocene. Its total horizontal
offset is estimated to be about 50 km. Folds and N-dipping thrust faults in
Early-Middle Miocene and even Pliocene deposits must be genetically related to the
wrenching along the fault. We find field evidence (such as the E-W trending tectonic
melange zones and main structures of Upper Cretaccous and younger ages)
suggesting roughly a N-S compression in Upper Cretaceous-Paleocene, and also in

96



3520 €
38° 15N

Figure 3. The result of the fracture analysis in the area around the town Cermik (for
location see fig.2). The dashed circles show the localities where strikes of the fractures
were measured. The rose diagram to the right below was prepared using all the measured
strike values. The interpretation of the rose diagram suggests approximately a N-S
compression responsible for the formation of the fractures. The thrust faults seen on the
map between Ciingiis and Ergani are parts of the Bitlis thrust zone. The structural base
map from (Sungurlu et al., 1985), data for the fracture analysis from (Tatar et al., 1991).
C.A.:Cermik Anticline.

1991; Tatar, 1987). It has a length of about 100 km and it trends nearly 75°. Beside
Middle Eocene-Upper Oligocene, this folding included also Upper Miocene, and
eventually Plio-Quaternary strata (Tatar, 1978; Tiirkmen, 1991). Especially the
youngest deformations about 10 km to the west of Palu (Fig.2) are interpreted as
produced by wrenching along the East Anatolian fault zone (Tatar, 1987).

The East Anatolian fault zone is a sinistral active fault zone which was initiated in Late
Miocene-Early Pliocene, and has a total offset of about 20km (22 near Goyniik, 18 near
Golbag, 15 SW of Hazar Lake at Euphrates River, about 25 near Marag; see Dewey et

al., 1986; Arpat and Saroglu, 1975; Ercan, 1979: Yalgm, 1979; Peringek ct al., 1987).

The Ovacik fault zone is also a sinistral and active strike-slip fault zone. It has a
trend parellel to the East Anatolian fault zone, and 1ts origin seems to be common with the
origin of the latter one. Field data is insufficient yet to make a clear picture of it (Tatar,
1987).
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Figure 2. Main tectonic lines in Elaziy arca (redrawn from Tatar, 1987 with
simplifications ). 1-Bitlis thrust belt, 2-Ispendere thrust, 3- Kémiithan thrust, 4- Baskil
thrust 5- Pertek thrust, 6- Kemaliye-Ovacik thrust, 7- East Anatolian fault, 8- Demirci
fault, 9- Hazar fault, 10-Ovacik fault, I1-Korucadag, 12-Border folds. Abbrevations-A:
Afm, B:Baskil, Ce:Cermik, D:Demirci E:Ergani, H:Hazar village, H.L:Hazar Lake
K.D:Karaya Dam K.L:Keban Lake, M:Maden, Ov:Ovacik, Pa:Palu, Pe:Pertek.

13

formed as a result of the continental collision in Late Miocene - Early Pliocene. Along
this thrust zone southward displacement rates have been found as large as 20 km
(Ketin, 1983).

In the area to the north of the Bitlis thrust there is a series of smaller, again E-W
trending and N dipping thrust faults, the age of which are getting younger from N
(Upp. Cretaceous) to S (Mio-Pliocene). These structures are described elsewhere (Tatar,
1987; Bingdl, 1984 see also Fig.2).

The fold axes to the south of the Bitlis thrust zone are more or less parallel to the
strike of the main thrust. Tear faults and systematic joint sets in genetic relationship to
the folding are not seldom in the area (Tatar and Incedz,1991; Bingol,1984:
Ketin,1983). The age of folding is also Late Miocene-Early Pliocene. The tightness of
the folding increases as one approaches to the thrust zone and vice versa. Some of the
folds near the thrust zone are south vergent (Ketin, 1983; Tatar,1978; Tiirkmen, 1991).

In the area north of the Bitlis thrust,fractures are dominating, but there are also fold

structures of which the "Baskil - Palu anticline” is a noteworthy example (Turan,
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Figure 1. Location map showing the considered areas and some neotectonic lines in the
Middle East. 1-Dead Sea fault zone, 2- Bitlis-Zagros suture zone, 3-East Anatolian
fault zone, 4- North Anatolian fault zone, 5-Central Anotalian ophiolite thrust, 6- Border
Folds, 7- Karacalidag graben, 8- West Anatolian grabens, 9- Fracture system in Eastern

.Pontids, 10- Hellenic trench.Drawn by the author using some data from ($engor,
1980; Mattauer, 1980). (a) Elaz1¥ area, (b)Van area.(c) Erzincan area, (d) Sivas-Yildizeli
area. Arrows indicate the rotational direction of the arabian plate motion (see Fig.6.7
in Mattauer, 1980).
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Eastern Anatolian fault zone, and the Ovacik fault zone are prominent structures which
can all be studied in the vicinity of Elazig. For the tectonic setting of the E and SE
Anatolian fold- and thrust belt the reader should refer to other publications
(e.g. Sengor, 1980;  Sengdr and Yilmaz, 1981; Ketin, 1983: Brinkmann, 1976).
The well-known E-W trending and N dipping Bitlis thrust (suture) zone, in a
more regional sense Bitlis-Zagros suture zone, which separates the eastren part of the
Taurus chain from the Border Folds, that is from the foreland flexural basin, has an
important segment in this area. The so called "double-thrust" crops out very
spectacularly for example at the village of Hindibaba, halfway between the town Ciinglis
and the Karakaya dam site (Tatar, 1987 and Figures 2, 3,4). The thrust zone was
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1. INTRODUCTION

The interpretation that the movement of the Arabian peninsula played an important role
on the Alpine mountain building in Tiirkiye and in Iran was considered in the geological
publications, issued at least in the last few decades by many scientists who worked in
Tiirkiye and in the Middle East (e.g. Peringek,1979: Kiirsten, 1980; Innocenti et al.,
1980; Perincek and Ozkaya, 1981; Aktag and Robertson, 1984; Michard et al.. 1984;
Saroglu and Yilmaz, 1984; Dewey et al., 1986: Barka and Giilen, 1987; Saroglu and
Yilmaz 1987; Aluner, 1989; Turan, 1991). The importance of movement of the
Arabian plate was emphasized also in many recent review papers (e.g Peringek and
Ozkaya, 1981; Turan, 1985; Illies, 1975: Sengor and Kidd, 1979: Sengor, 1980; Sengor
and Yilmaz, 1981; Jackson and McKenzie, 1984: Tokel, 1984: Yazgan, 1984; Dercourt
ct al., 1986; Giilen et al., 1987; Hemton, 1987). But the question of the exact
direction of the movement during the shrinkage and closure of Neotethys in this region
remains unexplained.

Though many carth scientists, have carried out many investigations in the huge
Alpine-Himalayan belt for the last 200 years, there are still many geological problems that
have not been satifactorily explained. One example of such problems is how large
curvatures, such as the one in the Carpathians or Macran-Siilaiman Range, have been
formed. Another example of such geotectonic curvatures is the northern and northeastern
boundary of the Arabian plate. The main tectonic lines of the Alpine structures in E
and SE Anatolia strike roughly E-W, whereas they trend NW-SE in the Zagros region,
Itis assumed that both structures resulted from the movement of the Arabian plate during
the Alpine period. However, it is difficult to find a reasonable explanation to the question
how movement of the same plate could produce both E-W and NW-SE striking
orogenic lines which appear to be continuation of each other.

This paper aims at the interpretation of some Alpine structures in E and SE
Tiirkiye in relation to the geodynamics, especially as they relate to the direction of the
Arabian plate motion. Introductory regional geologic descriptions are not included
here because of limited space. There are however other publications which the reader
could refer to (e.g. Sengdr,1980; Sengtr and Yilmaz, 1981: Ketin. 1983; Brinkmann,
1976).The local field data discussed here have been collected since 1970 through the
author's own fieldwork, and fieldwork with his students. The arcas under special
consideration in this paper are (a) Elazi§ area, (b) Van area, (¢) Erzincan area, and (d)
Sivas-Yildizeli area (Fig.1).

2. DATA FROM ELAZIG AREA
As it has been discussed in some previous papers (Tatar, 1987: Tatar and Inceoz,
1991), the arca around Elazi# has abundant outcrops of tectonic and especially neotectonic

features of both E and SE Anatolia. Border Folds, Bitlis suture zone,
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ABSTRACT : North-northwestward movement of the Arabian peninsula has played
a determining role on the evolution of the Alpine orogenic system in Tiirkiye and in Iran.
However, the direction of the Arabian plate convergence and its variation during the
closure of Neotethys in the region of Tiirkiye and Iran still remain poorly understood.
Some recently collected tectonic field data from certain areas of E and SE Tiirkiye; are
reviewed in search of a new interpretation o this problem.

The geometric-mechanical and age-related data on the studied structural elements
indicate a compressional regime for E and SE Anatolia directed N-NNW. It is
obvious that this compressional regime, beginning in Late Cretaceous and extending to
the Late Miocene with at least some reactivations in Pliocene originated from the
motion of the Arabian plate. Recent seismo-tectonic activities along the major strike-slip
faults in Anatolia indicate that the northward movement of the Arabian plate still
continues. In the considered areas no remarkable field evidence was found, indicating
a notable change in the direction of the motion of the Arabian plate within this geological
time interval. This conclusion, however, is open to further discussion.
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orogenic movements, and degree of metamorphism. Burial metamorphism has
improved engineering properties of the Dhm appreciably. In the surrounding area,
instead of metamorphic rock names, sedimentary rock names have been used incorrectly
by some other previous investigators. It is obvious that a proper usage of geological
terms allows easy and more accurate recognition of actual ground condition, review of
past experiences, and sound engineering judgement.

Stability of embankments and foundations over such metamorphic terrains could be
easily performed. But, numerous engineering geological factors besides cost, have to be
taken into account to design cut slopes. Surface and subsurface geotechnical
investigations may not be adequate especially in the tectonically disturbed units(Dh, Kb,
and Kp) which constitute =80% of the study area. In addition past experience and
sound engineering judgement prior to design may contribute greatly. Potentially
unstable grounds should be eliminated at the route location phase. Stabilization;
principally removal of the driving forces, increasing toe restraint and effective
drainage could essentially be achieved by executing a detailed and continuous
engineering geological study at every stage of a design.
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1985, suggested Slope Mass Rating (SMR) which is based upon RMR method
proposed and then developed by Bieniawski, 1979 and 1989. The SMR is more
applicaple to tectonically disturbed and stratified units.

Thick (>20 m) colluvial deposits accumulated over hill slopes, form a common type
of unstable areas. Weathered blanked of phyllite, calcschist, and outsloping Mib levels
are also susceptible to slide at many localities.

Table 1.Common discontinuity types and attitudes in the prevailing geological units.

DISCONTINUITY GEOLOGICAL UNITS
TYPE
Mib Kp Kbe Kbs Dhm Dhl Kbp
BEDDING 16/205 702200 26/230 — 351270 22275 ——
45185 68160 30245  — 40/345 38/330 —
JOINTS
Conjugate 38320  78/168  TS5/3d0 55335 68/047 56/141 551248
78/087  70/080  80/140  63/035 721231 501238 301125
Compressional 25254 75124 —_ 501272 82/314 581066 62/283
Tensional 78/320 85295 85320  60/005 86/209 85005 63/004
SCHISTOSITY — =SS . — —_ 40/320 550315 —
FAULTS
Normal 75/153 56358  — — 75035 65/300 _
Reverse e —_ 581270 55/280 651275 701259 —ee
Thrust — — 44045 457230 40/295 401278 —_
SHEAR PLANE =~ — —_ — 207235 37/300 - —

4. CONCLUSIONS AND RECOMMENDATIONS

Engineering of the surrounding area along the most diffucult portion of the
Tarsus-Adana-Gaziantep Motorway (TAGM) in Southern Turkey, has been studied.
The Engineering desing of a motorway, particularly over a highly dissected and
rugged topography such as the Nur Mountain Range (NMR) is dependent on a sound
understanding of stratigraphy, structural geology, and hydrogeology.

Engineering characteristics of the geological units show great variation from place to
place depending upon the associated structural elements, hydrogeological features and
rock types. These have been influenced by the mode of deposition or emplacement,
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figures presenting comparative engincering properties of different rock types. Hendron
et al. (1970) have studied compressibility characteristics of shales. The in situ static
rock modulus (Er =10'5) of shale is much less than that of slate (Er >10'7) in the study
area. However, some researchers call slate as shale because of its fissile character at the
surface due to stress relief (J. Gallerany, 1989, personal commun.)

Low to medium grade burial metamorphism (green schist facies) has increased the
strength of the flyschlike sedimentary rocks of Paleozoic age appreciably (Yilmazer et
al., 1992). The main rock types are metagreywacke, metaquartzite, slate, phyllite,
sericite schist, hematite schist, mica schist, chlorite schist, and metaconglomerate along
the mountain range. Rock strength varies from moderately weak to very strong
where far away from the main thrust zones. Bedding planes are locally obscure
because of amalgamation due to high temperature and pressure exerted during burial
metamorphism. No planar or slickensided fault planes could be observed. However,
thick deformation zones formed along the major thrusts which trend basically
NNE-SSW. Discontinuities are mainly discontinuous because of intense folding
which has appreciably increased the overall cut slope stability. But, major fault zones
have been intensely to highly altered and weathered which adversely affects ground
stability. Most of these zones have been detected by surface geological investigation
and then proved by deep excavation and/or drilling where suspicious.

A few thousand discontinuity measurements have been taken along the motorway to
enable the execution of kinematic analyses and to describe subsurface geological
conditions (Erhan et al., 1992). Each data point has been described in terms of
discontinuity type, attitude, space, aperture, water condition, infill,  discontinuity
strength, rock substance strenth, weathering and alteration, slaking, and
discontinuity types. Common discontinuity types and attitudes with relevant geological
units arc given in Table 1. The rational numbers indicate dip amount and dip direction
respectively.

