Sevgili Okurlar,

Yerbilimcinin Sesi(Geosound) 'nin 17. sayisin1 da cikarabilmenin mutlu-
Tugu icindeyiz.Dergimize gerek Kibris'tan ve gerekse Tirkiye'den ghsteri-
Ten ilgiden biiyiik bir memnunluk duymaktayiz. 11k sayilarinda bilimsel ma-
kale s1kintis1 ceken dergimizde su anda yayinlanmak lizere gelmis 16 maka-
le bulunmaktadir. Biz bu dergiyi yayinlarken Yerbilimlerine kiiclik bir kat-
kimiz olsun diye diisiinmiistiik. Ancak simdi aranan bir dergi olmamiz sorum-
luluklarimiz1 daha da artirmistir. Maddi sikintilara ragmen gisterilen il1-
g9iyi karsiliksiz birakmiyacak ve yayin hayatimiz1 siirdiirmege calisacagiz.

Yerbilimcinin Sesi(Geosound) 'nin 17. sayisinda 5 dzgiin ¢alisma sonuc-
Tarini bulacaksiniz. 11k makale sayin Sener Oslimezsoy tarafindan ingiliz-
ce olarak ele alinmis olup "Evolution of the NW Anatolian Pb-7n Deposits:
Litospheric Detecments in Compressional and Extentional Regime in NW Ana-
tolian Accretionary Belt and Magmatism and Metallogenesis " bas11gin1 ta-
simaktadir. Yazar Kuzeybat: Anadolu PbQZn yataklarinin olusumuna yeni bir
bak1s acis1 getirmektedir.

tkinci makale sayin Zeki Billor ve Mesut An11'a ait olup Mersin Ofiyo-
Titinin bir parcasi durumundaki Karagdl ve Zillik Tepe mevkiilerindeki kro-
mit yataklarini incelemektedir. Bdlgedeki ofiyolitlerin petrografisi ve i-
cindeki kromitlerin jeokimyasf lizerinde yanilan calismalari kapsamaktadir.

17.sayinin ligiincii makalesini de yine bir ingilizce yazi olusturmaktadir.
Sayin Okay Giirpinar tarafindan kaleme alinan "Geomechanical Rock Classiti-
cation(RMR System) of the Delikbek Limestone Situating Along the Kizilir-
mak Kepez Damsit " baslikl1 Yyazida KiziTl1rmak iizerine yapilacak Kepez ba-
rajinda gidvdenin oturacadr Delikbek kirectaslarinin Jjeomekanik siniflama-
51 yapilmaktadir. =

Bu sayinin dordiincii makalesi say™m Cemal Sahinodlu ve Fikret tsler'e
aittir."Kocayer ve Sahha(Mersin) Yoresinin Jeolojisi ve Petrografisi" a-
din1 tasiyan makalede yazarlar bilgedeki ofiyolitik seri ile otokton birim-
lerin jeolojisi ve petrografisini incelemektedirler.

Son makale sayin Aziz Ertunc'a ait olup "Coruh-Karakale(Arkun) Baraj
Kuvvet Tiinel Glizergahinin Mihendislik Jeolojisi Incelemesi" basTijim ta-
simaktadir. Arkun Baraji'na ait kuvvet tinel giizergihinin ayrintilariyle
incé]endiﬁi bu yaziyr da ilgiyle okuyacadinizi umariz.

Bir sonraki Yerbilimcinin Sesi(Geosound) 'de bulusmak umuduyla. ...

Savgilarimizla,

Olgun OSTON
Editdr



TO THE READERS,

We are pleased with publishing 17th issue of Geosound. le are so
happy because of the close interest which was shown to Geosound, either
in Turkey or in Cyprus. There was a lack of the scientific article in
the first issues. At the present,there are 16 articles to be published.
We thought that we would have a contribution to the Earth Science while
publishing this periodical Now, we are responsible for a periodical which
is sought. Geosound will continue being published despite some financial
troubles.

In the 17th issue of Geosound, there are the results of the five ori-
ginal studies. In the first article "Evolution of the N4 Anatolian Pb-Zn
Deposits: Lithospheric Detecments in Compressional and Extentional Regime
in NW Anatolian Accretionary Belt and Magmatism and Metallogenesis" Sener
Usiimezsoy indicates the new viewpoint of the formation o f NW Anatolian Pb-Zn
Deposits.

In the second article chromite deposites, around the Karagol and Zillik
Tepe, a part of Mersin Ophiolite were investigated by Zeki Billor and Mesut
An1l. The article includes the petrography of ophiolites and geochemestry of
chromites found in ophiolites.

The third article is "Geomechanical Rock Classification(RM System) of
Delikbek Limestone situating along the Kizilirmak Kepek Damsit". In this
article,Okay Giirpinar, made the geomechanical rock classification of the
Delikbek Limestone.

In the fourth article of this issue "The Geology and Petrography of
Kocayar and Sahna(Mersin) area"prepared by Cemal Sahinojlu and Fikret tsler
explains the petrography and geology of ophiolite and autochthonous units.

The last article belonging to Aziz Ertunc,is the title of "Engineering
Geological Investigation of Power Tunnel Alignment of the Coruh Karakale
(Arkun) Dam". In this article, the auther inves}igated the tunnel path of
Arkun Dam.

Yours Sincerly

Olgun OSTON
Editor
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EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSITS : LITHOSPHERIC
DETACHMENTS IN COMPRESSTONAL AND EXTENTIONAL REGIME TN NW
ANATOLIAN ACCRETIONARY BELT AND MAGMATISM AND METALLOGENESIS

Sener ﬁ§ﬁmezsoy
Department of Geology of Istanbul University, Vezneciler,

Istanbul, Turkey

Abstract: The NW Anatolian orogen belt is constituted hy
the NW verged PaleoTethyan accretion belt of the pre-Late
Triassic age, and the SE verged Neo-Tethyan accretion bhelt
of the Late Cretaceous age. PaleoTethyan and Neo-Tethyan
accretionary belts of NW Anatolia are jammed between the
Pontian Block in the north and the Menderes Massif in the
south, Three distincltive calc-alkaline magmatic episodes
can be discerned in the NW Anatolian accretionary belt : The
l.ate Carboniferous to Permian batholiths; the Palcogenc
batholiths and andesilic volcanics; and the Neogene volcanic

of calc-alkalen to alkalen affinity.

These magmatic activities were accompanied by Pb-7n
mineralizations episodes. The early batholith emplacement
related Pb-Zn mineralizations are situated at the periph-
eries of the plutons of Late Carboniferous to Triassic
age which are emplaced in the metamorphosed subduction-
associated pelagic sedimentary prism. The Paleogene batho-
lith-related Pb-Zn mineralizations were confined to the
peripheries of the plutons emplaced in the metamorphosed
pelagic deposits of PaleoTethyan accretion belt. The forma-
tion of youngest Pb-Zn mineralization evenls were spatially
related to the <calc-alkaline volcanics of Neogene age

overlying the metamorphosed pelagic deposits.

The lead isotope ratios of the different Lypes and
ages of Pbh-Zn mineralizations of the NW Anatolian accre-
tionary belt interestingly have the single values., For

example 206 Pb/204 Pb: 18, 73-18, 81; 207 Ph/204 Pb: 15,
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EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSITS

63-15, 69; 208 Pb/204 Pb: 38, 72-38, 93 overlaps between the
lead isotope evolution curves of the upper crust contributed
to orogen (C) and orogen (B) in the plumbo tectonic model
version 1 of Zartman and Doe. The 1lcad isotope “findings
have revealed that Ph-Zn mineralizations in the NW Anatolian
accretionry belt originated from the pelagic source, which
is situated, among the unconsolidated upper crust and orogen
belt when plotted in the plumbo tectonic model of Zartman
and Doe. This implies that the initial pelagic lead which
was enriched in the subduction-associated accretionary
prism has remobilized, and resurged during the successive
thermomagmatic process which resulted the subsequent enrich-
ments and mineralizations at the peripheries of the intru-
sive mass where were emplaced into the metamorphosed pelagic

sedimentary prism.
Introduction

Numerous Pb-Zn deposits have been known and mined since
ancient times in NW Anatolia. Diverse opinions have been
offered about the ore genesis mode and type of.minern]iza—
tion of the NW Anatolian Pb-Zn deposits. Ozocak (1) has
remarked on the conformable character of . the ore lodes of
the Kazdag (Altinoluk), Kalkim (Handeresi, Bagirkag) and
Bayindir (Sariyurt, Kurudere) deposits with respect to the
schistosity of the host rocks. On the older hand, Cagatay
(2) has emphasized the contact metasomatic characteristics
of the mineral paragenesis of the Handeresi, Dursunbey, and
Balya deposits and the plutonic-hydrothermal origin of
the Yenice (Arapucandere) deposits. The Bayindir (Sariyurt,
Kurudere) deposits have been interpreted as being diagenetic
—exhalative deposits Anil (3) have remarked that NW Ana-
tolian Pb-Zn deposits were formed as a result of the remo-
bilization of the metallic elements enriched within the
metagreywake deposits of the Paleozoic age as a consequence
of subcequent emplacement of the plutons of the Tertiary

age.
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ﬁsﬁmezsoy (4) has put forward a long-term 1life span
evolutionary model for both the orogeﬁic evolution of NW
Anatolia and the metallogenic evolution of NW Anatolian
Pb-Zn deposits. The NW Anatolian orogen belt evolved as a
resilt of successive perpheral island arcs and subduction
complex accretion to the Pontian block during the Late
Carboniferous to Mid-Triassic times. A continental margin
type magmatic arc was constructed above the NW Anatolian
accretionary belt during the Tertiary time (4,5). Multistage
deposition events were suggested for NW Anatolian Pb-Zn
mineralizations in the perspective of long-term orogenic
evolution. The final stage deposition of NW Anatolian Pb-Zn
mineralization had been formed as a result of the emplace-
ment of the post collisional magmatic arc-related intrusions

of Tertiary age (6).

The lead isotope data had been obtained from the ore
minerals of the Pb-Zn deposits in NW Anatolia. The work of
Wagner et al. (7) lead us to consider the plumbotectonic
model of Doe and Zartman, before attempting a solution to
the ore genesis problem of the NW Anatolian Pb-Zn minerali-
zations. The purpose of the present paper is ta suggest an
evolutionary model for NW Anatolian Pb-Zn deposits by Virtue
of a synthesis of the orogenic and metallogenic analysis
of NW Anatolia of the present author (4,5,6) and the Pb
isotope findings of Wagner et al. (7) within the perspective

of the plumbotectonic model of Doe and Zartman (8),
Geology of the Edremit Gulf

The major part of the Pb-Zn deposits in the NW Anatolia
are located around the Edremit Gulf which comprises NW
verged metamorphic oceanic assemblages and arc magmatics
of pre Late Triassic age, sedimentary cover of Late Triassic
to Mid Cretaceous age, and a velcano-plutonic complex of
Tertiary age. The NW verged granodioritic thrust sheets and

imbricated oceanic assemblage of pre Late Triassic age were

3



EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSITS

unconformably overlain by the post orogenic clastic deposits
of Upper Triassic age_and carbonates of the Upper Jurassic
Lowe Cretaceous age. The metamorphic oceanic assemblage
and granodioritic arc plutons of Paleogene age are overlain
by «calc alkaline volcanics of FEocene-Oligocene age and

Miocene age (Fig.l).

The NW verged dublex thrust sheets include oceanic
floor and forearc trench-associated accretionary prism
and an disland arc complex. Evidence for active subduction
had been deduced from the granodioritic complex which has
been interpreted as being the deeply eroded root of the
island arc of pre Late Triassic age. Strongly catacalastic
granodioritic mylonitized masses are thrusted NW over Lhe
oceanic accretionary wedge comprising metagreywake,‘ meta-
pelite, metabasite, metacarbonate and wultrabasic rocks
association, ihterclated by the NW verged nappes, and meta-
morphosed to low grade greenschist facies to amphibolite
facies grade. The gradational transitions from the amphi-
bolite facies to the greenschist; from the metagreywake to
gneisses and from the metabasalt to amphibolite can also
be observed in spite of its tectonicly intercalations. But
the pgreat diversity of (diverse) grade metamorphic rocks

from low grade tectonicly juxtaposed.

The primary contact relations of the granodioritic arc
plutons and oceanic assemblage can be envisaged as being
intrusive in character, in spite of its present tectonic
contact, because the superposed thermal metamorphic effect
is widely observable in the oceanic assemblage close to

the granodioritic sheets,

The island arc plutons and related migmatites and
amphibolite facies gneisses and the forearc-trench associat-
ed accretionary prism are juxtaposed to the NW verged
NE-SW trending dublex thrust system during the prevalence

of compressional events in the pre-Late Triassic time and
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EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSITS

overlain by the post-orogenic deposits of Upper Triassic
age includes coarse grain material derived from mylonitized
granodiorite, metagreywake-pelite and metabasic rocks. The
carbonate deposits of Upper Jurassic to Early Cretaccous

age rest conformly on the Upper Triassic clastic heds.

The Mesozoic sedimentary cover and underlying thrust
sheets of island arc and oceanic assemblages of pre-Late
Triassic age were covered by the calc-alkaline andesitic
and dacitic volcanic 1lava flows and pyroclastic, and in-
truded, by the granodioritic plutons and dacitic subvolcanic
stocks of Paleogene age. The plutons are circumscribed by
the well developed contact metamorphic aureoles reached up
to hornblende - hornfels facies. The calc-alkaline volcanics

of Miocene age cover the SE part of the Edremit Gulf,
Evolution of the NW Anatolian Orogen Belt

The amphibolite and basalts of the ophiolite sheets in
the subduction—accretionary—prism reveal the same origin
as oveanic spreading volcanics of Carboniferous age (304 Ma)
Bingsl (9). The NW verged oceanic assemblage and migmatites
and intrusive calc-alkaline rocks depict on set of south-—
eastward dipping subduction sited at the north of the Kazdag
district (Fig.2a). The oceanic sheets represent the rocks
which were accreted above the southeastward dipping subduc-
tion =zone. The broad subduction zone associated accre-
tionary-prism was developed by the NW transporting of the
oceanic sheets as a consequence of the NW migrating of
the trench. The subduction-accretionary-prism was suffered
by the polyphase folding and regional metamorphism during
the accretionary orogeny, and had been intruded on by the
arc-related plutons., The metamorphic grade of the oceanic

assem.lage increases trenchward.

The Kazdag subduction accretionary-prism and forearc

system expands to the southern coast of the Marmara Sea,
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EVOLUTION OF THE NW ANATOLIAN Ph-Zn DEPOSITS
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and involves Ezine ophiolites. The large expanse of the
Kazdafi subduction complex and overlying forearc deposits
extend along the Armutlu-Bandirma-Mudanya-Biga, Yenisechir-
Uyudag-S6giit metamorphic belt beneath the Mesozoic cover
(Fig.3). This metamophic belt indicates the presence of
forearc and trench-associated accretionary-prism rocks,
-deve]oped above Lhe onset southeastward subduction. Kazdag,
Uludag (10), Sogit (11) plutons represent the root zone
of the island arc belt of Late Carboniferous to Permian
age (240-290 MY).

The Kazdag-Uludapg-S6giit island arc belt and related
forearc ophiolite bearing hroad subduction-accretionary-
prism were developed in the oceanic domain of PaleoTethyan
as a consequence of the successive subduction of the ocean
floor to the south and southeastward, and accreted to the
Pontian block. The Pontian block and its peripheral succes-
sive island arc accretion =zone of Late Carboniferous to
Early Triassic age was collided with the Menderes massif in
the pre-Late Triassic time as a consequence of demise of the

western termination of PaleoTethys (5,12) (Fig.4a,b).

The continental or shallow sea type clastic-beds of
Upper Triassic-Lower Jurassic age and carbonate deposits of
Upper Jurassic-Lower Cretaceous age were deposited on both
the Pontian block -and its peripheral accretionary belt and
Menderes massif (13, 14, 5, 15). The second oceanic-domain
Izmir-Ankara Ocean (Neo Tethys) was opened during the Lower
Cretaceous tme between the Menderes Massif and the NW
Anatolian accretionary belt. The Izmir-Ankara Ocean closured
by northward dipping subduction beneath the NW Anatolian
accretionary belt (Fig.4c,d). The Menderes massif and NW
Anatolian accretionary belt recollided in the Paleocene

time.

The ductile lower crust of the Menderes massif pro-

ceeded to subduc to the northwestward beneath the accreting

9
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EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSITS

margin while its brittle upper crust, passive-continental-
margin sedimentary prism and Neo Tethyan oceanic-assemblage
were displaced to the southeastward as thrust-sheets above
the fundamental detachment zone became sited at the contact
of the ductile and brittle crust of the Menderes massif
as a consequence of continued compressional events following
the collision as exemplified in the principal collision
belt in Alp Himaliyan orogen (16, 17, 6) (Fig.2b).

Initial extentional events resulted in the north dipp-
ing gravity faulting in the NW Anatolian accretionary belt
while its southern accreting edge was thrusted southward
over the underriding Menderes massif. The coeval thrusting
sited at the accreting edge of the overriding plate, and
gravity faulting events behind the ¢thrusting belt have
recently been introduced introduced as factors in Himalaya
by Burchfiel and Royden (18). The calc-alkaline andesitic,
dacitic volcanic flows interlayered with pyroclastic and
clastic deposits of Eocene age filled the northward dipping
fault bounded basin extending from Biga-Mudanya-Armutlu-
Yenisehir trends, The high Sr 87/Sr 86 ratio of the NW
Anatolian batholiths of Paleogene age (0.706-0.713 (19) and
high 8/I index (Fig.5) suggest that batholithic magma was
derived from a continental source. Lithospheric thickening
in a collision belt results detachment of lower crustal and
lithospheric cold blobs which sink to ‘asthenosphere by the
gravity force. Uprising hot asthenospheric melts beneath
the decoupled upper crust triggered the melting of the
continental source which yields the batholithic magma
emplaced within the NW Anatolian accretionary belt during
the prevealing copressional regime (Fig.2b).

The post-collisional convergence regime prevailed
through Oligocene time. The NW Anatolia accretionary belt
was underplated by the underthrusted slab of the lower crust
of the Menderes Massif. This underplated slab was withdrawn

by virtue of the southward detachment of the underriding

14 .
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UstiMezsoy

Menderes massif which was situated on the previous under-
thrusting plane .at the contact zone of the upper brittle
crust and lower ductile cruct during the prevalent exten—

tional regime in the latest Oligocene-Miocene time (Fig.2c).

The decoupling of the underplating lower crust of the
Menderes Massif and the overlying NW Anatolian accretionary
belt is revealed by interpretating the sixth degree trend
surface Buouguer anomaly map (Fig.6) (20). Interestingly,
this map divides Western Anatolian into the Northern
positive; NW Anatolia accretionary belt and Southern
negative; Menderes massif anomaly domains. The negative
and positive gravity values increase toward the south and
north respectively. The aeoromagnetic anomaly map (Fig.7)
(21), also delineates the contrasting characters of the
overriding NW Anatolia accretionary belt and the under
riding Menderes massif. The NW Anatolian accretionary belt
is occupied by clusters of positive anomalies whereas the
Menderes"massif is covered by the homogenous negative
anomaly pattern. The distinctive ~contrasting boundary of
the magnetic anomalies depict the northward extention of
the underthrusted slab of the Menderes massif beneath the

accreting margin of NW Anatolian accretionary belt,

The NE trending block faulting was formed on the NW
Anatolian uﬁper- plate coeval with the decoupling of the
underthrusted slab of the Menderes massif by the detachment
faulting as a result of the SE ward escaping and the doming
of the Menderes Massif as a lower block, like same mode as
suggested by Wernickle and Burchfiel (22). The large-scale
listric block faulting were resulted in the differential
rotation, alternatqu clockwise and anti—clockwige, of the
different blocks (Figs.2c,3) in the NW Anatolian upper
plate (23) by the prevalence.SE—NW extention (24).

