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ana mekanizmadir, Karamadazi (48.74£0.7 My yasli) ve Horoz (54.3%1.7 My yasli) granitoyidleri
Orta ve Dogu Anadolu’daki yaygmm ve daha geng bu tiir magmatizmanin orneklerini olusturur.
Bunlar, Fe-skarn (Karamadazi ve Horoz) ve Fe-Cu skarn yataklart i¢in uygun kayaclardir, ve Cu-
Au porfiri yataklart ve Fe-Cu skarnlaryla iliskili Copler, Kabatas, Bizmisen, Calti ve Dedeyazi
granitoyidleriyle oldukga benzerdirler.

Diinya capinda bilinen porfiri ve epitermal yataklarin metalojenik, jeokimyasal ve tektonik ortam
karakteristikleri, tansiyonel rejim ortamlarinda olusmus ve belli Slgiide karisima ugramig magma
serilerinin ¢ok biiyiik porfiri yatagi olusturma potansiyellerinin diisiik oldugunu gostermektedir. Bu
tiir ortamlarin, Copler ve Kabatas (47-44 My yash) porfiri yataklari gibi s1g derinlikli ya da kabuga
yakin kiigiik-orta biiyiikliikteki porfiri ve epitermal sistemler icin daha elverisli oldugu
bilinmektedir. Dolayisiyla, ekonomik Fe-skarn yataklariyla iliskili Erken-Orta Eosen magmatik
seriler veya kismen de olsa Geg Kretase alkalen birliktelikler porfiri ve epitermal cevherlesmeler
acisindan daha yiiksek potansiyele sahip gibi gorinmektedirler.

Anahtar kelimeler: Jeokronoloji, cevherlesme yasi, metalojeni, skarn, epitermal, Jeokimya, Orta
Anadolu
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The study area is located near Yenice, Canakkale, NW Turkey. Carbonifer - Triassic Karakaya
Formation forms the basement. The Karakaya formation is considered to be a structurally assembled
tectonic unit. Structural base of the Karakaya formation is represented by the Niliifer unit that is
mostly consists of metabasite rocks. Hodul unit is dominated by arcozic sandstone and overlies the
Niliifer unit. The units in the Karakaya formation are cut by Oligocene Karadoru granitoid. Contact
metamorphism and skarn zones have developed between the Karadoru granitoid and the Niliifer and
Hodul units of the Karakaya formation. Contact metamorphism appears to have extended from albit-
epidot hornfels to hornblend hornfels facies. Skarn zone, on the other hand, appears to have
developed in the type of garnet-epidot skarn. Karadoru granitoid is covered unconformably by the
Oligocene Can volcanics.

In the area, in the Karakaya Formation (Triassic) Pb-Zn-Cu mineralizations are found in Karadoru,
Peynir Deresi, Maden Cesme and Karakdy locations. Occurrences are seen generally cutting
Karakaya formations in vein forms. Mineral paragenesis consists of galena, sphalerite, pyrite,
chalcopyrite, limonite, hematite, quartz, calcite and chlorite.

In the Pb-Zn-Cu mineralizations analyses show that Sb/Bi range in between 0.01 and 0.06 ppm.
Range of 3™'S values in sulphide minerals collected from ore deposits vary; in galenas and
sphalerites, from %o -4.0 to - 1.7 and from %o -3.9 to - 1.6 respectively. The narrow spread of the
values and their closeness to zero per mil indicates a magmatic hydrothermal ori gin for the sulfur.
Since Pb-Zn-Cu occurrences are in epigenetic vein form with higher trace element contents and
range of 8°*S values close to zero support that occurrences are in magmatic - hydrothermal origin.

Key words: karakaya formations, S34/32 isotope ratios, Sb/Bi ratio, magmatic - hydrothermal
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Karadoru - Karakoy (Canakkale) Arasindaki Pb-Zn-Cu Cevherlesmelerin
Jeolojik ve Jeokimyasal Ozellikleri

Calisma alam, Canakkale - Yenice cevresinde bulunmaktadir. Bolgede en altta Karbonifer - Triyas
yash Karakaya Formasyonu yer alir. Karakaya Formasyonu en alt tektonostratigrafik birimi olan
Niliifer birimi agirlikhi olarak metabazik kayaclardan olusmaktadir. Niliifer birimi iizerinde
kiregtaslari, spilitik bazalt, diyabaz ve arkozik kumtaslarinin hakim oldugu Hodul birimi yer alir.
Karakaya Kompleksine ait birimleri Oligosen yash Karadoru granitoyidi kesmektedir. Karadoru
granitoyidi ile Karakaya kompleksine ait Niliifer ve Hodul birimleri arasinda kontak metamorfizma
ve skarn zonlar gelismistir. Kontak metamorfizmanin albit - epidot hornfels ve hornblend hornfels
fasiyesine kadar ilerledigi goriilmektedir. skarn zonunun ise tipik granat - epidot skarn tiiriinde
gelistigi goriilir. Karadoru granitoyidi kayaclarini yine Oligosen yash Can volkanitleri uyumsuz
olarak orter.

Calisma alaninda Pb-Zn-Cu cevherlesmeleri Triyas yasl Karakaya Formasyonu igerisinde yer alir.
Cevherlesme Karakoy, Peynir Deresi ve Karakdy mevkiilerinde gozlenir. Cevherlesme damar
seklinde Karakaya Formasyonunu keserek gelismistir. Mineral parajenezini galen, sfalerit, pirit ve
kalkopirit cevher mineralleri ile limonit, hematit, kuvars, kalsit ve klorit olusturmaktadir.

Analiz sonuglarima gore Pb-Zn-Cu cevherlesmelerinde Sb/Bi orani 0.01 - 0.06 ppm arasinda
degismektedir. Bu cevherlesmelerden alinan §*'S degerleri galen Orneklerinde %0 -4.0 ile -1.7
araliginda, piritlerde %o -3.9 ile -1.7 arasinda degisen degerlerdedir. Degerlerin dagilmimm sifira
yakin olmalarina dayanarak kiikiirtiin kokeninin magmatik hidrotermal oldugu sdylenebilir.
Pb-Zn-Cu cevherlesmelerinin damar seklinde epijenetik yataklanmasi, iz element iceriklerinin
yiiksekligi ve §*'S izotop oranlarinin sifira yakin olmasi cevherlesmenin hidrotermal kokenli
oldugunu destekler niteliktedir.

Anahtar kelimeler: karakaya formasyonu, S34/32 izotop oranlari, Sb/Bi orani, magmatik -
hidrotermal
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The study area is located in the southeastern part of East Pontides. The region comprises various
Jurassic-Cretaceous units, bordered by structural lineaments with an about NE-SW trend.
Exhibiting distinct lithostratigraphical features, these units are categorized by Konak et al. (2001)
as four zones. These are Hopa-Bor¢ka zone, Artvin-Yusufeli zone, Olur-Tortum zone and
Erzurum-Kars ophiolite zone, respectively from north to south, taking into consideration
similarities between them. Of these, the southernmost Olur-Tortum zone is distinguished as “Olur,
Aksu and Cardakli Units” from north to south, and these units were chaotically overthrusted around
a locality between inanmis and Balkaya, constituting “Oltu Overthrusted Zone” (O0Z) (Konak et
al., 2001). Enclosing this zone in the south, Tertiary successions are composed of Eocene marine
clastic and volcanic rocks at the bottom and Oligo-Miocene continental evaporitic rocks and
andesitic-basaltic volcanic rocks at the top. The youngest units in the region are volcanic rocks of
Late Miocene and Plio-

Quaternary deposits. Located within Oltu Overthrusted Zone, Inanmig locality is 25 km distant
from Erzurum-Oltu district in the west, around a locality between Camlibel and Inanmis villages.
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The region have observed outcrops of Jurassic- Cretaceous basic volcanic rocks (Konak et al.,
2001), contemporaneous Meydantepe limestone, Eocene clastic rocks together with acidic and
basic rocks, intruding all rocks. Often bearing porphyry-texture, basic volcanic rocks of Jurassic-
Cretaceous were intruded by acidic, intermediate and basic rocks, and subjected to a common
alteration. Alterations, which are observed in the field, are argillitization, limonitization,
hematitization, pyritization, chloritization and epidotization. Besides this, basic volcanic and acidic
intrusive rocks have veins/veinlets of quartz, calcite and pyrite. The alteration, which is observed in
the field, is associated with tectonic lineaments and dykes, oblique to main tectonic lineament with
a NE-SW trend in the region. It may be estimated that there have been fluid inclusions trapped
within a magmatic-hydrothermal system during the crystallization of magma. Hence, all data
related with ore genesis may be obtained and so ore mineralization may be traced. In order to do so,
it is determined that there are fluid inclusion types both laterally and vertically on alterations
occurred in porphyry-type copper deposits (Bodnar, 1982). With the help of this general
assumption, alteration zones and particularly ore mineralization zones could be easily determined.
Fluid inclusions, took place in porphyry copper deposits, have a varying distribution and type with
the emplacement in depth. For instance, deeper-occurring oldest fluid inclusions contain liquid-rich
triphase fluid inclusions with chalcopyrite-bearing daughter minerals and milder salinity,
shallower-occurring younger fluid inclusions are represented as gas-rich triphase fluid inclusions
with chalcopyrite and milder salinity, and finally the shallowest fluid inclusion assemblages
involve higher salinity magmatic liquids with co-existing halite- and vapour-rich FIAs. Fluid
inclusion assemblages (FIA) observed in porphyry copper deposits, as well as systematic variations
occurred in time and space during the formation of PCDs, allow to use FIA's for the mineral
exploration efficiently. For this reason, 65 samples were taken from alteration zones within the
study area to study for fluid inclusion petrography by means of alteration petrography.
Characterizing a phyllic zone, a mineral assemblage built from quartz, pyrite, muscovite-illite,
chlorite, hematite and anhydrite is detected using alteration petrography. A table is prepared,
determining fluid inclusion assemblages on the samples, especially quartz, both laterally and
vertically in these altered zones. It is concluded that altered samples taken from the region
characterize a phyllic zone of alteration contain fluid inclusion assemblages related phyllic zone .

Key words: Coexisting, Fluid inclusion assemblages, Porphyry copper deposit (PCD)

Inanmis Oltu-Erzurum (KD Tiirkiye) Bolgesindeki Porfiri Tip Alterasyon
Zonlarinda Sivi Kapamim Petrografisi