Special effort has to be made to design high (>25 m) cut slope faces in such stratified,
faulted, and jointed lithological units. The region besides its complex geology. is
seismically very active (Fig. 4). The past 100 year earthquake records are presented to
give idea about the seismicity of the region. Zika,1990, emphasized the signifiance of
natural slope condition on the design of cut slope for a particular site. Naturally formed
steep slopes, in the delineated area, are mainly the result of inslope contidion and
lithological resistance to erosion. Cut slope stability analysis was performed
kinematically. Numerical analyses such as Modified Bishop Method were also
utilized. Stability of cut slopes is mainly governed by discontinuities, hydrogeology
and rock mass quality rather than rock substance strength parameters. Therefore,
engineering geology description sheets for each cut have been prepared in detail. Typical
forms are presented in Ertung et al.,( 1992) and Steffen (1976). Morcover , Romana,
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good quality chlorite schist, hematite schist, and slate dominate and their fresh levels
are strong to very strong. However, Dhmp and the other Dhm beds neighbouring the
major fault zones have poor to medium quality rocks. Extremely weak rocks are
exposed or encountered during subsurface investigation adjacent to the thrust zones.
Almost all of the active and potential landslides naturally formed and being formed,
are located adjacent to major faultzones. In addition, thick Qy and Qc materials have
accumulated and stratified over the hillslope of very high mountains. These have created
and continuing to create huge unstable masses. The combined effects of
faults, groundwater, and geomorphologically very high mountains have caused the
formation of huge slide masses (>2 million m3). One of them is shown in Fig.2.
Slide morphology is very distinct. The maximum preserved thickness is 60 m. The
river has been shifted about 300 m northward. Many of them have been naturally
stabilized. However, they are ready to be reactivated when resisting forces are reduced,
driving forces increased, and/or groundwater level increased. As it is clear, various
stabilization measures regardless of cost can be implemented if geological models of the
actual ground condition are fully understood.

Plg, as described above, is a Plio-Quaternary aged intermountain basin deposit.
Therefore, its engineering properties are determined by the lithological properties of the
source rocks and its location in the basin (Fig. 3). As shown in Fig. 3, an
asymmetrical basin has formed. The Eastern side is bounded by Kbp whereas the
western side is bounded mainly by Dhm and Dhl. The Kbs underlies the unit adjacent
to thrust, where concretioned and fissured CH material formed at the bottom zone. A
huge sediment influx has produced a relatively thick sedimentary succession over
the CH material zone. Sorting is not good. However, coarse grained levels along the
coast, pass transitionally into fine grained levels toward the basin. On the other side,
the Kbp has supplied a small quntity of sediments because of its massive to thick
layered engineering properties and its smaller erosional surface A swampy ground
prevails along the long axis of the asymmetrical basin and closer to the Kpb mountain
range. The Qs is characterized by fully saturated CH-MH material.

Medium quality and moderately strong peridotite constitutes the majority of the Kbp.
Very strong chromite and very weak serpentinized peridotite zones are also present, but to
a lesser extent. Layering and joint systems are well developed. Consequently,
kinematic analysis is one of the best methods (o design cut slopes in such units.

Identification of major rock types (igneous, metamorphic, and sedimentary) and their
interrelationships are very important in geological and geotechnical investigations. A
massive and amalgamated slate is always better than shale which is readily susceptible
to slaking and swelling (Shamburger et al., 1975). They have described geology,
mineralogy, and engineering properties of shales from different parts of the world in
detail. Furthermore, numerous related books and periodicals include tables and
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3. ENGINEERING GEOLOGY

Detailed engineering geological investigations which proceed stratigraphical,
structural, and hydrogeological study, form an essential basis in selecting proper
motoway elements and to implement effective design practices. Numerous drilling and
treching were done especially where the surface geology was not obvious and/or to
define engineering parameters of lithological units to execute railway and motorway
design.

The Qt becomes more fine grained with distance from the toe of the NMR. Soft CH
material becomes the main constituent in pond deposits. The uncorformity plain between
Mib and Qt is generally slippery because of the relatively impervious character of the
underlying unit. Dense to very dense levels are observable especially along the
immediate toe of the NMR.

The Mib contains extremely weak mudstone layers to moderately strong sandstone
layers. Rock mass quality can be described as poor and very poor along fault
zones. The Kpv comprises deformed spilitic basalts which are in places highly altered
and/or weathered. The Kpl is characterized by moderately strong limestone blocks,
bedchunks, and huge slabs in a chaotic mixture. Faults, shear zones Kpv-Kpl
contacts and other discontinuities are easily perceptible due to color contrast.

Conglomerate and sandstone levels of the Kbc are well cemented by CaCO3 which
increased the strength appreciably. Excavation requires blasting and fragmentation.
About 80% of the unit comprises strong to moderately strong lithologies. Mudstone
levels can be classified as weak rocks. Bedding planes are rough, irregular, and
often obscure due to sedimentary transition.

Kbs has been deformed extensively along tectonic zones and emplaced tectonically.
Both upper and lower contacts are thrust faults. Hence, closely spaced shear planes and
fractures are common features and the rock has poor to very poor quality. Active but
shallow seated slides are situated only along fault zones. Elsewhere, it forms stable
grounds due to its massive appearance, impersistent discontinuities, and impervious
character. Morcover, the weathered and destressed surface part is being eroded and
washed away without giving rise to the accumulation of unstable masses (Qc).

The Dhl, where represented by thick tectonic slabs, appears as a relatively high altitude
landform. Except for the calcschist levels, the majority of the unit comprises strong
rocks. The unit along the eastern tectonic zone, has been silicified at many locations.
Silicification has made the unit massive, hard, and brittle. It is being quarried as a
source of sand along the eastern toe of the NMR for over 50 km. High hardness
(4-7). non-reactivity, very low porosity (<5%). and angular shape are its favorable
properties as sand.

The Dhm is a very thick metamorphic unit. Regional metamorphism has
increased its rock mass quality and rock substance strength considerably. Levels of
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appreciably high. Discontinuities are basically smooth and slickensided. Rock
substance property of the Dhl is quite high and the stronger portions are being used as
good qualty aggregate source. Shear zones, calcschist levels, and phyllite levels control
ground stability in the Dhl. Silicification along the eastern boundary of the NMR has
created silicified dolomitic limestone which is massive but extremely brittle and being
quarried as a sand source by nearby dwellers. Excluding phyllite levels and away from
the major fault zones, moderately weak to strong rocks constitute the essential part of
the Dhm. A 5 km long and open sided railway tunnel throughout the unit, has stood
stable for over 65 years. The Kbp has very widely spaced shear zones which are
mainly serpentinized. It includes medium to closely spaced joints and medium thick
layers and transits into serpentinite where approaching major thrust zones.

2. HYDROGEOLOGY

Ground stability is greatly affected from the presence of water. Hence seeps. springs,
streams, water supply wells, and swamps have been mapped and investigated in
detail. Discharge rates of springs and stream have been recorded at predetermined
intervals.

Faults. bedding planes, and folding can control the distribution and movement of
both groundwater and surface water to a certain degree. The TAGM alingment is
located along the Horu valley which drains very high and steep hillsides. Therefore, In
addition to the conventional hydrogelogical methods some site specific methods
(Yidmazer 1991 and 1992) were also adopted.

Permeability of fresh Mib, Dhm, and Kbs-Kbp is very low (<100 cm/sec) because
of a very high percentage of clayey rock levels, metamorphism, and crystallinity
respectively. Coarse grained Mib levels, postorogenically deformed zones in Dhm, and
Dhl have relatively higher permeability.

The Kp is a chaotic mixture of different lithologies which are diverse in origin,
Therefore, its hydrogeological properties show great variation from place to place. The
Dhl has noticeably high (>10-2 cm/sec) secondary permeability,

A shallow groundwater condition prevails in an extensive part of the Plg area. Marshy
to swampy grounds have formed at many localities in the Plg.

Seeps and springs are clustered along fault zones. They are the main causes of aclive
and potential slides particularly in the Qc. The Horu Creek and some of its tributaries
are perennial with varying discharge rates from 2 It/sec to 20 It/sec during the driest
period. Due to the NW- dipping monoclinal structure of the NMR., western side streams
are all perennial whereas eastern side rivers are seasonal (intermittent). Seeps and
springs are also densely distributed over the western side.
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1. INTRODUCTION

Engineering geology of a site is mainly govermned by stratigraphy, structural
geology, and hydrogeology of the surrounding area. Therefore, prior to engineering
design, each of these subjects should be studied and reviewed in detail. The
delineated area is situated along the stretch between stationings KM 190+000 - 240+000
(Fig.1).

The Nurmoutain Range (NMR) exhibits distinct monoclinal structures (Yilmazer and
Demirkol, 1992). The motorway crosses the NMR between the towns of Diizigi,
Bahge, and Komiirler. Tunnels and viaducts are essential clements of the motorway
along this stretch because of the highly dissected and the rugged topography and the
presence of potentially unstable grounds.

Geological units from west to east are; Plio-Quaternary aged terrestrial deposits
(Qt), Upper Miocene aged detrital sequence, conglomerate to claystone (Mib),
tectonosedimentary deposits (Kp) along the border zone of the Upper Cretaceous aged
ophiolitic melange (Kb), about 350 m thick conglomerate-siltstone alternation (Kk),
structurally 1.5 km thick serpentinite (Kbs), Devonian aged recrystallized dolomitic
limestone (Dhl), Metadetritics (Dhm) comprising mainly schist, phyllite, slate,
metaquartzite, and metaconglomerate alternation, silicified dolomitic limestone (Dhl),
serpentinite (Kbs), Peridotite (Kbp), and Plio-Quaternary lake-pond deposits (Plg).
Recent deposits such as Alluvium (Qa),Colluvium (Qc), and Talus (Qy) have
significant extents on both sides of the NMR.

Site-specific hydrogeological features in the corridor greatly influenced the design
of the motorway elements. Seeps, springs, shallow groundwater conditions, swampy
and marshy grounds, and streams could have been detailed out by surface geological
inspection and the review of all written information and local knowledge.
Interrelationships between groundwater and surface water conditions and the
influence of major discontinuities in hydrogeology have also been investigated
deliberately.

The Qt is characterized by dense (o very dense GM-SC and locally ML-CH materials.
The Mib consists of extremely weak mudstone to moderately strong sandstone layers,
Its contact with the underlying Kp is mainly tectonic. Numerous active and potential
landslides are observable along this contact. Megaolistoliths of limestone (Kpl)
which are being quarried as crushed rock, have moderately weak to strong property.
Deformed spilitic basalts (Kpv) have strength varying from very weak to moderately
strong. The Kk has medium {0 good quality. Massive to thick bedded conglomerate
levels constitute the majority of the unit. The tectonic contact with the underlying Kbs is
exposed at several locations. Abrupt changes in vegetation and the presence of springs,
seeps, and/or wet ground condition make this boundary distinct. The Kbs comprises

extensively sheared and intensely fractured serpentinites. The end bearing capacity is
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ABSTRACT: A 30 km long portion of the Tarsus - Adana - Gaziantep
motorway (TAGM) crosses the Nurmountain Range (NMR) between the towns Diizigi
and Kémiirler. It is the most difficult stretch of the TAGM. A proposed railway
alignment which is subparallel to the motorway , will take place in the same corridor.
The Design of such large engineering structures has to follow comprehensive
engineering  geological and geotectonical investigations. The NMR forms a
topographical obstacle (>1000 m) between the Cukurova and Hatay-Gdlbagi Basins
(<500 m). The presence of varous lithological units, numerous structural elements, and
very high seismicity have created a complex engineering geology. Since every
geological event undergoes adefinite system, available engineering features can be
assessed by detailed surface and subsurface investigation, past experience, and
engineering judgement.

Colluvium, talus, and alluvium constitute an essential part of the recent deposits
which have very wide spectrum of soil properties. Terrace and Lake deposits crop
out respectively at far western and eastern parts. They behave as soil and in places
poorly cemented very weak rock. A flyschlike Miocene unit overlies a tectono
sedimentary unit cosisting largely of deformed spilitic basalts and locally strong
limestone blocks. Serpentinite of poor quality rock type thrusted medium to good quality
recrystallized limestone and metadetritics. Moderately strong, medium widely jointed,
and in places layered peridotite is exposed in eastern part of the study area.

Tectonic contacts between successive units and in each unit, are well developed.
Monoclinal structures such as recumbent folds and high angle thrusts which are
striking NEN-SWS and dipping NWW are also clearly perceptible. The Geomorphology
and hydrogeology of the area are greatly influenced by those structural and tectonic
Sfeatures. A discontinuity survey over such a rugged and highly dissected morphology,
enables investigators to predict. and recognize a three-dimensional picture of
subsurface geologic conditions. To be acquainted with these features helps to locate
engineering structures properly andlor to find satisfactory solutions to the engineering
problems at the right time.
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problematic zones into consideration.

5. CONCLUSION AND RECOMMENDATION

Metamorphism of sedimentary rocks, especially pelitic types, creates an appreciable
increase in strength. Detrital rocks, such as claystone, shale, siltstone, mudstone and
sandstone mostly have grain type cement and they alter into slate, phyllite,
metagreywacke, and schist depending on the degree of metamorphism and chemical
composition of the their sedimantary equivalents. Strength parameters of these
metamorphic rocks are generally higher than that of the original sedimentary rocks.
Examples can be extended simply by field observation . A marble usually has higher
quality than limestone or other carbonates. Permeability decreases with metamorphism.
Thus, weathering is not effective especially away from the shear zones that favours
stability.

Preferred orientation of flaky, platy, prismatic and ellipsoidal minerals and /or grains by
the regional metamorphism creates unisotropy. Such unisotropy can only be important to
describe rock substance strength directionwise rather than rock mass property.

Strength of weak igneous rocks, such as a kaolinized granite through weathering or
hydrothermal alteration , may improve with metamorphism. However, strong and
massive igneous rocks (such as fresh andesite, peridoite and granite) may become
weaker due to preferred orientation of minerals and formation of talc and serpentine type
minerals especially in mafic rocks. Metasomatism (hydrothermal alteration) of ultrabasic
rocks yields serpentinite which is a poor quality rock. '

It can be recommended that the main rock (sedimentary, igneous and metamorphic)
types have to be identified properly even at the prepreliminary phase of large engineering
structure projects.
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firm texture, hence causes an appreciable increase in strength. Schistose texture is
comman in regional metamorphic rocks.But it is not persistent as the other discotinuitics
such as beds, faults, layers and shear zones. Most of the schistose rocks have massive
appearance due to amalgamation by metamorphic processes.

Geomorphology of the area reflects the difference in strength and resistance of
sedimentary and metamorphic units. The highest hills (2000m) are made of Dhm whereas
Mib forms lower altitudes (700m ). The Mib is much prone to weathering and mass
wasting processes. Thick slope wash deposits (Qc) are accumulated along toe of hills and
over hillsides. The Qc is generally characterized by CH material. About 80% of slope
wash deposit derived from Dhm consists mainly of gravelly-silty and clayey gravelly
material (Qt). The Qt can be utilized as good quality fill material. High shear strength and
free draining material can also be obtanined.

Fault zones which have formed before metamorphism could be amalgamated or
recemented with minerals to yield good quality rocks when subjected to high T-P and
hydrothermal activites. Post - metamorphic faults may produce extremely weak and well
sheared zones only in weak rocks such as phyllite, calcschist, and taleschist. However,
faults are so effective in detrital rocks. Thick fault gouge, breccia and mylonite may form
during and after faulting. CH-MH material is essential constituent in such shear zones.
The other discontinuities become impresistent with increasing T-P condition . Particularly
bedding planes become discontinuous when tight and drug folds are forming. High T-P
cause semi -plastic behaviour which is particularly important along hinges to prevent
intense fracturing and form minerals, generally quartz and calcite, in open discontinuities.
Sausage structures and boudins may make weak layers impersistent and bedding planes
rough and irregular.