The NW Anatolian accretionary belt was wunderplated

by the upwelling astanosphere and subsequently decoupling

17
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of the nonuniform depth-dependent extention events, as
modelled by Royden et al. (25), and Beamoun et al. (26). The
upweiling asthenosphere resulted in the increase of heat-
flow beneath the thinned and block-faulted NW Anatolian
accretionary belt, and triggered the fusion of the crust
(27). The calc-alkaline magma ascended up through the fault
zone and, reaching the surface,- filled in the block faulting
bain. The high Sr 87/Sr 86 ratio (0.705-0.709) of the
calc-alkaline volcanics of Late Oligocene - Late Miocene age
(23 MY - 16 MY) evided its crustal origin with minor mantle-
generated melt segregation (28). High-K and low-Si contents
of the majority of the Neogene volcanics of NW Anatolia
(Fig.8) implies that the latitic, trachytic and high-K
andesites are the product of the crustal-derived with minor
mantle segratid mixture magmas. Whereas High Si (rhyolite)
and low Si (shoshonific basalt) extremes of the. volcanic
rocks on the other hand originated from asthenospheric
segragations and a partial melting of the wupper crust
(rhyoliteé). The eruption of crustal-derived calc-alkaline
volcanics was followed by the ascending of the astheno-
spheric melt segragated alkaline volcanics of latest Miocene
age (13 Ma - 6 Ma) which reflects Jés mantle origin with the
lower Sr 87/Sr 86 ratios (0.702-0.703) (28, 29, 30).

.

" NW Anatolian Pb-Zn Deposits

The Pb-Zn deposits in NW Anatolia are situated predomi-
nantly in or adjacent to the oceanic 'assemblage of the
pre Late Triassic age and are spatially related to grano—
dioritic intrusions of the pre Late Triassic or Tertiary age
(Figs.1,3).

The Altinoluk Pb~Zn deposits occur at the contact zone
of the amphibole schist and marble intercalations of the
amphibolite facies rock, not far from the granodiorite
plutons of the Tertiary age. The deposition of the Altinoluk

Pb-Zn mineralization =zones is principally controlled by
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the contact zones of the amphibole schist and marble inter-
calations, although cross cutted mineralized veins can also
be observed., The lode shaped conformable ore bodies consist
of galenite, with sphalaratie the principal component with

quartz and minor chalcopyrite (1).

Handeresi-type deposits are represented by Handeresi,
and Bagirkag¢ mineralizations. These mineralizations took
place within the contact =zone of the marble lenses inter-
layered with phyllite and chlorite-epidote-actinolite schist
in the contact metamorphic aureoles of the granodiorile
intrusion. The metamorphic rocks of green schist grade wvere
superposed by the albite-epidote hornfels facies grade
thermal metamorphism., This was reflected by the developing
of the andalusite bearing hornfelsic texture on the phyllite
and transformation of the marble lenses into calc-silicatic

rock-(2).

The mineralized 1lodes at the contact of the marble
lenses had been formed as a result of the replacement of
the carbonatic rocks with to garngt, epidote, and actino-
lite, bearing skarnificated lodes which include mainly
galena,sphalerite, pyrite, chalcopyrite, magnetite and
hematite as ore minerals. Handeresi type mineralizations
can bi concidered to be plutonogecnic hydrothermal replace-—
ment-type deposits associated with the granodiorite intru-

sion of the pre-Late Triassic age (Fig.2a).

Yenice Arapugcandere-type mineralizations occured in the
metagreywake, splite association of lower grade greenschist
facies, as fault-zone-filling type deposits around the
Tertiary plutons. The metamorphic grade of the enclosing
greywake splite association increases toward the grano-
diorite plutons. At the same time, vein type depositions
transform to. Handeresi-type replacement deposits as a result
of the increase of thermal gradients propagation from the

risin granodioritic magma. The fault-zone-filling-vein-
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type” mineralizations cause the silicification of the en-
closing metagreywake and metapelitic wall rocks. The ore
minerals include galena, sphalerite, pyrite, chalcopyrite,
hematite and magnetite accompanied by quartz, epidote,
sericite and chlorite. The Yenice-type Ph-Zn deposits are
considered to be related to the hydrothermal fluids driven

by the plutonic activities (3) (Fig.2b).

The Pb-Zn deposits in the Balya mine can be assortod
into two distinctive type deposits, the shallow—spatﬂd—.
type involved in lstrongly altered dacitic intrusions and
the deep-seated-type included in the skarnificated marhle
layer which is intercaleted with metagreywake and shale of
the pre-Late Triassic age and with cataclastic felsic
plutonic rocks which were encountered in the bore holes.
The metagreywake, shalf and marble intercalation were over-
lain by the conglomerate, sandstone, and shale beds of the
Late Triassic age. A huge carbonate nappe of Permian age
thrusted west over the Late Triassic clastic beds. This
cuccession was intruded by the dacitic domes and overlain
by the aﬁdesitic lava and pyroclastic beds of calc-alkaline

-

character of the Tertiary age.

The deep-seated Pb-Zn deposits are involved in the
skarnificated marble layers in the metagreywake and shale
succession. The ore minerals include galena, sphalerite,
pyrite,, chalcopyrite, magnetite, pyrrhotite, aréenopyrite
enclosed by garnet, epidote, termolite, wollostonite, and
calcite bearing skarnificated limestone. The shallow-seated
Pb-Zn deposits occurs as vein-type ores in the strongly
silicificated dacite, and include galena sphalerite and

pyrite as principal ore minerals, acconpanied by quartz.

Dursunbey Pb-Zn deposits occur in the contact aureole
of the granodioritic intrusion of the Tertiary age emplaced
in the metapelite, metagreywake and marble succession. The

inner auroeles consist of magnetite pyrite and pyrrhotite

»
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enclosed by garnet diopsite bearing skarn. The outer au-
roeles include epidote, actinolite, tremolite, and chlorite
bearing retrogrode minerals. The principal ore minerals are

galena, sphalarite, magnetite, pyrite and chalcopyrite.

Ayvalik Madenadasi polymetallic skarn type Pb-Zn-Cu
mineralizations located in the skarnificated volcanic rocks
of the latesit Oligocene age are related to the latite

porphyry or porphyry monzonite dykes (27) (Fig.2c).
Lead Isotope Data

The lead isotope ratios and sampling sites are listed
in Table-I are referred to in the sketch map (Fig.3). The
plotting of the lead isotope ratios of the ore minerals
of the NW Anatolian Pb-Zn deposits in the 206 Pb/204 Pb
versus 207 Pb/204 Pb and 208 Pb/204 Pb mark a single point
(Fig.9). The isotopic uniformity could indicate an essen-
tially single cource of the Pb-Zn mineralization of dif-
ferent type and age rather than late stage homegenization.
NW Anatolian Pb-Zn deposits which include the single 1lead
isotope ratios which plut as dist&nctive clustering at the
crossing point of the pelagic deposits and mature arc and
non-crotonized upper crust, on the Plumbo tectonic assertion
of Doe and Zartman (7) and Zartman and Doe (32).: On the
other hand, this lead isotope of the NW Anatolian Pb-Zn
deposits plot on the lead isotope evolution line of the (B)
orogen and growth curve of upper crust or non-crotonized
crust contributed to orogen (C) in the plumbotectonic model
version Il of Zartman and Doe (32) (Fig.10).

Conclusion

The result of integrated account of orogenic analysis
of the NW Anatolian accretian belt based on the petrologic,
isotopic and tectonic data and lead isotope findings from

the NW Anatolian Pb-Zn deposits, reveal that Pb-Zn minera-
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Location Sample 206 Pb/204Pb 207Pb/204 Pb 208 Pb/ 204 Pb
Altinoluk 76 12 C-1 18.75 15.68 38.82
Altinoluk 76 12 D-2 18. 74 15. 68 38.80
Honderesi Maden TG 13 A-2 18. 77 15. 68 38. 91
Karaaydin T 16 E=F 18. 73 15. 67 38.81
Kurttasi TG 16 A-2 18. 76 15. 68 38.92
Sofular T6 17 A-2 18. 75 15. 67 38.87
Balya 7618 C 18.82 15.70 38.97
Balya 76 18 D-1 18. 81 15 69 38 93
Balya TG 18 D-2 18. 81 15.69 38 93
Balya 618 0-3 1881 15. 69 3. 92
Balya TG 18 E 18.80 15. 69 38. 94
Avcilar TG 128 8-2 18.79 15. 66 38.81
Doﬁaf}c;lar TG 133 F 18.76 15.63 38.72
Kocayayla TG 134 A-1 18.75 15.64 38.74
Hacibekirter TG 137 A-1 18.81 15.68 38.85
Dagdoba TG 140 A-1 18.77 15.65 38.78
Kustepe TG 141- 12 18.79 15.69 38.74
Kozcadiz TG 142 H-1 18.77 15.67 38.89
Maden adasi TG 143 B-2 18 76 15. 65 38.76
Hahlar TG 144 D-1 18 76 15. 68 38.90
Kiiserlik TG 145 A-1 18.77 15.69 38.95
Badirkag TG 146 A-1 18. 74 15.66 38 85
Kiracoba TG 147 A-1 18.75 15.67 38.87
Arapugandere TG 150 18.75 15.67 38 89
Bekten TG 151—1 18.76 15.67 38.89
Mentesdere 76 1521 C 18.74 15.67 38.91
Madenbelenitepe
Sodukpinar TG 153 D 18.72 15. 69 3885
Gumiiskdy 76 155 C 18.74 15 69 38.91

Table l.Lead isotope ratios of the ore minerals of tﬁe NW Anato-

lian Pb-Zn deposits.



EVOLUTION OF THE NW ANATOLIAN Pb-Zn DEPOSTITS

lizations were evolved as a consequence of resurged succes-
sive remobilzation of the metallic elements related to the
plutonic events of pre-Late Triassic and Tertiary time. The
early metal enrichment events had occured in the trench-
associated accretionary prism of Carboniferous  trough Early
Triassic age as a result of diagenetic-exhalative or meta-
morphic processes involving the leaching of the pile,
consisting of basic volcanic, metagreywake and metapelitic
pelagic rocks. The Bayindir and Kustepe (Kazdag) =zinc-rich
metamorphic stratiform type Pb-Zn deposits were probably
occured in the same manner. The. pelagic origin af the NW
Anatolian Pb-Zn deposits evidenced that the successive
enrichment of the metallic elements and subsequent deposi-
‘tions related to the ©plutonic activities through the
orogenic episodes, and originated from the oceanic assem-
blage of pre-Late Triassic age., The subduction-accretionary-
prism of Carboniferous-Permian age had been intruded by the
island arc batholiths. Handeresi-type deposits were formed
at the peripheries of the plutonic bodies as a consequence
of the circulation of hydrothermal fluids through the
accretionary prism which include initial metallic enrich-
ment. Circulation of the hydrothermal fluids through the
subduction-accretionary-prism resulted in a scavenging of
the pelagic lead and to its transportation to the high-
temparature thermal aureces of plutons where replacment-
type Pb-Zn deposits were occured as comformable lodes at
the contact =zone of teh marble lenses with the enclosing

metapelitic and volcanic rocks.

The second batholith emplacement events had culminated
in the Tertiary time as a result of the post-collisionnal
subduction of the detached lower crust of the Menderes
massif from the brittle upper crust, beneath the NW Ana-
tolian accretionary orogen belt. Dursunbey-type-skarn
deposits and Yenice-type—- vein deposits are both a product
of the emplacement of the plutonic mass of the Tertiary age.

The formation of both types of deposits can be considered
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to be result of the circulation of the hydrothermal fluids
through the pelagic deposits of accrelionary-prism ofl pre
l.Late Triassic age, which was invaded by the intrusions of
'Tertiary age. The lead isotope data of Yenice (Arapucan-
dere) and Dursunbey deposits reval that the lead of ¢the
these deposits were also originated from the surrounding
accretionary—-prism. Existence of linneite in the paragencesis
of the deposits (2) around the ultrabasic rock, bhearing
environment leads to the conclusion that metallic elements
were derived from the enclosing environment by the leaching
of the oceanic assemblage during the circulation of the

hydrothermal fluids.

The shallow-seated Pb-Zn deposits in Balya mine arec
located in the dacitic intrusion above the decp-scated
deposits. lowever, samples collected from both deep-seated
skarn type and shallow-seated vein-type ores show the same
lead isotope ratiosl. This result leads us to conclude that
sources are the same for both deep seated skarn ore and
shaIIGW—seated vein ore both were probably derived from
the pe]ag&c deposits of pre—Late‘Triassic age. Deposition
of the vein-type deposits in the strongly altered dacitic
dome can he explained by reference to formations related to
the ascnding ore bearing fluids were derived from the
underlying pelagic assemblage as a consequence of the circu-
lation of hydrothermal fluids, and derived from the dintru-
sion of the dacitic domes of Tertiary age, which are respon-
sible for the both alteration of dacitic domes and formation
of the vein-type mineralization. The deep-seated skarn-type
occurences related to the deep-seated plutonic mass. The
volcanic rocks and associated latite porphyry or porphyry
monzonite dykes were a product of the deeper part of the
NW Anatolian accretionary belt., Thus, metallic elements of
the mineralizations related to the porphyry monzonite dykes
can also be said to have originated from the NW Anatolian
accretionary belt as a result of the melting and leaching

processes. The lead isotopes of the Madenadasi skarn-type
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mineralizations associated with porphyry monzonite dykes
includes the same isotope ratios as Lhe other type depositls
which were orginated from the NW Anatolian accroetionary

belts pelagic deposits.

The Sr isotopes of the NW Anatolian volcanic rocks
(0.705-0.709) of lLatest Oligocene to Late Miocene ape reveal
its crustal origin as well as the origin of the batholjths
and volcanics (0.706-0.716) of Paleogen age. The oldest
mantle-derived rocks in the NW Anatolian volcanics are of
Tertiary age or lLatest Miocene (9.6 Ma) age, and are repre-—

sented by the Ezine and Kule alkaline basalts.

The integrated results of the Sr and Pb isotope data
indicate that the calc-alkaline volcanics and batholiths
and associated Pb-Zn mineralizations in the NW Anatolia were
originated Tfrom the non-consolidated wupper crust rocks
consisting mainly of pelagic deposits of the accreotionary

belt.
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KARAGUL VE ZILLIK TEPE (GUZNE-MERSIN) OF1YOLITININ PETROGRAF1St VE KROM
CEVHERLESMELERININ METALOJENIK-JEOKIMYASAL INCELEI‘-‘IESIx

Zeki BILLOR ve Mesut ANIL

¢.0.Mih.Mim.Fak.Jeoloji Miihendis1igi Boliimi, Adana

UZET : Mersin ofiyolitinin bir parcasi olan Karagdl ve Ziftlik Tepe mevkii-
lerinde diizensiz kromit cevherlesmeleri gozlenmektedir. Tim masif dlceginde
komple bir seri olusturan ofiyolitik birlik inceleme alaninda yalnizca harz-
burjitik tektonit ve gabroyik kiimilatlarla temsil edilmektedir. Bu birlik
Alt-Orta Miyosen yasli kirectaslar: tarafindan ortilmektedir.

Mercek, damar ve sacinimlar seklinde gézlenen kromit cevherlesmesi
oldukca diizensiz bir dagilim gosterir. Kristal dlcedinde yapilan mikroprop
analizlerinde Tirkiye ve diger Akdeniz iilkelerinde yiizeyleyen ofiyolitik
kusaklara badl1 olarak gozlenen kromit yataklanmalariyla olusum mekanizmasi
bakimindan biiyiik bir benzerlik gostermektedir.

PETROGRAPHIE OF THE KARAGUL AND ZILLIK TEPE (GUZNE-MERSIN) OPHIOLITE AND
METALLOGENIC-GEOCHEMICAL INVESTIGATION OF CHROMITE MINERALISATIONS

ABSTRACT

Irregularly distributed chromite mineralizations were observed in
the Karagdl and Zillik Tepe regions,where a part of Mersin ophiolite crops
out ophiolite assemblage was represented in the studied area by harzburgitic
tectonite and gabbroic cumulates. This assemblage is covered by the Lower-
Middle Miocene limestones.

X) Bu calisma C.0.Arastirma Fonu (Adana)'nca desteklenmistir.

X) This study was supported in the Post graduate School of Science
Project by the Scientific Research Found of Cukurova University.
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KARAGOL VE ZILLIK TEPE oFivoniTt 1LE KROMIT CEVHERLESMES !

The chromite ores, deposited such as lens, wein and disseminated,
show an irregular distribution.

Microprope analysis, that were done at the crystal scale, show
that there is a great similarity between the Karagol and Zillik Tepe
chromite deposits and the other chromite deposits which occur in the
ophiolitic belt in the mediterranean countries and Turkey.

GIRtS

tnceleme alan1 olarak secilen bolge Mersin i1i kuzeyinde Gozne do-
laylarinda ylizeylenen ofiyolitik birimleri kapsamaktadir (Sekil 1). Bu-
rada_ki ofiyolitler Ust Kretase'de muhtemelen Pozanti-Karsant1 ofiyoli-
tiyle birlikte bdlgeye yerlestikten sonra Orta Eosen basindan itibaren
(Lutesiyen)(1) Ecemis fay hattiyle bu masiften ayrilarak giineye kaymistir.
Masifin genel uzanim yGni KD-GB olup, kendisine en yakin i1 konumundaki
Mersin'den dolayr literatiire "Mersin Ofiyoliti" olarak geemistir. Sézkonu-
su ofiyolit lizerinde yerli ve yabanci bir cok arastirici calismistir. Bu
bélgede otokton ve allokton birimler yiizeylenmektedir. Inceleme alaninin
kuzeyinde ve kuzeybatisinda Bolkar Daglari yer alir. Dodu ve bati kesimin-
de ise daha cok karbonat bilesimli post-tektonik Miyosen birimleri yiizeylen-
mektedir. Allokton birim olarak yalnizca Mersin ofiyoliti bulunmaktadir.

Bolgede 1950'1i yi1llardan beri bircok arastiricy calismistir. Bunlar
arasinda genel jeoloji amacli c¢alismalar codunluktadir. Blumenthal (2,3,4),
Demirtasly ve Dig.) (5,6), Uzgiil (7), Gokten (8), Gedik ve Dig.(9), Giivenc
(10), Juteau (11), Pampal (12,13,14), Tanar (15), tsler (16) gibi arastiri-
c1lar genel jeoloji ile ilgili calismalar yapmislardir,

Bu calismada Gozne cevresinde yiizeylenen ofiyolitik birim ile bunlar
icinde yataklanan kromit cevherlesmesinin petrografik ve metalojenik incele-

mesi yapilmistir.
PETROGRAF 1

Bu baslik altinda daha cok ofiyolitik birlige ait kayaclar incelen-
mistir. Inceleme alaninda ylizeylenen Miyosen yasli kirectaslari, onceki
calismalarda ayrintil1 olarak incelendiginden burada tekrar ayrintili ola-
rak ele alinmamistir.

Ofiyolitik Birlik

Iki ayri1 mevki olarak secilen inceleme alaninda basta Karagil ve
Zillik Tepe olmak iizere bircok yerde krom zuhuru bulunmaktadir.
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Sekil 1. Inceleme alaninin yer bulduru haritasa.

Sahada Mersin ofiyolitinin diger bdlgelerde gosterdigi ofiyolitik melanj,
radyolarit, pelajik kirectasi ve volkanik seri goriilmemektedir. Serpantin-
lesme gisteren harzburjitik tektonitler ile yalnizca bir bdliimde yiizeyle-
nen gabroyik kimiilatlar goriilmektedir. tzellikle kromit cevherlesmeleri-
nin izlendigi kisimlarda bulunan diinitik kiimilatlar haritalanacak kadar
biiylikl1ikte mostra vermemektedir, Ancak kalinliklari 0,5-15 cm arasinda
dedisen gabro ve piroksenit damarlar tiim ofiyolitik masifi kesmektedir.
Ayrica genel yonleri KD-GB istikametinde olan dolerit-diyabaz dayklari da
damar komplekslerini olusturmaktadir.

Harzburjit :

Inceleme alaninda yiizeylenen ofiyolitik kaya¢larin biiyiik bir kismi-
n1 olusturur, Yiizey zonlarinda fazlaca kirikli olup, topografik olarak ge-
nellikle keskin roliyef gostermez. Dis zonlarda ayrismis ve serpantinles-
mis olduklarindan kahverengiden yesile kadar dedisen renk tonlarindadir.
Bazen zonlu bir i¢ yap1 sunarlar.