inceleme sahasi, Dogu Pontitlerin Giiney dogu kesiminde yer almaktadur. Bolgede yaklasik KD-
GB dogrultuya sahip yapisal hatlarla sinirlanan Jura-Kretase yash gesitli birlikler izlenir. Farkhi
litostratigrafik ozellikler sunan bu birlikler, aralarmndaki ortak yonler dikkate almarak kuzeyden
giineye dogru Konak ve dig.2001 tarafindan Hopa-Bor¢ka zonu, Artvin-Yusufeli zonu, Olur-
Tortum zonu ve Erzurum-Kars ofiyolit zonu olmak iizere dort zon olarak gruplandirilmistir. Bu
kusaklarin en giineyinde yer alan Olur—Tortum zonu kuzeyden giineye dogru “Olur, Aksu ve
Cardakli Birligi” seklinde iinitelere ayrilir ve bu {initeler, yaklasik Inanmis-Balkaya arasinda
diizensiz bir sekilde ekaylanarak “Oltu Ekayli Zonu™nu (OEZ) olustururlar (Konak ve dig., 2001).
Bu zonu giineyden simirlayan Tersiyer istifleri altta Eosen yash denizel kirmtili ve volkanik
kayalardan, iistte ise Oligo-Miyosen yash karasal evaporitik kirintli kayalar ve andezitik-bazaltik
volkanitlerden olusur. Bolgede yer alan en geng birimler Ge¢ Miyosen yasl ¢esitli volkanik kayalar
ve Pliyo-Kuvaterner yasli ¢okellerdir. inanmig bolgesi, Oltu Ekayli Kusagr iginde yer almakta
olup, Erzurum Oltu ilgesinin yaklagik 25 km B’sinda Camlibel ve Inanmis koyleri arasindadir.
Bolgede, Jura-Kratese yasli bazik karekterli volkanitler (Konak ve dig.2001) ile yine ayni yash
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Meydantepe kiregtasi, Eosen yasli kirintili kayaglar ve biitiin bunlari kesen asidik ve bazik kayaclar
gozlenir. Jura-Kratese yash bazik volkanitler, cogunlukla porfirik dokulu olarak gozlenen, asidik,
ortag ve bazik kayaclar tarafindan kesilmisler ve yaygmn bir alterasyona ugranmuslardir. Sahada
gozlenen alterasyon, killesme, limonitlesme, hematitlesme, piritlesme, kloritlesme ve
epidotlagsmadir. Bunun yaninda, bazik volkanik ve asidik intriziif kayaglarda, kuvars, kalsit ve pirit
damar/damarciklarigézlenmektedir. Sahada gozlenen alterasyon bolgesel ana tektonik gidis olan
KD-GB hattina verev gelismis tektonik hatlarla ve dayklarla ilintili olarak gozlenmektedir.
Magmanin  kristallenmesi  sirasinda  magmatik-hidrotermal sistem icinde kapanlanan sivi
kapanimlar tahmin edilebilmektedir. Dolaytsiyle cevherlesme ile ilgili tiim verileri elde edebilir ve
cevherlesmeyi takip edebiliriz. Bu amagla porfiri bakir yataklarda gelisen alterasyonlarda hem
yanal hemde diisey olarak sivi kapanim tipleri belirlenmistir (Bodnar, 1982). Bu genel diisiincenin
kullanilmasi ile alterasyon zonlar1 ve 6zellikle cevher zonlari kolayca belirlenebilmektedir. Porfiri
bakir yataklarindaki sivi kapanimlarin dagilimlari ve tipleri derinlerdeki yerlesimle degisikler
gostermektedir. Ornegin, daha derinlerde olusmus, en yasl sivi kapamimlar, orta tuzluluga sahip,
kalkopiritten olusan daughter mineralleri iceren sivica zengin li¢ fazl sivt kapammlar igerirken,
daha yiizeyde ise gen¢ sivi kapanimlar orta tuzluluga sahip kalkopiritli gazca zengin ti¢ fazli sivi
kapanimlar ile, en yiizeyde bulunan sivi kapanmim birliktelikleri ise bunlar daha yuksek tuzluluga
sahip magmatik sivilardan itibaren ve coexisting halitce ve buharca zengin FIA lardan
olusmaktadir. Porfiri bakir yataklarinda gozlenen sivi kapanim birlikleri (FIA) PCD yataklarin
olusumlart sirasinda zaman ve mekan arasinda meydana gelen sistematik degisikler, FIA” larin bu
yataklarmn arastinlmasinda etkili olarak kullanilmasina izin vermektedir. Bu amagla ¢alisma alan
icerisinde gozlenen alterasyon zonlarindan seri olarak alinan 635 adet Srnekte alterasyon petrografisi
ile sivi kapanmim petrografisi yapimaya calisilmistir. - Alterasyon petrografisi ile fillik zonu
karekterize eden quartz, pirit, muskovite-illit, klorit, hematit ve anhidrit mineral toplulugu tespit
edilmigtir. Bu altere zonlardaki &zellikle kuvarslardaki sivi kapanim birliktelikleri alman
orneklerde hem yanal hemde diisey olarak belirlenerek bir tablo olusturulmugtur. Bolgeden alinan
altere orneklerin fillik alterasyon zonunu temsil ettigi ve fillik alterasyon zonuna ait sivi kapanim
birliklerini i¢erdigi gozlenmistir. -

Anahtar kelimeler; coexisting (ayni sicaklik, basing ve kimyasal kosullarda olusum), sivi kapanim
birlikleri (FIA), porfiri bakir yataklari (PCD)
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Kizildag ophiolitic complex, being an allocton mass, is the last member in southwestern part of
Amonos mountain. The Kizildag ophiolite is one of the best preserved Neothetyan oceanic
lithospheric remnants in southern Turkey. It is represented by, from bottom to top, mantle
tectonites, ultramafic to mafic cumulates, isotropic gabbros, sheeted dike complex, plagiogranites
and extrusives (low-K tholeiites and boninites). The ultramafic to mafic cumulate rocks are
composed of dunite, wehrlite, olivine gabro, olivine gabbronorite and gabbro. The sheeted dikes
are composed of diabase and microdiorite. There have been tectonitic rocks such as harzburgite and
dunite which is stratigraphically visible at the bottom level of Kizildag ophiolite.

The chromitite deposits, having studied for PGE geochemistry in Kizildag ophiolite, are hosted by
cumulate dunites (banded and disseminated type) and tectonite dunites at Hatay-Kisecik-Sarigol
area. Total PGE content of chromitite samples are between 94-334 ppb and the Pd/Ir ratios are
between 0.16-1.50 and Pt/Ir ratios are between 0.25-1.85. It has been determined that all the
samples are enriched for Ir-group PGEs as a result of PGE analysise data (average Os: 33.5, Ir:
31.3, Ru: 76.6, Rh: 11.3, Pt: 23.3, Pd: 15.8 ppb) of Kizildag chromitites.

Tectonite dunite hosted and usually being in massive type chromitites were been collected from the
ophiolites which are composed of harzburgite-dunite, gabbros and diabases in Gaziantep-Islahiye
area. They are also determined relatively enriched in IPGE and their total PGE values are between
98-187 ppb. Their Pd/Ir ratios are between 0.29-0.83, Pt/Ir ratios are between 0.19-0.65 and the
average PGE values are Ir: 25.6, Os: 23.6, Pd: 14, Pt: 13, Rh: 11.6, Ru: 71.4 ppb.

By the results of previous studies, the crystallization order of cumulus phases in Kizildag ophiolite,
and the presence of highly magnesian olivines and pyroxenes as well as highly calcic plagioclase in
the cumulates, indicate a subduction-related tectonic environment.

According to PGE geochemistry analysise data of the being studied Kizildag chromitites,
essentially displaying enrichments in Ir-group of PGEs and being the Pd/Ir ratio range between
0.16-1.50, have been suggested that they are depleted in a lesser extend and have wider range
crystal fractionation values of Pd/Ir than those of Gaziantep-Islahiye chromitites, thus they are
occurred from a parental magma which is depleted character due to varying degree crystal
fractionation in subduction zone tectonic environment. These are preliminary results of the studies
and they have been carrying on.
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Kizildag (Hatay) ve Islahiye (Gaziantep) Oﬁyol.iti Kromititlerinin Platin
Grubu Element Jeokimyasina Ait ilk Bulgular

Allokton bir kiitle olan Kizildag ofiyolit kompleksi, Amanos daglarinin giineybatidaki en
son  birimidir. Kizildag ofiyoliti, Tiirkiye’nin giineyinde en iyi korunmus Neotetis
okyanusal litosfer kalmntilarindan birisi olup; tabandan tavana dogru manto tektonitleri,
ultramafik-mafik kiimiilatlar, izotrop gabrolar, levha dayk kompleksi, plajiyogranitler ve
volkaniklerle (diisiik-K toleyitler ve boninitler) temsil edilmektedir. Ultramafik ve mafik
kiimiilatlar; dunit, verlit, olivinli gabro, olivinli gabronorit ve gabro’dan olusmaktadur.
Levha dayklar1 diyabaz ve mikrodiyoritlerden olugsmaktadir. Kizildag ofiyolitinin
stratigrafik olarak gozlenebilir en alt seviyesinde tektonit tiirii harzburjit ve dunit gibi
kayaclar yeralmaktadir.

Kizildag ofiyolitlerine ait PGE jeokimyasi ¢aligilan kromitit yataklar1 Hatay-Kisecik-
Sarigdl bolgesinde kiimiilat dunitler (bantl1 ve dissemine tip) ve tektonit dunitler (masif)
igerisinde bulunmaktadir. Kromitit 6rneklerinin toplam PGE icerikleri 94-334 ppb arasinda
olup, Pd/Ir oranlari 0.16-1.50 ve Pt/Ir oranlarn 0.25-1.85 arasindadir. Kizildag
kromititlerinin PGE analiz verilerine gére (ortalama Os: 33.5, Ir: 31.3, Ru: 76.6, Rh: 11.3,
Pt: 23.3, Pd: 15.8 ppb ) érneklerin tamaminin Ir-grubu PGE’lerce zenginlesmis olduklar:
saptanmustir.  Harzburjit-dunit, gabro ve diyabazdan olusan  Gaziantep-Islahiye
bolgesindeki ofiyolitler icerisinden derlenmis olan tektonit dunitler icerisinde bulunan ve
genellikle masif tipte olan kromititlerin PGE iceriklerinin de IPGE’lerce goreceli olarak
zenginlesmis olduklari ve toplam PGE degerlerinin 98-187 ppb arasinda bulundugu
saptanmistir. Pd/Ir oranlar1 0.29-0.83, Pt/Ir oranlar1 0.19-0.65 arasinda olup ortalama PGE
degerleri Ir: 25.6, Os: 23.6, Pd: 14, Pt: 13, Rh: 11.6, Ru: 71.4 ppb’dir. Onceki calismalara
gore Kizildag ofiyolitinin kiimiiliis fazlarinin kristallenme swrasi, kiimiilatlardaki yiiksek-
Mg’lu olivin ve piroksenlerin varligi ve yiiksek Ca’lu plajiyoklazlar dalma-batma ile
iligkili bir tektonik ortam1 yansitmaktadir. Cahsilan  Kizildag kromititlerinin  PGE
Jeokimyas1 analiz verilerine gore, dzellikle Ir-grubu PGE’lerce zenginlesme gostermeleri
ve Pd/Ir oranlarimin 0.16-1.50 araliginda bulunmasi, bunlarin Gaziantep-Islahiye kromitit
orneklerininkine (Pd/Ir 0.29-0.83) gére daha az tiketilmis ve daha genis aralikta Pd/Ir
kristal farklilasmas1 degerlerine sahip olduklarmi ve yitim iizeri zonu tektonik ortaminda
farkli derecelerdeki kristal farklilasmas: sonucu tiiketilmis karakterde bir ana magmadan
olustuklarini diisiindiirmektedir. Bu sonuglar calismaya ait ilk bulgular olup, calismalar
halen devam etmektedir.
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Geochemical Characteristics of the Eymir (Sorgun-Yozgat) Manganese
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The Eymir (Yozgat-Sorgun, Turkey) manganese deposit occurs within radiolarite cherts of the
lower Cretaceous ophiolite complex. The mineralization is observed banded and lenticular forms.
The geochemical characteristics of the Eymir deposit is studied by means of major oxide, trace and
rare earth element (REE) contents and the origin of mineralization is discussed. The resulting data
was evaluated with various descriptive diagrams, the origin of the hydrothermal mineralization is
revealed. In chondrite normalized REE graphics samples are characterized by highly negative and
pesitive Ce anomalies. Europium shows negative anomaly in all samples. The negative Ce anomaly
is typical to submarine hydrothermal deposits and positive Ce anomaly is indicative of
hydrogenous deposits. The negative Eu anomaly shows contamination from the continental crust
and/or sediment contribution via dehydration.

The correlation coefficients indicate the presence of strong positive relations between major oxides and
various trace elements (ALOs-Fe,0s: 1=0.75; AL O;-Ca0: r=0.79; AlO5-TiOy: r=0.80; AlLOs-Zr:
1=0.66; TiO,-Fe,05: r=0.98; Ti0,-CaO: r=0.82; TiOy-Zr: r=0.85 and Fe,O3-Zr: r=0.89) and the
contribution of mafic terrigenous material to the deposition. The available first data indicate that the
Eymir manganese deposit is a hydrothermal and hydrogenous  type volcanosedimentary mineralization.

Key words: manganese ore, ophiolitic, geochemistry, hydrogenous, hydrothermal, Eymir (Turkey-
Yozgat-Sorgun)

Eymir (Turkiye-Yozgat-Sorgun) Bélgesi Manganez Cevherlesmesinin
Jeokimyasal Karakteristikleri

Eymir (Tiirkiye-Yozgat-Sorgun) manganez cevherlesmesi, Alt Kretase yerlesimli ofiyolit
karmasiginin tyelerinden olan radyolaritli ¢ortler icerisinde, tabakali ve mercek seklinde
gozlenmektedir. Analiz edilen tim cevher Orneklerinin ana oksit, eser ve NTE (Nadir Toprak
Element) igerikleri belirlenmistir. Elde edilen veriler, gesitli  tamimsal  diyagramlarla
degerlendirildiginde, cevherlesmenin kdkeninin hidrotermal oldugunu ortaya koymustur. Ayrica,
NTE iceriklerinin spider diyagrami da cevherlesmenin kokenini belirleme kullaniimis olup,
diyagramdaki tiim orneklerde gozlenen negatif Eu anomalisi cevherlesmedeki kita kabugundan
kirlenmeye ve/veya sediman dehidratasyonu yoluyla sediman katkisi olduguna isaret eden onemli
bir kriterdir. Bununla birlikte orneklerin bir kisminda gozlenen c¢ok yiiksek negatif Ce anomalisi,
tipik denizalti hidrotermal yataklarin kokenine isaret ederken, digerlerinde gozlenen pozitif Ce
anomalisi ise cevherlesmenin hidrojenetik kokenli oldugunu ifade eder.