Oxygenated groundwater is the main agent in chemical reactions (Oxidation processes)
which deteriorate rock quality. Many of aquifers become aquifuge throughout the
metamorphism. Thus, metamorphic rocks impede downward percolation of surface
water. However, postorogenic movements have caused some superimposed disturbances
along the previously formed thrust zones under low T-P conditions. Such zones gained
relatively higher secondary permeability. About 5.5 km long and approximately 70 years
old railway tunnel is still under use without treatment and dry except the northern and
portion which has been located a few meters below the bedrock surface. However,
numerous seeps are observable in a few hundred m long tunnels constructed throughout
the sedimentary units.

Main shear zones in terrains which have been subjected to tectonic movements and
suffered from erosion for longer periods can easily be recognized. Such weaker zones
commonly form saddles, gullies, toe of cliffs end other depression like morphologies.
Such zones can be mapped by geomorphological study, areal photography study and
geological survey. Then , engineering structures can be located properly by taking such
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(after Hunt, 1986).
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Claystone, mudstone and siltstone (Mib) : They are slightly to highly slakable. Clay
minerals (mainly illite), quartz and feldspars are essential constituents . When exposed to
atmospheric conditions, their engineering properties deteriorate rapidly due to high clay
content and poor grain type cement.

Sandstone and Conglomerate (Mib) : Cement is grain type. Durability depends on clay
content in the cement. Grains. (coarse sand- gravel) are subrounded to rounded and
approximately 95% derived from the Dhm and Dhl. Quartz, albite, orthoclase. tiny
muscovite grains and clay minerals constitute majority of the cement.

Phyllite (Dhmp) : Fresh ones are durable. Weathering is effective down to 10 m below
the ground surface and relatively deeper along the shear zones. Quartz, feldspar. micas
and in places talc are main constituents, Micas and feldspars are altered into clay mineral
(mainly illite) in weathered and altered levels. Such zones have a high slaking property.

4. ROCK PROPERTIES

Engineering properties of detrital rocks generally improve through metamorphism
(Fig. 3). Detrital rocks form by physical and chemical processes of open-system which
1s characterized by the mobility of interstitial fluids till the diagenesis stops. At this point
intercommunicating pore spaces are closed up and reactions of closed system start to
create a metamorphic suit (W inkler, 1976).

Clay minerals; such as illite, kaolinite, dehydrated hallosite and chlorite in decreasing
order, quartz, silt size mica, feldspar, and pyrite, are main constituents of pelitic rocks.
Irregular mixed-layer illite/montmorillonite alter into Al-rich chlorite, illite, quartz gnd
water throughout the diagenesis . However » the new assemblage is not stable. The
above reaction is reversible under atmospheric conditions or very susceptibie to
weathering and chemical reactions. Such rocks used as fiil material in embankments ,
usually creates settlement and/or slope failure (Shamburger et al., 1975).

Beyond the diageneis, by the increase of T-P , metamorphism commences and more
stable minerals start to form. For instance, kaolinite in the presence of quartz alter into
prophyllite ( Winkler, 1976). This mineral together with albite produces paragonite or
muscovite in the presence of potash feldspar. Mixed-layer clay minerals and smectite
yield metamorphic assemblage of paragonite, phengite and chlorite. They new
assemblage is more stable than the former. Pyrite in pelitic rocks, recrystallizes into
hematite and thus rebound crystals and grains to create hematite schist. Strength of shale
is incomparatively lower than that of its metamorphic equivalent schist or slate.
Furthermore, some mineral smay persist (o stay as they are with increasing degree of
metamorphism. But , crystal size increases to yield interlocked texture and smaller
specific surface (sericite enlarges into muscovite) and consequent reduction in chemical
reaction capacity. Optical continuity of original minerals during over growth yields more
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COLLUVIUM S Basically loose to medium Stiff hetercgeneous, and incoherent soil mass
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occasionally CaCO3. Majority consists of gravelly CH material.
Characterized by the alternation of sandstone, mudstone, siltstone,
claystone, fossiliferous mudstone, argillaceous limestone, and shale. It
has been intensely deformed by tectonic forces. Discontinuities are well
- | developed. Thick shear zones have formed. Bedding faults are occasionally
observable in extremely weak mudstone layers confined competent sandstone
layers. Rock substance strength has very wide range, from extremely weak to
strong, CL-CH type material exists in most of the discontinuities.
Medium thick bedded limestone, argillageous limestone, and sandstone-
claystone alternation consitutes majority of the unit. - _ 1]
R rtectonic assemblage of rock of diverse in origin and geologic age bound
in a matrix of mainly spilitic basalt fragments. Some huge slabs
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/¢| the mapped area. Limestone bedchunks bear medium gualitv rock mass
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It belongs to greenschist facies rocks and carries very weak rock strehgth
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Figurc 2. Generalized engineering geological columnar section.



clongated pebble shapes (Miller and Oertel, 1979). Oertel and Reymer (1992) have
studied perturbations of strain and rotation in nodular slate at three dimensional grid
pomts to recognize episodes of strain. Preferred orientation of phyllosilicate grains could
also reflect strain condition (Oertel, 1983). Such detailed investigations can only be
performed in metamorphic rocks rather than sedimentary rocks. The recognition of such
structural systems and contingent engineering geological features could enable engineers
to design appropriately.

2. STRATIGRAPHY

The study area comprises sedimentary, tectonosedimentary, tectonic and metamorphic
units. Generalized engineering geological columnar section is presented in Figure.2. Five
of the differentiated units are mainly concerned in this paper, namely Upper Miocene aged
Beyazev formation (Mib). Cretaceous aged Pinar formation (Kp), Karahasan formatin
(Kk) and Bahge formation (Kb), and Devonian (?) aged Horu formation (Dh). All have
tectonic contacts with each other.,

The Mib consists mainly of claystone, mudstone. siltstone. calcareous, and
fossiliferous mudstone, sandstone, and other detrital rocks in a lesser quantity. Extremely
weak to moderately weak layers constitute majority of the unit.

Deformed spilitic basalts, autobreccia, limestones, and some detrital rocks make up the
Kp. The main portion has been tectonically emplaced, where the rest deposited
tectonosedimentarily. Limestone is stronger than the other components which are very
weak to moderately strong.

The Kb comprises peridodite (Kbp) and serpentinite (Kbs) along the motorway, The
Cretaceous (?) aged Karahasan formation (conglomeratic sequence) overlies the Kb with
a tectonic contact.

The Dh embraces metadetritics (Dhm) and recrystallized and inplaces silicified dolomitic
limestone (Dhl). Hematite schist (Dhmh), Chlorite schist (Dhmc), Phyllite (Dhmp), Slate
(Dhms) are four distinguished beds in the Dhm. This unit has been described as a
sedimentary succession consisting of mainly shale, mudstone, siltstone, sandstone, and
conglomerate by Dean and Monod (1984), Yalgmn (1980); Yilmaz et al. (1984) and many
other former researchers. However, Demirkol (1988) mentioned about cleavage in the
Paleozoic unit which has been caused from metamorphism. Yilmaz et al.(1984) described
the ophiolite of the study area as metaophiolitic complex and suggested that the
metamorphism resulted from thermodynamic processes rather than hydrothermal
alteration.

3. PETROGRAPHIC STUDY

Numerous samples were picked up and thin sections have been prepared to define
metamorphic facies and to correlate mineral compenents of both Dhm and Mib .
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Upper Cretaceous time. At which time, dolerite dikes have intruded parallel to subparallel
10 the tectonic forces. Fresh sill outcrops are also observable. They do not show any
indication of metamorphism and ophitic texture peculiar to them easily distinguishable,
particularly in fiesh dolerites.

Orginal rock of slate naturally is either shale, claystone or mudstone. Shear strength
values of slate are incomparatively higher than that of original sedimentary rocks. Misuse
of rock names will definitely misleads investigator and designer of an engineering
structure. The following changes which are appreciable from engineering point of view,
may develop through metamorphic processes;

-Clay minerals, which are main causatives of ground instability, recrystallize into
relatively more stable minerals such as mica minerals, chlorite, chloritoid, pyrophyllite
and paragonite.

-Successive layers become amalgamated producing rough, irregular, andjor impersistent
bedding.

-All slippery discontinuities with CH material are sealed by means of recrystallization.

-Porosity and permeability become negligible. Metamorphic rocks, in genaral neither
Store nor transmit water.

-Tight folding and contortion under high pressure and temperature make discontinuities
tight and irregular.

Schistosities, in most cases, are discontinuous. Weathering is not much effective on
metamorphic rocks and the thickness of weathered zone is less than that of the original
sedimentary rocks.

1. INTRODUCTION

The main objective of this paper is to investigate the effects of metamorphism on
engineering properties of flyschlike deposits,mainly pelitic rocks. A few km wide zone
along the Tarsus-Adana-Gaziantep (TAG) Motorway between the chainages KM
190+000-225+000 (Fig. 1) have been stuidied. Approximately 70 years old railway and a
proposed railway alignment take place in the same corridor.

Discontinuity types and their characteristics, affected from metamorphism, have been
investigated. Miocene aged detritic rocks (Mib) and Devonian(?) aged metadetritics (Dhm)
were studied comparatively from engineering respect. Further information about the
engineering geology of the stretch is presented in Yilmaz, et al.. (1992a).

Numerous petrographic thin sections have been prepared to compare their mineralogical
contents and textures. New mineral assemblage and crystal development, overgrowth,
interlocking structures and preferred orientation in Dhm and their influence on
engineering properties of rock were studied.

Regional deformation can be recognized by detailed discontinuity survey investigation
of boudins (Sawson, 1991), strain analysis of cllipsoidal fabrics (Wheeler, 1986), and
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ABSTRACT : Northern middie portion of the Amanos mountains, which is called
Nurmountain Range (NMR), has been studied. A metamorphosed clastic sequence
(Dhm), thickened by overlapping arrangement of thrust sheets and recumbent folds, is an-
essential rock unit in the NMR. Structural thickness, in places , exceeds 7 km.
Recrystallized dolomitic limestone and serpentinite take place on both sides almost
symmetrically. They all trend in the direction of SWS-NEN.

A proposed railway and a motorway which is under construction cross this mountain
range and they are subparrallel to each other. Rock types, as well as stratigraphical
features and structural elements, have a great influence on engineering geology. Four
beds have been distinguished among the Dhm. These are Chlorite schist (Dhmc),
Hematite schist (Dmh), Phyllite (Dhmp), and Slate (Dhms). Metaguartzite, mica schist,
porphyroblastic schist, granoblastic schist, and metaconglomerate levels are also
observable in the sequence. A Miocene aged flyschlike deposit crops out at far western
portion of the study area. The nomenclature was done in relation with type locality and
major rock type.

In addition to well developed schistosity and slaty cleavage, the presence of cordierite,
sillimenite, prophyllite, andalusite, chlorite, biotite, clinochlore and some other
metamorphic minerals indicates that the unit has been subjected to low to medium - grade
dynamothermal metamorphism. Age of metamorphism is likely before the emplacement
of the Upper Cretaceous ophiolitic melange. However, the unit has undergone orogenic
forces which created superimposed schistosity, high angle thrusis, drag folds, well
systematized joints, and recumbent folds mainly along the main thrust zones during the
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failure occured in land inclined at only 6 degrees.

It is recommended that the liquefaction potential of sand deposits in the Erzincan plain
must be accounted for in the general planning  and design of construction projects in the
region.
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Figure 11. Settlement of fill material.

65



»

Figure 8. Lateral translation caused fracturing of retainin
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Figure 7. Tilting of retaining wall.
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a considerable depth of water accumulated at the site. 1t is reported that the railway
embankment had to be raised by 0.5 m locally and evidence was noted at structural
damage to a tunnel through the embankment (Fig. 6).

According to the local people there were numerous other examples of liquefaction
following the earthquake although many features were SO0n destroyed by farming. It was
reported that in Ulukoy village located 15 km southeast of the epicentre, a number of
local houses tilted through an angle of 510 10, and out-flow of sand and water was
observed along the small irrigation canal running through the village.

3. SITE 2 EKSISU

At Eksisu, 6 km northeast of (he epicentre, natural springs are bottled by the local
mineral water company for marketing. Ground water levels are close to the surface.
Several retaining walls in the vicinity and the car park suffered major damage during the
earthquake due {0 liquefaction of backfill exerting higher lateral pressure on the walls.
Tilting and lateral displacements of walls was associated with severe ground cracking.

Movement of retaining structurcs occurred over a length of 50 m. Retaining walls
which are typically of a 1.5 m high gravity boulderwork structure had their lower
sections locally tilted outward (Fig.7). Elsewhere Jateral translation caused fracturing of
the retaining wall with associated tension cracks in the backfill (Fig. 8).

The major cracks across the car park trended N50° W although this direction probably
related local failure mechanisms and topography rather than any association with the
North Anatolian Fault which runs close by and with a smilar strikes (Figs. 9 and 10).

4. SITE 3 TANYERI
The third site is located 45 km southeast of Erzincan, next 1o the highway between

Erzincan and Erzurum, at Tanyeri Railway Station. At this location, compaction of
alluvial material used as backfill to the basement of a three storey building occurred
causing concern to residents. The ground settled by approximately 10 cm around the
building which otherwise showed 1o significant damage (Fig. 11). According to the
residents the 2 m basement is dry and no signs of water outflow were observed. It can be
concluded that the settlement was simply the result of ground shaking causing
densification of loose backfill.

5. CONCLUSION
Evidence of liquefaction and ground settlement were observed at various locations in the
Erzincan plain following the earthquake of March 13th 1992. Liquefaction occured in
saturated silty sand, due to increase in pore water pressurc. Sand vents sometimes
surrounded by sand rings provided evidence of water outflow and numerous ground
fractures accompanied the sinking of the ground surface. Some remarkable discrete
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Figure 3. Discrete slump due to liquefaction.

(A) Ground sinking 30cm at rear tension
scarp. (B) Ground rising 30 cm at (oe,
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Figure 1. Location map showing 13 March 1992 Erzincan carthquake epicentre, and sites

of liquefaction and setflement.

Figure 2. Slumping of highway embankment.
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1. INTRODUCTION

The epicentre of Erzincan earthquake 13 March 1992 (Ms = 6.9) was located in the
Erzincan plain at 39.705° N latidude, 39.549 °E longitude and 28 km depth according to
the Geological Survey of United States (Fig.1). A maximum acceleration of 0.49g was
rocorded in the East-West component at the Meteorological Observation Station in
Erzincan by the Earthquake Research Department of the Ministry of Public Works and
Settlement, Ankara.