Mikroskopik incelemelerde kayacin baslica olivin, ortopiroksen
(enstatit), klinopiroksen ve kromit gibi minerallerden olustugu anlasilmis-
tir. Baz1 kesitlerde ise opak mineral olarak ikincil manyetite rastlanir.
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Kayacin en yaygin mineralinden olivin toplam kayac hacminin % 70-
80'ini olusturur. Ancak bu oran serpantinlesmenin yogun oldugu kesitler-
de % 60'a kadar diiser. Incelenen hemen her kesitte parcalanma (granula-
tion = baklava dilimleri gibi bircok parcaya ayrilma), cekilme ve ezilme
gibi yiiksek derecede deformasyon izleri goriilir. 0livin kristallerinin
ozellikle kirilma noktasindan baslayarak serpantin grubu minerallerinden
krizotil ve lizardite ddniistiigi izlenmektedir.

Ortopiroksen (enstatit) kayac hacminin % 20-30'unu olusturmakta
olup, genellikle diizensiz dagilimlidir. Olivinlere gore daha elastik ol-
duklarindan bu kristallerde uzama, biikiilme ve kivrimlanma gibi deformas-
yonlar daha yaygindir. Bazilarinda eksoliisyonlar halinde diyopsid lamel-
Teri goriilir. Kirik zonlarinda geliserek artan belirgin bir talklasma
izlenir,

Klinopiroksen olduk¢a azdir ve kayac hacminin en fazla % 2-5'ini
olusturur. Codu kez diyopsid ve bazen ojit bilesimindedir.

Kromit kristalleri hemen her kesitte gdriiliir. Tabit 1sikta kirmi-
zimtrak portakal rengi ile ©zellik tasirlar ve yer yer kiiclik boyutlu
olivin kapanimlari icerirler. Kaya¢ icinde oldukca diizensiz bir dagilim-
lar1 vardir.

Opak minerallerden manyetit, hemzist, limont ve demir oksit gorii-
liir. Bunlar 6zellikle serpantinlesmenin yaygin oldugu kesitlerde olivinin
diizensiz catlaklarina ve piroksenlerin dilinimleri boyunca yerlesmislerdir.

Serpantin grubu minerallerinden lizardit ve krizotil en yaygin
olamidir. Baz1 kesitlerde % 70'e ulasan serpantinlesme derecesi saptanmis-
tir. Genellikle halkali-zincirli bir doku gdsteren krizotil ve lizarditin
yani sira talk, cok nadir olarak da tremolit, aktinot ve klorit gibi ikin-
cil minerallere rastlanmaktadir. Olivinlerin serpantinlesme safhasinda
aci1ga cikan magnezyum, karbonat seklinde ana kayacin kirik ve catlaklarina
dolmasiyla da manyezit damarlar1 ortaya ¢ikmistir.

Dunitik Kimiilatlar :
Inceleme alan1 olarak secilen Karagdl ve Zillik Tepe Mevkiilerinde
haritalanacak biiyiikliikte mostra veren diinitler yiizeylenmemektedir. Ancak,

ler veya kromit kiitlesini cevreleyen zarflar seklinde sikca rastlanmir.
Kahverengiye kacan renkleriyle karakteristik olan bu bandlar ciplak gozle
bile gbriilebilen biiyiikliikte kromit kristallerini icerirler.
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Mikroskopik incelemelerdes % 90-95 oraninda olivin, % 5 oraninda
ortopiroksen ve % 2'ye ulasan kromit bilesimleriyle oldukca homojen bir
dagi1im gosterirler. Bu dunitik bandlarda da harzburjitlerde oldugu gibi
belirgin deformasyon izleri gozlenir, 0livinlerde parcalanma yaygin alup,
ortopiroksenlerden enstatitte biiziilme, kivrimlanma ve uzama izleri yay-
girdir, Diyopsid ve nadiren ojit bilesimli klinopiroksenler cok seyrek
olup, bunlar genellikle deformasyonlardan fazlaca etkilenmemislerdir.

Gabroyik kiimiilatlar Aktopuk Tepe Mevkiinde yizeylenirler(Sekil 2).
Arazide ac1k renkleriyle dikkat cekerler. Bazen magmatik tabakalasmanin
da gozlendigi bu kayaclar daha cok masif yapilidiriar,

Mikroskopta incelenen kesitlerde taneli doku icinde en yaygin
mineral tiirii plajioklastir, Prizmatik cubuklar seklinde cogu zaman tane
0zelligini korumakla beraber, kaolin, serizit ve albit gibi fkincil ayri-
s1m minerallerine doniistiikleri izlenir. Plajioklaslarda deformasyon so-
nunda ikizlenme, uzama ve kopma 9ibi mekanik degisiklikler gbriiliir.

Plajioklaslarin cogu labrador bilesiminde olup, andezin bilesimin-
de olanlarina da rastlanir. Hatta bazi kesitlerde andezin latalarinin bel-
1i bir oran olusturmasi nedeniyle kayacin diyoritik bir karakter kazand1gy
girilmistir. Klinopiroksenler 1-3 mm boyutunda izole kristaller halinde
bulunmaktadir, Genellikle prizmatik kristaller halinde goriilen hornblend-
ler oldukca yaygindir. 0livin ise cok seyrek olarak goriilmekte olup, codu
kez tamamen serpantine doniismiislerdir, Aksesuar olarak apatit. biyotit,
epidot ile opak minerallerden manyetit izlenir.

Serpantinit :

Harzburjit ve diinitlerden déniisiim yoluyla olusan serpantin grubu
minerallerinden olusan bu kayaclar haritada gosterilecek kadar mostra
vermezler. Ayn1 bélgede bile farkli derecede serpantinlesmenin izlendigi
inceleme alaninda Gzellikle cevherlesmenin goriildigii Karagdl ve Zillik
Tepe Mevkiilerinde cevher kiitlelerini kesen faylar boyunca kalinliklari
bir kac santimetreden bir kac on santimetreye kadar degisen zirhlar sek-
linde kayma diizlemlerinde, fazlaca kirilmis tektonik zonlarda, cevher
damari, kese ve ceplerinin etrafinda yaygin bir sekilde izlenir. Ana
kayac1 harzburjit veya diinit olan baz1 zonlarda % 70'e kadar c¢ikabilen
bir serpantinlesme goriilmistir. Buralardan alinan kayac Grneklerinden
yapilan ince kesitlerin mikroskop altindaki incelemelerinde, tamamina

yakin bir kesimin serpantin grubu minerallerinden krizotil ve lizardite

39



-tyeTE3TIRY T(OTOS( UTUTIBITTINASU (g)adal XTTTTL &, (v)Igbeawi-g 1T%95

g

YLl

BV

{1 pgnovty

oprivontri

KARAGAL VE ZI1LI1X TETE

1JD3 D20 udpDW WO X
wibs ¥

£
ADp zDQDAIG "148100 — Jonwny X 1404GD9Y !

’

as8q .7
e = 186D1281) @
wyoE 0 ZINIQ AV i 104 7=

il

{77 ouopy 22

o
<C

VY IVWY TX 1DV
[ | 1 1 1 1 1

T

|
N._ o T
! 1
M 1
ﬂ ! I
g T
>\\ NN A \...aw\ T
1 ’ T
__ YO O\\_“ >/— >\\\ >._._.. > 1
A __ XD_.OXL.G%\ ,.? DJ. A \\ A \_
/ TTUTEN !
Al AN AR A o\ A A

K N A~ >¢
| \ ~
‘A AL AN A A A
’ / \/

A >$\>__,
A A 1 }DADIDS

A A A A XA

s
L Andopry

=t

40



BILLOR VE ANIL

dontismiis olan olivin kalintilarina, codu kez bastitlesmis ve/veya talk-
lasmis enstatit kristallerine rastlanir, Bu kristaller ayrica yer yer
diopsid lTamelleri de icermektedir. Tamamen serpantinlesmis kaya¢ i¢inde
birer ada gibi goriilen ve codu kez 0,2 mm'den kii¢iik olan sagciniml1 kro-
mit kristallerine de rastlanir. Gerek kristal catlaklarinda, gerekse
deformasyonlar sirasinda olusan siireksizlik zonlarindaki olivin ve pi-
roksenlerin ayrismalari sirasinda olusmus bulunan opak minerallerde yay-
gin olarak izlenmektedir.

Dolerit-Diyabaz Dayklari :

Mersin ofiyolitinin bir cok yerinde yaygin bir sekilde gdzlénen’
ve cogunun genel uzanim yonii KD-GB olan izole dolerit-diyabaz dayklari-
na inceleme alaninda Karagdl'lin kuzeyinde ve Salavat Tepe dolaylarinda
yizeylemektedir. Masif, kalinliklari genelindeki 0,5-25 m arasinda degi-
sen bu dayklar, ofiyolitik birlige ait kayaclari kesmektedir.

Mikroskopik incelemelerde c¢odu kez entersertal ve bazen de taneli
doku i¢inde andezin, labrador ve ikincil albit bilesimindeki yaygin bir
sekilde plajioklas, klinopiroksenlerden ojit, amfibollerden hornblend
ve doniisim mineralleri olarak da klorit, klinozoisit, prehnit, epidot
gdzlenir.

Konglomera ve Kirectaslari

Ofiyolitik birim Uzerine diskordansla gelen konglomeralar ve bun-
larin iizerinde yer alan kirectaslari inceleme alaninda da oldukca yaygin-
dir. Tamamen ofiyolitik malzemeden tiiremis konglomeralar inceleme alanin-
da haritalanacak biiyliklikte dedildir, Elemanlarinin cogu yuvarlak ve sey-
rek olarak da koseli parcalardan olusmus bu kayaclar karasal ortamda ¢o-
kelmis olup, Gzellikle ofiyolitlere ait kayaclardaki ferromagnezyumlu
minerallerin ayrismasi sebebiyle de kirmizimtrak bir renge sahiptirler.
Unemli bir karstlasma bilgesi olan inceleme alaninda kirectaslari lizerin-
de sik olarak erime bosluklari gdzlemnmektedir.

Mikroskop altindaki gozlemlerde kirectasinin tamamen kiiciik ksencmorf
kalsit taneciklerinden olustugu ve ikincil iri kalsit kristallerinden mey-
dana gelen damarciklarin kayaci katettigi goriiliir. Burnuegri Tepe mevkisin-
den alinan drneklerin ince kesitlerinde kalsit kristallerinde ikizlenmeler
goriiliirken, kayacta % 10'a ulasan detritik kuvarsa rastlanir, Bu haliyle
de kaya¢ kumlu kirectasina gecis gosterir. Kiregtaslarindan alinan ornek-
ler lizerinde yapilan paleontolojik calismalarda Alt ve Orta Miyosen
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yasin1 veren fosiller bulunmustur (14)
OFIYOLITLERIN JEOKIMYASI

tnceleme alaninda yiizeylenen harzburjitlerden 4, diinitlerden 2,
gabrolardan 2 ve dolerit-diyabaz dayklarindan da 2 adet olmak lzere ;
alinan toplam 10 adet petrografik @rnegin analizleri MTA merkez labora-
tuvarlarinda yaptirilmistir (Tablo 1), Bu analizler baz alinarak incele-
me alanindaki kayaglar cesitli diyagramlarda incelenmistir.

Harzburjit, diinit ve gabrolarin A]EOB/”QO diyagramindaki durumlari

tncelenen 4 harzburjit ve 2 diinit Srneginin Harker (17)'in gelis-
tirdigi bu diyagramdan (sekil 3) da anlasi1d1g1 gibi magnezyumca zengin
ve aliiminyumca fakir olduklari goriiliir. Gabrolar ise sinir ¢izgisine
yakin bir yere diiserler,

Harzburjitlerin A1203-Ca0—Mgo uggen diyagramindaki durumlari

Karagol ve Zillik mevkisinden alinan ve maddi imkansizliklar ne-
deniyle ancak 4 harzburjit ve 2 dinit ornegi sekil 4'deki iicgen diyagra-
da incelendiginde 6 noktanin da Mg0 kosesinde kiimelendigi abriiliir.

Mg0 / Ca0 diyagram

tnceleme alanindan harzburjit, diinit ve gabro ornekleri Mg0/Ca0
diyagraminda (sekil 5 ) incelenmistir. Bu diyagramda da benzer Gzellik
izlenir, Harzburjit ve diinitler Mg0 kdsesinde kiimelenirken, gabrolara
ait iki ornek Diopsid-Bronzit-Anortit licgeni icinde kalmistir. Gercek-
ten de incelenen gabrolar kalsik plajioklas yoniinden oldukca zengindirler.

Dolerit-Diyabaz Dayklarinin durumlari

Gerek ait oldugu magma ve gerekse olusum evresi bakimindan ofiyoli-
tik birligin diger birimlerinden tamamen farkli1 olan (toleyitik bir magma-
ya aittirler-olivinli veya kuvarsli toleyit) bu kayaclardan cok az sayida
analiz yaptirilabildigi ic¢in yalnizca alkalin/silis diyagramindaki durum-
lar1 sekil 6'da verilmistir., Inceleme alanindan alinan iki ornegi temsil

eden noktalar subalkalin bdlgeye diismiistiir.
CEVHERLESMELER

fnceleme alaninda ekonomik oneme sahip tek cevherlesme kromit
cevherlesmesi olup, yer yer goriilen asbest ve manyezit damarlari ekonomik
degere sahip degildir, Karagdl ve Zillik Tepe Mevkii'ndeki kromit zonlari-
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Hrnek Numaralari o
Element 1 2 Z 4 5 b 7 a ? 10 4
§i02 Z7.50) 2ZB.00| Z7.41] FB.Z1| 37.00] IB.14| 48.50( 4Z.00| 52.460 42.92
lnl:UI 0,20 ) 1.14 0.90 1.10( 0.375 0.?;'—14.95 16.50) 15.12 T;:;;
Fe2032 2.462 8.&0| 8.946| B.70) 10.00] 9.70| 10.20 11;40 g.60| B.26
FelO __:.DD .70 1.40 1.20] 3.60f 2.96 5.40 6.95 ﬁ;.;; _;:g;
MnD 0,201 0.20 0.21 0.20] 0,20 0.20] 0.20] 0,20] 0.18 _—ﬁ.IT
Mg0 Z9.00| 27.00| 27.946| 37.00| 39.00) 38.18| 8.50 B.30| S.B0| 5.69
CaD 0.65| 0.75] 0.90] 0.95 1.2 1.14 92.501 10.50| 9.6&6] 9.20
MNa203 0.03] 0.03] 0.03] 0.03] 0.0Z] 0.03 1.001 2.75 2,38 2.?8
K20 0.01 0.01 0.01 0.01 0.01 0.01 0.50| 0.0 0.67 0.76
Ti02 a.01 0.01 0.01 0,01 0.01 0.m 0.50] 0.30] 0.465| 0.77
FZ205 0.10f o.10 0.13) 0,10 0.11 0.11 0.10 0.10 —.6?;; 0.10
A.K. 1Z.00} 1Z.55]| 13.02| 12.96| 9.00| 9.20] 2.00] 2.00 1.96 Z.01
SiDZ 47,10 43.78| 42.57| 43.61| 40.41| 41.74] 48.7 42.97__;;j&EA S3.37
A1203 0.27 1.61 1.02 1.26| o0.38| o0.98| 15.01] 16.45| 15.15| 15.10
Fez02 2.58] 9.90| 10.17| 9.93| 10.92( i1c.61| 10.22) 11.78] 8.50 E.EIJ
FeO 1.14 0.81 1.59 1.48| 3.92 Z.24 5.62 6.92 5. 00 d.bg
MnO 0.70] 0,24 0.24 0.22 N, 221 0.21 0.20] 0.20] 0,18 - 0.17
MgO 44.07| 42.64| 43,18 42.72] 42.60| 41.7& 8.40] B.4R .78 5.74
Cal 0.70 0.70] 0.8% 1.02 1.10 1.27 ?.27 .55 _1;2;5._‘;_55
Naz0 0.03 0.0Z] 0.02 .03 0.0 0.03 t.o0 2.71 J-;t;;-—“g:;;
<20 0.01 0.01 0.01 0.01 0.01 0.01 0.70 0.10 0.15 ﬂ.:;
Tioz2 0.01 .01 0.01 0.01 0.01 0.01 .50 0,300 0.465 0.77
F205 0.11 0.11 0.15] 0.12| 0.12| o.11 a.10] o0.10 '-;T;B 446?]3
Toplam [1o0.08] 97.84]| 99.85|100.42| 99.72[100.07[ 99.97 ??.ﬂ; IDO.bB“AQQ.??
Tablo 1. inceleme alaninina ait harzburjit, dunit, gabre ve dolerit dayllarina

ait kimyaszal analiz sonuclar:
1-4; Harzburjit, S-6;Dunit, 7-8; Gabro

g-10; Dolerit-diyabaz
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Sekil 3.inceleme alanindaki harzburjit,diinit ve gab-
rolarin Harker(l17) diyagramindaki durumlarzi.

nin tamami diinitik zarfla cevrili harzburjitik tektonitler icinde yataklan-
mistir. Bu iki cevher zonundan 1970'1i yillara kadar araliklarla isletme
yap1lmis ve bir miktar cevher c¢ikarilarak degerlendirilmistir. Gerek piya-
sa durumlari ve gerekse cevher zonlarindaki dizensizlikler nedeniyle terke-
dilmis bulunan galerilerin tamamina emniyet acisindan girilememistir. Cev-
herlesme mercek, damar, cep seklinde veya ezikli kisimlarda diizensiz bir
sekilde bulunmaktadir. Kompakt, nodiiler ve saginiml1 kromit cevherlerinin
bulundugu bu iki zondan alinan cevher drnekleri iizerinde ince ve parlak
kesitler yaptirilarak kristallerin ana kayac icindeki durumlari ile kro-
mite eslik eden diger minerallerin varligr arastiriimstir,
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B Harzburyit
A Dpainit

¥
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Sekil 4.Karagdl ve Zillik Tepe harzburjit ve diinit &r-
neklerinin Ca0Q-MgO- A1203 diyagramindaki durumu.

Mikroskopik Gozlemler

Gang1 tamamen serpantinlesmis olivinden olusan ve nadiren ortopi-
roksenlerin izlendigi diinit bilesimli ana kayac i¢inde caplari 3 cm'yi
bulan nodiil seklindeki kromit kiitlesi ile kompakt ve saciniml1 kromit
kristalleri birlikte gézlenebilmektedir. Sacinimli kromit kristallerine
ise henfén her bandda ve bizzat harzburjitler icinde de yaygin bir sekil-
de rastlamak mimkiindiir,

Deformasyona en fazla maruz kalan kompakt cevher tiirlerinde kromit
kristallerinin cogu dzsekilsiz olup, kristaller arasindaki dokanaklar net
dedildir. Buna karsilik saginiml1 kromitlerin ¢ogu 0,2-0,5 mm arasinda
olup, yari 6zsekilli kristaller halindedir. Kompakt cevher drneklerinde
gozlenen parcalanma, uzama ve cevrelenme gibi 6zellikler saciniml1 kromit-
lerde daha seyrek olarak ggzlenmektedir.

Bol kirikl1 ve catlakly kromit iceren kesitlerde kromitin yanisira
pendlandit (Ni,Fe,Co)QS8 ve millerit (N1S) gibi ikincil siilfiir mineralleri
de izlenmistir. Tali olarak gézlenen ve genellikle 0,2 mm den kiiciik boyutlu
bu mineraller ya serpantinlesmis gang icinde izole taneler halinde veya
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B Harzburyit
A Odnit
O Gabro

‘,H
0 10 20 Ca0

Sekil 5.Inceleme alanindan alinan harzburjit,dlinit ve

gabrolari temsil eden noktalarin Mg0/Cal diyag-
ramindaki durumlara.

6 NC1'20+K20
Alkalin bdlgesi

Toleyitik bélge

% Si0,
25 50 75 -

Sekil 6.tnceleme alanina ait iki dolerit-diyabaz daykinin
alkalin/silis diyagramindaki durumu.

kromit kristallerinin kirik ve catlaklarinda goriiliirler. Bircok kromit
kristalinin birbiri izerinde kayarak' olusturdugu nodiillerde gelisen

46



BILLOR VE ANIL

catlaklarda, kristaller arasina sikismis sekilde bulunan serpantinize
olivin taneleri de gdzlenmektedir,

Ayrica bu metalize parlak kesitler iizerinde secilen belirli nok-
talardan elektron mikroskopta gdriintiler alinmis, gerek kromit kristal-
lerinin gang i¢indeki durumlari, kristaller icindeki kapimlar, kirik
sistemleri, gerekse dider deformasyon izleri incelenerek levha 1'de acik-
lamalariyle birlikte verilmislerdir.