Cevherlesmedeki terijen katkinin varligini belirlemek amaciyla, tim cevher drneklerinin ana oksit
ve cesitli eser element igerikleri ile korelasyon diyagramlari ¢izilmistir. Buna gore AlLO3-Fe,O3
(r=0.75), AlL,Ox-CaO (r=0.79), Al,Os- TiO, (r=0.80), Al,Os-Zr (R=0.66), TiO»-Fe;O5 (r=0.98),
Ti0,-CaO (r=0.82), TiO,-Zr (r=0.85) ve Fe,03-Zr (r=0.89) elementleri arasinda gozlenen kuvvetli
pozitif korelasyon, cevherlesmedeki mafik bilesimli terijen katkinin varligini belirtmektedir.

Bu calismadaki ilk veriler, literatiirdeki degisik tip yataklara ait degerlerle de karsilastirildiginda,
Eymir bolgesi manganez cevherlesmesinin, hidrotermal ve hidrojenetik kokenin her ikisi tarafindan
da kontrol edilen volkanosedimanter bir cevherlesme oldugu sonucuna ulagilmustir.

Anahtar kelimeler: manganez cevherlesmesi, ofiyolitik, jeokimya, hidrojenetik, hidrotermal,
Eymir (Turkiye-Yozgat-Sorgun)
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Investigation of the Geology and Geochemistry Gol-e- Gohar Iron Deposit,
Sirjan-Iran

‘M. Shirnavard shirazi, *A. Moghtaderi, 'B. Hajalilou

'Department of geology, Payam noor, Tabriz, Iran; * Department of geology, Payamnoor, Evaz, Iran
e-mail: shirazi645@yahoo.com

The Gol-e-Gohar iron ore deopsite is located in southwest of sirjan in kerman province and is
situated on the east margin of Sanandaj-Sirjan tectono-metamorphic belt. Gol-e-Gohar
metamorphic complex is the oldest unit in this area. The complex contains ultramafic rocks such as
metamorphosed gabbros, dolomitic marbles, micaschist, gneiss, serpentinite, amphibolite, garnet
amphibolite and quartzite. Major ore minerals of Gol-e-Gohar are Magnetite (in deeper levels) with
Sodic- Potassic alteration and Hematite (shallower levels) with silicic alteration. Other ore minerals
are included Goethite, Martite, Lemonite, Pyrite, Chalcopyrite and Pyrothite. In this area
lineaments and curvilinear features and the vast alteration minerals play an important role in iron
ore mineralization. In X-ray study appearance Sodic, Potassic and silicic alteration. Terms of rocks
are generally located at Andesite, Andesite- Basalt, Rhyolite, Dacite domain, which related into
partial melting processes. Field studies, petrography, ore microscopic, geochemistry and remote
sensing evidences suggest that The Gol-Gohar Iron ore deposit may be is an Iron oxide (Cu+ Au+
U+ REE) ore deposit.

Key word: Gol-e-Gohar-Alteration-Iron oxid-Features

Are The Manganese Deposits Within The Kocali Melange Related With
Cyprus Type Massive Sulfide Deposits?

Burcu Goren', Mustafa Akyildiz', Nail Yildirim® & Semiha ilhan'

" Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, Balcali, TR-01330 Adana, Tiirkiye
g
(E-mail: goren_burcu@hotmail.com)
* MTA Orta Anadolu 4. Bolge Miidiirliigii, Malatya

The deposits (Cagalali and Bezardagr) in the study area, outcropped in the Kogali Melange, which
was trusted over Arabian platform in the Southeast Anatolian Orogenic Belt at Upper Cretaceous,
are located to the north of Kogali village in the Adiyaman. In the study area, the basement consist
of radiolarian (Konak formation) and spilitic pillow lavas (Tarasa formation) which are belong to
allochtonous Kocali Melange, settled as a result of tensile sliding. Towards up, the Germav
formation in a moderate thickness and Gerciis formation discordantly precipitated on the Kocali
formation. The Midyat formation consisting nummilitic limestones is formed over all these units.

The ores are occured in radiolarians in the volcano-sedimantery unit of the ophiolitic section within
the Kogali melange, and observed as irregular lenses and stratas oriented towards E-W/30N, where
stratas are concordant with the wall-rocks. The ore paragenesis is: pyrolusite, psilomelane,
manganite, hematite. The grain sizes of the ores are variable and shown as massive and crack filled.
The whole rock geochemistry of the the ores (MnO: 8.98%-73.64%, SiO,: 3.26%-86. 19%) are akin
to the ocean floor hydrotermal deposits. The Fe/Mn ratio of the represantative samples, which are
varying between 0.001 and 0.019 are too low. The Fe/Mn ratios are similar with the deposits
formed at the ocean floor centers with a rapid precipitation velocity. The ores are populated at the
hydrotermal areas in the diagrams made by major and trace elements. The trace and total REE
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content of the ores are relatively low and all samples have light negative Eu anomaly. The negative
Eu anomalies indicate that the temperatuare of the solution, which led to the precpitation of the
ores was not increased over 250 °C.

The Cagalali ve Bezardagi Manganese ore deposits were sourced by hydrotermal solutions, led to
formation of the volcano-sedimentary sequence belong to the ophiolitic units in the Kogali
Ophiolitic Melange, which are also fed the formation of the Cyprus Type Massive Sulfide deposits
that are derived from the ocean floor volcanism during the ocean floor spreading. Downwards, the
transition from Mn ores to massive stockwork Cu ores formed in the spilitic pillow lavas is
confirming this genetic relation.

Key words: Kocali melange, the Cyprus type massive sulfide ore, hydrotermal source, the
manganese ore deposit

Kocali Karmasigi icerisindeki Mangan Cevherlesmeleri Kibris Tipi Masif
Siilfit Yataklariyla Iliskili Midir?

inceleme alanindaki cevherlesmeler (Cagalali ve Bezardagi) Adiyaman iline bagl Kocali Koyiiniin
kuzeyinde bulunmakta, Giiney Dogu Anadolu Orojenik Kusagi icerisinde Arap platformu lizerine
Ust Kretase’de bindirmis olan Kogali Karmagig: igerisinde yer almaktadir. Inceleme alaninda
temeli, bolgeye gravite kaymalaryla yerlesmis allokton konumlu Kogali karmasigina ait spilitik
yastik lavlar (Tarasa formasyonu) ile radyolaritler (Konak formasyonu) olusturmaktadir. Kogali
Karmasig’nin istiine ¢ok kalin olmayan Germav Formasyonu ile Gerciis formasyonu
uyumsuzlukla gelmektedir. Tiim bu birimlerin ustiinde nummulitli kiregtaslarindan olusmus Midyat
formasyonu bulunur.

Cevherlesmeler, Kogali karmasig1 icerisinde, ofiyolitik istifin tst seviyelerini temsil eden volkano-
sedimanter birim icerisinde yer alan radyolaritler icerisinde diizensiz mercekler ve D-B/30K
konumlu tabakalar seklinde olup genellikle yan kayaglarla uyumludur. Cevherlesme parajenezleri
olarak; pirolusit, psilomelan, manganit ve hematitten olusmustur. Cevherlesmeyi olusturan
minerallerin tane boylari degisken olup masif ve catlak dolgusu seklinde gozlenmektedir.
Cevherlesmeler jeokimyasal olarak incelendiginde ana oksit icerikleri (MnO: %8.98-73.64, Si0Ox:
%3.26-%86.19) denizalti hidrotermal yataklara benzemektedir. Fe/Mn 0.001-0.019 araliginda
degismekte olup, oldukea diisiiktiir. Fe/Mn oranlari denizalt1 hidrotermal merkezlerde hidrotermal
cozeltilerden hizla ¢okelimle olusmus olan yataklarin oranlarma benzemektedir. Ana ve 1z
clementler kullanilarak olusturulan diyagramlar izerinde de cevherler hidrotermal alanlar
icerisinde yogunlagmaktadir. Cevherlesmelerin iz element icerikleri ile toplam NTE igerikleri
diisiik olup tiim ornekler hafif negatif Eu anomalisi gostermektedir. Negatif Eu anomalileri
cevherlerin cokelmis oldugu ¢ozeltinin sicakliginin 250 °C nin lizerine ¢ikmadigini gosterir.
Cagalali ve Bezardagi Mangan cevherlesmeleri; Kocali Ofiyolitik Karmasig: igerisinde yer alan
ofiyolitik seviyelerdeki volkano-sedimanter kisimlarin olusumlarina neden olan okyanus tabani
yayilmasi sirasinda ki denizalti volkanizmasina bagl olarak Kibris Tipi Masif Siilfit yataklarini da
olusturan hidrotermal eriyiklerden olusmustur. Mn cevherlesmelerinin alta dogru masif-stokwork
Cu cevherlesmelerini de iceren spilitik yastik lavlara gecis gostermesi bu genetik baglantiyi
dogrulamaktadir.

Anahtar kelimeler: Kocali karmasig, Kibris tipi masif siilfit cevherlesmesi, hidrotermal koken,
mangan cevherlesmesi.
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The Geological Features of Dutlu (Oltu-Erzurum-NE Turkey) Porphyry Cu
Mineralisation

_Mehmet ASLAN', ismet CENGIZ?, Serkan OZKUMUS?, Muhittin YIGMATEPE!,
Omer KESGIN’, Oktay TUVAR?, Nizami DENIZ’, Cevdet CAKIR? ve Nesat KONAK?

" MTA Genel Miidiirliigii Malatya Bolge Miidiirliigii-Malatya-Tiirkive
(Email:mehmetaslan@mta.gov.tr)
* MTA Genel Miidiirliigii Maden Etiit ve Arama Dairesi Balgat/ Ankara-Tiirkiye
" MTA Genel Miidiirliigii Sivas Bélge Miidiirliigii-Sivas-Tiirkive
" MTA Genel Miidiirlii gii Trabzon Bélge Miidiirliigii-Trabzon-Tiirkiye

The study area is located in Giivendik dyke complex which is on the southern part of Eastern
Pontides. Giivendik dyke complex is evaluated in the Oltu imbricated Zone which is tectonically
related to East Anatolian Accretionary Complex in the south and Pontide (Sakarya Fragment) in the
north.

The *““Giivendik Dyke Complex’’ consists of Olur, Aksu and Cardaklr units from NW to SE. These
units” lithologies are irregularly sliced in the northen part of Tertiary Oltu-Balkaya basin, and these
units form the Giivendik Dyke Complex which is determined a magmatic complex that is formed
by the gneiss, amphibolite, metagabbro and metabasit wall rocks often cutted by dioritic, tonalitic,
dacitic, aplitic, pegmatitic, granitic, and diabasic dyke and their veins.

Dutlu Cu mineralisation is located in the porphyritic textured dacitic rocks that are apophsis of
Eocene aged Coskunlar Dacite cutting the Giivendik Dyke Complex. The clay, hematization,
limonite and pyrite alterations are commonly observed in the study area in which are collected 358
soil samples through ridge and valley profiles. There is up to 520 ppm Cu values in these samples.
Dutlu Cu mineralisation presents the typical features of porphyry copper mineralisation in terms of
ore deposit geometry, structure-texture features, alteration and geochemical elements distribution.

Key words: Oltu Imbricated Zone, porphyry, copper, mineralisation

Dutlu (Oltu-Erzurum-KD Tiirk_i_ye) Porfiri Cu Cevherlesmesinin Jeolojik
Ozellikleri

inceleme alani, Dogu Pontitlerin giineyinde yer almakta olup kuzeyde yer alan Pontit (Sakarya
Kitast) ve giineyde yer alan Dogu Anadolu Yigisim Karmagigi ile tektonik iliskili olarak bulunan
Oltu Ekayl Kusagi i¢inde degerlendirilen, glivendik dayk karmasigi icinde yer alir. Kuzeybatidan
glineydoguya dogru Olur, Aksu ve Cardakli birlikleri olarak tanimlanan ve bu birliklere ait kaya
birimlerinin Oltu-Balkaya Tersiyer havzasmnin kuzeyi boyunca diizensiz bir sekilde dilimlenmesi
ile olusan “Giivendik Dayk Karmagi181”, ilksel iliskisi gozlenemeyen gnays, amfibolit, metagabro
ve metabazitlerden meydana gelen yan kayalarm, diyoritik, tonalitik, dasitik, aplitik, pegmatitik,
granitik ve diyabazik dayk ve damarlarca sik¢a kesilmesiyle olusan ve bir magmatik kompleks
olarak tanimlanmaktadir. Dutlu Cu cevherlesmesi Giivendik dayk karmasigini kesen erken Eosen
yash Coskunlar dasitinin apofizi olan porfirik dokulu dasitik kayaglar icinde yer alir. Yaygin bir
killesme, limonitlesme, hematitlesme ve pirit alterasyonu izlenen inceleme alaninda, sirt ve dere
profilleri boyunca 258 toprak ornegi alinmustir. Bu érneklerde, 520 ppm’e kadar varan Cu degerleri
elde edilmistir.
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Dutlu Cu cevherlesmesi, yan kayag cevher ilgkisi, cevherin yapi-doku ozellikleri alterasyon ve
jeokimyasal element dagilimi agisindan porfiri  Cu cevherlesmelerinin tipik ozelliklerini
sunmaktadir.