It is well documented that under earthquake loading some soils, especially loose
sands, may densify, and that, where saturated, pore water pressures may develop
causing a total loss in shear strength (see Ambraseys, 1985; Dowrick, 1987; Seed,
1987- Vaid et al., 1990; Berrardi et al., 1991 and Tuttle & Seeber, 1991). Following the
Erzincan eartquake, evidence of liquefaction and ground settlement were observed at
several sites in the Erzincan plain within 40km of the epicentre (Fig. 1). The
liquefied sites were all underlain by flood plain alluvium which mainly comnprises sand,
silt and clay with lateral transition into other alluvial deposits of the Erzincan plain,
such as river bed and braided river alluvium, and alluvial fans controlled by faults
(Kogyigit and Tokay, 1985). Sixty-two borcholes and thirty-four drainage wells were
drilled between 1960 and 1971 in the plain by The State Hydraulic Works (0 a
maximum depth of 275 m. The nearest borehole 10 major liquefied site recorded mainly
silty and gravelly sand deposits (0 a depth of 217 m (Tuzcu and Cuhadar, 1981). No
indication is given of in situ density. Artesian wells occur throughou: the Erzincan plain
as well as a hot spring close to the recent epicentre.

2. SITE 1, 35 km SW of ERZINCAN, 5 km SW of AVCILAR

During a recoNnaissance survey just after the Erzincan carthquake, several fracturces
were observed cutting the highway where constructed on alluvial deposits between
Erzincan and Erzurum, approximately 35 km southeast of Erzincan. The highway
embankment had slumped severely with associated longitudinal cracking (Fig.2) and
this is attributed to liquefaction of the weak foundation alluvial deposits. On the south
side of the highway, a number of cracks, 5 to 10 cm wide, more than 10 m in length,
and trending N45°W, were observed. Similar cracks were also found locally within
an arcaof 2km?”

The most remarkable fractures observed occurred between the railway and the
highway. One discrete perfectly elliptical slump approximately 11 m in length and 7 m
wide was found in ground inclined at only 6 degrees. The ground had simply rotated on
an axis sinking 30 ¢m at the rear tension scarp and rising 30 cm at the toc (Fig.3). Many
of the fractures showed evidence of the upwelling of sand as illustrated in Fig.4. Rings of
sand 5-20 em in diameter and 10-20 cm thick formed as a result of upward flowing water

were found adjacent to the the railway track (Fig.5). Following settlement of the ground
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SETTLEMENT AND LIQUEFACTION DUE TO THE MARCH 13, 1992
ERZINCAN EARTHQUAKE
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ABSTRACT: Following the Ms =6.9 Erzincan earthquake of March 13, 1992 with its
epicentire in the Erzincan plain, evidence of soil setilement and soil liquefaction due to
ground-shaking were observed in alluvial areas close to the epicentre.

Three sites are described where sand boil deposits, ground cracks, sinking of the
ground surface and settlement-related damage to buildings and retaining walls were
observed. The material that liquefied during the earthquake is a dark grey silty sand.
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indicating a degassing of an open system. Moreover, the relatively high REE
contents with a maximum of .15 percent can be derived from the occurence of F-apatite
(Ozgiir et al.. 1990). The remarkable similarity of the REE patterns suggests a common
petrogenic origin for the whole rock spectrum of the volcanic sequence (Ozgiir et al.,
1990; Capaldi et al., 1972),

4. CONCLUSIONS

As a result of formation of the plate tectonic event which is comnected with the
Afro-Arabian plate being subducted under the Euro-Asiatic plate the volcanism
began in central Anatolia in Paleocene continuing up to Quaternary (Ercan, 1986:
Innocenti et al., 1975, 1982).

The volcanic activity in the Goleiik area with its Lower Pliocene age represents one of
the youngest events in central Anatolia. The development of volcanism which shows a
sodic alkaline character may be divided into three stages: tephriphonolites (stage 1),
pyroclastic series (stage 2), and trachyandesites and trachytes (stage 3). In accordance
with this succession the volcanic rocks indicate a magmatic differentiation suite (Ozgiir
et al., 1990).

By their high F-contents, the volcanic rocks in the Gélciik area are distinguished from

the sedimentary rocks which can be lead to different mineral phases as determined in
thin sections. There is a close correlation between F and P»0s which indicates that
the F-contents in the volcanic rocks are controlled by the mineral phase fluorapatite
generally. A remarkable relative F-depletion from the basic towards the acidic rocks
shows a trend to increasing degassing during the different stages. The important F
portions must be discharged during fumarolic activity.
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glassy groundmass. Compared with other volcanic rocks, an important portion of
fluorine in the pyroclastic series may also attributed to the glassy groundmass (Fliihler et
al., 1982), because this rock type contains up to 90 percent glassy groundmass.

F-contents in trachyandesite lavas (stage

3) reach arange from 240 to 3200 ppm and a

background value of 1415 ppm, which can be also linked to the various minerals phases,
i.e fluorapatite, biotite, homblende, and pyroxene. The trachyte lavas (stage 3) have
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Fig. 4. Close correlation between F and P20s in various volcanic rocks of the Golciik
area.

fluorine contents in a range from 150 to 2425 ppm and a background value of 933
ppm. These high F-contents may be derived from the above mentioned mineral phases
in these rocks.

There is a close correlation between F and P»Os contents in the volcanic rocks
generally which can indicate the geochemical role of the microscopically determined
fluorapatite as one of the important F-carriers (Fig. 4). Furthermore, F-contents display
a depletion from basic towards the acidic rocks as a novelty of our investigations, which
is contradictory to a common magmatic differentiation process. It can be attributed to a
discharging of fluorine during fumarolic stages subsequent to the volcanic eruptions
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3. FLUORINE IN VOLCANIC ROCKS

" Fluorine contents in the volcanic rocks of the Golciik area range from 30 to 3200 ppm
and show a background value of 1000 ppm (Fig. 3), which can be attributed to different
F-bearing minerals, i.e. pyroxene, homblende, biotite, F-apatite, fluorite, and glassy
groundmass, in the volcanic rocks (Ozgiir et al., 1990). .

The xenoliths with their rare occurences have fluorine contents in arange from 1710
to 6750 ppm, which are without relevance for hydrogeochemical problems (Ozgiir
et al., 1990). These high fluorine contents are related to the intensity of the mineral
phase of fluorapatite, as observed microscopically (Ozgiir et al., 1992, inpress).

The tephriphonolite lavas (stage 1) are distinguished by the F-contents in a range
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Fig. 3. Range and background values of fluorine in various volcanic rocks of the Goleiik
area.

from 1260 to 1820 ppm and a background value of 1635 ppm, which are identical with
the fluorine contents of the alkaline phonolite of the African rift systems (Kokubu,
1956). They can be attributed to the mineral phases of fluorapatite, biotite, hornblende,
and pyroxene. The pyroclastic series (stage 2) shows fluorine contents in a range from
30 to 2650 ppm and a background value of 1030 ppm, which are identical with the mean
value of 1000 ppm of the alkaline pyroclastics (Kokubu, 1956). The F-bearing minerals
in the pyroclastic series are F-apatite, biotite, homblende, pyroxene, fluorite, and
52



1983) and shows an alkaline character (Fig. 2).

The volcanic rocks consist of lava flows and pyroclastic rocks. As a result of the
development of the graben systems, the basic tepriphonolite lavas intruded into the
space of the recent Golciik lake-accompanied by local eruptions (stage 1) (Ozgiir et al.,
1990). Subsequently, they have been eroded intensively. Around the center of the
recent Golciik caldera, a strong volcanic explosion took place (stage 2). Products of this
stage are greal masses of [riable tuff (150 m), ignimbrite (20 m), and pumice
deposition (10 m) dominating the recent landscape. Isolated extrusions of
trachyandesites and trachytes have been taken place at various localities in the center and
the surrounding area of the caldera (stage 3). They are presented as vents, dikes,
and volcanic domes proving that the trachyies are always the latest volcanic event.
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Fig. 2. Alkaline character ol the Gdlciik voicanic rocks according to the o b siisation

schema of (Irvine and Baragar, 1971).

Primarily, the volcanic rocks consist of varying censtituents of Na (K)-sanidine,
oligoclase, pyroxene, biotite, hornblende, pyroxenitic xenoliths, glassy groundmass,
and minor quantities of F-apatite, fluorite , and sphene commonly. Morcover, the
tephriphonolite contain augite and nepheline additionally. As F-carrier in the
investigated volcanics, pyroxene, hornblende, biotite, F-apatite, fluorite, and glassy
groundmass can be considered.
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1. INTRODUCTION

The Golciik area, located in the SW part of Isparta (Fig.1), represents a post
t~ctonic Neogene volcanism upon a Mesozoic paleorift (Poisson et al., 1984), the so
called Isparta angle between Lycian and Hadim-Hoyran-Beysehir nappes. In central
Anatolia, an extensive volcanic activity took place at least as early from Paleocene
through Quaternary (Ercan, 1986) as a result of formation of the plate tectonic event
which is related to the Afro-Arabian plate being subducted under the Euro-Asiatic plate.
The volcanic rocks of  the Goleilk area belong to a Pliocene sequence.

~/
GoLcUK

[]STUDY AREA \ T

Fig. 1. Location map of the Golciik arca and its environs

The aim of this paper is to elucidate the origin and the distribution of the fluorine
contents in various volcanic rocks of the Golciik area, because the fresh water regime in
this area is characterized by unusually high F-concentrations (Ozgiir et al., in press,
1992).

2. GEOLOGIC SETTING

The Triassic through Upper Cretaceous Akdag-limestone and the Upper Cretaceous to
Lower Tertiary volcano-sedimentary series constitute the basement rocks in the -
investigated area as allochthonous. They are transgressively overlain by marine
clastic series of Eocene and conglomerate of Oligocene age. The volcanic sequence
is of Lower Pliocene age (4.07£0.20 to 4.7 0+0.50 Ma by K-Ar method) (LeFevre et al.,
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ABSTRACT: From Paleocene through Quaternary, an extensive volcanic activity
took place in central Anatolia which is related to the Afro-Arabian plate being
subducted under the Evro-Asiatic plate. The volcanic rocks of the Gélciik area belong
0 a Pliocene sequence and represent a post tectonic volcanism upon a Mesozoic
paleorift in the entire Taurides margin. The investigated area consists of sedimentary
and volcanic rocks. As allochthonous, the Triassic through Upper Cretaceous
Akdag-Limestone and the Upper Cretaceous to Lower Tertiary volcano -
sedimentary Sseries constitute the basement rocks in the area. The volcanic rocks are
tephriphonolite (stage 1), pyroclastic series (stage 2), and trachyandesite with trachyte
(stage 3) as vents, dikes, and volcanic domes, They indicate a sodic alkaline character.

As F-carriers in the volcanic rocks, pyroxene, hornblende, biotite, fluorapatite, and
extreme small fluorite crystals can be considered. Additionally, the glassy groundmass
can be added 1o the F-bearing minerals. The fluorine contents in the volcanic rocks show
a close correlation with P05 and are controlled by fluorapatite consequently.
Furthermore, it is a novelty that the F-contents display a remarkable depletion from
basic towards the acidic rocks which can be linked to discharcing of the F portions
during fumarolic stages.
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Fig. 3. As a conclusion, MgO in the carbonate fraction, Fe;O3, V, Cr, Ni, Zn, Zr, Pb and
U concentrations go up and give a peak at the C/T transition or near parts of transition.
The differences in the metal element contents are related to the ratio of mafic/felsic
minerals in the some stratas of Maastrichtian and Danian. A number of authors (Kyte et al,
1980; Smith et al, 1984; Gilmore et al, 1984: Brooks et al, 1984; Bohor et al., 1986/387;
Schmitz. 1988 : Schmitz et al, 1988; Zhou et al, 1991) suggested that some of the trace
elements and especially Ir anomalies were the evidence of meteoridimpact hypothesis of
Alvarez et al. (1980). The data in the study area seem (o support the asteroid theory.
However, detailed clues about C/T boundary will be able to provided by using advanced
techniques in the future.
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3. MINERALOGY AND GEOCHEMISTRY

Carbonate rocks composed of calcite from 62 t0 99% in the 1¥dir formation. Calcite is
unique carbonate mineral in the Maastrichtian and Danian . Dolomite appears at the C/T
transition and its amount ranges between 10 and 35%. The importance of this mineral for
determination of C/T transition was emphasized at the Hekimhan basin (Bozkaya et al,
1991) and the Tecer formation (Yalgm et al, 1992). Non-carbonate minerals as generally
silicates and Fe-oxides are 1 to 38% in the carbonate rocks. The abundance order of these
minerals as follow; quartz, K- feldspar (orthoclase and sanidine), epidote (zoisite,
clinozoisite), clinopyroxene (augite, diopsite), Fe-oxides (goethite, pyrite), clay
(Fe-chlorite, illite, smectite), mica and plagioclase. While all the above minerals have been
observed in the Cretaceous series, quartz and K-feldspar were found more than others in
the Paleocene. This situation points out that epiclastic transportation is more widespread in -
the Cretaceous than Paleocene. The amounts of quartz and K-feldspar, particularly
goethite increase at the C/T transition. In addition, Fe-chlorite and illite are more abundant
in the Cretaceous, simectite in the Tertiary rocks.

On the other hand, chemical analysis results of non-carbonate fractions are given in
Table 1 and 2. The vertical distributions of some major and trace elements are presented in

Table 2.Chemical analysis results of carbonate fractions

Maastrichtian Transition Danian
Sample CM-12 Cm-13 CM-15 CM-16 CM-17 CM-18 Cm-19 Cm-29
% MgO 1.21 0.76 1.35 1.01 5.14 2.26 0.74 0.99
ppm
Li 1 1 1 1 1 1 1 1
Na 290 279 312 235 248 268 200 145
K 286 373 335 112 147 220 229 153
Cr 18 9 10 15 16 21 15 21
Mn 78 90 75 67 65 40 30 32
Fe 1546 440 1677 1046 1620 718 505 461
@] 39 31 29 30 24 26 20 27
Ni 237 123 218 197 53 52 62 53
Cu 7 11 5 4 6 6 6 6
Zn 29 73 96 66 60 48 50 47
Sr 1014 1209 959 907 725 887 1028 796
Pb 64 63 a7 58 38 37 37 37

%Soluable 96.54 62.02 87.29 96.94 95.56 98.53 98.26 96.07



Table 1. Chemical analysis results of non-carbonate fractions.