Kristal Kimyasi

Parlak kesitlerden 19 adeti metalize edilerek ingiltere (Imperial
Collage)'de JSM-35 Model elektron mikroskopunda kristal dlcedinde kimyasal
analizleri yapilmistir (Tablo 2). Herbir kromit kristali lzerinde 5 adet
analiz yapi1lmis daha sonra ortalamalar1 alinarak bu analizlerin ortalama
degerden sapma miktarlari arastirilmstir. Kristal bazinda tnemli bir zon-
lanma gorilmemistir.

Deginilen analizler baz alinarak cesitli jeokimyasal diyagramlarda
Karagdl ve Zillik Tepe Mevkii kromitlerinin dzellikleri incelenmistir.

Cr/(Cr«Al) = f (Mg/Mg+Fe) diyagram

O¢c degerli katyonlarin iki degerli katyonlara orani seklindeki bu
diyagramda Karagdl ve Zillik Tepe nodiiler, kompakt ve saciniml1 kromitle-
rinin dagilimlar1 goriilmektedir (Sekil 7). Bu diyagramda Mg/Fe degisiminin
dar bir alanda kalmasina karsilik Cr/Al dagiliminin nisbeten daha genis bir
alana yay11d1§1 acikca goriilmektedir. Bir karsilastirma yapmak amaciyle de-
gisik biilgelere ait ofiyolitik kusaklardaki kromitlerinin durumlari da ve-

rilmistir.

Mg/Mg+Fe ve Cr/CreAl+Fe’ = f(Cr,05) diyagram

tnceleme alanina ait kromit orneklerinin bu diyagramda (sekil 8)
da Mg/Mg Fe Cr/Cr Al Fe3'un kromit ylizdelerine gbre dagilmmlariy goriil-
mektedir. Karagdl ve Zillik Tepe kromitlerini temsil eden 25 noktanin
Mg/Mg Fe dagilimlarinda olduk¢a diizensiz ve genis bir alan gbzlenirken,
Cr/Cr Al Fe dagilimlarinda lineere yakin bir dagilim gozlenmektedir,

Stevens (18) licgen diyagrami

Ayn1 ornekleri karakterize eden noktalar bu AFC iicgen diyagraminda

Gergekten de gerek Pozanti-Karsanti ve gerekse Kizildag ofiyolitine bagla
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LEVHA 1

PARLAK KESITLER OZERINDE ELEKTRON MIKROSKOPU GURONTOLERI

. Kromit kristallerinin genel goriiniimi, birincil ve ikincil kirik sistem-

leri. Acik renkli gdriilen kisimlar da kromit bilesimindedir, Catlak ara-
11§inda koyu renkli kesimler,serpantinlesmis olivinlerdir (Y.I.,Elektron
Mikroskopu).

. Kromit kristallerindeki ayrintili ic¢ yapi.Kiriklarin kenar zonlarindan
itibaren manyetitlesme belirtileri (koyu gri), ana catlaklar ile kilcal
kir1k sebekesi goriilmektedir (Y.I., Elektron Mikroskopu).

. Masif kromitlerde gozlenen kataklastik kiriklar. Kristaller arasi dokanak-
lar acik olmamakla beraber; birbirini oblik veya dik kesen en az iki ki-
r1k sebekesi goriilmektedir. Bu iki sebekeyi ise, kilcal nitelikse liciinci
bir kirik ag1 cevirmektedir (Y.I.,Elektron Mikroskopu).

. Yar1 Ozsekilli, az deforme olmus kromit kristalleri.(Cr) Kristallerin do-
kanaklar oldukca belirgin olup bunlarin aralarinda biiylik dl1ciide serpantin-
lesmis olivin {01) gang1 yeralmaktadir (Y.I.Elektron Mikroskopu).

. Kromit kristalleri (Cr) icinde yer yer goriilen ikincil siilfiir minerallerin-
den pendlandit (p) ve kromit icindeki olivin(ol)kapanimlar: (Y.I.,Elektron
Mikroskopu).

. Nodiiler kromit (Cr) ve olivin ( ol ) kapanimlari (Y.I., Elektron Mikroskopu).
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Tabla 2. Faragol-2illiy Tepe bromitlerinan Hilroprop analiz sonuglar: ve katyonik degerleri
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100
Karagd!-Zillik Tepe
901 kromitleri
Pozanti-Karsant; nodiler
ve bandh kromitleri
807
Fethiye orbikdler
kromitleri
70
Antalya nodller kromitleri
Marmaris ve Hatay nodiler
kromitlerj
60
Q —
Q<
i o Oman masif ve bandl
|G kromitleri
‘ 504
Mg x 100 Dider veriler:Rahgoshay
Mg «Fe? ve Juteau(26).
40 1 . | 1 1

80 60 40 20

Sekil 7.inceleme alanina ait kromitlerin crx100/Cr+Al:
f (Mgx100/Mg+Fe diyagramindaki durumlari

kromitlerde de benzer 6zellik bulunmaktadir ( 19 ).

Crx100/CreAl = f(Mgx100/MgsFe’ 've Fe x100/CrsAleFe = f(Mgx100/MgvFe?’

diyagram
Inceleme alanindaki kromitlerin cevherlesme tipini saptamak amaciy-

la olusturulan bu diyagram (Sekil 10)'da analizleri temsil eden noktalarin
daha cok podiform tip bolgesinde kiimelendikleri goriilmektedir,

AL/RS - £(Cr,04) diyagram

Mineral dlcedinde yapilan analizlere ait noktalarin ¢evreledigi
sinirlar ve ayny zamanda Oman, Hatay, Marmaris, Antalya, Fethiye, Pozant1-
Karsanti kromitleri karsilastirilmistir (sekil 11). Bilge kromitlerinin
kristal olceginde Cr203 icerikleri oldukca yiiksek goriilmektedir.
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65 } 65 .
60 j 60 ..'ﬂ
® '9'
L " o
®
e ©® ".
50 } ° 50 g
[ ]
L0 | 40
Mg/Mg + Fe Cr/Cr+ Al +Fe
30 s ; 30 X . . . , :

045 0,55 0,65 0.50 060 070 0,80

Sekil 8.Inceleme alanina ait kromitlerin Mg/Mg+Fe ve Cr/Cr+Al+Fe:

f(Cr203) diyagramindaki dagilimai.

Kromitlerin Jenezi

Ofiyolitik kompleksler i¢indeki kromit yataklanmalariyle ilgili
olarak glinimiize kadar bircok goriis ortaya atilmistir. Bu goriislerin ta-
mam1 kromitlerin ofiyolitlerin bugiinkii yerlerini almalarindan once, ok-
yanus kabugu i¢inde ultrabazik magmanin magma odasi i¢inde olustugu ve
daha sonra gerek kabuk icinde ve gerekse bindirmeyle bugiinkii yerlerini
alirken plastik halde deformasyon ge¢irdikleri seklindedir. Tiirkiye bas-
ta olmak iizere ofiyolitik komplekslere bagli kromitler Uzerinde calisma-
lar yapan Borchert (20-21) dzellikle nodiiler kromitlerin yalnizca magma
odas1 i¢inde, kromit kristallerinin list liste kayarak, kiitlenin konveksi-
yon akimlari ve gravite bilesenlerinin bileskesiyle, magma odasi tabani
arasindaki aginin 50°' nin istiinde oldugu anlarda gerceklesebilecegini
savunmustur, Kibris Torodos masifindeki kromitli ofiyolitler lizerinde
uzun yi1llar calisan Greenbaum (22) da kromit kristallerinin magmatik oda
icinde segregasyonla diinitlerin taban kisimlarina veya tabana yakin or-
tamdaki diinit veya harzburjitik kisimlarda yataklandi1gini belirtmistir.
Unceleri birbirine yakin goriisler seklinde ortaya atilan bu olusum teori-

Terine, son yillarda yapilan calismalarla da yeni boyutlar kazandirilmstir.
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Al

Demirli | Kromlu
sipinel sipinel

Aldminyumliu
kromit

Alliminyumliu
manyelit

Manyeltitli Demirli
kromit kromit

Fe Cr

Sekil 9.Karagdl ve Zillik Tepe kromitlerinin Stevens (18)
AFC iiggen diyagramindaki durumlari.

Ofiyolitik komplekslerin tabanini olusturan tektonitler icindeki kromit-
lerin plastik fluajla deforme olduklarini veya mantonun yerlesmesi sira-
sinda kromit kristallerinin kati halde deformasyona ugradiklari goriisii
benimsenmistir. Dickey (23) podiform kromitlerin kiimilatlar gibi tiirbii-
lans11 zonlarda olustugunu ve bbylece bazen nodiiler bir dzellik kazand1k-
larin1 belirtmis ve daha sonra da bu nodillerin gravite nedeniyle taban-
daki harzburjitlere kadar indigini savunmustur. Yine Tirkiye, Yunanistan,
tran ve Suriye basta olmak iizere ofiyolitik kompleksler iizerinde uzun
yillar calisan Juteau (24) biitiin bu yapisal 6zelliklerin mantodan kaynak-
lanan pirolitik (sicak) diyapirin magma odasi icinde yiikselmesi sirasinda
pikritik magma kanallarina kromitin yerlesmesi seklinde gelistigini ve kis-
mi ergime etkilerinin bu sebeble ortaya ciktigr gorisiinii benimsemistir. Ya-
zara gore kromitlerdeki cekilme, gerilme ve parcalanma gibi deformasyonlar
segregasyon sonunda plastik halde olusmaktadir. Diinyanin en tipik nodiiler
kromitinin goriildiigi Guleman bolgesinde yapilan son calismalarda da -
dJuteau'nun daha Gnce belirttigi bu diyapirik yiikselme modeli benimsenmistir
(25).
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Mersin ofiyolitine bagl1 olarak Karagdl ve Zillik Tepe Mevkilerin-
de izlenen kromit cevherlesmeleri, masifin diger kesimlerinde gtzlenen
kromit cevherlesmeleriyle benzer Gzellikte olup, tipik podiform (alpin)
tipi yataklanma goriiliir. Yataklanmalar kiiciik boyutlu mercek, diizensiz
damar ve dinitik gang icinde sacinimlar seklindedir. Kompakt, nodiiler
ve saciniml1 cevher tiplerinden, Gzellikle kampakt ve nodiiler kromitlerde
onemli deformasyon izleri gbriilmekte olup, kristallerin birbiriyle olan
dokanaklar1 acik degildir. Kristallerde giriilen dider deformasyon izleri
de gozoniine alind1dinda inceleme alanindaki kromit yataklanmasinin muhte-
melen ultrabazik magmanin magma odasinda konveksiyon akimlari ve tiirbii-
lans hareketlerinin etkisinde kaldi1g1 ve diinitik kimiilatlarin alt zonlarin-
da magmatik segregasyonla olustuktan sonra gravite nedeniyle tabana kaydigi
soylenebilir. Ayrica diinitik ceperle cevrili bu kiitlelerin harzburjitler
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A

Nodifer Oman (iran) Kromitleri
0,4 . .
Nodiler Hatay Kromitleri
Nodiiler Marmararis Kromitleri
Al/R3 - o .
o~ odiler Antalya Kromitieri
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o Q.
Orbikiiler Fethiye Kromitleri

0 2 Karagdl-Zillik Tepe
(Mersin) Podiform Kromitleri
: T Cry04
Nodiler Pozanti- Karsant: Kromitleri
a 1 1 1 L 1 1 1 1 L 1 —~—
L6 48 50 52 54 56 58 60 62 %

S$ekil 1l.Karagdl ve Zillik Tepe kromitlerinin 1’\1/R3 :f(Cr203) diyagramindaki

durumi(diger veriler Rahgoshay,1985'den stzlii giriisme) .

icindeki dokanaklarinin genellikle tektonik karakterli olmasi da bu gorisii
dogrular niteliktedir,

EKONOMIK JEOLOJI

:

1950'11 yil1lardan itibaren var11g1 bilinen ve 1975 yilina kadar ara-
Tiklarla isletilen Karagdl ve 7illik Tepe mevkilerindeki ocaklardan ne ka-
darlik kromit cevheri cikarildigr kesin olarak bilinmemektedir. Ciinkii bu
sire icinde degisik sirketler faaliyet gdstermis ve ancak krom piyasasinin
canl1 oldugu dinemlerde cevher ¢ikarilmistir, Hicbir kayidin tutuTmadigr
bu iki cevher sahasinda daha ne kadarlik bir kromit rezervinin kald1§1 an-
cak bu ocaklarda calisan iscilerin ifadeleri ve girilebilen galeri duvarla-
rinda yapilan damar kalinliklari gozbniine alinarak tahmini rakamlar verile-
bilir. Bu incelemeler sonunda 20.000 Ton goriniir ve 50.000 Ton da muhteme-
len rezervin mevcut olabilecegini belirtmek, biylik bir iyimserlik sayilima-
malidir. Gerek girilen galeriler ve gerekse eski stok sahalarindan alinan
cevher drneklerinin kimyasal analizleri yaptirilmis olup, % 35-52 Cr203'1ﬁk‘
bir dagilim saptanmistir.
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SONUCLAR

Karagdl-Zillik Tepe (Gozne-Mersin) kromlu ofiyolitleri, basta Mer-
sin Ofiyolit Kompleksi olmak ilizere tim Akdeniz kusaginda gdzlenen diger
ofiyolitik komplekslerle benzer tzelliktedir. inceleme alaninda ofiyolitik
seriden yalnizca harzburjitik tektonitler ve gabroyik kiimilatlar gtizlenmek-
tedir. Diinit, Wehrlit ve piroksenit damarlariyle zaman zaman ardalanmalj
olan bu harzburjitler, kalinliklar1 0,5-30 m arasinda dedisen dolerit-diya-
baz dayklari ile de kesilmislerdir.

Cevher zonlari genellikle diinitik bir zonla cevrili olup, kiicik bo-
yutlu mercek ve kirik dolgusu olarak yataklanmis kromitlerde, kompakt, no-
diiler ve sacinimli kromit tipleri ayirtlanmistir. Mikroskopik gozlemlerde
asir1 derecede seﬁpantin]esmis olivin gang1 icinde giriilen kromitlerin na-
den mikroskopu altinda bol kirikli olduklari ve deformasyon gecirdikleri
anlasilmistir. tkincil minerallerden pendlandit ile millerit'in kromite es-
Tik ettigi saptanmistir., Ayrica cevher trneklerinden yapilmis parlak kesit-
Ter elektron mikroskopunda incelenerek her kristalden 5 analiz yapilmis
ve belli bir zonlanma goriilmemistir. Ancak kristallerin kenar kisimlarinda
ve catlaklarda hafif bir manyetitlesme gozlenmistir, Koti bir isletme ve
tutulmayan kayitlardan yataktan ne kadar kromit cevherinin cikarildign
bilinmemekle birlikte, % 35-52 Cr203 icerikli 20.000 ton kromit cevherinin
varligir Jiisiiniilmis tiir.

TESEKKOR

Bu calisma C.0.Arastirma Fonu FBE-87-2 nolu proje cercevesinde ger-
ceklestirilmistir. Yazarlar proje siiresince desteklerinden dolay1 sayin
Prof.Dr.1brahim GENC ve Prof.Dr.Ural DING basta olmak lizere tiim C.0.Aras-
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GEOMECHANICAL ROCK CLASSIFICATION (RMR SYSTEM) OF THE
DELIKBEK LIMESTONE SITUATING ALONG THE KIZILIRMAK-KEPEZ
DAMS1TE

Okay GURPINAR
Dept. of Geology, Faculty of Engineering, Istanbul
University, Istanbul, TUREEY

ABSTRACT : This work entails the Geomechanical Rock Classi-
fication (RMR system) of the Delikbek 1limestone that
occurs along the Kepez damsite. The limestone appears
@s blocks within the metamorfic rocks. The parameters
that are derived from the limestone as a8 result of the
field and labaratory studies were collectively evaluated
in order to establish the position of the limestone from
the point of view of the Geomechanical Rock Classification.
In the light of this basic rock rating, the Delikbek lime-
stone may thus be classified as "Good Rock" in generally

and in some areas, it displays "Fair Rock" characteristics.

In the subsurface excavations (for tunnel and adit)
which are due to be wundertaken soon, the techiques to

be wutilised should be selected in the 1light of these

ratings.
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JEOMEEANIK EAYA SINIFLANDIRMASININ (RMR SISTEMI), KI1ZIL-
IRMAK - EKEPEZ BARAJ YERINDEK1 DELIRBERK KIREGCTASINA UYGU-
LANMASI

0Z : Bu inceleme Kizalarmak iizerinde yapilacak Kepez bara-
jinda, govdenin oturtulacagir Delikbek kiregtasinin Jeomeka-
nik siniflamasi amaciyle yapilmistair., Kepez metamorfitini
olusturan sistler igerisinde bloklar halinde bulunan Delik-
bek kirectasinda Jeomekanik siniflamaya esas élan paramet-
reler degerlendirilmistir. Bu siniflandarmaya gdre, kireg-
tasi genellikle "iyi kaya" baza kesimlerde ise "oldukga

iyi kaya" nitelikleri gdsterir.

Bu “zellikler gozetilerek ozellikle yeralta kazala-
rinda (tiinel ve galeri) gerekli ve yeterli olacak teknik

girisimler belirlenmelidir.

INTRODUCTION

The Kepez Damsite was selected 6 km. downstream from
the Boyabat site as a result of explorations (Fig-1).
The Kizilarmak River in the vicinity of the projected
dam axis has a channel on a rtoughly straight line in the
SSW-NNE direction for a strech of approximately 1 km.
while upstream and downstream of this section the direction
of flow is E-W, The projected dam axis is located roughly
at the midle of the section in the SSW-NNE direction which
forms a limestone distributed gorge of width of 80 to
100 m., whereas schist is predominantly distributed in
the surroundings of the E-W direction channels upstream

and downstream and the valleys are opened wide,

The river-bed elevation at the projected dam axis is
190 m. and the slope gradients are 70° to B0°. The high of

the dam is 130 m.
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At the Kepez Damsite, there were 32 boreholes for a
total 1length of 8671.02 m., 80 permeability test in
alluvivm, 2473 water pressure test in rock and 8 explora-
tory adits for a total length 827.80 m. provided by E.Ii.E.
"Electrical Power Resources Survey and Development Adminis-
tration" with D.S.1. "State Hydraulic Works" During preli-

minary investigation and feesibility phases (13).
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The Geomechanical Rock Classification (RMR System of
Bieniawski) is based on the following parameters; strength
of intact rock material, drill core quality "RQD", spacing
of discontinuities, condition of discontinuities, ground
water conditions and orientation of discontinuities. The
data for these parameters were obtained from the explora-
tory adits and field observations. The detailed structural
sections of adits made by geologist of E.I.E. become very
helpful for this investigation (13). Data related with
strength of intact rock material was supplemented by the

laboratory tests (9).

DAMSITE GEOLOGY

The basal rocks in the vicinity of the Kepez Damsite
consist of limestone and schist with the greater made up
of limestone (Fig-2). Limestone appears as blocks within
the schist at the damsite. These basal rocks are covered
by small-scale slope waste while at the river bed, a sand-
gravel layer is deposited to a thichness of approximately
45 m. (8,11).

Eepez Metamorphite

Schist was called as Kepez metamorphite is distributed
at the back of the dam abutment, from the ground surface
to a depth of 300 to 500 m. underground., There are epidote-

chlorite-muscovite schist-graphite schist and exposures

of these repeatedly alternate in a complex pattern. The
facies of the schist is greenschist facies. As a result
of boring, Calcareous schist has been found underground
at the left-bank side. There is distribution of metacong-
lomerate underground on the right-bank side upstream of

the dam axis (8,13).
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Schistosity is extremely developed on the whole with

weathering at the surface layer and the rock is easily

exfoliated and friable, while mlso at parts the schist has

become clayey. The schist is weak against mechanical shocks

such as from drilling, and cores are mostly din poorer

condition than the original and from this fact also it

is estimated that the schist distributed at this damsite

As &n exception, the meta-
and hard. The age

is silghtly crushed as a whole.

conglomerate is comparatively massive

of the schist is younger then Delikbek limestone age of

vpper Permian, because the 1limestone is block in the

schist (8).
Delikbek Limestone

The limestone at the Kepez damsite was named as Delik-
bek limestone (11, 13). The color of limestone is white

to gray to blackish gray when unmetamorphosed but white

to creamy upon recrystallization, hard, brittle, compact,

medium thick-bedded or massive, occasionally dolomitized.