Anahtar Kalimeler: Oltu Ekayli Zonu, porfiri, bakir, cevherlesme

Geological Features of Tavsan Tepe (Narman-Oltu-Erzurum) Brecciatted Vein
Type Cu-Pb-Zn Mineralization

ismet CENGIZ', Mehmet ASLAN? Serkan OZKUMUS ve Halide DUMANLILAR®

!MTA Genel Miidiirliigii Maden Etiit ve Arama Dairesi Balgat/ Ankara-Tiirkiye
(e-mail: ismetcengiz@yahoo.com)
2 MTA Genel Miidiirliigii Balikesir Bolge Miidiirliigii-Malatya-Tiirkiye
SMTA Genel Miidiirliigii Maden nalizleri ve Teknoloji dairesi Balgat/ Ankara-Tiirkiye

The study area located within the Eastern Anatolia accretionary zone is situated in Narman-Oltu
(Erzurum). The basement rock units of the area are Upper Cretaceous Erzurum-Kars Ophiolites.
Eocene-Upper Miocene volcano-sedimentary sequence overlies the basement. The youngest rock
unit observed in the region is Plio-Quaternary sediments. Tavsantepe Cu-Pb-Zn mineralization is
hosted by “pyroxene andesites” defined as Oligo-Miocene “Narman Volcanite”. The ore-bearing
and altered zone has a N-S location extension and presents showing 300 m length and 150 m width.
Within the zone, two silicified-brecciated veins are observed with N15W and N10E oriented and 3-
5 m thick, 150 m long. Also, angular- silica pebbles are observed with various sizes on mm-cm
within brecciated veins. Silica, limonite, hematite, chalcocite, covelline, malachite and azurite are
abundant as fillings in matrix of breicca within brecciated-veins with occasional comb textured-
quartz. Limonite and clay alterations developed in the periphery of the veins. There are white-grey
chalcedonic stockwork quartz veins inside the altered zone with a size of dm. The main alteration
types are limonite, hematite, silica and clay alterations. The eastern border of the altered zone is
restricted by a N4OE trending dip-slip fault. Cu-Pb-Zn >1000 ppm, Ag: 103 ppm, As>600 ppm and
158 pp Mo values were detected in the samples taken from mineralization. Tavsantepe Cu-Pb-Zn
mineralization is similar to hydrothermal vein type mineralization when evaluated in terms of
mineralogy, host-rock relation, and also mineralization type.-

Key words: Vein type, breccia, Cu-Pb-Zn

Tavsan tepe (Narman-Oltu-Erzurum) Bresik Damar Tip Cu-Pb-Zn
Cevherlesmesinin Jeolojik Ozellikleri

inceleme alani, Narman-Oltu (Erzurum) civarinda “Dogu Anadolu Yigisim Karmasigi” icerisinde
yer almaktadir. Bolgenin temelini, Ust Kratese yash Erzurum-Kars Ofiyolit Zonuna ait kayaglar
olusturmaktadir. Ofiyolitik seri lizerinde ise Eosen-Ust Miyosen yasli volkano-sedimanter istif yer
almaktadir. Bolgede gozlenen en geng birim ise Pliyo-Kuvatrener yash cokellerdir.

Tavsantepe Cu-Pb-Zn cevherlesmesi, Oligo-Miyosen yash “Narman Volkaniti” olarak tanimlanan
“ piroksen andezitler” iginde yer almaktadur. Cevherli ve altere zon, yaklagik KG konuma sahip
olup, 300 m. uzanim, 150 m de genislik sunmaktadir. Zon i¢inde, K15B ve K10E dogrultulu 3-5 m
kalinliginda 150 m uzunlugunda iki adet silisifiye bresik damar izlenmektedir. Bresik damarlar
icinde, mm-cm boyutuna kadar degisen koseli silis cakillar1 gozlenir. Yer yer digli kuvars
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dokularmnin izlendigi bresik damarmn matriksinde, breslerin arasini doldurmus sekilde, silis, limonit,
hematit, kalkosin, kovellin, malahit ve azutit mineralleri izlenir. Damarlarin ceperinde,
limonitlesme ve killesme gelismistir. Altere zon iginde,icinde kalinhgr yer yer dm boyutlarma
ulagan agsal beyaz-gri kalsedonik kuvars damar/damarciklart bulunmaktadir. Alteresyon
birlikteligi, limonitlesme, hematitlesme, silislesme ve killesme seklindedir. Altere zonun dogu
siirt yaklagik K40E dogrultulu egim atml fayla sirlanmaktadir, Cevherlesmeden alinan
omeklerde, Cu-Pb-Zn >1000 ppm, Ag: 103 ppm, As>600 ppm ve 138 ppm Mo degerleri elde
edilmistir.

Tavsan Tepe Cu-Pb-Zn cevherlesmesi, mineraloji, yankayac iliskisi ve yataklanma tipi ac¢isindan
degerlendirildiginde hidrotermal damar tip cevherlesmelere benzerlik gostermektedir.

Anahtar kelimeler: Damar tip, bres, Cu-Pb-Zn

Geology of Au mineralization near Sivas-Kangal Pinargozii

A. Onur Karakaya, Metin Avgan, Ozcan Dumanhlar, S.Yigit Keskinler ve Oguz Turung

Demir Export I:C, Ankara
(E-posta: onurk@demirexport.com)

Gold occurrences of Pmargozii area and its surroundings are located 25 km SSE of Sivas-Kangal,
northeast end of the Bolkardag Unit of Torids. Paleozoic metamorphics, Jurassic-Lower Crateceous
limestone and ophiolitic units are tectonically related with each other and intruded by the Eocene
granitoids. All these units are uncomformably overlain by Neogene clastics and volcanics. Au
mineralizations in the area appear to have developed along N20-70E trending fracture systems and
are present in various lithologies.

Pinargozii-Hidolar Au mineralization is hosted by serpentinites which have been altered into silica,
carbonate and clay minerals and cut by various types of silica veinlets. According to soil
geochemistry analyses, Au contents range from | to 85 ppb and has a positive correlation (>+0,5 )
with Bi, Te and In.

The Bakirtepe Au mineralization has occurred in two different sectors. Mineralizations on the
northern sector (located in the center and Northwest of Bakirtepe) are in the shape of quartz veins
and veinlets which developed in the quartzites. Veins and veinlets are N30-70E oriented and
dipping towards SE with 70-85° or vertical. Southern Sector (south of Bakirtepe); Au
mineralization have developed along the ankeritic zone which have formed along an EW/30-40N
oriented discontinuity plane between schist and quartz-sericite schist. Soil geochemistry studies
show that Au values vary between 1 — 2.110 ppb without any correlation with other elements (As,
Sb, base metals, Bi, Te, In, Hg).

The Kinalar Au-Fe mineralization formed along the boundary between quartzite and schist or
tectonic lines within quartzites. Strike and dip of the tectonic line is measured as N45-65E/65NW.
Ore minerals are massive hematite and limonite-hematite stockworks. Au content reaches up to
1.285 ppb and Fe content is greater than 50 %. According to rock geochemistry, Au has a positive
correlation (>+0,5) with Ag, As, Bi, Cu, Fe, Mo, P, S and Te.

In addition; throughout the thrust zones in the vicinity of the study area, Au anomalies and some
alteration zones have been detected. Geological and geochemical evidences suggests that Au
mineralization has been originated from various hydrothermal activities related with fracture zones.

Key words: Sivas,Kangal, Pinargozii, Gold, Quartzite
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Sivas-Kangal Piargozii cevresindeki, Altin Mineralizasyonlarimin Jeolojik
Ozellikleri

Pinargozii ve civarindaki altin olusumlari, Sivas ili Kangal ilgesinin 25 km GGD’sunda, Toros
kusagina ait Bolkardag Birligi’nin kuzeydogu ucunda yer almaktadir. Inceleme alani ve yakin
cevresinde, birbirleriyle tektonik iliskili olarak izlenen Paleozoyik yash metamorfik birimler ile
Jura-Alt Kretase yasli kiregtasi ve ofiyolitik kayaglar mostra vermektedir. Bu birimler, Eosen yash
granitoid tarafindan kesilmektedirler. Neojen yash sedimanter ve volkanik kayaglar ise yukarida
aciklanan birimlerin iizerine agisal uyumsuzlukla gelmektedir. Bolgedeki Au mineralizasyonlari
K20°-70°D dogrultulu kirik hatlarina bagli olarak gelismis olup, farkli jeolojik birimler igerisinde
yer almaktadir.

Pinargozii-Hidolar Au mineralizasyonu; yogun olarak silis, karbonat ve kil alterasyonuna ugramis
serpantinitler icerisinde izlenmektedir. Altere olmus serpantinitler igerisinde farkli tiplerde silis
damarciklari gozlenmektedir. Bu zonun metal icerigini belirlemek amaciyla gerceklestirilen toprak
jeokimya ¢alismasi sonucunda; elde edilen altin degerlerinin 1-85 ppb arasinda degistigi, Bi, Te ve
In elementler ile de >+0,5 korelasyon sundugu gozlenmistir.

Bakirtepe Au mineralizasyonu, kuzey ve giiney olmak iizere iki sektorlerden olugmaktadir. Kuzey
sektordeki cevherlesme (Bakirtepe’nin merkezi ve kuzeybatisi), kuvarsitlerin kirik ve ¢atlaklarinda
izlenen hematit sacinimli kuvars damar-damarciklarindan ibarettir. Kiriklar K30°-70°D dogrultulu
olup, 70°-85° GD’ya egimli ya da dik olarak izlenmektedir. Giiney sektor olarak adlandirilan
bolgede (Bakirtepe'nin giineyi) ise altin cevherlesmesi, sistler ile kuvars-serisit sistler arasinda,
yaklagik DB/30°-40°K konumlu siireksizlik diizlemi boyunca gelismis ankeritik zon icerisinde
gozlenmektedir. ki zonda gergeklestirilen toprak jeokimya galigmalari sonucunda, elde edilen aitin
degerleri 1-2.110 ppb arasinda degismektedir. Altinin diger elementlerle olan iliskisi
incelendiginde de anlamli bir korelasyon elde edilememistir (As, Sb, baz metaller, Bi, Te, In, Hg).
Kinalar koyii Fe-Au cevherlesmesi, kuvarsit-sist dokanaginda ya da kuvarsitlerin icerisindeki
tektonik hatlarda yer almaktadir. Tektonik hattm konumu K45°-65°D/65°KB’dir. Cevherlesme,
masif hematit veya agsal limonit-hematit damarciklari seklindedir. Bu zonlardan aliman kayag
numunelerinde Au degerleri 1.285 ppb’ye, Fe degerleri ise % >50 ulagmaktadir. Kayag jeokimya
calismasi sonucunda; altinin diger elementlerle olan iliskisi incelendiginde Ag, As, Bi, Cu, Fe, Mo,
P, S ve Te elementleri ile >+0,5 korelasyon sundugu gozlenmistir.

Ayrica, inceleme alani igerisinde, farkli lokasyonlarda, bindirme diizlemleri boyunca Au
anomalileri ve alterasyon alanlari bulunmaktadir. Jeoloji ve jeokimyasal ozellikler birlikte
degerlendirildiginde, bolgedeki Au cevherlesmelerinin, kirik hatlarma bagh, farkli fazlara ait
hidrotermal olusumlardan kaynaklandig: sdylenebilir.