Maastrichtian Transition Janian
% Oxide CM-6 Cm-7 CM:§ CM-10 CM-11 CM-12 OM-13 CM-15 CM-16 CMA7 CM-18 CM-19 Cm-:20

Si02 51.72 52.93 58.61 77.31 52.05 55.40 61.73 52.15 40.79 36.57 48.92 34.32 53.36
TiO2 0.77 023 032 040 0.28 055 0.83 0.69 0.98 0.75 079 0.27 0.88
AloO3 16.56 18.87 19.27 11.54 16.19 17.92 17.42 15.44 12.14 11.54 16.14 9.51 16.45
FepO3(+)8.18 1.87 2.54 425 4.58 9.36 3.52 6.17 26.84 36.11 12,82 4.03 12.82
MO 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.01 0.01 0.01
MO 243 220 271 039 1.45 211 1.91 1.05 1.24 1.53 236 1.71 1.79
Cx0 0.77 1.11 1.4 053 3.70 105 060 235 0.95 1,07 2.68 10.35 1.70
NagO 0.28 0.18 0.17 020 0.18 024 0.61 0.57 0.23 0.17 020 0.14 025
K20 g.02 803 876 1.15 B.46 978 9.59 B8.47 662 495 6.42 2.83 855
P205 0.04 0.03 0.04 0.14 0.04 005 003 008 0.11 0.14 0.07 0.05 0.05
LOI 8.80 13.70 5.09 358 11.70 215 2.45 11.70 9.50 6.03 810 3532507
TOTAL 98.60 99.16 98.98 99.50 08.64 98,62 98.71 98.68 99.43 08.87 98.51 98.54 98.93

ppm

Li 30 37 16 18 21 20
v 113 658 70 69 67 101 117 205 241 207 142 61 152
Cr 111 74 83 19 112 136 136 402 525 265 321 68 228
Co 6 6 6 6 1 8 12 24 39 12 45 4 4
Ni 2 14 2 2 2 2 2 2 39 71 51 2 38
Cu 35 35 32 57 30 32 42 38 32 37 53 32 37
Zn 95 80 82 80 71 89 76 66 71 130 236 68 73
Rb 117 95 99 87 77 102 111 99 56 56 128 69 95
Sr 51 165 111 1916 60 60 111 218 30 15 26 72 15
¥ 27 27 27 27 27 27 27 27 27 27 27 27 27
Zr 159 56 71 208 61 102 193 97 59 45 119 70 87
No 23 19 20 21 20 20 24 22 21 20 23 20 21
Ba 486 0915 654 242 413 706 626 352 250 236 307 208 238
Pb 68 56 50 33 61 91 42 140 503 356 58 53 78
Th 9 7 7 8 2 6 7 9 7 6 2 10 9

U 6 11 6 12 12 3 46 8 16 . 17 70 18 8
Lol = Loss on Ignition (1000°C), Fes0s (+) = Total Iron
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Physical, sedimentological and tectonic changes have never been seen at the C/T
transition of the 13dir formation. The C/T transition is firstly detected with fossils (Fig.
2), after that mineralogical and geochemical clues are correlated and interpreted with
biostratigraphic resulss.

Two associations of benthic foraminifers were recognized in the [dir formation. In the
lower part, Association I comprising Orbitoides medius (A'ARCHIAC), Orbitoides
apiculatus gruenbachensis PAPP, Omphalocyclus macroporus (LAMARCK),
Hellenocyclina beotica REICHEL, Siderolites calcitrapoides LAMARCK, Lofiusia minor
COX. Smoutina cruysi Drooger and Laffitteina aff. marsicana FARINACCI is present.
These fossils indicate the Upper Maastrichtian age at the reefal facies of eastern part of
Neo-Tethys (Neumann, 1958: Villatte, 1962; Bronnimann et al., 1962; Tambareau. 1972;
Merig, 1985; Caus et al., 1986; Caus, 1988). Two microfacies such as packed biomicrites
and fossiliferous intramicrites were distinguished in these levels of Upper Maastrichtian
(plate I, 1-2). Textural nomenclatures were made according to Folk (1968) classification.
Microcrystalline calcite matrix is the most dominant orthochem in the carbonate rocks, but
recrystallization of sparry calcite cement are also at times common. Packed biomicrites
contain abundantly Association I of foraminifers (90 %), whereas it is rare (10 %) in the
fossiliferous intramicrites.

Association I of foraminifers are not generally preserved at the C/T transition, which is
5 m in thickness. These beds cover biosparite with about 80-90 % rudist shell fragments
and poorly washed biosparite.

Association II of benthic foraminifers including Dargeniopella sp. (plate 1, 3). Cuneolina
ketini INAN (Plate 1, 4), Laffitteina aff. Lecalvezae RAHAGHI, Idalina aff. sinjarica
GRIMSDALE, Moncharmontia §p. appears al the beginning of Paleocene. This
association is typical by the abundance of Laffittenia in the biomicrite with mollusca (Plate
I, 5) and biomicrite with intraclast (Plate I, 6). This fossil was supposed as a new spccies
and liken to L. le calvezae for the present. The upper facies of Danian consists of
biosparite with intraclasts that is associated with foraminifers of Associated II, al gae and
bryzoa (Plate I, 7).

As a result, the benthic foraminifers of Association I show that the environment is
characterized by shallow, warm marine, surrounding of reef and main reef in the
subtropical climate conditions (Dilley, 1971). Both the deficiency of algae ratio and
sometimes the increasing of sparry calcite cement remind the back of reef environment.
The locations of decreasing of Association I foraminifers and increasing of intraclast ratio
are considered as tidal environments. Laffitteina is the most dominant benthic foraminifer
in Association II. This genus points out the restricted shelf-lagoon with high salinity
between terrestrial and marine environments (Caus et al. 1986; Serra et al, 1990).

In that case, it exists a marine regression which is converted into back reef and tidal flats
in the Maastrichtian, lagoon in the Paleocene.
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1. INTRODUCTION

The study subject is the I¥dir formation, which is located between Resadiye and
Koyulhisar on the Northern Anatolian Fault Zone (Fig. 1). This unit was first described
and named by Terlemez and Yilmaz (1980) as I¥dir limestone member of Resgadiye
formation. They reported that it was deposited in neritic environment in Maastrichtian
(Toprak et al, 1989). Also defined the unit as very shallow marine environmental and
dated as Maastrichtian. In spite of these ideas, Igdir formation is aged as Upper
Maastrichtian-Lower Thanetian by Inan et al.( 1992). In the present study, the C/T
transition was paleontologically determined and lithological, mineralogical-geochemical
differences in this transition are investigated.

T T T
i iy N I R —
STVA! N oz
® ¢ 30 :
ANKARA b T 1
I s == i 30' i
0 25 z
> Mesudiye VRS M e s e e
m I I I
I I I 1 |
T I I I
Resadiye
: CanakKkaya® vv
Koyulhisar — L R ——
I I )
SR
— V=V —y=-yZy>D
0 . ! V—V—v —vZy_y_ys <y 0 ', 5004
km SIVAS —V=V—V—V—V—V—Y—y—y_y—y

A oq]Koyulhisar formation Igdir formation ' ; ;
(Ptiocenz-@uaternary) (U.Maastricht-L.Thanet.) EI Section location
Erdembaba formation Kapakli formation
—_Y—

(Pliocene) (Santonian-L.Maastrichtian)

Figure 1. The location and simplified geological map of study area.

2. STRATIGRAPHY AND PALEONTOLOGY

Igdir formation conformably overlies the Kapakli formation, which is represented by
limestone, marl, tuff, agglomerate, sandstone, siltstone, claystone altemations. This unit
is Upper Campanian-Lower Maastrichtian age according to Seymen (1975), and Upper
Santonian-Middle Maastrichtian age to Toprak et al.(1989). Stratigraphical sequence
continues with G6lkdy formation of Paleocene age, which is composed of limestone,
clayey and tuffaceous limestone, tuffite and sandstone alternations (Motorcu, 1980).
However, Inan et al.(1992) stated that Golkoy formation which has vertical and lateral
transition with Igdir formation is Danian-Lower Thanetian age.
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the carbonate fraction and Fey 03, V, Cr, Co, Ni, Zn, Zr, Pb, U in the non-carbonate
materials give considerable anomaly.
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continental crust. The samples taken from Kaynarca-I well also show similar features
towards depth.

6. ACKNOWLEDGEMENTS
We give our thanks to all people who worked at various stages to complete this study
and to the M.T.A General Directorate.

7. REFERENCES

Akyiirek, A.and Soysal, Y. Kirkagag, 1978. Soma (Manisa), Savastepe, Korucu,
Ayvalik (Balikesir), Bergama (Izmir) Civarinin Jeolojisi. MTA Rapor No: 6432, Ankara.

Ercan, T., Giinay, E., Cevikbag, A., Ates,M., Tiirkecan, A., Can, B., ve Erkan, M.,
1984. Dikili-Candarli, Bergama ({zmir) ve Ayvalik, Edremit, Korucy (Balikesir)
Yérelerinin Jeolojisi ve Magmatic Kayaclarin Petrolojisi. MTA Rapor No:7601, Ankara.

Ercan, T., Satir,M., Kreuzer, H., Tiirkecan, A., Giinay, E., Cevikba,v, A., Ates, M.,
Can, B. 1985. Ban: Anadolu Senozoyik Volkanitlerine Ait Yeni Kimyasal Izotropik ve
Radyometrik Veriler Yorumu. T.J K. Biilt., 28, 2, 121-137.

Gottini, V. , 1968.The TiOz Frequency in Volcanic Rocks. Geol. Rdsch., 57, 930-935.

Irvine, T.N. and Baraagar, W.R.A. 1971. A Guide to the Chemical Classification of
the Common Volcanic Rocks. Can. Jour. Earth Scien., 8, 523-548.

Kuno, H., 1960 .High-Alumina Basalt. Journal of Petrology, 1, 121-145.

Macdonald, G. A. and Katsura, J.,1964. Chemical Composition of Hawaiian Lavas.
Journal of Petrology, 5, 82-133.

Miyashiro, A.,1975. Petrology and Plate Tectonics. Rev. Geophys. sp. Phys., 13,
94-98,

MTA-JICA, 1987.The Pre-Feasibility Study on the Dikili-Bergama Geothermal
Development Project in the Republic of Turkey. Progress Report II, MTA, Ankara.

Yilmazer, S., Gevrek, A. I, Siinger, Z., Cetiner, L., 1990.. Izmir-Dikili-Kaynarca
Jeotermal Sahast Kaynarca-I, Derin Jeotermal Sondaji Kuyu Bitirme ve Degerlendirme
Raporu. MTA, Ankara .

38



The chemical analysis of 12 samples from the geothermal area have been done in the
laboratory of M.T.A . According to the alcaline-silica diagrams of Irvine and Baragar
(1975), Macdonald and Katsura (1964), Kuno (1960) and the Si07 - FeO/MgO diagram
of Miyoshiro (1975), the andesites are of calcalkaline character. Also Rittmann indice is
less than 4.

According to the diagram showing relationships between logarithmic values of Rittmann
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Figure 6. Gottini (1968) diagram of the volcanics

and Gottini indices, the andesites are of sialic origin.

According to geochemical studies of Ercan et al. (1985) on 22 samples outcroping at
Ayvalik, Edremit, Dikili, Bergama, Soma, Bigadig, Kepsut, Sindurg, Gordes, Demirci,
Kula, Denizli and Soke in Western Anatolia, the whole volcanics except Kula and Denizli
are of calcalkaline character and have been occured from anatectic melting of the
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Samp.No. | v 3 4 5 6 7 8 9 10 11 12
Depth K-1050 K-1063 K-113 K-588 K002 K753 K-1083 K-1046 K-1047 K-1379 K-001 K-102

Si0, 626 634 633 660 650 591 630 635 607 598 629 644
AlLO3 125 108 160 132 160 112 115 149 147 158 159 163
FeyO3 61 58 52 48 46 358 52 42 63 ST 54 55
FeO 400 345 086 172 057 200 330 3.16 445 287 086 0.58
MnO 01 01 01 01 01 01 01 0 01 01 01 01
MgO 248 265 122 142 120 260 275 152 265 170 225 0.92
Ca0 3.85 440 400 285 340 500 480 320 350 425 4.80 3.60
NayO 090 090 4.00 060 390 040 0.60 090 060 330 340 3.75
X,0 410 390 360 325 375 580 375 4.60 400 3.25 350 3.70
TiO, 04 04 04 04 03 04 04 03 04 04 04 04
P,0s 02 03 02 02 02 04 02 02 02 02 02 02
AK. 465 727 183 699 092 950 7.50 6.00 677 572 100 095

Bittmann
Indice 1.27 113 284 06 266 2 094 147 119 255 239 259

Gottini
Indice 29 247530 315 4033 27 2725 46.66 35.25 30.5 31.25 31.37

Table 1. Major element chemical analyses and Rittmann-Gottini index of Kaynarca-I
volcanics (Only Sample No: 5 and 11 were taken from out-croup)

between 0.6-2.84. Roughly, if Rittmann indice is less than 4, the lava is of calcalcaline
character (Ercan et al.,1984).

According to the diagram showing relationships between logarithmic values of Rittmann
and Gottini indices (1968), the volcanics are of sialic origin (Fig.6).

Summarizing the geological data, the volcanic rocks were determined as calcalkaline and
of sialic origin. '

S. CONCLUSIONS

Kaynarca-I geothermal exploration well was drilled in Dikili-Kaynarca (IZMIR)
geothermal area to a depth of 1500m. As a result of the petrographic studies,
biotite-hornblend andesite and pyroxene-biotite-hornblend andesite have been confirmed
as Yuntdag-IIl volcanics. The underlying Demirtag pyroclastic rocks consist of
agglomerates and tuffs. Yuntdag-I volcanics contain alterated andesite.
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Petrography of Yuntdag-I volcanics

The petrographic studies of the Yuntdag-1 volcanics were carried out on the samples
K-001, K-1047 m, K-1347 m and K-1379 m.

Primary structures of the phenocrystals and the ground-mass are lost in Yuntdag-I
volcanics by tectonics processes and alteration. The ground-mass has been alterated into
clay minerals, calcite, silica and chlorite. The traces of microlites occasionally can be
seen.

The mineralogical composition of alterated andesite is given as following :

Plagioclase : 50 % of the thin-section is composed of plagioclase crystals are almost
completely alterated into calcite, sericite, chlorite and silica with some relicts.

Amphibole : Amphiboles form about 20 % of the thin-section. The subidiomorph or
idiomorph crystals have been partly alterated into silica and magnetite.

Pyroxene : They only exist in thin-sections of sample K-001m. The subidiomorph or
xenomorph pyroxene crystals have been slightly transformed into magnetite along edges.