The rock is generally microcristalline with advanced recry-

stallization, and calcite has been formed. The thin section

may contain some of the following of fossils; Neoschwa-

gerinid, Ostracod, Algae ext, According to these fossils
list, the age of the Delikbek limestone is Upper Permian.

The thickness of the limestone is more or less 500 m, (8).

Slope Waste

Slope waste is distributed on the 1left bank side

of the river, and the portion of change in topography on

the righ-bank side upstream of the dam axis.

The slope waste at the left-bunnk is clayey sand inter-

mixed with brecia of schist (wenthered and friable) and

limestone (fresh, hard) and there I8 practically no content
of fine particles. The thickners of these slope waste

deposits are around 7 m., (13).
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Alluvium

The alluvium deposit is a sand layer containing clay
and has an intermixture of gravel of heble to cobble size,.
‘"The quantity of gravel is in the range of %20 - 740 on the
whele with parts where the quantity reaches up to around
Z70. The thicknees of the alluvium deposit is around 44 m.

according to the result of boring investigations (8, 13).

DISCONTINUITIES

The term of discontinuity is called as fault, bedding,
crack, joint, lineation, foliation and fold axis in the
Engineering Geology. Discontinuities were investipgated
at the Kepez damsite. Eight exploratery adits were
excavated and 32 boreholes were drilled in the limestone
for learning of engineering properities of discontinuities
and their classifications. Exploratory adit excavated and

boreholes drilled are indicated in Table 1,2,3.

Discontinuities measured on the surface were shown
on the geological map scale of 1/1000 (Fig-2). And also
discontinuities were marked to the geological section

of 1/50 in the adits (13).

The strike of beds are N10-20W and mske on angle of
40°-55%° with the river and diagonally across the dam axis.
They are dipping downstream and towards the right bank.
Dip angles are between 50°-60° NE.

The faults are well exposed in the abutments and
exploratory adits. They are gravity faults in general. A
few of them are revers faults., The list of main faults
is indicated in the Table 4, and also the faults are marked
in the geological map scale of 1/1000 (Fig-2). The filling

materials of fault =zone are clays and crushed foliated
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Fig.3 - Contour diagram of 2973 joints which were
right bank adits (RA-4, RA-5, RA-7) and

stereographic projection of major joints.
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Fig.4 - Contour diagram of 4902 joints which were
measured at the left bank adits (LA-2, LA-3,
LA-6) and stereographic projection of major

joints.
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ADIT ELEVATION| LENGTH
Location | ADIT i o DIRECTION
LA-2 198.35 52.2 N14 W
LEFT LA-3 218.39 | 296.5 N5 W (0-33m), N4O W (33-2965m)
NK
BA LA-3a | 218.39 61.3 N35SE
LA-6 252.56 122.0 N62 E (0-70m) , N24L W (70-122m)
RA-1 187. 21 8.0
RA- 4 237.58 142.0 N52 W (0-80m.) ,N39 E (80-142m)
RIGHT
BANK | pa-s 199.01 65.0 NBL W
RA-7 305.15 80.8 N77 E
TOTAL 8 Adits | 830.2

Table.l - Exploratory adits at Kepez damsite

rock material with occasionally calcite veinlets. The
faults of F5 and F

and schist, The others are in the limestone (Fig-2).

g are developed boundary of limestone

There are few joints in schist, but joints are well
developed and well exposed in the limestone. The greater
part of joints at the ground-surface and in the exploratory
adits have been messured, were projected on "Schmidt Equal
Area Nets" (Fig-3,4). Joints measured of 7875 on the ground
surface and in the adits are divited as degree of dominant.
The results are as indicated in the Table'5., Some of the
joints are opened aperture on surface, but in the adits, they are closed
sperture. Some of the joints are perallel to the faults,
some of them are crossed the faults with angle. The joint
strike of NIOW is parallel to the bedding strike that's
why this joint is named as "strike joint". At each survey-
station two or three joint sets were measured in the lime-

stone (Fig-2). Some of the 3joint sets are continue in
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Bl Bl Bt ] Wil
LS -2 199,76 369.81 Vertical
LS- 4 212,38 189, 02 "
LS -7 330, BO 70, LD “
LS-24A | 586,87 726, 50 4
LS -25 221,71 357, 00 -
LS =4S £12,00 108, 00 "
[ BET LSi-1 227.89 207,45 E-W, 55°
BANK LSi- 6 199,57 66, 10 NB6BW ., L5°
LSi-64A 199,77 252, 00 NS6EW, ss®
LSi- 10 189,60 100, DO N 60 W, 45°
LSi -14 189, 87 580, 50 E-W ., 45°
Lsi-17 199 , B4 3L3,50 N 37 W,65°
{si- 22 218, 89 219,50 | N 65w, 30°
LSi -26 224, 00 334,00 | NzO W, 85°
Lsi-27A| 22¢.m 68,55 | E-w ., 70°
TOTAL (15 Holes) 3992, 33

Table.2 - Drill holes on the left bank of the Kepez damsite.

long distance some of them are parallel to the river.

Foliation planes are well devoloped in various strikes
in schist. But they are not well devoloped in the lime-
stone. Some of the foliation planes are slightly seen in

the calcschist level of the limestone.
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DRILL HOLE |DRILL HOLE | ELEVATION | nepry (m) DIRECTION AND
LOCATION NUMBER (m.) INCLINATION
RH-3 191,60 125, 65 Verlical
RH-1 190, 26 342.00 -
RH-12 189,26 100,00 "
RH-13 188, 26 100, 00 i’
RIVER RH -15 189, 15 101, 00 "
BED
RH-16 190, 60 101,00 “
RH - 28 190,00 £00,00 "
RH - 30 187, 00 200,00 z
RH - 3 187,00 200, 00 "
RS-5 209,95 321,54 -
RS -9 206,17 465,00 "
RS -23 239,02 482,50 "
RAGET RSi - 8 206, 17 455,10 N BOW . 45°
BANK
RSi-18 201,12 398,50 N 80E,55°
RSi-19 196,02 289,00 N3 W, t5°
RSi- 20 210,01 266,20 NI13E, 60°
RSi - 21 210,20 311, 20 N LS W, 70°
TOTAL (17 Holes) L658,69

Table.3 - Drill holes on the right bank and in the river
bed of the Kepez damsite

Fold axis is not seen in the limestone at the damsite.
Dip angels of the bedding are towards northeast. That's
why one bank of the fold is seen in the limestone at the

damsite,
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FAULY

numser| STRIKE AND DIP | SHEARED ZONE (cm) EXPLANATION

Dipped in upstream di-

F-1 N15-52 W, 30- 48 5W| cl+ sh=10-100 rection af sirike roughly
orthogonal fo river

Dipped in upstream di-

F-2 NL5 W , 55 SW cl+ sh = 20-30 rection at sirike roughly
orthogonal to river

Dipped in right - bank
F-3 NS5-12 W, 40D-42NE cl+sh=10 direction intersecting river
diagonally at gentle angle

Roughly parallel fo river, dip.
F-4 | N-5, &0 W el shizia0 ped in left-bank direction

Roughly parallel to river,

F-5 N20E , 78 NW cl + sh = 100 boundary of limestone
and schist at the left bank

Parallel 1o river, dipped

. | = i " >
F=t el & o 4 S el +sh =120 in right-bank direction
Roughly parallel to river,
X 1 -
o M0 £ . 8058 chitshi=d dipped in left direclion
Dipped in upsiream direc-
FEB | A5 W . BRSH chaishizig tion at the left bank
NIOW . 42-45NE l+sh=5 Dipped in downstream di-
=3 now., el sh= rection of the left bank
F-10 NISE , 88 NW o+ sh=20 Boundary of limestone and

schist, at the right bank

Table.4 - Main faults at the Kepez damsite cl=clay,
: sh=sheard zone),

Numper | PREDOMINANT | wex7 pREDOMINANT JOINTS
aDIT tocaTion | o D JOINT
S max. Submox. 1 Submax 2

= .
z Right— bank adits
3 | (Rave.has AaT) 2973 NIOW , 46 SW | NSOE , 60 Nw | NB2Z E , 20 NW
I | Right-bonk ground
o
x surface 1472 N3OW, 455W | N42E , 60 NW | NB2 E , 40 NW
o i
z Lefi- bank adits 49072 w w W G
3| azaraaae | 407 | NZE - SORW (NBW,L0SW | ETW .M
N SRR F
G |Leftobonk ground | 3352 | NSO W, 50SW | N22E, 60 NW | N1O W, 40 SW

Table.5 - Distribution pattern of the joint sets in the
Kepez damsite (in the adits and on the ground
surface).
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GEOMECHANICAL ROCK CLASSIFICATION (RMR SYSTEM) OF THE
DELIEBERK LIMESTONE

The Geomechanical PRock Classification is based on

the following six parzmeters,

1- Strength of intact rock material (Point load strength
index or uniaxial compressive strength),

2- Rock Quality Designation (RQD),

3- Spacing of discontinuities (ISRM recommendation),

4- Condition of discontinuities (roughness, Persistence,
seperation, Weathering, filling),

5- Ground water conditions,

6- Orientation of discontinuvities.

For each parameter that constitute the basic input
parameters were considered by five ratings. The total
rating of each parameter specifies the rock mass classes.
The basic in-situ Rock Mass Rating (RMR) values determine

on the following five rock mass classes (4,5,6).

Class I - Very good rock

Class 11 - Good rock
Class III - Fair rock
Class 1V - Poor rock
Class V - Very poor rock

The meaning of rock mass classes cover average stand up
time for subsurface excavations (tunnel, adit exc.), fric-

tion angle and cohesion of the rock mass and modules of

deformobility (7).

In order to apply the Geomechanical Rock Classifica-
tion, it is necessary to identify the structural regions
within the rock mass. After this, the {irst step is to
establish the sum of all the ratings obtained from each

five parameters. This will pive the "Basic Rock Mass
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Rating”., The second step 4is to make rating adjustment
according to the orientations of the discontinuities.
Because of the enfluences of discontinuity orientations
depend upon the selection of the engineering application,
ratings in this second step are seperated as foundation,
slope stability, tunnel excavation. The adjustment for

discontinuity orientation yields the final rating (5).
Strength of Intsct Rock Material

Uniaxial compressive strength test was made on the
core samples from drill-holes for the rating of strength
of idntact rock material. Core samples of seventy-five
were tested in the Lab. of Engineering Faculty of Istanbul
University. Uniaxial compressive strengths of the Delikbek
limestone are varying from 1005 to 1342 kg/cmz. Some core
samples were taken from the crushed zone in the limestone
have the 1low values of compressive strentgh that vary
from 378 to 875 kg/cm2. The low values are represent %2
to %6 within the Delikbek limestone, The values of 1005-
1342 kg/cm2 correspond to the range of value "100-200 Mpa"
giving a rating 12 (Table 6).

Rock Quality Designation (RQD)

A method for quantitative description of rock mass
and its classification was developed by Deere (1,2). The
classification index called Rock Quality Designation (RQD)
is based on analysis of recovered core taking into account
the number of fractures and the amount of alteration of
softening in the rock mass as observed in rock cores from
a borehole. Instead of counting the fractures, the total
length of the core pieces of size equal to and longer

than 10 cm. which are hard and sound is measured.

A correlation between RQD and joint volume Jv has

been suggeted by Palmstrom (1975) as follows:
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PARAMETER RANGES OF VYALVES

Fot thig low ran:

Point lood - - - P varial
STRENGTH OF| girength maes| = B MPO 4L=-B MPo 2-4L MPa 1-2 MPa ‘:‘::n.:rn‘::'f:

e Ty 10-25{3-10|1- 3
1| MATERIAL Sty - o _cg MPq [10:25{3-101-
:o‘n"p':;‘shu » 200 MPa |100- 200 MFa| 50 100 MPa | 25-50 'a MPo |MFa Mo
RATING 15 12 7 4 2 1 o]
DRILL CORE QUALITY ROD|90 %, = 100%s | 75%, - 90 | 50%. - 75 .| 25% = 50%4 < 25"
?
RATING 20 17 13 8 3
SPACING OF DISCONTINUITE] >3 m 1-Im 0,3-1m 50-300mm| = 50mm
3
RATING 30 25 20 10 5
igh h | Shghtt h| slichkensioged
B e e Sl Ercc il st
CONRNLY ur O inucus | Seperalian<imm| Seperationtmm| Couge <5mm | o ion > smm
DISCONTINUITES HNo ;prw}ion Hord joint Sofl joint watl ;:;:r:ni:n‘\-Sm .
!:g'dmj‘oml oty tach rock Continuous Joimg Joints
RATING 25 20 12 6 0
< 25 25-125 > 125
'nt::::-tplt-‘m;lohm' None litres /min. litres! min. litres / min.
oA OR op————|0A
Jont water
GROUND pressure
- 02 .2 =05 >
5] waTer Oran Hejor 0 0,0 -0, 02 -0 0,5
principal
s11ess o oR R
Ganerol Moist enly water under | Severe woter,
cenditions Compleiely, aty insergidial waker )|moderote prestue|  Problems
RATING 10 7 &L 0

Table.6 — Classification parameters and their ratings
(After Bieniawski, 1975a).

ADIT RATING OF RQD
BANK
3 8 1 7 20
LOCATION |y meER |DIRECTION "E("G)T”
m h *h R h I, .
La-2 | Nwww | 522 = 3 25 70 2
NSsw | 330 - 2 15 78 5
LA-3
B N4OW | 263.5 - = 55 £0 5
BANK LA-3a | N3SE 61.3 = - 32 68 =
NE2E 70.0 - 8 42 L8 2
LA-6
N2aw | s20 — 2 26 72 =
Nszw | 800 - — 65 3s -
RA-4
EEii N3I9E 62.0 = 10 L0 48 2
BANK RA-5 | NB4W 65.0 = 5 18 75 2
RA-7 | NT7E 80.8 - 1 B 90 1

Table.7 - Drill core quality (RQD) results of the adits
and percentages of their rating at the Kepez
damsite.
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RQD = 115 - 3.3 Jv (approx.)
(RPQD = 100 for Jv <4.5)

Jv is the total numLer of joints per m3. The relstion-
ship can be used for estimating the RQD when core is not
available. However, it may be pointed out that Jv is more
sensetive to joint frequency than RQD. Priest and Hudson
(1976) {found good <correlation between RQD and joint
frequency per meter (N\) as follows: '

-Oc ]-A
e

RQD = 100 . (0.12+ 1)

For the application of this method in the adits,
total number of joints for each meter of the right and
left walls seperately. The average value of RQD was obtain-

ed from ratio between these two values.

In the RMR system of Bieniawski the values of RQD
and their ratings are as follows (5):

.

ROD (% Rock Description Rating
90-100 Very good quality 20
75-90 Good quality 17
50-75 Fair quality 13
25-50 ; Poor quality 8
25 Very poor quality 3

Drill core quality and total number of joints for
each meter were calculated in the adits at the Kepe:z
damsite. The results of RQD distributions were indicated

in the Table 7.
Spacing of Discontinuities

There were three discontinuity planes as bedding,
joints and faults in the Delikbek limestone at the Kepez

damsite. The data related with these discontinuities were
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obtained from the field surveys on the surface and in the
adits as undergi i nd excavations. In this RMR system of
Pieniawski, classifications of joint spacing and thickness

of bed (after Deere 1963) were used as follows :

Spacing of Joints Description
<5 cm Very close
5-30 cm Close
30-100 cm Moderately close
100-300 cm Wide
>300 cm Very wide
Thickness of Bed Description
<5 cm Very thin
5-30 cm Thin
30-100 cm Medium
100-300 cm Thick
>300 cm Very thick

At the Kepez damsite the bedding are varying from
"thin" to "Medium" and also the joints are "Moderately
close spacing". In the Delikbek limestone at the Kepez
damsite, the rating of spacing of discontinuities is the
value of 20 for the basic rock mass class (Table 6).
Because joints are more predominant (%80-90) of the whole

discontinuities,
Condition of Discontinuities

This parameter of RMR system includes persistence
(continuity), seperation, ravghness and wall rock condition
of the discontinuities. Persistence (continuity) is the
length of the discontinuity trace on oucrop. Seperation
(aperture) is the perpendicular distance between adjacent
rock walls of an open discontinuity in which the interven-
ing space is air, water or partly filled with occasionally

washed saway filling material. Roughness means undulated
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surfaces and smooth to slickensided surfaces. Wall rock
condition is the weathering grade of rock raterial on the
adjacent rock wall of an open or partly filled disconti-

nuity.

The Persistence (continuity) of discontinuities are
vsed as follows (after ISRM 1975):

Persistence Description

<l nm Very low
1-3 m Low
3-10 m Medium
10-20 m High
>20 m Very high

The apertures of discontinuities can be classified
as follows (after ISRM 1975) :

Aperture Width Description Remarks
<0.1 mm Very tight
0.1 - 0.5 nm Tight
0.5 = 2.5 mm Moderately wide Joints
2.5 - 10 mm Wide
>10 nm Very wide
1 - 10 cm Large Out washes
10 - 100 cm _ Very large Discontinuities

and joint dis-
>100 cm Cavernous placed by ten-
sile movements

or major shears

The faults well developed at the damsite and sorround-
ings (Fig-2). Some of them were seen at the boundary of
limestone and schist, Some of them were also developed
‘within the Delikbek limestone. The persistence of the

faults are varying from high to very high in generally,
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Roughness of the fault planes varies between slightly

rough-rough surfaces and slickensided surfaces.

The apertures of the faults are varying from 5 cm to
100 cm. These apertures werTe filled by filling material.
The filling materials of the faults are clay and crushed
sone material. The clayey gouge material was formed as a
result of weathering and decomposition of these crushed
and re-foliated shistose rocks. The fault wall rocks are
mostly slithly and medium weathering grade is only concern-
ing the fault wall starting from the boundary of fault
zone material which is included in the foliated part of
the rock. Five szmples of the filling material were tested
for classification. The following Atterberg limits are;
WL= %55.2 - %78.4, WP= %20.2 - %25.6, IP= %35.2 - 743.8,
These values indicate high plastisity clay (CH) according
to the United Classification of Casagrande, 1948,

The persinstence of the joint sets are between high-
very high characters. The seperation divisions of more
than eighty percent of the joint sets are varying from

tight to very tight.

The other percent of the joint sets are moderately
wide. They are represented by mostly slightly rough to
rough and razrely smooth to slickensided surfaces. The
surfaces of joint plane are unweathered to slightly weat-
hered in generally. Calcite veins are seen in the sone

aperture of moderately wide of the joints.

The rating of 20 for the parameter of condition of
discontinuities was chosen for the basic rock mass classi-

fication by taking their most convenient characteristics

among the ranges of value (Table 6).
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Ground Water Condition

Ground water is one of the important effect on the
behaviour of fractured rock mass. In the limestone, water
speepage through some partly open discontinuities is the
result of secondary permeability of the rock mass. The
water table showing the low hydraulic gradient is higher
than the river in both bank. The Kizilirmak river is the
character of influent stream at the damsite. Exploratory
adits in limestone were excavated above the ground water
level. The upper 1level adits of LA-6 and RA-7 are dry
character, and the lower level adits of LA-2, LA-3, LA-3a,
RA-4 and RA-5 are character of moist only (interestitial
water). The ratings of the general conditions of ground
wvater in the adits are varying from the values of 7 to

10 (Table 6).
Orientation of Discontinuities

In the Geomechanical Rock Classification the effect
of discontinuity strike and dip orientation in tunnel and
adit is indicated in table 8 and their ratings adjustment
for discontinuities orientations are also indicated in

table 9,

‘At the dam axis, orientations of strikes and dips
of joints with strikes of adits were calculated from table
8 and 9. The results of orientations are as shown below

in table 10.