Anahtar kelimeler: Sivas,Kangal, Pinargozii, Altin, Kuvarsit
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Preliminary Findings Of Fossil Traces From Massive Sulfide Deposits
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Hydrothermal vents at the bottom of the modern oceans (such as East Pacific Rise, Juan de Fuca
and Galapagos Ridge) are surrounded by metallic ore deposits as well as distinctive organisms.
Some of the most impressive of the unusual organism are the tube-worms which live in a symbiotic
relationship with bacteria. The reduced sulfur in the hydrothermal solutions constitute the base of a
food chain for unusual organisms clustered around the vents (Haymon et al. 1984). Sulfide
minerals precipitating within these habitats of tube worms enveloped and preserve the worms in a
sulfide matrix. Traces of ecological actualism of these unique organisms that found near present-
day vents are rarely encountered in the massive sulfide paleohydrothermal fields.

Size of mineralized tubular worms identifed in Lahanos, Killik and Cayeli ore deposits reach up to
25 mm diameter and 8 cm lenght and preserved in a brecciated sulfide matrix. Traces of tube
worms are usually filled by mineral fragments (pyrite, sphalerite, chalcopyrite and galenite) and a
few number of tube worms are observed to be replaced by opaque and gangue minerals from the
exterior to the interior. According to Raman spectrometry, goethite, native sulfur, serpierite,
covellite, dolomite, jarosite and pyrite minerals were detected from Lahanos samples. Lahanos
samples replaced by opaque minerals have mineralogical zonation. Mineralogical zonation
sequence, from the exterior to the interior, is sphalerite+pyrite >> chalcopyrite >>
sphalerite+chalcoprite. Mineralogical zonation of the Cayeli samples is pyrite >> galenite. The
fossil fauna discovered in Pontid deposits are well- preserved in comparision to other massive
sulphide districts (Maslennikov, 2009, per. commun.)

Above mentioned tube worm traces are accompanied by the chimney fragments. The geological
setting of these deposits and mineralogical and textural features of fossiliferous samples indicates
that these deposits and its fossil fauna are remnant of hydrothermal vents at the bottom of paleo-
oceans. The existence of modern tube worms in the present-day oceans could presumably be
evidence of evaluation of fossil tube worms detected in the paleo-massive sulphide deposits (such
as Urals, Pontids and Samail Ophiolite). Although amount of these fossils samples detected in
present-day oceans are plentiful, findings of faunas in the paleo-massive sulphide deposits are
rather limited. In the contex of this study, deposits in the Eastern Black Sea region were added to
other massive sulphide districts (Urals, Cypruss, Oman and Ireland) where these unique fauna were
detected (Revan et al. 2010).

Key words : Tube worms, Pontide, massive sulphide, fossil fauna, chimney, Lahanos, Killik, Cayeli
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Dogu Karadeniz Bolgesi Masif Siilfid Yataklarindaki (Lahanos, Killik ve
Cayeli) Fosil Izlerine Ait IIk Bulgular

Giiniimiiz okyanus tabanlarindaki sicak ¢ikislarin gozlendigi alanlar (Dogu Pasifik yiikselimi, Juan
de Fuca sirti, Galapagos sirti gibi) metalik maden yataklari yam sira, swa disi organizma
topluluklart ile gevrilidir. Swra dist organizma topluluklari igerisinde en ilging olanlari ise
bakterilerle simbiyotik bir yasam siiren tiip solucanlardir. Hidrotermal gozeltilerdeki indirgen
siilfiir, ¢ikis bacalari (chimney) cevresinde yigisnig bu sira disi canlilar icin bir gida zincirinin
temelini teskil eder (Haymon vd., 1984). Bu solucanlarm bulundugu yasam ortami igerisinde
¢okelen siilfit mineralleri tiip formundaki bu solucanlari sardigi ve siilfit bir matriks igerisinde tiip
solucanm izlerinin korundugu gozlenir. Giiniimiiz denizlerde yogun olarak gozlenen bu sira disi
canli faaliyetlerinin masif siilfit paleo-hidrotermal sahalardaki izlerine ise c¢ok nadir
rastlanmaktadir.

Lahanos, Killik ve Cayeli maden yataklarinda tammlanan tiip solucanlarin g¢aplari 25 mm ve
uzunluklart 8 cm ye ulasir ve genelde siilfit matriksli bresik cevher zonu iginde bulunur. Tiip sekilli
fosil izlerinin ici genelde mineral kirmtilart (pirit, sfalerit, kalkopirit ve galenit) tarafindan
doldurulurken az sayida fosil izinin ise kenardan igeriye dogru opak ve gang mineralleri tarafindan
ornatildigi gozlenmistir. Lahanos’a ait 6rnek fosil izi dolgularinda mikroskopta ayirt edilemeyecek
oranlarda, gotit, serpiyerit, nabit kiikiirt ve jarosit gibi oksidasyon Uriini ikincil minerallerin ve
dolomitin varligi Raman spektrometresi incelemeleriyle saptanmustir Lahanos orneklerinde
kenarlarindan itibaren opak minerallerce ornatilmus fosil izlerinde, distan i¢e dogru sfalerit-+pirit >>
kalkopirit >> sfalerit+kalkopirit seklinde mineralojik zonlanma tanimlanabilmektedir. Cayeli
orneklerinde ise cevherlesmis fosil ¢eperlerinde distan ige dogru pirit >> galenit seklinde gelismis
bir mineral zonlanmas: gozlenmektedir. Bu yataklardaki fosil topluluklarmimn saglamhgr diger
bolgelerde tespit edilen benzerlerine kiyasla oldukga iyi durumdadir (Maslennikov, 2009; sozli
goriisme).

S6z konusu tiip solucan fosil izlerinin ¢ikis bacalarina (chimney) ait parcalarla birlikteligi dikkat
cekicidir. Lahanos, Killik ve Cayeli masif siilfid yataklarinm igerisinde bulundugu jeolojik ortamin
yani sira icerdigi fosilli orneklerin gostermis oldugu mineralojik ve dokusal Ozellikler
incelendiginde soz konusu yataklar ve igerdigi fosil faunasinin paleo-deniz tabanindaki hidrotermal
cikislarin kanitlart olduguna isaret eder. Giiniimiiz denizlerinde gozlenen giincel tiip solucanlarmin
varhg ise, paleo-masif siilfid yataklarinda tespit edilen soz konusu tip solucan fosillerinin (Urallar,
Pontidler ve Samail ofiyoliti tip formlari gibi) ge¢misten giiniimiize gelisim gOstermis
olabileceginin bir kaniti olarak verilebilir. Giincel denizlerde tanimlanan bu fosillere ait ornekler
bol olmasina karsin paleo-masif siilfid yataklardaki faunalara ait bulgular olduk¢a simrlidir. Bu
calisma kapsaminda, s6z konusu bu ozel fosil fauna’ya ait bulgularin tespit edildigi (Revan vd.,
2010, basimda), masif siilfid bolgelerine (Urallar, Kibris, Umman ve irlanda) Dogu Karadeniz
Bolgesindeki yataklar da dahil edilmistir.

Anahtar Kelimeler: Tiip solucanlar, Pontid, masif siilfid, fosil fauna, ¢ikis bacasi, Lahanos. Killik,
Cavyeli
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Tunca (Ardesen-Rize) Ore — Ore Mineralogy and Geochemistry
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The Tunca ore is hosted by the Late Cretaceous felsic volcanics. Lensial massive sulfide ore is
about 5 min thickness. South edge of the mineralization exposes about 70 m along an E-W striking
fault trailing the Tunca creek. Ore body plunges 25° towards north and it is covered by hematite-
bearing dacite, which is itself overlain by basaltic rocks. In the base, stock work veins, veinlets and
dissemination of ore is observed within the dacite window. In the Tunca prospect, 1 million tons of
probable reserve was reported. The deposit is still under investigation.

Principle ore minerals include primary Fe-Cu-Zn-Pb sulfides (e.g., pyrite, chalcopyrlte sphalerite,
galena, and bornite), sulfosalts (essentially tennantite), and secondary sulfides (e.g., covellite.
Quartz, barite, various phyllosilicates (e.g., kaolinite and sericite), calcite and dolomite account for
the gangue minerals. Ore mineralization is unmetamorphosed and has well-preserved primary ore
mineral textures. Ore miner paragenetic sequence is pyrite-chalcopyrite (I) — sulfosalts — sphalerite
— galena — chalcopyrite (11) — bornite — products of oxidation/cementation, which well agrees with
regional scale paragenetic succession proposed for the volcanogenic massive sulfide deposits
(VMS) of the Eastern Pontides. Bornite mineralization represents last stage of the primary sulfide
mineralization and replaces all of the earlier mineral phases.

Ore mineral paragenesis and geochemical analyses suggest that the mineralization could be
considered as Cu-Zn type depoistion. Gold content of typical ore is about 3.5 ppm that is within the
range of the values typical to the other VMS deposits of the region (<5 ppm). Silver content is 87
ppm that is very similar with the ones reported for semi-black ores of Harkoy and Lahanos
deposits.

6™S analyses for chalcopyrite and pyrite, representing main mineralization stage as determined
through ore microscopy study were carried out and the results are +0.83%0 - +1.23%o for
chalcopyrite and +1.60 %0 - +1.66%0 for pyrite. Sulfur isotope composition varies within
relatively narrow range typical to the magmatic source. These results appear to be well-suited with
the values reported for the primary sulfide of the Eastern Pontide VMS deposits.

Key words: Tunca, VMS, Eastern Pontides, ore, mineralogy, sulfur isotopes
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Tunca (Ardesen-Rize) Cevheri — Cevher Mineralojisi ve Jeokimyasi

Tunca cevheri Ust Kretase yash felsik volkanitler tarafindan igerisinde bulunmaktadir. Mercek
bicimindeki masif siilfiir yataklanmasi ortalama 5 m kalinhktadir. Giiney kenart, Tunca deresini
takip eden dogu-bati yonlii bir fay boyunca 70 m boyunda yiizeylenme gostermektedir. Kuzeye
dogru yaklasik 25°’lik bir egimle dalan masif cevher kiitlesi, hematitli bir dasit birimi ile
ortiilmekte ve bu dasit birimini de izerleyen bazaltlar bulunmaktadir. Altta asil cevher yan kayacini
olusturan bir dasit penceresi iginde agsal damar ve damarcik ile sagihmli cevher zonlart
bulunmaktadir. Tunca yataginda 1.000.000 ton muhtemel rezerv tespit edilmistir. Sahada halen
arama ¢alismalari devam etmektedir.

Ana cevher mineralleri, birincil Fe-Cu-Zn-Pb siilfiirler (esas olara pirit, kalkopirit, sfalerit, galen,
bornit), sulfotuzlar (esas olarak tenantit), ikincil siilfiirler (kovelit gibi)’den olusurken, gang
mineralleri olarak kuvars, barit, cesitli filosilikatlar mineralleri (kaolinit ve serisit gibi), kalsit ve
dolomit gozlenmektedir. Cevherlesme metamorfize olmamis ve iyi-korunmus birincil cevher
dokularna sahiptir. Cevher mineral siiksesyonu pirit- kalkopirit (I) — sulfotuzlar (tenantit) — stalerit
- galen-kalkopirit (I1)-bornit-oksidayon/sementasyon riinleri olarak belirlenmis ve bu bolgesel
olcekte Dogu Pontidlerdeki volkanojenik masif siilfiir yataklari i¢in onerilen parajenetik
siiksesyonla olduk¢a uyumludur. Bornit cevherlesmesi primer  siilfit cevherlesmesinin  son
safhasinda gerceklesmis olup, erken biitiin fazlart ornatmaktadur.

Cevher mineral parajenezi ve jeokimyasal analizler —cevherlesmenin Cu-Zn-tipinde
siniflanabilecegini onermektedir. Tipik cevherdeki altin igerigi 3.54 ppm olup, bolgedeki diger
masif siilfiir yataklarina benzerlik gostermektedir (<5 ppm). Giimis icerigi 87 ppm olup, bolgedeki
diger yari siyah cevher iceren Harkoy ve Lahanos yataklarma ait degerlerle biytik benzerlik
sunmaktadir.

§*'S izotop analizleri ana cevherlesme parajenezine ait oldugu. cevher mikroskobu calismasi ile
belirlenmis olan kakopirit ve pirit iizerinde yapilmig ve kalkopirit i¢in % +0.83 ila Yoo +1.23
arasinda degerler, pirit igin %o +1.60 ila %o +1.66 arasinda degerler bulunmustur. Kiikiirt izotop
bilesimleri nispeten dar aralikta degisim gostermekte ve kiikiirt icin magmatik kokeni ima
etmektedir. Bu degerler ayni zamanda dogu Pontidlerdeki diger major masif stlfiir yataklarn ile
olduk¢a uyumlu goziikmektedir.