Biotite : Biotite forms approximately 10 % of the rock. They observed either as
phenocrystals or as small crystals. Some of them have been transformed into magnetite
along edges or cleavage traces.

Accessory minerals : A small amount of apatite appears as minute six-sided
prismatic crystals or short prismatic crystals. Also, there are a few short prismatic zircon
crystals.

Magnetite : A small amount of magnetite crystals shaped idiomorph, subidiomorph or
xenomorph. Also some of mafic minerals have been partly alterated into magnetite.

Secondary silica and secondary calcite : The rocks contain some cracks and fractures
which are usually filled with secondary silica or calcite.

4. GEOCHEMISTRY OF VOLCANIC ROCKS

In the geochemistry laboratory of M.T.A chemical analyses have been done on 10
samples which have been taken from Kaynarca-I well and 2 samples which have been
collected from outcrops in the study area. The chemical analyses results are listed and
Rittmann-Gottini indices are given in Table.1.

The volcanic rocks indicate a calcalkaline character by using the alkaline-silica diagram
of Irvine and Baragar (1971), Macdonald and Katsura (1964), Kuno (1960) in Fig.4.

The volcanic rocks were also established as calcalkaline by using the SiO2 -FeO/MgO
diagram of Miyashiro (1975) in Fig.5.

They also show calcalkaline characteristic according to Rittmann indice changing
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3. PETROGRAPHY CF VOLCANIC ROCKS
Mineralogic-petrographic investigations were carried out on samples of Yuntdag-III
volcanics, Demirtag pyroclastic rocks and Yuntdag-I volcanics.

Petrography of Yuntdag-III volcanics

Petrographic studies of Yuntdag-III volcanics are carried out using samples from
different depths (102m, 113m, 167m ). They have been classificd as biotite-hornblende
andesite and pyroxene-biotite-hornblende andesite according to their mineralogical
composition. ’

Plagioclase : 55 % of the thin-section is composed of plagioclase crystals which occur
cither as phenocrystals or as microlites. The plagioclases are generally subidiomorph,
showing zoning, albite twinning and internal alteration by clays. Some of the plagioclase
crystals contain amphibole and biotite crystals. Most of them show cracks, sometimes
filled by ironoxide. They have andesinitic composition,

Amphibole : Amphiboles forms about 20-25 % of the rock. They occur cither as
lath-shapped crystals or as small crystals. Amphibole crystals are usually subidiomorph
or idiomorph. Most of the amphibole crystals show cracks. They are often surrounded or
replaced by magnetite. Also some of them show alteration into chlorite and talc.

Biotite : Biotite forms approximately 7 % of the thin-section. The subidiomorph biotite
crystals have been alterated into magnetite along edges or cleavage traces.

Pyroxene : A small amount of subidiomorph or idiomorph clinopyroxene crystals are
observed in the samples of K-102m and K-167m. Some of them show h'(100) twins and
alteration into chlorite and talc.

Apatite : A small amount of apatite exists within plagioclase and biotite as final
crystallisation,

Magnetite : The small idiomorph or xenomorph opaque minerals appear in the
ground-mass. Also the amphibole and biotite have been partly or completely alterated into
magnetite. _

Ground-mass : The ground-mass is composed of plagioclase microlites,
cryptocrystalline mafic minerals and glassy material. It has been generally alterated into
clay minerals.

Petrography of Demirtag pyroclastic rocks

The volcanic rock fragments and crystals of quartz, feldspar, biotite, hornblende are
observed within a glassy ground-mass of agglomerates. The microcrystalline quartz,
feldspar, biotite and opaque minerals are observed within cryptocrystalline ground-mass
of tuff samples.
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1. INTRODUCTION

The geothermal exploration well with a depth of 1500 m was drilled in Dikili - Kaynarca
area, 90 km north of Izmir (Fig. 1). 10 samples were taken from Kaynarca-I and 2
samples were collected from the geothermal area. The petrographic investigation and
chemical analyses of total 12 samples have been carried out in laboratories of the Mineral
Research and Exploration Institute (MTA).

Field observations have been made by the following authors: Akyiirek and Soysal
(1978) have made a study of the geology of the Dikili-Kaynarca volcanics with
calcalkaline characteristic. Ercan et al. (1984) have described the petrography of magmatic
rocks and geology. MTA-JICA (1987) have investigated petrographical and
petrochemical features of volcanics.

2. GENERAL DESCRIPTION OF THE ROCKS

The geological map of Dikili-Kaynarca geothermal area has been taken from MTA-JICA
(Fig.1, 2). There are andesite, pyroclastic rocks and alluvium in the area. The volcanics,
as they show differences in mineralogic composition, structure and alteration productes,
were described Yuntdag-I volcanics, Yuntdag-II volcanics and Yuntda3-I1I volcanics.

Yuntda3-1II volcanics were divided into Koca Agil hornblende andesite, Dikili
biotite-hornblende andesite, Cam Tepe biotite-hornblende dacite, Cam Tepe rhyolite,
Koca Tepe biotite-hornblende andesite and Sulu Kaya biotite-hornblende andesite
(MTA-JICA,1987).

Kaynarca-I well has cut altered andesite of Yuntdag-I volcanics of Miocene-Pliocene
age. Demirtag pyroclastic rocks of Pliocene age and YuntdaZ-III volcanics as Dikili
hornblende andesite (Fig.3).

The lithological description of the well sequence is given from top to bottom as follows
(Yilmazer et al.,1990):

- Alluvium (0-74 m )= The sediments are composed of clay, sand and volcanic rock
fragments.

- Yuntdag-1IT volcanics (74-167 m )= The colour of the rocks is grayish brown or
reddish brown. The volcanics show cracks and some of them have been alterated by
secondary silica and clay minerals.

- Demirtag pyroclastic rocks (167-267 m)= They consist of agglomerate and tuff. The
agglomerates are pinkish gray or brownish gray and contain volcanic rock fragments and
silica gravels. The tuff consists of very fine particles.

- Yuntdag-I volcanics (267-1500 m )= The strongly alterated andesites are of greenish
gray or reddish gray colour. Tectonical senses can be deduced from cracks and fractures
in the rocks. The limestone which contains volcanic rock fragments is found between
1262-1315m within Yuntdag-I volcanics.The limestone is thought to be allochthonous
(Yilmazer et al., 1990).
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of as much as >100 ppm, and even Fatsa at 1 ppm Hg would be deemed anomalous by
many explorationists.

Overall, the trace element geochemistry for the 22 prospects/districts shown on Figures
3-11, shows, with local single element and/or single prospect exceptions, a clear
epithermal trace element geochemical signature that is very similar to those summarized
by Tooker (1985); Berger (1985); Romberger (1986) and many others for epithermal
disseminated precious metal deposits of various varieties (volcanic and sediment-hosted)
in the western United States, Japan, and elsewhere.

Clearly, amongst those discussed, some prospects are more favorable to and
"prospective" of ore grade mineralization than are others and on the basis of surface rock
chip geochemistry we would have to assign Orencik, Kursunlu, Karakaya, Celaller,
Giimiigler, Akmaden and possibly Cakmakdere at Ivrindi to that group.
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mineralized system--levels at which Hg, Tl and As (+/- Sb) are enhanced and precious
metals, if present at all, will increase at depth. In terms of exploration potential based on
trace element geochemistry, the Orencik prospect near Dagard: stands out with definitely
anomalous median and maximum Au values as well as higher median As and Ag.

Figures 8 and 9 illustrate the trace element geochemistry of the Suluklugdlkdy district
and the Karakaya and Ilicalar prospects. These are geologically similar in the sense that all
are associated with ophiolitic melange but differ one from the other in the apparent
structural controls and host rock lithology within which the metal values occur. At
Ilicalar, for example, the rock sampled was paleosinter, whereas at Suluklug6lkdy both
listwaenite and schist and at Karakaya listwaenite at a serpentinite/granite contact was
sampled. At Ihcalar the indicator element signature except for Au and Ag is epithermal
with median As greater than 1000 ppm, and Sb ranging as high as 2000 ppm with a
median at 300+ ppm. Au and Ag medians, however, are <0.5 ppm with Au being
particularly low at but 3 ppb. Thallium, generally at detection limits of 0.25 ppm is locally
enhanced to a maximum of 2 ppm and this, plus the very elevated As and Sb values
suggest a possible interpretation that the preseat topographic surface where sampling was
done is very high in the system and that at depth precious metal values will improve. This
interpretation is strengthened -by the anomalous Hg values of as much as 7 ppm.
Mercury. a highly volatile element, is frequently at a maximum at higher structural levels
in epithermal systems than are the less volatile precious metals. Both Suluklug6lkdy and
Karakaya have excellent high medians and maximum values for the entire trace element
suite reported on (except for Hg at Karakaya) with high Au, and TI values of 10 ppm or
more and Ag maximums clearly enhanced at 3 to 10 ppm. Arsenic is very high with
medians >1000 ppm. Notable here in contrast to those prospects hosted by metamorphic
rocks or the group in melange near Murat Dag is the low Ag:Au ratio which, using
median values, is closer to 1:1 to 2:1. Gold values at Suluklugdlkdy range very widely
from a low of a few ppb (o a high of > 20 ppm, a circumstance resulting from the broad
range of rock types sampled and the spotty restricted distribution of the precious metal
mineralization.

The trace element geochemistry of the vein/stockwork prospects hosted in andesitic to
dacitic volcanics is summarized in Figures 10 and 11. All have Au maximum values >1
ppm with all but Bulancak being >10 ppm. Silver maximums are >50 ppm for all
prospects but Ivrindi. Using medians, the Ag:Au ratios for all of the prospects but Ivrindi
is 15:1 to 20:1 while Ivrindi is but 3:1. Thallium medians are everywhere greater than 2
ppm except for Bulancak where, due to analytical difficulties, only one TI value was
determined. Zinc, and to a lesser extent, Mo values are high with Zn maximums always
greater than 200 ppm and often exceeding 1000 ppm while Mo maximums are nearer 100
ppm. Arsenic and Sb (except for Sb at Fatsa) are highly anomalous with maximums in
the 1000 to 10,000 ppm range. Mercury is everywhere enhanced (except Fatsa) to levels
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are in the 1 to 10 ppm range while corresponding lows are in the 1 to 10 ppb range and
medians are (except for Madsan) tightly grouped at 0.1 to 0.5 ppm. Silver (Ag) highs
range from 10 to 40 ppm and with (except for Celaller) lows of 0.05 to 0.2 ppm with a
fairly tight median at 0.7 to 3 ppm. Ag:Au ratios, using median values, are from a low of
about 5:1 at Kursunlu to as much as 20+:1 at Madsan and Celaller. Figure 3 also shows
that despite differences in structural control or type of deposit shown in Figure 2, the
Au-Ag-TI-Mo trace element signatures of Kursunlu and Emirli (both within the Menderes
massif) are remarkably similar. In general, the Ag:Au ratios for deposits within the Nigde
massif are 3 or more times higher than those within the Menderes Massif. Figure 4
addresses the same prospects/districts as does Figure 3 but provides lows, highs and
medians for Zn, Hg, Sb, and As. Figure 4 makes clear that all the prospects hosted by
metamorphic rocks are very antimony and arsenic enriched with maximum values in the
1000 to several thousand ppm range. Mercury, another element typically enriched in
epithermal precious metal deposits, has extremely high maximum values in the 80 to
1000+ ppm at all the metamorphic rock hosted deposits. In this group whose trace
element geochemistry is summarized in Figures 3 and 4 the Celaller prospect in the Nigde
Massif stands out as having extreme As and higher Ag and Tl values as well as having the
highest Ag:Au ratio. Not shown in the Figures but evidenced by numerous analyses is
that the prospects of the Nigde massif have enhanced Bi values as great as 200+ ppm (the
Giimiigler prospect is also high in Te and Se), while in the Kurgunlu prospect in the
Menderes massif is selenium enriched to a maximum of 60 ppm with an average of 4
ppm. The silver selenide Naumannite has been observed in polished section in Kursunlu
specimens.

Figures 5, 6, and 7 address the trace element geochemistry of melange hosted
prospects/deposits. With the exception of Orencik, median Au and Ag values are 1 to 2
orders of magnitude lower than for metamorphic rock hosted deposits. Au:Ag ratios,
using median values, are typically in the 10:1 to 20:1 range. Thallium ranges are very
large and maximums in the 100's of ppm are an order of magnitude greater than for
metamorphic rock hosted deposits. Molybdenum medians are generally in the 1 to 10
ppm range with most highs in the 10 to 30 ppm range-- values which are quite similar to
deposits in metamorphic rocks. Figure 7 shows that for melange-hosted deposits Sb and
As maximums are, with some exceptions, extreme at >1,000 ppm and often >10,000
ppm, while medians are in the 50 to 100+ ppm range. Median Hg values range from <1
ppm to >10 ppm with the highest medians and maximums expectably occurring at Baltah
and Cigeklikayasitepe both of which are inactive mercury mines. Zn median values are 10
to about 40 ppm, a range similar to that shown by most metamorphic rock hosted dposits.
In summary, the epithermal trace clement signature, except for anomalous Au and Ag, is
present at most of the Murat Dag1 area prospects as well as those near Dagardi. A possible

interpretation is that the present surface topography represents very high level in the
22



Prospectis/Districts

Zn, Hg, Sbh, and As Geochemistry
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Figure 7. Zn, Hg, Sb, and As trace element geochemistry for melange-hosted
prospects/districts listed in Figures 5 and 6 above.
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Au, Ag, Tl and Mo Geochemistry
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Figure 3. Au, Ag, Tl, and Mo trace element geochemistry for metamorphic rock hosted
prospects. K=Kursunlu; E=Emirli; Bl=Beril Cl=Celaller; G=Giimiigler; and
M=Madsan. .
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and pyroclastics altough occasionally replacements occur in silicified limestones close to
the contact with the volcanics (Erler and Larson. 1992). At Cakmakdere, (Ivrindi
District) in particular, stibnite veinlets form a stockwork in argillically altered, locally
pyritized, intermediate volcanics adjacent to a N20-30E striking fault. The stockwork zone
is overlain by a silica "cap" which contains disseminated cinnabar and realgar. Localized
arcas of hydrothermal breccia are found at several places along the strike of the N20-30E
fault. At Fatsa, in a quarry ncar the Dolunay hotel, 1 to 4 cm wide quartz and chalcedony
veinlets containing galena, pyrite, and sphalerite form a stockwork in silicified dacites.
Argillically altered volcanics crop out in the road cut across the hi ghway from the quarry.
The host rock at Akmaden is also dacite, and pyrite, stibnite, orpiment and realgar occur
in N65E and N8OE striking Quartz-chalcedony veins ranging in width from 1/2 to 1 1/2
meters. The host rocks are silicified and argillized. At Bulancak. pyrite, chalcopyrite,
sphalerite, galena, barite and hematite-bearing quartz and chalcedony veins which strike
N45W and N65W and dip steeply NE, cut silicified and argillically altered dacitic
volcanic tuff and agglomerate.