STRIKE PERPENDICULAR 10 TUNNEL AXIS STRIKE PARALLEL |RRE SPECTIVE
TO TUNNEL AxIS OF S5STRIKE

Drive with dip prive ogainst dip

pip 45°-90°| Dip 20°-45°| DIp 45% 90°| Dip 20%-45°| Dip 45 90°| Dip 20-45°| Dip - 20"

Fov:::gblt Favouroble | Fair Unfovourable Unfn‘\'l'u’u’Lnb'! Foir Uniovourable
Table.8 - The effect of discontinuity and dip orientation

in tunnelling (After Bieniawski, 1975a).
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STRIKE AND DIP VERY —
OSIEECNOTNATT'LOU?:TIE;:' FAVOURABLE FAYOURABLE [ FAIR | UNFAVOURABLE UNFAVOURABLE
Tunnels 0 -2 =5 =10 =12
RATINGS | Foundations | 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60
Table.9 - Rating adjustment for discont:i.nuity orientations

(After Bieniawski, 1975a).

DIRECTION OF ADITS

J0INT La-2 LA=3 LA=3a LA=§ RA-4 RA-5 | RA=7
SETS H1Lw N5SSwW N LOwW NISE NE2E N2wW NS2w N33 E NbeWw | HTTE
N 2tE , 6O NW -2 0 -2 -12 =12 =5

N LBW , 40 SW -5 -5 -5 -10 -10 -&

E-W , LON -5 -5 ~5

E-w . 35S -5 -5 -5 =5 -5

N 30W, 46 SW -1 -3 -5 -5
NSDE , 60 NW [} -12 -5 -12
N BZE , 4ONW -5 -5 -5

Table.1l0 - Rating adjustment for discontinuity orientations
in the direction of adits

CLASS NO. 1 I m L' X
DESCRIPTION Very good rock Good roch Falr rock Peoor rock Very poor fock
RATING 100 — 81 80 — 61 60— 41 Lo- 2 < 20

Table.12 - Rock mass classes determined from total ratings
(After Bineniawski, 1975a).

CLASS NO. I I m s X
10 Year & months 1 week 10 hours 10 minutes
AYERAGE STAND UEIINE for &m =zpon for Lm span for 2m spon for 1,5m spon| for 0,5m spon

COHESION OF THE e s 22
HOOR MASS > 300 kPa [ 200- 300kPg| 150~--200 kPa | 100—-150 kPg < 100 kPa

"TNE Rock Mass | > 457 L0 45° 35°-40° 3c°- 35° <30°

otroRHAEI Ty  |> 54000 MPo [54000-16000 M| 1800-5600 MPo [5600- 1890 MPa | < 1800 MPo

Table.13 - Meanings of rock mass classes (After Bineiawski,
1975a),
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CONCLUSION

The Geomechanical Rock Classification (RMR system)
of the Delikbek limestone at the Kepez damsite was made
from six major geotechnical parameters. In the classifica-

tion date were carried out in the exploratory adits and

also supplemented by the field observations.

The basic total ratings of six parameter for RMR
system were shown 1in the table 11. In the light of the
basic rock rating, the Delikbek limestone may thus be
classified as "Good Rock" in generally and in the some
areas it displays "Fair Rock" characteristics (Table 12).
Meanings of the rock mass clases of RMR system are indicat-

ed in the table 13.

In the subsurface excavations (for tunnel and adit)
whiech are due to be undertaken soon, the tecniques to be

utilised should be selected in the light of these ratings.

Acknowledgements @ 1 would 1like to thank Mr. and Mrs
Yipitbas for drawing and typing the manuscript.
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KOCAYER VE SAHNA (MERSIN) YORESININ JEOLOJIS? VE PETROGRAFISt

Cemal SAHINOGLU Fikret ISLER
Jeoteknik Hizmetler ve Yeralti Sulari C.0.Miih.Mim.Fak.
-Subesi D.S.1. 6.Bdlge Miid. Jeoloji Miih.Bol.
Adana/TURKEY Adana/TURKEY
UZET

Bu calismada inceleme bolgesinde yiizeylenen yerlesme yasi Ost
Kretase olan ofiyolitik seri, ofiyolitli melanj ve Miyosen yasli kireg-
taslar1 ayirtlanmis, birbirleri ile olan iliskileri incelenerek detay
petrografik etiidleri yapiimistir.

Ofiyolitik serinin blyiik bir bolimiinii harzburjitler teskil etmek-
tedir. Bunlar da yogun tektonik etkilere maruz kalmis ve serpantinlesme
yaygin olarak gelismistir.

Ofiyolit1i melanj ofiyolitik seriye ait tiim parca ve bloklarinin
yaninda farkli yasta kirectasi, kumtasi ve konglomera parca ve bloklari-
n1 dicerir.

0fiyolitik seri iizerine uyumsuzlukla gelen ve bolgesel olarak
cok farkl1 kalinliklarda goriilen Miyosen kirectaslari bol fosilli olup,
karstik yapilar fazlaca gelismistir.

THE GEOLOGY AND PETROGRAPHY OF KOCAYER AND SAHMA (MERSIN) AREA
ABSTRACT

In this study Upper Cretaceous ophiolitic series, ophiolitic melange
and Miocene Timestone has been differentiated. Their petrographic
properties have been investigated in detail.

The ophiolitic series are mainly composed of harzburgite which
were subjected to tectonic affects and mostly serpentinized.

The ophiolitic melange consists of ophiolitic fragments and blocks
also fragments and blacks of limestone, sandstone and conglomerate all
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in different age

The Miocene Timestone which settled on top of ophiolitic series
in disconformity can be seen in various thichnesses in several regions.
Many fossils are involved and karstic formations have developed.

1. GIRIS

Tirkiye'nin Akdeniz ve Bolkar dadlarinin Akdeniz'e bakan giiney
yamaclarinda yeralan calisma alani. lcel i1 merkezinin 40 km kuzey-bati-
sinda, Hersin merkez ve Erdemli ilgceleri sinirlari icerisindedir. Yakla-
s1k 110 km2 1ik bir alani1 kapsayan inceleme bolgesi, Silifke 032-b1 ve

Silifke 032—b4 paftalari sinirlar1 icerisinde yer almaktadir. (Sekil 1).

Ulukrsla
Erali
Pozant
Kargi sah
Arslankoy
Gézna ADANA
Findikp
Gizaloluk “""g RS
),
Elvurlll MERSIN
Limanlu ERDEMLI .
iLl AKDENIZ
& Okem,

inceleme alani
st Investigated area.

Sekil 1: inceleme alanmin  bulduru haritast

tnceleme alani ve yakin cevresi, bir ¢cok arastirici tarafindan
degisik amaclarla incelenmistir (1-8) Juteau (9) Mersin ofiyolitlerinin
serpantinize olmus biiylik harzburjit dilimlerinden meydana geldigini
bu dilinimlere paralel cm kalinliklarinda diinit ve ortopiroksenit bant-
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larinin yer yer gozlendigini ve bunlari kesen cok sayida diyabaz dayk-
larinin varlidindan szetmistir. Renkli melanj diye ayird1d1 birimlerin
ofiyolitik seri altinda yeraldigini belirtmistir. Calismalarimizda diya-
baz dayklarina cok seyrek rastlanilmis, ayirtlamis oldugumuz ve renkli
melanj'a karsil1k gelen ofiyolitli melanjin ofiyolitik seri ilizerine
tektonik olarak yerlesmis oldugu tespit edilmistir. Pampal (10) sahami-
zin bir kismin1 iceren calismalarinda ise Ust Kretase-Paleosen yasini
verdigi ve Tepekdy tiirliisii olarak isimlendirdigi birimin tabaninda ser-
pantinit, diyabaz ve peridotitten olusan ofiyolitik birimin ve iist sevi-
yelerinde ise Radyolarit, Kumtasi, Kirectasi ve Rloklar bilesenlerinden
olusan filisin yeraldigini belirtmistir. Calismalarimizda tsler (11)

ve Sahinoglu (12)'da oldugu gibi ofiyolitik birim ve ofiyolitli melanj
ayri1 ayri ele alinms ve detay petrografisi yapilmistir.

2. STRATIGRAF! VE PETROGRAF1

tnceleme alaninda Ost Kretase yasli ofiyolitik seri ve ofiyolitli
melanj, Alt-Orta Miyosen yasli kirectaslari ve giincel yamac molozlarin-
dan olusan bir istif gozlenmistir (Sekil 2).

2.1. Ofiyolitik Seri ‘

Inceleme alaninin dogu, giiney-dogu ve giineyinde giriilen ve yer-
glizlesi, Saricicekli mavkii, Manmit yolu, Sandallitas mevkii ile Mihlii
ve Kiiclikfindikpinari yazliklaridir.

Yesil, kahverengi, koyu gri renklerde; genellikle sert ve kiril-
gan olan bu birimde yogun bir sekilde ayrisma goriilir. Bazi yerlerde
bol kirikl1 yapisi nedeniyle irili ufakli parcalara ayrilms ve bloklar
seklinde bir goriiniim arzeder. Alinan drneklerin ince kesitlerinin po-
larizan mikroskopta yapilan petrografik incelemesi sonucunda biiyiik bir
kismini harzburjitlerin teskil ettigi ofiyolitik seride serpantinit,
diyorit, diyabaz ve gabro daha az olarak izlenmistir.

2.1.1. Harzburjit

Ofiyolitik serinin tamamina yakinini olusturan bu kayacin en iyi

tazeligini muhafaza etmis olmasina karsin biiyiik bir boliimi serpantinize-
dir. Koyu gri, koyu yesil ve siyah renkleri ile dikkati cekerler. Baza
drneklerde konsantrik bir renk dedisimi gozlenir. Distan ice dodru;
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kahverengi olan @rneklere rastlanir. Bu zonlu yap1 harzburjitlerdeki ay-
rismayi gosterir.

Polarizan mikroskopta yapilan petrografik incelemelerde: bir kis-
minin taze goriinimli olmalarina karsin diger bir kisminin serpantinize
olduklari1 tespit edilmistir.

Kayacin biiyiik bir kismini olusturan olivinler, diizensiz catlakiar
boyunca ayrismis ve serpantinlesmis olduklari icin kiiciik parcalar hali-
ne dontsmiislerdir. tkinci siranin canli, polarize renklerini veren bu
parcalar diizensiz ve sivri koselidirler. Posilitik olarak piroksen ve
kromit minerallerinin icinde de gtzlenir.

fri taneler halinde gdriilen piroksen minerali Kayac icinde %

10 ila % 20 oranlarinda bulunur. Paralel stnme ve eksoliisyon seklinde
diyopsit lameli verirler. Kirikli ve kenarlarindan itibaren dizensiz
catlak ve dilinimleri boyunca ayrisma gosteren piroksenlerin tamami
ortopiraksenlerden olusmus ve bazilar1 kismen bastitlesmislerdir. g'
(010) dilinim izleri gayet iyidir ve bazilarinda tektonizma sonucu
biikiilme gdriilir. Baz1 piroksenlerde ise talklasma izlenmistir. Talklas-
manin yogun oldudu kayaclara "talkl1 harzburjit" ad1 verilmistir.

Genellikle olivinlerin ayrismasi sonucu olusan serpantin mineral-
lerinden sadece krizotil, kiiciik damarciklar seklinde oldugu icin tanina-
bilmistir.

Ortopiroksenlerin ayrismasi sonucunda nelismis olan talk mineral-
leri dzellikle Miih1i yakinlarindan alinan drneklerde sikca izlenir.

Kromit ve demiroksit ise nadir olarak izlenir. Saglam Grneklerde
iri, ayrismis olanlarda ise irili ufakl: ve diizensiz kgseli taneler ha-
linde dikkati ceken kromitler; tabii 1s1kta visne cliriigii, koyu kahve;
polerize 1s1kta ise siyah renkli goriiliirler. Demir oksitler ise olivin-
Terin ayrismasi sonucu aciga cikmislardir.

2.1.2. Serpantinit

Koyu yesil, koyu gri ve siyah renklidir. Inceleme alaninin ku-
dolay1 yodun kayma izleri goriiliir.

Ince kesitlerde yapilan incelemede kayacin; elek (mesh) striiktii-
ri gésterdigi izlenmis ve serpantin mineralleri kayacin yaklasik tama-
mina yakinint olusturdugu goriilmiistiir. Kayac diizensiz catlaklar boyunca
kilcal krizotil damarlari tarafindan kesilmistir. 0livin ve piroksenler
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tamamen ayrismislardir. Ayrismis olan piroksenlerin sonme ac¢ilarindan
bunlarin ortopiroksen tiiriinde olduklari tespit edilmistir. Olivin ve
piroksenin ayrismasi sonucunda bol miktarda kiiciik taneler halinde man-
yetit izlenir. Piroksenlerin ayrismasi ile aci1da cikan manyetitler g'
(010) dilinim yiizeyine paralellik arzeder. 0livinin ayrismasiyla gelis-
mis olanlarda ise diizensiz catlaklar boyunca dizilim gdsterirler.

Baz1 serpantinit kesitlerinde gozlenen talk mineralleri genellik-
le piroksenlerin dilinimleri boyunca gelismislerdir. Yine az miktarda
tespit edilmis olan kromitler diizensiz kdseli ve irili ufaklir taneler
seklindedirler.

2.1.3. Diyorit

Manit yolu, Takanli giizlesi, Kiiciikfindikpinari ve Keben tepesin-
de dayklar halinde gbriiliirler. Ost zonlarda yodun ayrisma goriilmekle
birlikte ; ara zonlarda yer yer sadlam mostralari da gozlenir. Taneli
ve mikrogronii porfirik siitriiktiir gésteren diyoritlerde hakim minerali
olusturan plajiyoklaslar yodun bir sekilde ayrismislardir. Ayrismanin
nispeten az oldudgu kristallerde yapilan Glciimlerde plajiyoklasrin
% 36 ila % 48 arasinda anortit iceren "andezin" olduklari tespit edil-
mistir. lkinci hakim minerali olusturan amfibollerin bir kismi ayrisir-
ken bazilari otomorf sekillerini korumuslardir. Aktinolit, epidot ve
klorit baslica ayrisma iriiniidiir. Net pleokrizmalari, prizmatik ve cubuk
seklinde goriiniimleri ile dikkati ceken aktinolitler kime seklinde bir
araya gelmislerdir. Klorit, serizit, epidot, zeolit ve kalsit mineralle-
ri plajiyoklaslarin aleyhine gelismis ikincil, minerallerdir. Sfen ve
opak mineralleri ise iri ve diizensiz taneler seklinde seyrek olarak iz-
lenirler.

2.1.4. Diyabaz

nellikle dayklar seklinde izlenirler. Koy gri-koyu yesil renkleri, dii-
zensiz catlaklari jle dikkati cekerler.

Entergraniiler ve entersertal striiktiir gdsteren kayacta hakim mi-
nerali olusturan plajiyoklaslar, genellikle kibrit copiini andiran ince
uzun cubuklar seklinde dizilmisler ve tamamen albitlesmislerdir.Plaji-
yoklas latalarinin arasindaki bosluklarda gorilen piroksenler atomorf
ve sub otomorf sekilde izlenirler. lkincil alterasyon minerali olarak
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jzlenen kloritler genellikle kalsitle birlikte bulunur ve bazan da
sferolitik olarak gbriiliirler. Zeolit ve ilmenit ise az miktarda izlen-

mistir.
2.2. 0fiyolitli Melanj

Burunsuz, Sarilar, Kecepinar ve Gokellezli mahalleleri, Camurlu
yazl1§1 ile Sahna ve Kocayer koyleri civarinda inceleme alaninda en ge-
nis yeri kaplayan birimdir. Biiyiik cogunlugunu ofiyolit blok ve parcalari
olusturur. Bu ofiyolit parcalari ile birlikte degisik yas ve Ozellikte
kirectas1 ve kumtasi parc¢alari cok karmasik bir durum arzederler.

Ofiyolitik parcalardan peridotitler cok bolca bulunur ve biyiik
bir cogunlugu serpantinlesmistir. Diyorit, mikrodiyorit ve gabro genel-
1ikle cok sert ve keskin koseli irili ufakly parcalar seklinde yer yer
goriiliirler, Diyabaz cok ince taneli kimi zaman cekic ile dagilabilen
ayrisma gosterir. Radyolaritler kendi iclerinde kivrimli ve cok kirikls
olarak zaman zaman biiyiik bloklar seklinde goriiliir. Spilitler bademsi
bosluklu ve kismen yastik debili sekilde Cevlik giizlesinde gﬁrﬁ1ﬁrler.
Kirmiz1 renkli kirectaslarina cok seyrek rastlanilmistir. ‘

Ofiyolitli melanj i¢inde farkli yasta ve bol miktarda bulunan
kirectasi bloklar: degisik renk ve sertlikte olup kirikl1 catlakli ve
yer yer bresimsi yapida izlenirler. Kocayer kdyiinden alinan drneklerin
Engin Meric tarafindan yapilan paleontolojik tayinleri sonucunda;

Neoschwagerina sp.
Verbeekina sp.
Polydiexodina  sp.

fosilleri bulunarak kayaca Permiyen yasi verilmistir. Ayrica
Pampal (10) ofiyolitli melanj icinde defisik yerlerde Triyas, Jura
ve Ost Kretase yasli1 bloklar tespit etmistir.

2.3. Miyosen Kirectas1

Kendisinden daha yasl1 olan ofiyolitik seri ile ofiyolitli
melanj1 bir uyumsuzlukla trten kiregtaslari; bir ka¢ metre ile 70-80
metreye varan.kalinliga sahiptir. Bej renkli, yumusak, kirilgan ve
daQ11gan zellikteki bu birim yataya yakin tabakalanma g@sterir. Genel-
likle: tabani 4-5 metreye varan kalinligi olan bir konglomera ile bas-
Jayan birim; yer yer 8-10 metre kalinligindaki killi, kumlu seviyelerle
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devam eder. En list seviyeler ise tabakalanmasi pek belirgin olmayan,
alt seviyelere oranla daha dayanimli bir kirectass seviyesi ile sona
erer (Sekil 3).
caoluk Pinari, Keben tepesi ve Manit dag1 ve civaridir.

Bu kirectaslari bol miktarda makro ve mikro fosil icermektedir.
Alinan &rneklerin Engin Meric tarafindan yapilan paleontolojik tayinieri
sonucunda;

Borelis sp.,
Amphistegina sp.,
Triloculina sp.,
Textulariidae,
Nodosariidae,
Miliolidae ,
Algter ,
Heterostegina sp.,
Globigerinidae sp.,
Bryozoerier,
Gypsina sp.,
Peneroptis sp.,

ve belirgin olmayan foraminifer fosilleri bulunarak formasyona "Alt-
Orta Miyosen" yas1 veriimistir.

2.4. Kuvaterner

fnceleme alaninda Kuvaterner; allivyon ve yamac molozlari ile tem-
sil editir. Aliivyon; dere yataklarinda ve Yaylaevleri mevkiinde goriiliir.
Ancak haritalanabilecek kadar yer isgal etmezler. Yamac molozlari ise;
inceleme alaninin kuzeyindeki Ceviik giizlesi ve Sarilar mahallesi, Ca-
murlu yazl1gr ve Sahna Kdyiinde genisce yayilim gdsterir.