Anahtar kelimeler: Tunca, VMS, Dogu Pontitler, cevher, mineraloji, kiikiirt izotoplar
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Preliminary Findings of Porphyry Copper Mineralization in Olur-Tortum
Zone: Yesilbaglar and Kaban Mineralization (Olur-Erzurum-NE Turkey)
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The region of the study area is located in the south of Eastern Pontids (Sakarya). In the eastern part
of the Eastern Pontids, there are various Jurassic-Cretaceous aged sequences that are adjacent and
overlapping with the structural line with NE-SW direction and that continues until Paleocene. In
the Hopa-Narman section these sequences are grouped in four zones and named as Hopa-Borgka
zone, Artvin Yusufeli zone, Olur-Tortum zone and Erzurum-Kars ophiolite zone from the north to
the south. Yesilbaglar and Kaban mineralization is hosted by the rocks of the Olur Assemblage that
are part of Olur-Tortum zone. Olur Assemblage is represented by Lias-Dogger aged andesitic-
basaltic lava and pyroclastics (Oltu River Volcanites) in the bottom and dacitic lava and
pyroclastics at the side (Kaban Dacite). Malm aged turbiditic character deposits (Olurdere
Formation) pass upwards to the Berriyasiyen-Apsiyen aged pelagic-semi pelagic limestones
(Soguk¢am Formation). The sequence continuing up to Paleocene with various clastic carbonates
and volcanic rocks is unconformably overlain by the early Eocene aged clastics. All these
sequences are cut by pre-early Eocene porphyritic textured dacitic-rhyodacitic intrusives
(Coskunlar Dacite).

Yesilbaglar mineralization is observed in the dacites that are the apophysis of the pre-early Eocene
aged Coskunlar dacite cutting the Jurassic to Cretaceous age basalt/andesite lava origin volcanics in
the Olur-Tortum zone. The advance argillic alteration and leaching zone is developed in the
porphyritic textured dacites. The alteration which is 300 m wide and 600 m long in the N10-15E
direction is observed as argillization, silicification, limonitization, hematization, pyritization and
barite. Stockwark quartz veins/veinlets are observed within the alteration. Quartz veinlets are grey-
white coloured and there are also chalcedonic features in place. The secondary gypsum formations
are widely observed.

Kaban mineralization is located 7 km east of the Yesilbaglar mineralization. Alteration and
mineralization developed within the porphyritic textured dacites extending in 300 m length and 100
m width in east-west direction intrusive to Jurassic aged Akdag limestone and dacites boundaries.
The alteration observed in the field has identical features with the Yesilbaglar alteration.
Porphyritic textured altered dacite/limestone boundaries are observed as silicified. Yesilbaglar-
Kaban alteration zone is observed discontinuously 7 km in the east-west direction. 69 rock samples
were collected along certain profiles in this zone and with these samples the following values have
been detected: 1800 ppm Cu, 1360 ppm Pb, 3000 ppm Zn, 330 ppm Au, 90 ppm Mo, 28 ppm Ag,
600 ppm Sb and up to 1200 ppm As.

Ore-host rock relation, alteration, ore features and geochemical element distribution of Yesilbaglar-
Kaban mineralization, have features similar to the porphyry Cu mineralization. These alterations
and mineralization observed in the Olur-Tortum Zone located in the south east of the Eastern
Pontides turn this zone an important porphyry copper zone. The existence of low temperature
siliceous such as chalcedony and As, Sb, Au and Ag values obtained at the anomaly level in the
element analysis should be evaluated as the products of the epithermal system overprinting the
porphyry system.

Key words: Eastern Pontids, Olur-Tortum Zone, Porphyry C opper Belt—Porphyry Cu mineralization
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Olur Tortum Zonunda Porfiri Bakir Cevherlesmelerine Ait Ik Bulgular:
Yesilbaglar ve Kaban Cevherlesmeleri (Olur-Erzurum-KD Tiirkiye)

inceleme alanmin icinde bulundugu bolge Dogu Pontidlerin (Sakarya) giineyinde yer alr.
Dogu Pontidler’in dogu kesiminde, yaklasik KD-GB gidisli yapisal hatlarla yan yana ve Ust iiste
gelen ve Ust Paleosen’e kadar siireklilik sunan, Jura-Kretase yasli ¢esitli istifler gozlenir. Hopa-
Narman kesitin boyunca, dort zon bazinda gruplandirilan bu istifler, kuzeyden giineye dogru
Hopa-Borgka zonu, Artvin-Yusufeli zonu, Olur-Tortum zonu ve Erzurum-Kars ofiyolit zonu olarak
adlandirilmistir. Yesilbaglar ve Kaban cevherlesmeleri, Olur-Tortum zonu i¢cinde Olur Birligine ait
kayaclar icinde geligmistir. Olur Birligi, altta Liyas-Dogger yash andezitik-bazaltik lav ve
piroklastikler (Oltu Cayr Volkanitleri) ile yanalda dasitik lav ve piroklastikler ile (Kaban Dasiti)
temsil edilir. Bunun iizerine olasili uyumsuzlukla gelen malm yash tiirbiditik karekterli cokeller(
Olurdere Formasyonu) iiste dogru Berriyasiyen-Apsiyen yasl pelajik yari pelajik kiregtaslarina
(Soguk¢am Formasyonu) geger. Geg Paleosen kadar cesitli krmtili karbonatlar ve volkanik
kayalarla devam eden istifi, Erken Eosen yash kirntihlar uyumsuzlukla orter. Tim bu istifleri
Erken Eosen oncesi porfirik dokulu dasitik-riyodasitik sokulumlar (Coskunlar Dasiti) keser.

Yesilbaglar cevherlesmesi Olur-Tortum zonu iginde Jura-kratese yash bazalt/andezit lav

karekterli volkanikleri kesen erken Eosen oncesi yasl “Coskunlar Dasiti”nin apofizi olan dasitler
icinde gozlenir. Porfirik dokulu dasitlerde, ileri derecede arjilik alterasyon ve yikama zonu
(leaching) gelismistir. Yaklasik 300m genisliginde, K10-15D dogrultulu olarak 600 m uzanim
gosteren alterasyon; killesme, silislesme, limonitlesme, hematitlesme, piritlesme ve barit olarak
gozlenir. Alterasyon icinde agsal kuvars damar/damarciklari izlenir. Kuvars damarciklart gri beyaz
renkli olup yer yer kalsedonik ozelliklerde de gozlenir. ikincil jips olusumlar ise yaygin olarak
izlenmektedir.
Kaban cevherlesmesi; Yesilbaglar cevherlesmesinin 7 km dogusunda yer alir. Altersyon ve
cevherlesme Olur-Tortum zonu icinde Jura kratese yasli Akdag kiregtasi ve dasitlerin dokanagina
sokulum yapan yaklasik D-B dogrultusunda 300 m uzanim ve 100 m genislik sunan porfirik
dokulu dasitler icinde geligmistir. Sahada gozlenen alterasyon Yesilbaglar alterasyonu ile ayni
ozelliklere sahiptir. Porfirik dokulu Altere dasit/kirectas dokanaklar silislesmis olarak izlenir.
Yesilbaglar ve Kaban alterasyon zonu kesintili olarak yaklagik DB dogrultulu olarak 7 km izlenir.
Bu zondan belirli profiller boyunca 69 adet kayag ornegi alinmis ve bu orneklerde, 1800 ppm Cu,
1360 ppm Pb, 3000 ppm Zn, 330 ppm Au, 90 ppm Mo, 28 ppm Ag, 600 ppm Sb, 1200 ppm’e
varan As degerleri elde edilmistir.

Yesilbaglar ve kaban alterasyon ve cevherlesmeleri, cevher yan kayag iliskisi, alterasyon
ve cevher ozelikleri ile jeokimyasal element dagilimi agisindan porfiri Cu cevherlesmeleriyle
benzerlik gostermektedir. Dogu Pontidlerin gliney dogusunda Olur-Tortum zonunda gozlenen bu
alterasyon ve cevhelesmeler bu zonu onemli  bir porfiri bakir kusagma da doniistirmektedir.
Element analizlerinde anomali diizeyinde elde edilen As, Sb, Au ve Ag degerleri ile kalsedon gibi
diisiik sicaklik silislerinin varhigi, porfiri sistemi golgelemis epitermal sistemin irinleri olarak
degerlendirilmelidir.

Anahtar kelimeler: Dogu Pontidler/ Olur —Tortum Zonu/Porfiri Bakir kusagi- Porfiri Cu
cevherlesmesi
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In this study, the trace element contents of samples collected from ore bearing veins of (Canakkale-
Balcilar Pb-Zn-Ba and Kalkim-Handeresi Pb-Zn mineralizations are compared with the trace
clements values of the roots, leafs and reeds of some plants and their soils. The accumulator and
indicator properties of these plants are evaluated in terms of Pb-Zn-Cu-Ba elements.

Balcilar mineralizations are located in andesites as barite-galena-sphalerite bearing quartz-veins.
Pb-Zn-Cu contents of veins vary between 400 ppm and higher than 1% in three different vein
areas. Ba exhibit 300->5% values. The Pb-Zn-Cu contents of the soils of Taraxacum officinale
(Dandelion) and Cyperus laevigotus plants change between 100-4600 ppm. Ba reaches up to 1300
ppm.. The roots and leafs of Dandelion display very high contents of Cu, Pb and Zn with 17-72
ppm, 16-300 ppm and 280-800 ppm, respectively. Ba values are 100-260 ppm. Otherwise, the Pb-
Zn-Cu-Ba contents of Cyperus laevigotus present similar values as Dandelion.

Pb-Zn mineralizations of Handeresi are located in Paleozoic aged metamorphic units. Ore samples
collected from the adits showed 12 ppm to >1% values of Pb-Zn-Cu. The average content for Ba is
9 ppm.  While the Pb-Zn-Cu values of the soils of Dandelion vary between 40-815 ppm., Ba
displays 114 ppm. The analyses from the roots and leafs of this plant exhibited 5-14 ppm, 47-200
ppm and 41-700 ppm for Cu-Pb and Zn respectively. Ba varies between 25-45 ppm.

Consequently, Dandelion and Cyperus laevi gotus are good accumalator and indicator plants.

Key words: Canakkale, Pb-Zn mineralizations, indicator-accumulator, Taraxacum officinale,
Cyperus laevigotus
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KB Anadolu’da Bazi Pb-Zn Cevherlesmelerinin iz Element Degerleri ile
Biyojeokimyasal Verilerinin Karsilastirilmasi- Onbulgular

Bu calismada, Canakkale-Balcilar Pb-Zn-Ba ve Yenice-Kalkim-Handeresi Pb-Zn yatag: civarinda
cevherli damarlardan toplanan ornekler, onlarin etraflarindaki bazi bitkilerin kok, yaprak ve
kamuslar1 ile topraklarindan alinan Orneklerin iz element degerleri ile karsilastinilmustir. Bu
bitkilerin Pb-Zn-Cu-Ba elementleri agisindan indikator(gosterge)-akiimiilator(biriktirici) ozellikte
olup olmadiklar1 irdelenmistir.

Balcilar yoresinde cevherlesmeler andezitler i¢inde barit-galenit-sfalerit iceren kuvars damarlari
seklindedir. Ug ayr1 damar grubunda Pb, Zn ve Cu 400 ppm ile %1 den biiyiik degerler arasindadr.
Ba ise 300 ppm ile %5 arasinda oynamaktadir. Bu bolgede Taraxacum officinale (Karahindiba) ve
Cyperus laevigotus bitkilerinin topraklarinda Pb-Zn ve Cu degerleri 100-4600 ppm, Ba ise 800-
1300 ppm gibi yiiksek degerler sunmaktadir. Taraxacum officinale bitkisinin kokleri ve
yapraklarindan yapilan analizler sonucunda; Cu i¢in 17-72 ppm, Pb i¢in 16-300 ppm, Zn igin 280-
800 ppm gibi ¢ok yiiksek degerleri bulunmustur. Ba ise 100-260 ppm civarlarindadir. Cyperus
laevigotus bitki orneginin kamislarindan yapilan analizlerde de Pb-Zn-Cu-Ba degerleri
Karahindiba'nin kok ve/veya yaprak ile ortiisen degerler sunmaktadir.

Kalkim-Handeresi Pb-Zn cevherlesmeleri Paleozoyik yaslt metamorfik birimler iginde yer
almaktadir. Galerilerden alinan cevher orneklerinde Pb, Zn ve Cu 12 ppm ile %1 den biyik
degerler arasindadir. Ba ise ortalama 9 ppm’dir. Karahindiba’min yetistigi topraklarda Pb-Zn-Cu,
40-815 ppm, Ba ise 114 ppm degerlerindedir. Bu bitkinin kokleri ve yapraklarindan yapilan
analizler; Cu icin 5-14 ppm, Pb i¢in 47-200 ppm, Zn igin 41-170 ppm gibi yiiksek degerler
gostermektedir. Ba degerleri 25-45 ppm civarlarindadir. Baryum’un disiik olmasinin nedeni
cevherlesmenin Ba agisindan fakir olmasindandir.