In summary, at all of the prospects where we have reconnaissance-level geologic
information in additon to samples, mineralization is very clearly structurally controlled.
Strong structural control of mineralization is characteristic of epithermal precious metal
deposits as has been pointed out by Tooker (1985) and by many other authors. Wallrock
alteration, only incidentally addressed in this article, is everywhere, regardless of host
rock, silicification and in those prospects hosted by volcanic rocks, argillic alteration is
present and occasionally is widespread. Tooker (1985) in his summary of epithermal
disseminated precious metal deposit characteristics has noted that silicification is
characteristic of both sediment and volcanic-hosted deposits and argillic alteration is very
common in those hosted by volcanics.

4. GEOCHEMICAL SIGNATURE

All of the deposits/districts reported on in this article wrere selected for sampling on the
basis (es) of known present/past production or occurence of one or more elements
commonly associated with precious metal, or rock alteration (s) characteristic of
epithermal mineralization elsewhere in the world, Figures 3 through 11 give minimum,
maximum and median ppm geochemical values for Au, Ag, Tl, Mo, Zn, Hg, Sb and As
for the 22 properties studied. Prospects are grouped and ordered by host rock type of so
that on Figures 3 and 4, for example, we can compare the trace element geochemistry
metamorphic rock-hosted properties such as Kurgunlu, Emirli, Madsan, Beril, Giimiigler
and Celaller,while Figures 5, 6 and 7 provide the same information for melange-hosted
prospects such as Evciler, Ariklar, Orencik, and the 6 prospects areas near Murat
Dagi--Avdantepe, Arsaktepe, Baltali, Cigeklikayasitepe, Cebrail and Karacahisar.

Inspection of Figure 3 shows that for the metamorphic rock hosted prospects Au highs
16



The melange rock affiliated group of deposits both near Dafard and near Murat DaZ1
are. with some exceptions, more difficult Lo associate with a particular structure or
specific rock type. Mineralization, however, often appears associated with highy silicified
"jasperoid" breccias-- the silicification usually being so intense as to make recognation of
the pre-alteration rock type difficult or impossible. Usually the breccias will be veined by
late stage chalcedony and opal CT. (Y1ldiz and Bailey, 1978: Larson and Erler, 1992).
Mapping and Orencik has shown stibnite with pyrite as disseminations. pods, and
stockwork veinlets occur along and in the hanging wall of a thrust fault between
serpentinites, limestones and completedly silicified jasperoidal rock of uncertain original
lithology. Gold values reach up (o 5 ppm, while Ag values are as much as 13 ppm.
Ariklar mineralization is associacd with stibnite mineralization and jasperoid breccias at
least some of which are formed along a N50-60E striking high angle fault. At
Arsakkayasitepe and Cebrail and probably at Avdantepe, the jasperoids are found at or
near the contacts between silicified limestone and serpentinite. At Cebrail, jasperoids are
further controlled by N12E, N20W and N30W striking faults that are apparently steeply
dipping. Cigeklikayasitepe is somewhat different and apparently more complex with
mineralization being associated with a serpentinite-silicified limestone contact, possible
hot spring sinter, and an apperant explosion breccia. All of the above pospects
demonstrate late stage chalcedonic to opaline silica veining, extensive intense silicifcation,
breccias, and spotty stibnite and/or cinnabar plus disseminated pyrite and hematite
mineralization.

Alteration and mineralization is clearly structurally controlled at the listwaenite
associated Ilicalar, Karakaya and Suluklugolkdy prospects/districts. At Ihcalar,
present-day hot springs, paleosinter breccia, Sb-As mineralization and late stage barite
veinlets are formed adjacent to a WNW-striking fault with serpentinite on the SW side
and palcosinter overlying serpentinite on the NE side. At the Karakaya prospect along a
1.5 km long by 30 m wide E;W-strikillg zone between granitoids and serpentinite.
Serpentinite is almost completely silicified; local areas of silicified breccia show evidence
of multiple brecciation (Erler and Larson, 1992). Precious metal values reach 7 ppm Au
and 7 ppm Ag. Suluklugdlkdy is more complex because it is a district rather than a
prospect but at the largest prospect in the district, the Annocak mine, disseminated
stibnite-bearing listwaenite from which samples assayed as much as 18 gm's Au/tonne
crops out at the gallery portal and appears associated with silicified zones controlled by
N30-60E and N40-60W trending fractures.

Prospects developed in dacitic to andesitic volcanics within the Ivrindi District and near
the Black Sea at Fatsa, Akmaden and Bulancak, all show strong structural control.
Mineralization is in veins, stockwork veinlets and/or breccias within narrow to very broad
zones of silicification and argillic alteration. In the fvrindi district most of the stibnite
mineralization is hosted by argillized and locally pyritized dacitic to andezitic volcanics
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3. PRIMARY AND SECONDARY STRUCTURAL CONTROL

Table 1 lists and Figure 2 illustrates what we belive to be the major ore controlling
structures at each of the prospects/districts. In most prospects actual structural controls of
mineralization are complex and often second order structures or in the intersections of
structures are important to the concentration of metals.

Those deposits we list that are in metamorphic rocks of cither the Menderes or NiZde
massifs are, for the most part, hosted either in veins of breccias/microbreccias.
Individually, however, they differ greatly. For example, extensive sampling at Emirli has
shown that anomalous precious metal values are restricted in distribution to 1 or 2 meters
about the flat L33 fault, and 2 or 3 smaller veins forming a small stockwork system.
Precious metal values are associated with pyrite/marcasite and stibnite and seem to be at a
maximum in silicified rock immediately adjacent to veins, although argillic alteration is
more widespread. At Kursunlu, precious metal values are largely within an intensely
silicified microbreccia layer some 1 to 2 meters thick that forms along a 10-14 degree
N-dipping fault near where it intersects the major faults that bound the Gediz graben
(Larson and Erler, 1992). Associated with the gold/silver is arsenopyrite, stibnite, pyrite,
possibly tetrahedrite and minute quantities of the silver selenide naumannite. However,
geochemically anomalous gold and silver are also found in chalcedonic veins with realgar
and stibnite and in a poorly silicified breccia which forms the distinctive black 'knob' on
the hangingwall of the flat N-dipping fault and which overlooks the present-day hot
spring.

About the Nigde Massif the Madsan property contains stibnite and anomaluos precious
metal values in a 1 to 3+ meter wide zone at the fault contact between carbonaceous
biotite-chlorite schist/gneiss and marble where the marble has been silicified. Anomalous
precious metal values are also, however, found in large 'jasperoidal' breccia outerops
which are probably but not conclusively formed along E-W, N-§, N33W, N50W and
N60-65E-striking fault zones. In addition (0 geochemically anomalous precious metal
values, the jasperoids also contain disseminated barite, pyrite and, rarely, cinnabar. The
Celaller mineralization is hosted by mica schist, amphibolite schist and quartzites which
are cut by pegmatitic quartz veins. Gold values seem to bo associated with arsenopyrite,
pyrite and iron oxides along any of the N13E, N30E, N40E, N30W or N70W-striking
fracture and/or breccia zones. Rocks immediately adjacent to the fractures are very
silicified and often pyritized. At Giimiigler, country rocks include marble. phyllite,
quartz-mica schist and minor quartzite. Quartz veins, breccias and silicified zones along
NS50E, N-S, N50W, N60W and N75-80W fault contain pyrite, stibnite. cinnabar and
geochemically anomalous precious metal values. Finally, at the Beril property, quartz
veins and silicified breccias in quartz-mica schist and quatrzite contain pyrite,
arsenopyrite, hematite, limonate and precious metal values as high as 2 ppm Au and 32
ppm Ag.
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Province.

Volcanic hosted deposits/prospects are largely in altered andesites and dacites to
rhyodacites and range from the fvrindi District southwest of Balikesir to the
prospects/mines at and about Fatsa, Akmaden, and Bulancak.

Many of the deposits/districts sampled are hosted by ophiolite associated melange
terrain rocks ranging from serpentinites to graywackes and carbonates. Included in this
broad group are prospects near Murat Dag1 including Karacahisar and Baltali in Usak
Province and Cebrail, Cigeklikayasitepe, Arsaktepe and Avdantepe--all within Kiitahya
Province; Ilicalar southeast of Simav in Kiitahya Province; Orencik, Evciler and Arikler
located east, north and northwest of Dagardi in Kiitahya Province: and, finally,
Suluklugélkéy east of Inegol in Bursa Province and Karakaya, northwest of Sivrihisar in
Eskisehir Province. Table 1 lists the prospects/districts we have studied and gives the
abbreviation we use for that area in each of the figures used to illustrate this paper, as well
as general rock environment and controlling structure (s) information.

TABLE 1
Summary Table of Prospects. Rock Environments
and Controlline Structures

Prospect Name Abbrev Rock Environment Major Controlling
Structural Element

Kursunlu K Metamorphics Breccia/Migrobreccia

Emirli E Metamorphics Epithermal Vein

Beril BI Metamorphics Epithermal Vein

Celaller Cl Metamorphics Breccia

Giimiigler G Metamorphics Epithermal Vein

Madsan M Metamorphics "Jasperoid"

Evciler Ev  Melange/Serpantinite "Jasperoid”

Ariklar A Melange/Serpantinite "Jasperoid"

Orencik o) Melange/Serpantinite "Jasperoid"

Avdantepe Av Melange "Jasperoid"

Arsaktepe As  Melange "Jasperoid"

Baltali B Melange/volcanic "Jasperoid"

Cigeklikayas: T. C Melange Siliceous Sinter

Cebrail Ce Melange "Jasperoid”

Karacahisar Kh  Melange "Jasperoid"

Ilicalar Ic ~ Melange/Serpentiniic Siliceous Sinter

Karakaya Ky  Melange/Serpentinite Listwaenite

Suluklugolkéy S Melange Listwaenite

Ivrindi 1 Volcanics Stockwork of Veinlets

Akmaden Ak Volcanics Epithermal Vein

Fatsa F Volcanics Stockwork of Veinlets

Bulancak Bu Volcanics Epithermal Vein

12
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1. INTRODUCTION

This paper summarizes and geologically interprets the results of multi-element ICP
analyses of approximately 700 rock chip samples most of which were taken from districts
of known antimony (MTA. 1979) or mercury (Y1ldiz and Balley, 1978) mineralization
throughout Turkey from near lzmir on the west to Ordu on the north and Nigde to south.
A total of twenty-two (22) prospects/distdicts are considered in this paper. Samples taken
in a given district vary from as few as 6 to as many as 162. Much of the sampling was
done during an exploration program directed toward discovery of precious metal
mineralization. An epithermal geologic model, premised upon known
geological/geochemical characteristics of operating of mining properties in the western
U.S. and elsewhere, was used to focus exploration (Larson, 1989).

The prospects we report on in this article may be classified on any of several bases. As
in the article by Erler and Larson, 1990, we have chosen to divide them for purposes of
discussion on the broad basis of generalized host rock environment/lithology (volcanics,
melange, metasediments, etc.) and secondarily on what we believe to be the dominate
structural control (s) of mineralization (veins, stockwork, disseminations, etc.). Most of
the prospects examined appear to be distinctly epigenetic and thus to have an alteration
pattern, geochemical signature and genesis more relateable to mineralizing process than to
host rock environment. They are, as a group, epithermal.

All samples from all of the prospects/districts were analyzed for gold and its common
epithermal indicator trace element suite of As, Ag, Hg, Sb and T1. For many of the
samples analytical data is also avaliable for Cu, Mo, Zn, Se, Te and a few other elements
of less interest. As would be expected from a such a wide aggregate of deposits as is
addressed in this paper, trace element concentrations vary substantially from one prospect
to another. Overall, the districts/prospects show a strong epithermal geochemical
signature with highly elevated vatues for arsenic (>1000 ppm), antimony (>1000 ppm),
zinc (>250 ppm), and mercury (>10 ppm) and, less commonly high gold (0.1 to >10
ppm), silver (1 to >50 ppm) and thallium (1 to >100 ppm). A few prospects also show
highly elevated values for selenium and tellurium. Interelemental correlation is positive
between arsenic and gold and/or silver and locally excellent between antimony and
gold/silver.

2. LOCATION AND HOST ROCK ENVIRONMENTS

Figure 1 provides a generalized location for the deposits discussed in this article and
also indicates the host rock environment for each prospect. For example, the Kursunlu
prospect near Salihli in Manisa Province is hosted in metasediments (schists and
gneisses) as is the Emirli District in Izmir Province. Both are, of course, in the Menderes
massif. Other metasediment hosted prospects include those to the south and east of Nifde
in the Nigde massif--the Giimiigler, Madsan, Beril and Celaller prospects-- all in Nigde
10



15t International Symposium on
Eastern Mediterranean Geology

13-16 October 1992 Adana-TURKIYE SPECIAL ISSUE

YERBILIMLERI
GEOSOUND

ISSN 1019-1003

GEOLOGIC SETTINGS AND GEOCHEMICAL SIGNATURES OF
TWENTY-TWO PRECIOUS METAL PROSPECTS IN TURKEY

LAWRENCE T. LARSON12 Y.AYHAN ERLER3
Mackay School of Mines, Univ. of Nevada, Reno, NV. (permanent address)
2Cumhuriyet University, Sivas, TURKIYE (present address)
3Middle East Technical University, Ankara | TURKIYE
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discovery of precious metal mineralization. Most prospects are epigenetic and exhibit
alteration patterns and geochemical signatures more relateable to mineralizing process than
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Dominant alteration is silicification, although locally argillic andlor acid sulfate alteration
is prominent. The outcrop expression of this alteration includes silicified chalcedonic
paleosinter, silicified breccias and microbreccias, pseudo-stratified silica "gel” bold
jasperoid knobs, and listwaenites.

Structural control of mineralization is evident at most of the prospects, but each property
seenms 1o a degree unique in its juxtaposition of structural elements that channeled
mineralizing fluids.

Trace elements concentrations overall show a sirong epithermal geochemical signature
with highly elevated values for arsenic ( >1000ppm), antimony (>1000 ppm), zinc >250
ppm) and mercury (>10 ppm),and less commonly high gold (1 to >10 ppm), silver (1 1o
>50 ppm) and thallium (1 to >100 pm) values. Arsenic appears io correlate very

positively with enhanced Au and Ag.
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so that Ca2t ions adsorbed ai the solid substance, in exchange adsorbed Na™ ions go into
solution. ;

Due to ion exchange rcactions, Ca** contents decreases while Nat increase,
Contemporaneously, fluorine contents increase, so that there is a close correlation
between Nat und F- contents in aqueous systems.