Yamac molozlarinin esas malzemesinin kirectasi elemanlari olustu-
rur. Yeraltisuyu acisindan kirectaslari ile birlikte Gnem tasirlar.
Ancak; yer yer heyelan, kayma ve akma yapilari gosterdikleri ve bu jeo-
lojik olaylara son derece elverisli olan serpantinitlerle bir arada
bulunduklar1 icin bu olaylara karsi son derece dikkatli olmak ve doganin
dengesini dejistirebilecek olaylara girismeden dnce bolgede ayrintila
mithendis1ik jeolojisi calismasi yapmak gerekir.
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SONUGLAR

fnceleme b6lgesinde ayirtlanmis oldugumuz ve yerlesme yasi Ost
Kretase olan ofiyolitik serinin biiyiik boliimiini harzburjitlerin olustur-
dudu gozlenmis ve serpantinlesmenin cok yaygin oldudu tespit edilmistir.
Tektonik olarak ofiyolitik seri iizerine gelen ofiyolitli melanj icinde
Permiyen, Triyas, Jura ve Ost Kretase yasl1 kirectasi bloklari tespit
edilmis ve ofiyolitik seriye ait parcalarla cok karmasik bir durumda
olmalari tektonizmanin biiyiik etkin1igini gostermektedir, ayrica tektoniz-
manin etkisi minerallerde biikiilme ve kiriimalar seklinde de izlenmistir.
Al1t-Orta Miyosen'de taban konglomerasi ile baslayan kirectaslari hem
ofiyolitik seriyi hem de ofiyolitli melanj1 drter durumdadir.
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CORUH-KARAKALE (ARKUN)BARAJI KUVVVET TONEL GOZERGAHININ
MOHENDISLIK JEOLOJIS! fMCELEMES

Aziz ERTUNC
C.0.Hihendislik-Mimarl1k Fakiiltesi Jeoloji Miihendis1igi Bolimii-Adana

UZET: Karakale (Arkun) baraj yeri ile, akis asagidaki Yusufeli rezer-
vuari arasinda kalan diisliyii degerlendirmek ve ayn1 zamanda Yokuslubag he-
yelanlarindan kacmak amaciyla tasarlanan kuvvet tiineli icin, sag ve sol
yamactan olmak iizere ki secenek arastirilmis ve sol yamactaki tiuf diizey-
Terinin daha fazla olmasi nedeniyle, sag yamactan gececek giizergahin da-
ha elverisli oldugu saptanmistir. Her iki glizergahta da ana kaya, Ost Kre-
tase yasl1 Berta formasyonudur. Berta formasyonu, bimodal bir volkanizma
triinidiir. Bu formasyonda spilitik bazalt ile riyolit, dasit ardalanmaktadir,
Araya camurtasi, marn, kirectasi ve kumtasi karismistir. Hidrotermal ayris-
ma ve dayklar olagandir.

Engineering geological Investigation of Power Tunnel
Alignment of the Coruh-Karakale(Arkun)Dam

ABSTRACT: The aim of this study is to evaluate waterfall between Kara-
kale (Arkun)damsite and its downstream side of the Yusufeli reservoir and
to avoid from the yokuslubaj Landslide area. For this purpose a power tunnel
is planned along the slope. The left slope is mainly composed of altered
tuff; on the contrary right slope is very convenient for this tunnel, Upper
Cretaceous aged volcanoclastic character of hydrotermal alterated Berta
formation crops out along the Karakale (Arkun) damsite and power plant
station. Which is mainly consist of mudstone, marl, limestone, sandstone
interbedded spilite, rhyolite and dasite alternations with some dykes.;
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GIRIS:

Coruh Nehri lizerindeki baraj ve kuvvet tiinel olanaklarinin arastiril-
masina 1969 yi1linda Elektrik isleri Etiid ldaresi tarafindan baslanmistir.
Bayburt'un kuzeydogusundaki Laleli baraj yeri ilk kademe olmak lizere,
Kili¢c1, Norgah, ispir, GUlliibaj, Cetinbogaz, Nziimlii, Yusufeli, Zeytinlik,
Artvin, Borcka ve Muratll baraj yerleri ve rezervuarlar ile yeni secenek-
ler giintmiize kadar arastirilmis, calismalar yukari Coruh'ta fizibilitenin;
Orta ve Asag1 Coruh'ta ise kesin projelerin bitim asamalarina gelmistir. (1-2)
Yazar, 1985 yilina kadar yapilan c¢alismalarda bulunmus ve ayrica daha son-
ra Yukari Coruh'ta yapilan fizibilite calismalarinda danisman olarak gorev
yapmistir.

Yukari Coruh'un son kademesi olarak dusliniilmis olan Oziimli baraj yeri,
rezervuar sol yamacinda bulunan Yokuslubag heyelanlari nedeniyle terkedil-
mis; bunun yerine heyelanlarin akis yukarisindaki Karakale (Arkun) baraj
yeri ile sag yamagtan tiinel secenegi arastiriimstir,

tnceleme alani, Coruh Nehri boyunca Erzurum ve Artvin illerinin sini-
rinda bulunmaktadir (Sekil 1). Inceleme alan1 ve dolayindaki doruklar yap1
ve litolojinin denetiminde gelismistir. Yerel yapi, karmasik bir evrimle
bugiinkli halini kazénm1st1r: Yine de doruklar tektonik sekillere oldukga na-
ralel olarak, aiineybati-kuzeydoju dofjrultuludur.

STRATIGRAFIK JEOLOJ?

Karakale (Arkun) baraj yeri ve rezervuarinda, en eski kaya birimi, Ost
Kretase yasli Berta formasyonudur. Bunlarin icine intriizif olarak gelen fkiz-
dere magmatitlerinin Ust Eosen-Oligosen yasl1 oldugu sonucuna varilmistir,
Kuvaterner yasl1 eski ve yeni aliivyon ile yama¢c molozu vardir. (3)

Berta formasyonu(Kb): Coruh Havzasi'nda kuzeydogu toplulugundaki Berta
formasyonu, inceleme alaninda Sirakonaklar Cay1 ile Kdseoglu Dere'nin kuzey-
dogusundan baslayarak, Goruh'un her iki yamacinda inceleme alan1 disindaki
Yusufeli Kazasi'na kadar akis asadr dogru uzanir. Karakale (Arkun) rezervu-
arinin akis asagi bolimii, baraj yeri ve kuvvet tiinel giizergahi bu formas-
yon igindedir.,

Berta formasyonunun olusmasini saglayan volkanizma, bimodal bir vol-
kanizmadir. Bu formasyonda spilitik bazalt gibi bir bazik volkanizma ile
dasit, riyolit gibi bir asit volkanizma ardalanmaktadir. Volkanizmanin ke-
si1digi ddnemlerde araya camurtasi, marn, kirectasi, kumtasi ve cakiltasi
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karismistir, Berta formasyonu yer yer dayklarla kesilmistir. Hidrotermal
ayrisma alanlari geniscedir ve yer yer asiri silislesme, cakmaktasi olustur-
mustur,

Cokel kayalarini andiran bazik volkanik kayalar, siyah veya koyu renk-
leri, dayanimli, sert ve sonl goriiniisleriyle arazide taninabilirler. Akma
diizeyleri birka¢c metreden 10-30 m'ye kadar kalinliga erisebilmektedir.

Bazalt lavlari ile ardalanan asit volkanizmanin irini riyolit ve

Sekil l.lnceleme alaninin yer bulduru haritaszi.

L
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dasitlerdir. Bu volkanizma porfirik dokulu kayalari ve asit tiifler ile

kaba taneli piroklastikleri olusturmustur. Kayalar toleyitik bir volka-
nizma iriini olup, silise doyumlu bir dizi olusturmaktadir. Bu volkaniz-
manin tabiatindan olarak bazalt-riyolit (dasit) ardalanmasi gelismistir.
Aglomera diizeyleriyle birlikte piroklastik bresler de ayirdedilebilmekte-
dir. Lapilli tiif ve tiiflere rastlanmaktadir. Dayanimsiz ve acik renkli

olan tiif diizeyleri, tortul kayalarla ardalanmali olarak goriliirler. Bazalt-
larla ardalanan beyaz kuvarsit goriiniisli, sert, ince ve orta tabakali ka-
yalar asit piroklastiklerdir. Bunlar ileri derecede silisifikasyona ugramis
ve baz1 diizeyler ¢ort gibi sert ve saglam bir yapr kazanmislardir. Bazi
diizeyler ise kolaylikla dagilabilir ozelliktedir.

Aglomeralar siyah-koyu lacivert, mor renklerde, orta ve kalin tabakali,
cok sert ve dayanimli diizeyler halindedir.

Berta formasyonu ig¢indeki tortul diizeylerden alinan numunelerin ince
kesitlerinde Globotruncana Lapparenti, Globotruncana arca, Globotruncana
stuarti fornus, Rugoglobigerina, Rotalia, Pseudotextularia, Heterohelix,
Textdlariidae, Polipier, Echinid dikeni ve slinger spikiilii bulunmustur. Bu
fosillere gore Berta formasyonunun yasi Ost Kretase'dir.

tkizdere magmatitieri (Ti): lkizdere magmatitleri, Karakale (Arkun)re-
zervuarinda sad yamacta Koseoglu Dere'nin; sol yamacta Sirakonaklar Cayi'-
nin giineybatisindan baslayarak, yukariya dogru devam eder. Mostra trnegi
diizensizdir. 0lasil1kla biiyiik bir batolitin (Rize pliitonu) kenar veya uzan-
tilarini olusturur. tkizdere magmatitlerini olusturan granit ve granitik
kayalarda granodiyorit-tonalit, adamellit, porfirik mikrogranit, granit-
ghays gruplari belirlenmistir. Baz1 granitik kayalar afanitik dokulu, ba-
zi1lar1 porfirik veya granofiriktir. tyi gelismis akma yapis1 veya diizlem-
lerine rastlanmanistir.

{kizdere magmatitlerinin OUst Eosen-0ligosen yasl1 olduklari sonucuna
varilmistir. Ancak, cevrede Paleozoyik ve !lesozoyik yasli granitlerin de
varli1gr bilinmektedir.

Eski ve yeni aliivyon (Qtr ve Qal): Kuvaterner 20-30 m yiiksekte bulunur.
Eski allivyonun, Coruh'un iki yakasinda asimetrik olusu, nehrin eskiden men-
deresli oldugunu gosterir. Eski aliivyon beyaz, koyu yesil, koyu mavi, pembe,
kirmiz1, mor, siyah renkli andezit, diyabaz, bazalt, granit, granodiyorit,
radyolarit, camurtasi parcalarindan yapilmistir.Koti boylanmis taneler mil
boyundan 40-50 cm'lik bloklara kadar dedisen boyuttadir, yuvarlak ve kiittir.

Yeni aliivyon genellikle Coruh boyunca akis asagiya dodru gidildikce
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kalinlasir. Karakale (Arkun) baraj yerinde aliivyon kalinl1gr 60 m'dir.
Ozlimli baraj yeri sol yamaca yakin kesimde ise 69,75 m'dir. Yeni aliivyon
beyaz, sarimsi, gri, yesilimsi, kirmiz1, pembe, kahverengi, siyah, mor
renkli granit, granodiyorit, kuvarsli diyorit, kirectas1, camurtasi, tiif,
radyolarit, andezit, bazalt ve diyabazdan olusmus; yuvarlak, kiit ve yer
yer kdselidir. Tane boylari mil boyundan 30 cm'ye kadar degisir. Seyrek
olarak gdoriilen iri bloklar yamaclardan yuvarlanmistir.

Yamac molozu : Karakale (Arkun) rezervuarinda yamac molozu, daha cok
Tkizdere magmatitlerinin ayrismis kesimleri iizerinde bulunur. Akis asagi-
daki Yokuslubag heyelanlari cevresinde ve Ozimli baraj yeri sol yamacinda
onemli dlclide goriilirler. Bunlar Coruh'a karisan derelerde birikinti koni-
leriyle de karisir. Yizlek olduklarindan, herhangi bir sorun olusturmazlar.

MOHENDISLIK JEOLOJIS!

Arastirmalarin baslangicinda, yukari Coruh'un son kademesi olarak 0Oziim-
li baraj yeri disiiniilmiis ve burada nehir icindeki, sol yamacta 4 ve saj ya-
macta 3 sondaj yapiimistir. Sondaj kuyularinda yapilan basincli sy deneyle-
rinde Berta formasyonunun genellikle gecirimsiz oldugu ve yer yer siireksiz-
Tikler boyunca su kacaklarina rastland1g1 goriilmiistiir.

Kuyularda yapilan toplam 342 basincli su deneyinde % 59,7 gecirinsiz,
% 8,4 az gecirimli, % 9,9 gecirimli ve % 22 cok gecirimlidir. Baraj yerin-
deki en biiyiik sorun, sol yamaca yakin, 69.75 m'ye varan aliivyon kalinligidir.
Bunun iyilestirilmesi zor ve masrafli oldugundan ve istelik iyi sonuc alina-
cadi garantili olmadigindan, en azindan kil cekirdegin altina gelen kisminin
kaldirilmas1 gerekecektir. 0Oziimlii baraj yeri icin en dnemli sorun alivyon
kalinl1g1 olmakla beraber, rezervuar sol yamacinda baraj yerinin yaklaslk
2 km akis yukarisindaki Yokuslubag heyelanlar1 cok daha Gnemlidir. Heyelan-
larin alam yaklasik 2 kmz'dir. Kalinlik 50-150 m dolayindadir. Heyelan ge-
reci, Berta formasyonunun ayrismasiyla olusmustur, Buna ayni formasyonun ya-
ma¢ dokiintiileri de katilmaktadir., Dayanimsiz tiif diizeylerinde yer yer hidro-
termal ayrismanin da kati1lmasiyla tif kolayca dagiimakta, lav ve aglomera
diizeylerini de birlikte kaydirabilmektedir. Yamac egdimi, tabakalanma, eklenm,
fay, yeraltisuyu, yadis, donma ve ¢oziilme, Coruh'un topuk asindirmasi gibi
etkenler de buna katil1r, Dénel ve duzlemsel kayma tipleri egemen olmakla
beraber, cesitli tipteki yer hareketlerini ve bunlarin birbirine gecislerini
izlemek olanaklidir, Baraj yapildiginda yiikselecek suyun alcalma ve yiikselme
etkileriyle heyelan hizlanacaktir. Kayan gerecin rezervuara dolmasiyla baraj
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kullanilmaz hale gelebilecek ve belki de tasan sular govde lizerinden asa-
bilecektir. Yokuslubag heyelanlarinda halen jeofizik ve sondaj calismala-
r1 sirdiiriiimektedir. Ancak, biyle bir riski goze almamak y®niinden, baraj
yerini akis yukaridaki Karakale (Arkun) eksenine kaydirmak ve akis asagi-
daki Yusufeli Baraj1 rezervuarina kadar olan disliyli de kuvvet tiineliyle
dederlendirme seceneji de arastirilmistir, Her iki baraj yeri ile rezer-
vuarlarinin biyiik bir boliimi gecirimsiz Berta formasyonu iizerindedir.
Rezervuarin akis yukar1 kesimi de gecirimsiz lkizdere magmatitleri iize-
rindedir.Rezervuarda yamac stabilitesi yoniinden hicbir sorun yoktur.

Karakale (Arkun) baraj yerinde 2 arasttrma galerisi ile 11 sondaj
kuyusu acilmistir, Kuyularda yapilan toplam 647 basingli su deneyinde
% 67,7 gecirimsiz, % 10,2 az gecirimli, % 10,4 gecirimli ve % 11,7
cok gecirimlidir. Burada Sondéj]a dgrenilen aliivyon kalinl1§1 60 m.dir.
Goriildigii gibi, 0zimlii ve Karakale baraj yerlerinde jeolojik kosullar bii-
yik bir farkl111k géstermemektedir. Tabaka egimleri 20°-35° arasinda ve
glineydoguya dogrudur.

Karakale (Arkun) baraj yeri ile, akis asagidaki Yusufeli rezervuari
arasindaki diisiiyli degerlendirmek ve ayn1 zamanda Yokuslubag heyelanlarin-
dan kacmak amaciyla, Karakale (Arkun) baraj yerinden sonra sag ve sol ya
mac¢lardan kuvvet tiineli giizergahlari arastirilmstir. i1k olarak, Yokus-
lubag heyelanlarinin kuzeyinden dolasacak sekilde, sol yamactan tiinel
glizergah1 diisiiniImiistiir, Tinelde 0.00-1000 m NIOE, 1000-5500 m WS50E.
5500-12750 m H72E ve 12750-13350 m 35 W dogrultuludur, Tinelin uzun ol-
nas1 nedeniyle, iki yaklasim tiineli tasarlanmstir, Sisenekel Dere i¢in-
den olan1 1000 m; Hiingemek Dere icinden olani ise 125 m boyundadir. Boyle-
ce tiinelin bilyiik bir bdlumiiniin ¢ift yonli olarak acilmasi amaclanmistir, (4)

Her iki yamactan da acilacak tiineller timiiyle Berta formasyonundan
gececektir. Ancak, sol yamactan gececek tiinel giizergahinda 6zellikle Kara-
kale-Saricay arasinda kalan 2 km'lik kesimde ve en cok da 12750-13350 m
arasindaki cikis bdliimi, denge bacas1, cebri boru giizergahinda cok ayris-
mis tiif bulunmaktadir. Hidrotermal ayrismaya ugramis bu tiiflerden tiinelin
gecmesi cok biiyiik sorun olacagr gibi, cebri borularin yerlestirilmesi bile
kolay olmayacaktir. Bunun disinda, tiinel dogrultusu ile siireksizliklerin
konumu arasindaki iliskiler ayrica irdelenecektir (Sekil 2).

Sag yamactan tasarlanan tiinel giizergah1, 0.00-625 m N63-6500 m N
84 W, 6500-12875 m HS0E ve 12875-14525 m N-S dogrultusunda acilacaktir.(5)
Tehnelik Dere, Dedirmen Dere, K1z11 Dere ve Hapisor Dere'den yaklasim tiinel-
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ARKUN BARAJI KUVVET TIUNEL GUZERGAIT

leri aci1lmasi olanaklidir ve bunlarin boylari cok kisa olacaktir.

Her iki tiinel giizergahinda da acilmis sondaj kuyusu bulunmadigindan,
acim sirasinda karsilasilacak su miktari ve bu sularla hangi metrelerde
karsilasilabilecedi kesin olarak sdylenemez. Ancak, arazi calismalari si-
rasinda her iki yamactan bosalan biiyiik kaynaklara rastlanmayisi, arada ge-
¢irimsiz marn diizeylerinin bulunusu nedeniyle, dnemli yeraltisuyu sorunla-
riyla karsilasilmasi beklenmemektedir. Uzellikle sad yamactan acilacak tii-
nel, yamaca oldukca yakin bulundugundan, yeraltisuyu yoniinden daha sorunsuz
goriinmektedir.

Sol yamagta Blciilen eklem takimlari N 30-60 W 90, H50E 70MW90,N50E
70 NW , i#l-S 80 W dir. Tabakalanma ise ortalama N6OE 30SE'dur.

Arastirmalarda Bienuawski ve Barton siniflamalari kullanilmistir.(6,7,8,9,10)
Bieniawski siniflamasindaki parametreler: Kayacin tek eksenli basingc diren-
ci, RQD degerleri eklem sikl1g1, eklemlerin durumu yeraltisuyu durumu ve ek-
lemlerin yonlenimidir. Bu parametrelerin ilk besine karsilik gelen puanlar
toplanmaktadir. Eklem yBnlenimi cok uygunsa, altinci parametre 0 (sifir) pu-
andir. Uygun-2, orta-5, uygun dedil-10 ve hic uygun degilse-12 puan olarak
dederlendirilmekte ve bu puanlar i1k bes parametrenin puanlari toplamindan
diisiilmektedir. Tiinel dogrultusu degisince, eklemlerin tiinele dogru konumla-
r1 ve uygunluk dereceleri de de§ismektedir. Bu dederlendirmeler sonucunda
elde edilen puanlara gdre kayalar soyle siniflandirilmistir.

100-81  Cok iyi

80-61 Lyi
60-41 Orta
40-21 Zayif

21 Cok zayif
Sag yamag tiinel giizergahinda eklemlerin tiinele gore konumlari ve uygunluk
dereceleri

Formasyon Eklem Tinel dodrultulari
takimlarsy,
tabakalanma N 63 W 1I84W  NSOE N-S
N60WI0 =12 -12 0 veya-5 0 veya 5
Barta N50E 7 ONW -5 -5 -12 -5
formasyonu -5 80W -5 -5 0 veya-5 -12
N60E 30SE -2 -2 = b -2
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Sol yamag tiinel giizergahinda eklemlerin tiinele gore konumlari ve uygunluk

dereceleri

Eklem Tiinel dogrultulari
Formasyon takimlari,

tabakalanma N10E NGOE N72E H35W

N30-60W90 -12 veya-5 0 veya -5 0 veya-5 ~-12
Berta N50E7ONW -12 -12 =12 0 veya-5
Ll N10E60 HMW -12 12 0 veya-5 -5

N-S 80W -12 0 veya-5 0 veya-5 -12

Barton (Q sistemi) siniflamasinda kaya kiitle niteligi Q'niin tanimlanmasi

icin gerekli alt1 parametre: RQD degerleri,eklem takimi sayisi (Jn), eklem

puriuzliilik sayis1 (Jr), eklem alterasyon sayis1 (Ja), eklem su indirgeme

faktorii (Jw) ve gerilme indirgeme faktdrii (SRF) diir.