Sonuc olarak, Taraxacum officinale (Karahindiba) ve Cyperus laevigotus bitkilerinin iyi birer
gosterge ve biriktirici olduklari belirlenmistir.

Anahtar kelimeler: Canakkale, Pb-Zn cevherlesmeleri, indikatér-akiimulator, Taraxacum
officinale, Cyperus laevigotus
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The Mineralogical Data of Pb-Zn Mineralizations at Handeresi- Bagirka¢ and
Firmcikdere Adits(Canakkale-Yenice-Kalkim)

Sinan Akiska', Gokhan Demirela' & 1.Sénmez Sayih'

'Ankara University, Faculty of Engineering, Department of Geological Engineering 06100 Tandogan —
Ankara
(E-mail: akiska@eng.ankara.edu.tr)

In the study area which is located at the Kazdag Massif in NW-Turkey, detailed mineralogical
studies were performed on ore and wall rock samples taken from Handeresi, Bagirka¢ and
Firmeikdere Pb-Zn ore adits. The rock units determined are partly hydrothermally altered graphite-
schists, calc-schicts, meta-sandstones, meta-serpentinites, marble lenses, and felsic textured rocks.
Due to microscobic investigations; garnets, pyroxenes, large actinolites, epidotes and tremolites are
determined from older to younger. The zoned garnets are designated by the Raman spectroscopy
and SEM studies. Large iron-rich cores (andraditic) are observed in garnets. Thin grossular zones
are overgrown upon them. Following these zones, thin andraditic belts take place. Minerals
complete their growths with a grossular zone. Pyroxenes and epidotes are named as diopside and
pistacite-clinozoisite, respectively. The ore minerals are pyrites and the almost contemporaneous
sphalerites, chalcopyrites, and galenites due to forming sequence. Chalcopyrite exsolutions and
inclusions are observed in sphalerites. Sphalerites are sometimes zoned and in iron-rich and iron-
poor types. They are cut and surrounded by galenites and sometimes they include the galenites.
After the formation of ore minerals, calcite and quartz cut gangue and ore minerals or fill the gaps
between them, occur as veins.

Consequently, it can be stated that hydrothermal solutions selected the fractured zones. At first, as
anhydrous minerals, garnets and pyroxenes formed in carbonaceous rocks. Afterwards, hydrous
minerals such as actinolite, tremolite and epidote occurred. At the beginning stage of anhydrous
phases, Fe-Al fluctuations are detected at garnet zones. Following all these stages, at first Zn-Cu
rich and subsequently Pb rich solutions took place. After the ore settlements, carbonate and silica
rich solutions give rise to form calcite and quartz minerals.

Key words: Handeresi, Bagirkac, Firincik, mineralization, lead. zinc

Handeresi- Bagirkac ve Firmcikdere (Canakkale-Yenice-Kalkim) Galerileri
Pb-Zn Cevherlesmelerinde Mineralojik Veriler

KB Anadolu’da Kazdag masifine ait olan bolgede yer alan calisma alaninda, Handeresi- Bagirkag
Ve Firincikdere Pb-Zn cevherlesmelerini isletmek iizere agilmig galerilerden alinan yankayac ve
cevher orneklerinde ayrmtili mineralojik incelemeler gerceklestirilmistir. Bu incelemelerde kayag
tirti olarak; yer yer hidrotermal alterasyona ugramis grafitsistler, kalksistler, metakumtaslarr,
metaserpantinitler, mermer mercekleri ve felsik dokulu kayaclar Belirlenmigtir. Cevher
damarlarmin mikroskobik incelenmesinde, yaslidan gence dogru yer yer granatlar, piroksenler, iri
aktinolitler, epidotlar ve tremolitler belirlenmistir. Raman Spektroskobisi ve SEM calismalarinda
ise granatlarda zonlanmalar saptanmustir. Granatlarin cekirdek kesimlerinin oldukea iri ve demirce
zengin (andraditik) olduklari, bunlari oldukga ince, aliiminyumca zengin bir grossular zonunun
sardigini daha sonra ince bir andraditik zonun geldigi ve minerallerin grossularitik bir zonla
biiyiimelerini tamamladigi belirlenmistir. Piroksenlerin diyopsit, epidotlarin ise pistazit ve
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Klinozoizit tirlerinde olduklari saptanmustir. Cevher mineralleri de swasiyla; once piritler sonra
yaklasik es yash sfalerit, kalkopirit ve galenitlerden olusmaktadir. Sfaleritler icinde kalkopirit
kapammlari ve ayrilimlari gozlenmektedir. Sfaleritlerin hem demirli hem de demirsiz (balblend)
tirde olduklari ve bazilarmin zonlanma gosterdigi belirlenmistir. Galenitler ise sfaleritleri
kesmekte, sarmakta ve bazen de sfaleritler icerisinde kapanim olarak bulunmaktadir. Cevherlesme
sonrasinda gang ve cevher minerallerini kesen veya aralarindaki bosluklari dolduran kalsit ve
kuvars yer yer damarlar seklinde olusmustur.

Sonug olarak hidrotermal ¢ozeltilerin, faylanmalar sonucu kirilms bolgeleri secerek karbonatl
kayaclar i¢inde once susuz granat ve piroksen minerallerini olusturdugu daha sonra sulu faza
gecerek aktinolit, tremolit ve epidot mineralleri olusumuna yol agtigi belirlenmistir. Susuz fazin ilk
evrelerinde Fe-Al elementlerinin azalip cogaldiklari saptanmistir. Daha sonra dnce Zn-Cu ve son
olarak da Pb iceren cevherli ¢ozeltilerin bu zonlara yerlestigi goriilmektedir. Cevher yerlesiminden
sonra karbonatli ve silisli ¢ozeltiler kalsitler ve kuvarslart olusturmuslardr.

Anahtar kelimeler: Handeresi, Bagirkag, Firincik, cevherlesme, kursun, ¢inko

Geology and Mineralization of Sarioluk Reworked Pb-Zn Deposit, Biga
Peninsula, Turkey

Bahri Yildiz', Nahide K. Yal¢inkaya Unal®

! Stratex Madencilik San. ve Tic. Ltd. 8ti., Iran Cad. 53/6, TR-06700 Ankara, Turkey
(E-mail: bahri.yildiz@stratexplc.com)
? Canakkale Madencilik Anonim Sirketi, Balikesir Yolu 5. km, TR-17100 Canakkale, Turkey
(E-mail: nahideunal@yahoo.com)

Sarioluk Pb-Zn deposit is located 45km NE of Canakkale. Eocene age andesitic and felsic lithic
tuffs (Flt), rhyolite lavas and eroded riyolite domes are exposed in the area. The Pb-Zn
mineralization in the Sarioluk area occurred related to Eocene rhyolitic domes, and then uplifting
and erosion of this mineralization and transportation into the basin occuring between the rhyolitic
domes and redeposited together with Flt in the basin. Matrix supported thin and medium bedded Flt
containing clasts with flow banded texture, kaolinized white tuff with trace of barite, kaolinized
rhyolite lavas with Fe oxide are exposed in the basin. Different volcanic clasts, galena clasts,
rhyolite clasts with disseminated pyrite and locally Flt with banded galena and sphalerite occurred
between these rhyolite lavas. Cross bedding is observed in the Flt. Basin covers about 700m along
NW-SE trend and 400m along NE- SW trend. Flt exposed NW of the basin consist of galena and
sphalerite occurred as clast and banded type, Flt exposed SE of the basin consist of pyrite and trace
of chalcopyrite are observed. The strike of the Flt with ore clasts located NW of basin is NE-SW
and dips 12°-30" SE. The strike of the Flt with ore clast exposed SE of basin is N-S and dips 14°W.
The Flt exposed SW edge of the basin consists of 100m galena and sphalerite clasts along strike.
About 70% of these zones were operated before. Average grade of operated zone is about 3.57%
Pb, 2.62% Zn. Reworked type mineralization may originate from eroded rhyolite domes exposed
200m NW of zone operated before. Sarioluk Pb-Zn reworked deposit is first deposit identified in
the Eocene basin in the Biga Peninsula.

Key words: Canakkale, Koru, Sarioluk, Biga, reworked
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Sarioluk Asimip Tasinmis Pb-Zn Yataginin Jeoloji ve Cevherlesmesi, Biga
Yarimadasi, Tiirkiye

Sarioluk Pb-Zn yatagi Canakkale’ nin 45 km KD da bulunmaktadir. Sahada Eosen yaslt andezitik
ve felsik litik tiiflerle (Flt) riyolit lav ve asinmus riyolit domlari yiizeylemektedir. Eosen yash
riyolitik domlara bagli olarak olusan Pb-Zn cevherlesmelerinin daha sonraki yiikselmeyle asindigi
ve aginan cevherlesmelerin riyolitik domlarin arasinda bulunan havzaya tasinarak Flt'lerle birlikte
cokelerek Sarioluk Pb-Zn cevherlesmesini olusturdugu belirlenmistir. Havza icinde akinti yapih
riyolit klastlart igeren matriks agirlikhi ince ve kalin tabakali Fit’lerle, kaolinlesmis, yer yer az
baritli beyaz tiifler, kaolinlesmis ve Fe oksitli riyolit akintilari mostra vermektedir. Bu riyolit
akintilarinin arasinda ise degisik volkanik klastlar, galenit klastlari, sacmimlt pirit iceren riyolit
klastlari,yer yer galenit ve sfalerit bantlari iceren Flt’ler olusmustur. Bu Flt'lerde boylanma
goriilmektedir. Havza KB-GD dogrultusunda 700 metre, KD-GB dogrultusunda ise 400 metrelik
bir alan kaplamaktadir. Havzanin KB kesiminde bulunan Flt'ler icerisinde klast ve yer yer bandli
sekilde olusmus galenit ve sfalerit, havzanin GD kesimindeki Flt’ler icerisinde ise bol miktarda
pirit az kalkopirit goriilmektedir. Havzanin KB’sinda cevher klasti iceren Flt'lerin dogrultusu
yaklagik KD-GB, egimi ise 12°-30° GD dur. Havzanin GD ucunda ise Flt’lerin dogrultusunun
yaklasik K-G ve egiminin ise 14°B’ya dalimli oldugu gozlenmistir. Havzanin GB ucundaki Flt'ler
dogrultu boyunca yaklasik 100 metre galenit ve sfaleritli cevher cakillari icermektedir. Bu boliimiin
%70 lik kesimi 6nceden isletilmistir. Isletilen cevherin tenérii yaklasik %3.57 Pb, %2.62 Zn dir.
Havzadaki tagmmis cevherin onceden isletilen boliimiin yaklasik 200m KB daki riyolit
domlarindan kaynaklandig: diistiniilmektedir. Sarioluk Pb-Zn cevherlesmesi Biga yarimadasinda
belirlenen ve riyolit domlarma bagl olusmus Pb-Zn cevherlesmesinin asinip tasiarak riyolit
domlar arasindaki Eosen havzasinda ¢okelerek olusmus tek cevherlesme ornegidir.

Anahtar kelimeler: Canakkale, Koru, Sarioluk, Biga, tasinmis
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Engineering Geology and Geotechnique Session-I

Quantitative Landslide Risk Assessment for the Sahna River (Mersin)
Watershed

Engin CIL ve Tolga CAN
Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, 01330, ADANA (tolgacan@cukurova.edu.tr)

In this study, multi-temporal landslide inventory maps of the Sahnadere watershed were prepared
as a first stage by investigation of the landslide archive records and the interpretation of aerial
photographs taken in different time intervals. In order to determine the spatial probability of
landslide occurrence, susceptibility maps were prepared for particular time periods, by using
logistic regression method. Temporal probability of landslides was determined by considering the
triggering factors from rainfall — frequency relationships. The exceedance probability of landslides
occurrence in 5, 10, 25, 50 and 100 years time intervals were calculated. The probabilities of
landslide size (extent) were obtained from frequency — size distribution of 1969 event landslide
inventory map. Probability density function in convenience with frequency distribution was
achieved by three parameter inverse gamma distribution. The probability of a given landslide sizes
were determined by integration of the gamma distribution. Landslide hazard maps for different
landslide sizes (0.1 km?, 0.05 km” and 0.01 km?), that will occur having exceedance probabilities of
5, 10, 25, 50 ve 100 years periods were produced. Finally, landslide risk maps were prepared
considering the vulnerability and economic losses of different elements at risk (houses, roads,
agriculture areas) in different landslide hazard zones.