Finally, it can be deduced, that not one single reason is responsible for the high fluorine
contents in the shallow aqueous systems of the Golciik area, but a concurrence of several
natural factors.

5. REFERENCES

Bhussry, B.R., Demole, V., Hodge, H.C., Jolly, $.8., Singh, A., and Taves, D.R.,
1970. Toxic Effects of Larger Doses of Fluoride. World Health Organization
Monograph Series 59 (Fluorides and Human Health): 225-271.

Orug, N., Alpman, N., and Karamanderesi, LH., 1976. Hydrogeology of the
Spring  Waters with High Fluorine Contents in Surroundings of the Tendiirek
Volcano. Bull. Geol. Soc. Turk. 19: 1-8, Ankara.

Ozgiir, N., Pekdeger, A., Schneider, H-J., and Bilgin, A., 1990. Pliocene Volcanism
of the Golciik Area, Isparta/W-Taurides. in: Savasgin, M.Y. and Eronat, H.H.
(eds.): Proc. Internat. Earth Sci. Congr. on Aegean  Regions, IzmiriTurkey, IESCA
Publ. 2, Vol. Il, 411-419.

Ozgiir, N., Pekdeger, A., and Schneider, H-I., 1992a. High Fluorine Contents in the
Pliocene  Volcanic Rocks of the Gélciik Area, Isparta, SW  Turkey. Bull. Geol.
Soc. Greece (in print).

ézgii.r. N., Pekdeger, A., and Schneider, H-J., 992b. Fluorine in Pliocene
Volcanic  Rocks of the Gélciik Area, SW Turkey. Proc. Ist Internat. Symp. on
East Mediterranean Geology, Adana/Turkey.

Pekdeger, A., Ozgiir, N., Schneider, H-I., and Bilgin, A., 1990. High Fluorine
Contentsin  Agueous Systems of the Gélciik Area. Isparta/W-Taurides.in: Savascin,
M.Y. and Eronat, H.H. (eds.): Proc. Internat. Earth Sci. Congr. on Aegean Regions,
Izmir/Turkey, IESCA Publ. 2, Vol. I, 160-170. '

Pekdeger, A., Ozgiir, N., and Schneider, H-J.,1992a. Zur Hydrogeochemie Von
Fluorid  in Grundwassern und die Gesteinsgeochemie in der Provinz Isparta /
Tiirkei. DFG-Forschungsbericht (in preep.).

Pekdeger, A., Ozgiir, N., and Schneider, H-J., 1992b. Hydrogeochemistry of Fluorine
in  Shallow Aqueous Systems of the Golciik Area, SW Turkey. In: Kharaka, Y.K.
and Maest, A.S. (eds.): Proc. 7th Internat. Symp. on Water-Rock Interaction -
WRI-7/Park Ciry!Utah/USA, Vol. I, 821-824.



enhance anion exchange reactions between F- and OH- ions. Generally, the groundwaters
are saturated with respect to calcite. However, there is only a poor vegetation cover and
agricultural activity, duc to unfertile soils above the volcanic rocks and dry climate in the
arca. Finally, the minimized microbiological activity leads to very low CO> contents in
soil atmosphere as calculated from the carbonic acid system (Pekdeger et al., 1992a.b).

6. Furthermore, the volcanic rocks of the Goleiik area are alkaline rocks of sodic type
(Ozgiir et al., 1992b), so that & considerable amount of Na™ ions are dissolved during
weathering process. The Ca®* ions are more readily adsorbed than Nat ions. so that
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springs were studied for any indication of hydrothermal activity. All water samples show
fluorine contents less than 1 mg/l. Therefore, a quantitative contribution of hydrothermal
activity to the high fluorine contents in the shallow aqueous systems in the area can be
ruled out.

4. DISCUSSION AND CONCLUSIONS

As the reasons for the high fluorine contents in shallow aqueous systems of the Golciik
area three aspects have to be considered:

(1) High fluorine in source rocks (Figs. 1 and 2): large amounts of fluorine are present
in the volcanic rocks of the Géleiik area which can be dissolved during weathering,

(2) Hydrothermal activity: fluorine can be transported especially into the lake by
ascending hydrothermal water which can be observed elsewhere in western Turkey, e.g.
in Kizildere (Simsek 1985),

(3) Fluorite stability: fluorine contents in shallow aqueous solutions are limited by
fluorite stability. Besides fluorite, fluorapatite solubility could also theoretically goven
the fluorine concentration in aqueous systems.

To explain the origin of fluorine in aqueous systems the following observations are of
importance (Fig.2):

L. The volcanic rocks show F-contents in a range from 32 to 3200 ppm and a
background value of 1000 ppm (Ozgiir et al,, 1990; 1992a) which can be atiributed to
different mineral phases, i.e. pyroxene, hornblende., biotite. fluorapatite, fluorite, and
glassy groundmass. By comparison, the sedimentary rocks contain low F-contents in a
range from 100 to 200 ppm.

2. F~ concents in shallow aqueous systems within the volcanic rocks range from 0.7 to
5.6 mg/l with an average of 2.5 mg/l. The groundwater in the sedimentary rocks shows
F-contents less than 0.7 mg/1. The leachates of 40 leachin g experiments carried out under
controlled laboratory conditions corroborate this assumption, according to which the
highest F-contents were measured in the leachates of the pyroclastic series (Pekdeger et
al., 1992a).

3. In the shallow agueous systems of the Golciik area as well as in the Gdlciik lake, the
possible influence of any hydrothermal activity on the fluorine contents could not be
observed. '

4. High fluorine contents in the shallow aqueous systems within the volcanic rocks
show a close correlation with low Ca®* contents. The concentrations of the both elements
are obviously limited by fluorite solubility (Pekdeger ct al., 1992a). F-apatite which
forms the major F-bearing mineral phase in the volcanic rocks and may conirol the
solution equilibria is highly supersaturated. Therefore. fluorapatite precipitation is not
possible under these conditions. due o slower precipitation kinetics.

5. The low Ca* contents in the groundwater can be attributed to low pCO» during
calcite dissolution. Consequently, the resulting groundwaters have high pH values which
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Ca®* + 2(HCOy") + Solid-2Na* <=> 2Na* +2(HCO4") + Solid-Ca2* (eq 1)..

Due (o ion exchange reaction, with increasing Na™ concentrations, Ca2t concentrations
decrease. F--contents increase contemporaneously, so that there is a close correlation
between Na™ and F--contents in shallow aqueous systems of the Gélciik area (Pekdeger
etal., 1990; 1992a.b). According to the same authors, there is a negative close correlation
between Ca®* and F- concentrations in the volcanic rocks. The concentration of both
elements is obviously limited by fluorite solubility. By comparison, there is no correlation
between Na and F contents in the volcanic rocks. With increasing SiO» contents in the
volcanic rocks, the Ca and F contents decrease while Na increases (Ozgiir et al., 1990;
1992a; Pekdeger et al., 1990; 1992a.b).

In order to investigate the possible influence of hydrothermal activity on the fluorine
contents of the shallow aqueous systems in the Golciik lake drainage area, the possible
4



surface and groundwater. The substantial amounts of groundwater are infiltrating to the
lake from the subsurface. In the study area, the sedimentary rocks, i.e. limestone, marine
clastic series, and conglomerate, are good aquifers, which occur mainly out of drainage
area. As oldest rocks. the tephriphonolite lavas cause a pilling-up of water due to its
intensely grain density and smaller jointing. Consequently, pyroclastic series with a
{hickness indicates a approximately horizontal layer and friable grain density and
constitutes an aquifer with a high permeability.

3. HYDROGEOCHEMISTRY OF FLUORINE
Fluorine contents in shallow aqueous systems within the volcanic rocks of the Golciik
area range from 0.7 to 5.6 mg/l with an average 2.5 mg/l (Fig.1). By comparison, the
groundwater in the sedimentary rock aquifers contain F-contents less than 0.7 mg/l. By
the hydrogeochemical discrimination of the elements Nat and Ca?*, the groundwater in
the Golciik area can be divided into (1) fluorine rich and (2) fluorine poor envirorments.
Consequently, the drainage area around the crater lake constitutes fluorine rich sphere
with an exception of a few springs of the limestone. The further environment of the
investigated area involving the sedimentary rocks may be regarded as fluorine poor.
These determinations can be established by the leachates of 40 leaching experiments
carried out under controlled laboratory conditions (Pekdeger et al.. 1992a), which yielded
F- concentrations in a range from 0.2 to 6.6 mg/l. The leachates of the pyroclastic series
show highest fluorine contents. Obviously, fluorapatite and other mineral phases, i.e.
biotite. pyroxene. and hornblende, are less important fluorine sources for the semi-arid
hydrologic and climatological conditions, also shown by a lack of alteration when
examined microscopically. ‘
The groundwater from the drainage arca and the Golciik lake shows not only higher
F- contents but also lower Ca2* contents compared with the groundwater from the
sedimentary rocks. Ca?* ions are derived mainly from the carbonate rocks (e.g. calcite)
and partly from the volcanic rocks. Due to unfertile soils above the volcanic rocks, there
is only a poor vegetation cover and little agricultural activity. Furthermore the volcanic
rocks of the Golciik area are alkaline rocks of sodic type (Ozgiir et al., 1990; Pekdeger et
al., 1992a). so that contemporancously considerable amounts of Na% ions are dissolved.
Little calcite dissolution, due to low COs-concentrations in soil and ion-exchange
reactions with Na™, lead to low Ca®*-concentrations in groundwater. The sum of earth
alkaline ions (Ca2* + Mg2*) are less then the sum of carbonate complexes (CO3* +
HCO5"), indicating an alkaline ion-exchange water of Na-HCOj3 type. Due to ion
exchange process the Ca2* ions which are more readily adsorbed than Nat ions, are
adsorbed at the solid substance, in exchange adsorbed Na't ions go into solution.
Calculations of ion balances show in the volcanic rocks according to (Pekdeger et al.,
1990) an ion exchange (eq 1):
3



1. INTRODUCTION

Fluorine is an essential trace clement to human body, but excessive intake may cause
some problems for bone and teeth. Its deficiency in drinking water leads to a caries effect
of the teeth, while its surplus is a reason for the fluorosis (Bhussry et al., 1970).
Therefore, the fluorine concentration in drinking water is limited by the WHO standards
to 0.5-1,0 mg/l, which are depending, however, on annual average temperature.
Generally, the aqueous systems contain fluorine contents in a range from 0.05 to 0.50
mg/l (Quentin, 1957) , so that supplementary F- must be given, especially to children.

The groundwater with high F-anomalies in the Golciik area caused serious health
problems. About 100.000 inhabitants in the province capital Isparta are supplied by this
water with high F-concentrations as high as 6 mg/l (for rock geochemistry of the
investigated area see Ozgiir et al., this volume). The aim of this paper is to clucidate the
origin of high fluorine contents in shallow aqueous systems of the study area based on
the properties of geochemistry and hydrogeochemistry of the fluorine.

2. STUDY AREA

In Turkey, high fluorine contents in water have been reported in the Golciik area in the
SW part of the province capital Isparta and elsewhere as reason for dental problems (Orug
et al., 1976; Ozgiir et al., 1990,1992a; Pekdeger et al., 1990, 1992a, b). The main water
reserve in the investigated area constitutes the Golciik crater lake representing fluorine
contents in a range from 1.5 to 2.0 mg/l which is sitnated in a drainage area within the
volcanic rocks.

The Golciik area represents a post tectonic Pliocene volcanic sequence overlying a

. Mesozoic paleorift in the W-Taurides which consists of sedimentary and volcanic rocks.
The volcanic rocks of sodic alkaline type are tephriphonolite (stage 1), pyroclastic series
(stage 2), and trachyandesites and trachytes (stages 3) indicating a common magmatic
origin (Ozgiir et al., 1992b).

The volcanic rocks show F-contents in a range from 32 to 3200 ppm and a mean value
of 1000 ppm_(Ozgiir et al., 1990; Pekdeger et al., 1992a; Ozgiir et al., 1992b) which are
related to different mineral phases, i.e. pyroxene, hornblende, biotite, fluorapatite,
fluorite, and glassy groundmass as the main F-carriers. By comparison, the sedimentary
rocks in the surrounding area contain low F-contents in a range from 100 to 200 ppm.

The drainage area of the Golciik lake and the shallow aqueous system in the environs is
situated in a semi-arid and extremely continental climate, hence a suitable environment for
fluorine enrichment has been given. In the investigated area, annual average rainfall is
605 mm, while annual average temperature amounts 12 oC.

The crater lake is supplied by rainwater and perennial springs. Volcanic rock sequences
with different permeabilities cause a number of aquifers and aquitards lying one above
other. These aquifers are tilted towards the lake which is the main drainage area for the
2
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ABSTRACT : In shallow aqueous systems within the volcanic rocks of the Golceiik
area, high fluorine contents up to 6 mg/l have been measured which are higher than those
of sedimentary rocks. F- ions are mainly leached from glassy groundmass, less from F-
carriers, i.e. pyroxene, hornblende, biotite, fluorapatite. Fluorine contents in
groundwater of the investigated area are limited by the solubility of CaFy, i.e. also by
Ca®* values. Due to low pCO; in the barren soils of the pyroclastic series, calcite
dissolution is limited. Low Ca®* concentrations are enhanced by Nat vs. Ca?* ion
exchange. Also F- vs. OH" ion exchange is expected at high pH-values due to calcite
dissolution with low pCO,.
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PREFACE

This special issue has been prepared for the papers and abstracts which will be
presented in the 1st. International Symposium on the Eastern Mediterranean Geology
to be held at the University of Cukurova in Adana, Tiirkiye, between 13 and 16
October 1992,

The Organizing Committee of the Symposium is exceedingly honored and gratified
that 170 participants and 50 accompanying persons (expected) from 12 countries,
representing  various universities, goverment agencies, engineering firms and
industries, will be attending and contributing to the success of the Symposium.

In overwhelming response to the call for papers, 63 oral presentations originating from
about 12 countries have been submitted to the 1st International Symposium on
Eastern Mediterranean Geology and 24 full papers and a number of abstracts have been
published here, in the Symposium Proceedings.

The Eastern Mediterranean regionally is in the very critical position where the
Afro-Arabian and Anatolian plates meet each other. Therefore the main purpose of the
Symposium is to provide a suitable setting for bringing together individuals from
multi-disciplines of Earth Sciences to create a vehicle for the exchange of ideas and
information and motivate cooperation amongst those involved in research, application
and implementation. The scope of the Symposium has been planned to encompass
Economic Geology, Engineering Geology, Palaemagnetism, Magmatism., Mineralogy -
Petrography - Geochemistry, Paleontology, Sedimantology, Stratigraphy, Tectonics,
Volcanism, and Marine Geology.
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