Bu parametreler ¢ift olup, asagidaki dederleri yaklasik olarak verirler:

RQD
Jn

Jr
Ja

(=

W
RF

.‘.

L

Misbi blok boyutu

Aktif gerilme

Blok aras1 kayma direnci (v tg ¢)

Kaya kiitle niteligi Q, bu iic ¢iftin carpimina esittir.

RQD

Jr Jw

Q="+ T TSR

Bulunan Q dederlerine gidre kayalar sdyle simiflandiriimistir.

<0,01
0,01-0,1
0,1-1*
1-4
4-10
10-40
40-100
100-400
400-1000

Olaganustii zay1f
Son derece zayif
Cok zayif

Zayif

Orta

tyi

Cok iyi

Son derece iyi
Olaganiistii iyi
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Tiinelde destekleme onlemlerinin saptanabilmesi i¢in, ilk olarak kai1
destek orani ESR bulunmustur. B Tiinel genisligi; H tiinel yiiksekligi oldu-
gunda B/ESR ve H/ESR; dairesel tiinellerde Cap/ESR degerleri ordinat ekse-
ninde; Q dederleri apsis ekseninde gosterilen cizelgede, destekleme gerek-
meyen yerler ve bunun yaninda 38 cesit destek kategorisi ayirtlanmis ve
bunlar i¢in gerekli onlemler saptanmistir.

Berta faormasyonunun ayrismis tif diizeyleri Bieniawski siniflamasina
gore zayif veya cok zayif; Barton{s1n1f1amas1na gore ise son derece zayif
ya da olaganiistii zay1f niteliktedir, Bazalt, aglomera ve kirectasi diizey-
leri, Bieniawski siniflamasina gore sdyle degerlendirilmistir.

En iyi En kotu
kosul kosul
Tek eksenli basing direnci .....cvvvennrnnannnn SN T e dAEE BN pa 7
ROD vevsoneosracosanssnsessannsssnsosons N 200 v s wane aas v 8
Eklem S1kT181 cuvveniisannnnnanronsonss Ceeeeaen 2B s when BeE BEN e 20
Eklemlerin durumu ,....ceevesseonacnaasssasnans 25 s mosnd S B 12
YeraltiSUYU .uuveeervnvrnsenennsssnaanssnsnnnes 10 ciiennnonnnnnens 4
92 51
Eklem yonlenimine gore diizeltme ............nns -12 -12
80 39

Buna gore, en iyi kosullarda iyi kaya; en kiti kosullarda zayi1f kaya
dzelligindedir,

Barton (Q sistemi) siniflamasina gore degerlendirme soyle yaprlmistir:
RQD dederleri 46-94 arasindadir, Oc eklem takimi ve yer yer gelisigiizel
eklemler goriilmektedir. (Jn = 9 ile 12) Eklemler genellikle puriizliidiir
(Jr = 3). Diizlemsel ya da siirtiinme iz1i oldugu kesimlerde Jr = 0,5 veya 1
alinmalidir. Eklem alterasyon sayisi, Ja = 1 alinmistir. Eklemlerin kil dol-
gulu oldudu kesimler ig¢in Ja = 8 alinmstir. Unemli bir su gelisi beklenme-
diginden, Jw = 0,66-1 olabilir. SRF = 1-2,5 tur.

Bu degerlere gore en iyi kosullarda:

Q = 94 ) 3_ . 1
9 1 1
ESR = 1,6 Cap= 6 m olduguna gore:

= 31,3 tyi

Cap/ESR = 3,75

Destekleme gerekmez
En koti kosullarda:

_ 46 0,5 0,06 _
02 = 15 g Tgg ¢ 0,06 son derece zayif

Kateogori: 37
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Kafes takviyeli pliskiirtme betonu 10-20 cm kalinlikta olmalidir.

Bunun yaninda 0,5-1 m aralikl1, gerdirmeli bulonlar 2,6 m boyunda gerek-
lidir,

Tiif diizeylerinde kafes takviyeli piskiirtme betonunun kalinlig
70-200 cm olmali, ayrica 1 m aralikli, 2,6 m boyunda gerdirmeli bulonlar
kullanilmalidir,

Bu ekstrem dederlerin kombinasyonlariyla karsilasmak olanaklidir. Bu
durumda karsilasilan degerlere gtre hesaplama yapilabilir.

Sonu¢ olarak, sol yamacta Karakale-Saricay arasindaki 2 km'lik kesimde
ve en cok da 12750-13350 m arasindaki ¢1kis boliimii, denge bacas1 ve cebri
boru giizergahinda bulunan ayrismis tiifler nedeniyle her ikisi de Berta
formasyonu lizerinde bulunan tiinel giizergahlarindan sag yamactakinip sec¢il-
mesi uygun olacaktir.
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Kibris Maden,Metaliirji ve Jeoloji Mihendisleri odasiyla X.K.T.C.
Icisleri,Kdyisleri ve Cevre Bakanlidi'nin isbirligi ile "Kurak ve Yariku-
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konulu bir konferans 18 Kasim 1988 tarihinde Lefkosa'da 1.0. Mihendislik-
Fakiiltesi Uyqulamali Jeoloji Anabilim Dali Baskani sayin Prof.Dr.0Okay kr-
oskay tarafindan verilmistir.Konferans toplantiya katilanlarca ilgiyle
takip edilmistir.

v

Statl Dedisikligi

Daha ©nce Su,Jeoloji ve Maden Dairesi adi altinda hizmet veren birim
Ocak 1989'dan itibaren Su Isleri Dairesi ile Jeoloji ve Maden Daireleri adi
altinda 2 ayr1 daire seklinde hizmete devam etmesi kararlastirilmistir.

v

Diinya Madencilik Glni

1Tk kez bu y11 K.K.T.C.'de de Diinya Madencilik Gini katlanmistir. Giin
dolayisiyla Odamiz bir basin bildirisi yayinlayarak, toplanti ve balo diizen-
lemistir.
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C.0. Mihendislik-Mimarl1k Fakiiltesi,Jeoloji Mihendisligi B&!imii'niin ku -
rulmasina ve gelismesine “nemli katkilarda bulunan Merhum Prof.Dr.Ahmet Acar'
in anisina 16-18 Ekim 1989 tarihleri arasinda (.0. Biiyiik Anfi'de bir sempoz-
yum diizenlenmistir.Genel Jeoloji,Metalik Madenler,Enerji Hammaddeleri ve En-
diistriyel Hammaddeler,Petrol ve Jeotermal Enerji,Hidrojeoloji,Mihendislik
Jeolojisi,Jeokimya,Jeoistatistik,Dodal Afetler-kentlesme ve cevre jeolojisi,
Kiy1 ve deniz jeolojisi gibi konularin isleneceqi sempozyumda bir de teknik
gezi diizenlenecektir.Sempozyumla i1gili her tiirlii yazismalarin Yrd.Doc.Dr.
Cengiz Yetis,C.0. Jeoloji Mith.B61iimii-01330-ADANA 'adresine yapiimas1 isten-
mektedir.
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METAL-MADEN FiYATLARI

A

lemiar He

SAGIDAK| s(Xunlarda nﬂlw lnm! lmnml covher, konsantra ve lndihmyol mineral flyatiar), sedeca ig v dig ticarstimize konu olan ka-

g and Mining Journal'm 1988 Ekim say:-

Bzgudir. Dig Ny

Tigiti veriler,

sndan aktarimigte, Adwik bh'lmlirlnm tlmnml sks| belirtiimadIgl lllls:a DI§ FIYATLAR lGlN ME!'NlK TON, |G FIYATLAR IGIN DE KILOGRAM
cinsindan verfimitir. Limzn: belirthmeyen CIF teslimaim bogaima imantars, Avrupa ‘daki belll bagh ticaret Kmantarsde. Liman belirtimeysn FOB
tesiimatm yokleme Himaniari, andan sahiideki belll bagl) ticaret Hmantardy ., Byl hartierie yazi: Ofke, firma ve'kurum adiari malm orifininl belir-
maktedir. ET'BANK'm § bazinda verlien satry fiyattars, Ihracat degerlerinden aktardmiste; Ig Miyatiar da syn1 baze gare aysrianmakisdr, Endtisiriyel
minarallerin flyatlars kaifte, kaynak, miktar ve dider satmaima kogullarma gbra, genig araliler iginde, dedismaktadir. Dedigim arshinm cok genig
oidufu kalomlorda, flystlarm hangl 8zelliklere gbre defigim gBsterdigi agklamalarda baliriimiglir. Teslimat ve orifinier] belirtimemiy olsn yurligh
endUstriysl mineral flyatlari, Dofla Madencillk AS'nin Kartal tastim| parakende satiy fiystlardw,

METAL FIYATLARI

ARm

24 Ayar,LMB.S/lroz (17/2/89)  384.50

24 Ayar KKB.TL/g {17/2/89) 24.450.—
ANlminyum

% 99.5. LMBc/Ib 105.29

COMEX, % 99,7.c/Ib 108.—

ETIBANK. % 99,00-99.65

Seydigehir, TL 3.485-3.89)
Antimuan

Regulus . NMB c/lb 105-119

Regulus,IMB,TL 8.000
Bakr

Katodik Levhalar, NMB.c/Ib 118-122

ETIBANK blister. TL 5.350

KBl blister, TL 5.400
Blzmut

NMB. 1 tonfuk pariller.$/1b 5.90-6.25

IM8 perakende, TL £9.009
Cwva

% 99,9 NMB,$/sise 330-350

ETIBANK, % 99,99 1uk,

FOB lzmir, $/5i5a 300
(inko

AVRUPA Ureticiterl, $ 1.275-1.350

GINKUR.katodik kuigaler,

% 99.95,TL 3.220

Katodik koigeler, IMB,

perakende,TL 3.900
Bumig

% 99.9,LMB (12 ayn ortalamasi)

$/troz 6.79

% 99,9,UMB (23/9/88),8/1r 0z 6.20

% 09.9,KKB (17/2/83),TL/g 435.—

% 99,9,ETIBANK (17/2/88),

L/g 478 —
Kadmiyum .

NMB, 1 toniuk pari'lar, $/ib 12.69

GINKUR, % 99,95Iik katodlk

cubuklar, TL 34.000.—

IMB, % 99,95 Ik katodik

cubuklar, TL 95.000.—
Kalay

MALEZYA spot Kuala Lumpur,

Rg/kg 19.80

NMB antrepo tesliml, $/1b 3.57

SSCB.cubukiar,IMB parakends,

TL 23.000.—

Kobalt
AFRIMET, % 99,FOB New York,$/Ib
Katodik Levhalar 7.25-7.50
Pudra 13.84
Gok Ince pudra 16.75
IMB,TL 70.000.—
Krom
Eloktrolitik standart NMB.$/1b  3.35-3.40
Kurgun
ABD ve KANADA,NMB ¢/Ib 38-49
LMB.$ 605.77
% 99,97,IMB,TL 1.800.—
Magnazyum
NM8, 5 tanluk partiler,$/1b 1.58
Manganez
Elektrolltik, % 99,9
NMB.c/Ib 9
Molibden
INGILTERE pudra.tane
boyuna gtre, £/kg 14-20
Nikel
NMB,5/Ib 5.10:5.20
IMB perakende, TL 59.500.—
Paladyum
NMB (88 Eyli sonu),$/r oz 119.25
Platin
NMB (88 Eylll sonu),§/1r oz 493-495
Yollram
INGILTERE, % 99.5.pudra,
E/kg 13.25

FERROALYAJ FIYATLARI

Ferrakrom

% 69-65 lik.Ib Cr Iceridi olarak,

MMB.c/Ib

ETIBANK, % 69-65.YK,
FOB Iskenderun,$
ETIBANK, % 68-72,DK,
FOB Antalya,$

Ferromangan
OK.Ib Mn Igerigi olarak.,
NMB.c/lb
DK.IMB.TL
YK,IMB,TL
Ferromollbden
% 65:70,kg Mo igeril
olarak CIF.$/kg

75-83
849 —

1.310.—

36-37
3.7100.—-
200.—

9.20-9.40

IMB.TL

Ferrosilis
ETIBANK FOB Iskenderun,$
IMB,TL

Forrotitan
% 70K kg Tt Icarl{l olarak,
CIF £/kg
IMB.TL

Ferravanadyum
% 70-80.kg V Igeri{l olarak
CIF.S/kg

Ferrovolliram
% 83-85.kg W lcerl§i
ofarak,CIF,5/kg

17.500.—

990.—
4.900.—

4.60-4.90
33.000.—

5.50-5.60

METALIK CEVHER ve KONSANTRE
FIYATLARI

Aliminyum
Kalsine alimina, % 98-99
Al,0,, 20 tonluk partller,
Ingittere teslimi, €
Bokslt refrakter kalite,CIF,$
ETIBANK.Allimina,min % 98.5
Al,04, dtkme veya ambalajh
FOB Antalya veya FOT
Seydisehir, $

Antimuan
% 69 Sb, st UrlU konsanlre,
CIF,$/Unite
% 69 Sb,parca,CIF,$/0nite

Qnko
% 52-55 Zn sUitueld
konsantre kuru bazda,CIF $
I5:%

Damir
min % 52 Fe,Mn Igarlfji,
emprite Igerikleri ve diger
mukavele hik Dmlerine gbre
defisken, ERDEMIR AS ve
TOG! Kurumyu ‘nun Ig satmaima
fiyatlar),FOW Ocafa en yakm
Istasyon, TL

% 65 Fe Brezilya cevhetl,
CIF lskenderun veya Eragi,$

Krom
ARNAVUTLUK,s8rl parga.min
% 42,F08.%

250-300
162165

182

19-20
-2

730-759
200-210

15-25

28-32

5565




konsantra, % 51,F0B,$ 99-130

G.AFRIKA tozlu,% 40 FOB.$ 55-65

SSCB,parca.min % 36,F08.8 75-95

FILIPINLER refrakter

konsantreler FOB,§ 100—120

TURKIYE, % Cr,0, Icariklerine

gora FOB Akdeniz§,parca
36 85-92
38 105-113
49 120-125
42 135-140
44 155-165
46 170-183
18 190-200

48 { cevherlorin fiyallari
pazarhifia ve pirim uygula-
malarina gtre defismektedir

Relrakler cevherlar 220-280
Konsanlra,% 48 125-159
Kursun
% 73-80 Pb suiturin
konsantreler kuru bazda,CIF,$ 210-240
I5:8 130-140
Manganez
% 48-50 Mn,P:max % 0.1
CIF.$/unite 1.70-1.80
Mollbdan
Konsantredekl Ih Mo icerifl
olarak.CIF $/Ib 3.20-3.40
Vollram
Konsantredeki Ib Mo igerlgl
olarak CIF.$/ Unile
min % 65 Voltramil konsantraler| 56-63
min % 73 Salit konsantreler| 56-68
ETIBANK, % 49 .5S0lit konsantresi,
tzel amhalajl),FOB Istanbul,$ 1.990.—

ENDUSTRIYEL MINERAL FIYATLARI

Asbest
KANADA Krizoliti lif boylarina
gtire dedisken, FOW Quebec

Ocaklar,C$ 202-2.500
Barit

ABD ditkme, dotuimis, API,

FOB Meksika Ktrfez2l $ 70-85

FAS luvbnan OCMA FOB Marakes,$ 30-40
ETIBANK.luvbnan OCMA voya
API.min % €2 BaS0,,FOB

Antalya,§ 26.—
Bantonit

ABD,ambala|lh, AP1,FOW

Wyoming. /st 34-37

Ogltuimbs,ambalajh,TL 325.—
Bor Mineraller! ETIBANK tuvBnan,
FOB Bandrma,$

Kolemanit,B,0, ve As igarik-

lerine gtire dedisken 320-350

Uteksit, % 36-38 B,0, 130.—

Tinkal,* 32-34 B;0, 145.—
Bor TUrevierl ETIBANK ambalafii,FOB
Ege ve Marmera,$

Boraks Dekahidrat.granile 360.—

Boraks Pentahidrat 275.—

Boraks Anhidr 790 —
Sodyum Perborat 630.—
Borik Asit 7190.—
Diyatomit
ABD filtre kaliles) kalsine ,CIF,€  320-350
SEKER FAB.AS filtre kalitesl,
kalsing ,Ankara tesliml perakende,
ambalaji, TL 1.150.—
Diyesportt
ETIBANK,min % 55 Al,0
tuvdnan ,FOB GUNUK,$ 20.—
Faldspat
ABD.6QU UimUg, K;0 Iceriklerine
gtre dedisken dbkme.FOB Kuzey
Atlantik,S/st 30-55
Seramik kalitost, K0 Iceriklering
gore depisken, oftuimus,
ambatals, TL 275-405
Fint Tagt
Kalsine CIF £ 60-70
OgnuimUs.ambalaji,TL 200.—
Allorit
MEKSIKA,FOB Tampico,$
Metalurjlk kalile 72-75
Asit kalites! 1104120
Foslat
FAS,% 70-72 BPL FAS
Kazablanka, § 46.—
TUNUS, % 65-68 BPL ,FAS
Stax.$ 33-37
ETIBANK.GUbre Fab. 'nda teslim,
% 66BPL.$ 38-39
Graltt
Pul boylartile sabit C Igariklerine
gbre defjisken CIF$
Kristalen 300-1.100
Pudra 250-1,000
Amor pudra 175-350
Kaolen
Ham,TL 93-105
Bg010imug,ambalah, TL 200220
SuzUimUs, TL 350-425
L]
Ham,TL 75-135
StizUimUs.TL 350-425
Kuvarstt
Tuvtinan,seramik kalltes| FOT
Qcakbagl,TL 3540
Ogutimus,ambalaj,seramik
kalltesl, TL 175-212
KUk Urt
KANADA FOB Vancouver, 95-119
ETIBANK, 200.—
Manyezit
YUNANISTAN tuvbnan CIF,£ 55-60
TURKIYE,FOB Marmara ve Ege,$
% 46 MgD tuvtnan 56-58
Kalsina,MgO ve empUrite
Igerlkleri lle kullanm
alantarma gore deflisken 140-300
Tam kavrulmu§ 200-280
Mika
HINDISTAN kuru 8pUt0imos,
CIF Anver,£ 120-210

Tuvbnan CIF.€ 95119
Periit

Ham granUie.dokme CIF € 49-45

ETIBANK,gran Ufe dbkme ,FOB

lzmir $/m? 33—
Pirlt

ETIBANK konsanire dbkme,

% 46 S Glbre Fab. ‘'nda teslim,$ 39—
Sodyum Sullat

ALKIM AS . lzmir testiml. TL

Kristalize 75 —
Anhidr 225 —

Stiestin

TURKIYE,min % 95 SrS0, lik,

FOB Iskenderun § 80-86
Talk

ITALYA kozmetik kallle,

CIF.£ 175.—

Kozmolik katite,ambala|lr,

TL 325.—
Zmpara

Tane beylarina give

defisken,CIF € 150-250

ETIBANK luvdnan,

FOB GUIIOK,$ 28.—

KISALTMALAR

LMB : Londra Metal Borsasi

NMB: New York Metal Borsasi

IMB : Istanbul Metal Borsas

KKB : Kapaligarsi Kymeltlimetaller Borsasi

0K : Orta karbonly

DK : Duslk karbonfu

YK : YUksek karbonlu

1S : Geglcl Ihracat Mevzuati'na fabl kon-
sanlre ve cevherler igin, Fason lzabe
Is¢iligi'nin sarj1 (Treatment Charge)

Ib : Llbre = 453.6¢9

froz : lroy ounce = 31,19

st shortfon = 937 kg .

sise © nel 34,5 kg
BPL : Bone Phosphale Lime

(= P,0g tendrli/9,45)
FOT : Fres On Truck

(Kamyon Uzerinde Teslim)
FOW : Frae On Wagon

{vagon Uzerinde Teslim)
FOB : Free On Board (Borda'ya Teslim)
FAS : Free Alongside Ship

(YUkleme Limani'nda Teslim}
CIF : Cost, Insurance. Freight

(Bosaima Limani'nda Teslim)

Dovizier ve 20/2/89 Ticari Banka Kurlari (TL)
$ : ABD Dolari = 1.923.45

c . ABD Senll

£ Ingliiz Sterlinl = 3.411.15

Rg : Malezya Ringgitl = 0,375 §

C$ : Kanada Dolari = 1 613.12