Key words: Multi-temporal landslide inventory, spatial probability, temporal probability,
probability of landslide extent, landslide hazard, landslide risk assessment.

Sahnadere (Mersin) Su Toplama Havzasimn Niceliksel Heyelan Risk
Degerlendirmesi

Bu calismada, ilk asamada heyelan arsiv kayitlart ile farkls tarihlerde ¢ekilmis hava fotograflar
incelenerek, Sahnadere su toplama havzasmm, ¢ok zamanli heyelan envanter haritalari
hazirlanmistir. Heyelanlarm mekansal olabilirliginin belirlenmesi amactyla mantiksal regresyon
yontemi kullanilarak belirli zaman araliginda gelismis heyelanlar icin heyelan duyarlilik haritalari
iiretilmistir. Zamansal olabilirlik degerleri, tetikleyici faktorler gdz Oniinde bulundurularak, yagis
frekans iliskileri kullanilarak belirlenmistir. Buradan 5, 10, 25, 50 ve 100 yilhk zaman dilimi icinde
heyelan olusma olasiliklar1 hesaplanmistir. Heyelanlarin alansal olarak olabilirligi ise 1969 yih,
heyelan olay envanter haritasindan elde edilen frekans dagilimlarina gore belirlenmistir. Frekans
dagilimima uygun olasihik yogunluk fonksiyonu ise li¢ parametreli ters gama dagilimi kullanilarak
gerceklestirilmistir. Belirli bir alana sahip heyelanlarm olugma olasilik egrisi ise gama dagiliminin
integrali alinarak hesaplanmustir. 0.1 km?, 0.05 km? ve 0.01 km®den biiyiik heyelanlarin alansal
olabilirlik degerleri ile, 5, 10, 25, 50 ve 100 yillik heyelan olusma olasiliklarina gore heyelanlarin
mekansal ve zamansal olabilirligini gosteren heyelan olasi tehlike haritalari tretilmistir. Son olarak
niceliksel heyelan risk haritalari ise olast tehlike haritalarina gore risk altindaki elemanlarin (konut,
ulagim agi, tarim arazileri) hasargorebilirlik dereceleri ile yaklasik ekonomik kayiplarm
degerlendirilmesi ile elde edilmistir. ‘

Anahtar kelimeler: Cok zamanli heyelan envanter, mekansal olabilirlik, zamansal olabilirlik,
alansal olabilirlik, heyelan olasi tehlike, heyelan risk degerlendirmesi.
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Konsolidasyon Deneyi Icin Alternatif Bir Yontem Olarak Santrifiij Tekniginin
Degerlendirilmesi

Kamil Kayabali', Adil Ozdemir®

"Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Tandogan, Ankara 06100
(e-posta: kayabali@eng.ankara.edu.tr)
*Adil Ozdemir Miihendislik ve Danigmanlik Hizmetleri, Neyzen Tevfik Sokak, 11/1, Cankaya Ankara 06420

Bu ¢alismanin amact, konvansiyonel konsolidasyon deneyinde bir hafta veya daha uzun olan deney
stiresini birkag saate indirme potansiyeli olan santrifiij teknigin degerlendirilmesidir.

Cahigma igin Ozel olarak tasarlanan santrifiijiin yarigapt 0,3 m ve donme hizi maksimum 3000
RPMdir. Calisma prensibi, geleneksel konsolidasyonda I'g’lik yercekimi altinda drene olan bosluk
suyunu 1000g ve daha iizeri merkezkag ivmesi ile gozeneklerden atmak suretiyle konsolidasyon
stirecinin birkag saat icinde gerceklestirilmesidir.

Calhismada malzeme olarak Merzifon kilinden alinan dogal numuneler kullanilmistir. Ayni seviyeye
ait zeminden ¢ adet geleneksel konsolidasyon rnegi, dort adet santrifiij konsolidasyon ornegi
alarak deneyler yapilmis ve bu islem yirmi degisik seviye igin tekrar edilmistir. Santrifiij
konsolidasyon deneyinde yiikler santrifiij kuvveti olarak ve geleneksel konsolidasyondaki gibi her
evrede iki katina ¢ikarilarak (RPM’yi arttirmak suretiyle) uygulanmistir.

Degerlendirme asamasinda her bir seviyeden alinan numuneler icin geleneksel konsolidasyona ait
ti¢ numunenin ortalama odometre egrisi ile santrifiije ait dort numunenin diisey birim deformasyon
— yik ortalama egrisi arasinda karsilastirmalar yapilmigtir. Tim seviyeler i¢in bu islem
tekrarlandiginda, santrifiij deneysel egrisinden elde edilen yeniden sikisma indeksi, sikisma indeksi
ve onkonsolidasyon gerilmesi  degerlerinin  geleneksel yonteminkilerle yiiksek korelasyon
katsayilarinda uyum gosterdigi gozlenmistir. Incelenen yontemin basari diizeyi simdilik %80-90
diizeylerinde olup, halen devam eden konsolidasyon katsayisi tayin calismalarinin da basarili sonug
vermesi halinde, zemin mekaniginde standart bir deney olarak kullanilabilecek; ve deney siiresi
birkag giinden birkag saate indirilmis olacaktir.

Anahtar kelimeler: Konsolidasyon deneyi, santrifiij yontemi, énkonsolidasyon gerilmesi, sikisma
indeksi, yeniden sikisma indeksi

Evaluation of Centrifuge Technique as an Alternative for the Oedometer Test

The scope of this investigation is to evaluate the centrifuge technique which has the potential to
reduce the test duration from a week or longer in the conventional consolidation test to a few hours.
The model centrifuge designed for this investigation has a radius of 0.3 m and the speed of
maximum 3000 RPM. The principle of the system is to drain pore water in several hours under the
centrifugal accelerations over 1000g; the conventional system renders this under 1g only.

The material used for this research is Merzifon clay. Three specimens for the conventional method
and four specimens for the centrifuge method were extracted from Shelby tubes and the related
tests were conducted. This process was repeated on twenty different soil samples. The load for the
centrifuge method was doubled at each stage as in the conventional method but this time by
increasing the revolution speed.

At the evaluation stage the average curve for three samples of oedometer test and the average
vertical strain versus the centrifugal force curve for four samples of centrifuge method for each
sample was compared and repeated for all twenty levels. It was observed that there is a reasonably
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good relationship with a high value of regression coefficient between the the recompression index,
compression index and preconsolidation pressure parameters obtained from both techniques. The
success level of the investigated method is around 80-90% at present. We believe it will reach up to
100% by inclusion of the coefficient of consolitaion which is presently under investigation. In
conclusion, the proposed method appears to shorten the consolidation period significantly and
bears a high potential as a standard soil mechanics test.

Key words: Oedometer test, centrifuge method, preconsolidation stress, compression index,
recompression index

A Very Quick Method to Determine the Hydraulic Conductivity of Fine
Grained Soils

Fatih Ucar, Kamil Kayabah

Ankara University, School of Engineering, Geological Engineering Department, Tandogan, Ankara 06100
(e-mail: fatihucar984@gmail.com)

Almost all geotechnical problems pertinent to fine grained soils are related to the existence of
water. One of such problems is related to water flow, for which the two important parameters are
hydraulic gradient and coefficient of permeability. Measurement of hydraulic conductivity of fine
grained soils in a laboratory is carried out almost unexceptionally using the falling head
permeameter which takes at least a week and includes several uncertainties. The goal of this
investigation is to examine an alternative method capable of reducing the test period to a few hours
as well as reducing the number of uncertainties inherent to falling head method.

The adopted method for the study is dynamic centrifuge test. The apparatus used in the present
research has a radius of 30 cm, loading capacity of 1 kg (X4) and has a maximum speed of 3000
RPM. It is aimed to drain pore water of fine grained soils under centrifugal accelerations greater
than 1000g.

Because the investigation is parametrical in nature, it requires the use of soils of a large hydraulic
conductivity range. To overcome difficulties of obtaining natural soils with hydraulic conductivity
in such a large range and sufficient number, artificially prepared soils were utilized. A bulk sample
of natural soil was first dried and later was sieved using #40 sieve. The first and second groups of
artificial specimens were prepared by mixing the -#40 natural soil with -#40 marble dust and -#40
fly ash, respectively, at different ratios. All specimens were wetted under certain water contents
and statically compressed under maximum load of 1000 kgf. Falling head specimens were
compressed in cylindrical molds of 5 cm diameter and 5 cm height. Centrifuge samples were first
compressed in a cylindrical container and then transferred to consolidation rings of 5 cm diameter
and 2 cm height.

Three falling head specimens and four centrifuge test specimens were prepared for each of 30
mixtures. The centrifuge test was run at stages with different speeds and durations so that the
applied load is doubled at the end of each stage. This way, 30 vertical strains versus centrifugal
force curves were obtained, which resembled consolidation curves.

At the evaluation stage, the coefficients of permeabilities (k) obtained from the falling head tests
were correlated with the slopes of centrifuge experimental curves. Likewise, total vertical strains of
centrifuge tests were correlated with k’s of falling head. Comparisons with high values of
regression coefficients (R* > 0.9) show that the coefficient of permeability can be estimated using
the centrifuge test in as short as 2-4 hours with an error of less than +10" cm/s. A series of repeated
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tests revealed that the centrifuge test has fewer uncertainties. The other major conclusion obtained
from this research is the determination of coefficient of consolidation empirically using the
coefficient of permeability obtained from the centrifuge test.

Key words: Hydraulic conductivity, coefficient of permeability, centrifuge test, coefficient of
consolidation

Ince Taneli Zeminlerin Hidrolik iletkenliginin Tayini icin Cok Hizlh Bir
Yontem

Ince taneli zeminlerde jeoteknik problemlerin hemen hemen tamami suyun varhgr ile ilgilidir.
Bunlardan biri akis ile ilgili olup, akisin da iki 6nemli parametresi hidrolik egim ile gecirgenlik
katsayisidir. Ince taneli zeminlerin hidrolik iletkenliginin laboratuvarda 6l¢iimii kuskusuz diisen
seviyeli deney ile yapilmaktadir. En az bir hafta siiren diisen seviyeli deneyde ayrica birkac
belirsizlik de s6z konusudur. Bu ¢alismanin amact, diisen seviyeli deneyde gegen siireyi kisaltacak
ve belirsizliklerini azaltacak alternatif bir yéntemin incelenmesidir.

Calisma icin secilen yontem dinamik santrifiij yontemidir. incelemede kullanilan diizenegin
yaricapt 30 cm, yiikleme kapasitesi 1 kg (4 adet) ve en yiiksek dénme hizi 3000 RPM’dir. Diizenck
ile, zeminlerin gozenek suyunun 1000g ve daha biyiik merkezkag¢ ivmesi altinda drene edilmesi
amaclanmuistir.

Calisma  karakter itibariyle parametrik oldugundan, genis bir aralikta yayilim gosteren
gecirgenlige sahip zeminlerin kullanilmasini gerektirir. Hidrolik iletkenlik, genis bir aralikta ve
tatmin edici sayida dogal zemin bulmanin giicliigu dikkate alinarak, yapay zeminler iizerinde
ol¢tilmiistiir. Hidrolik iletkenlik degerleri 10 ile 10 cm/s arasinda kalacak sekilde, kurutulmus ve
40 numarali elekten elenmis (-#40) dogal zemin malzemesi, bir grup numune i¢in -#40 atik mermer
tozu ile ikinci grup numune igin de -#40 ucucu kiil ile degisik oranlarda karistirilmistir. Belirli su
iceriklerinde karistirilan zeminler toplam 100 kgf statik kuvvet altinda sikistirtlarak diisen seviyeli
deney ve santrifiij deney numuneleri hazirlanmustir. Diisen seviyeli deney numuneleri capt ve
yuksekligi 5 cm olan 6zel kaliplarda sikistirilmus; santrifiij numuneleri 6nce silindirik bir hazne
icinde sikistirildiktan sonra ¢apt 5 cm ve yiiksekligi 2 cm olan konsolidasyon halkalarina
aktarimgtir.

Toplam 30 degisik karisimdan her biri icin t¢ diisen seviyeli deney ve dorder adet santrifiij deneyi
yapilmistir. Santrifiij deneyi degisik hiz ve siirelerde agamali olarak yapilmis ve her asama sonunda
santriftij kuvveti iki katina ¢ikarilarak, sonucta toplam 30 adet diisey birim deformasyon — santrifiij
kuvveti egrisi elde edilmistir.

Degerlendirme asamasinda santrifiij egrilerinin egimleri ile diisen seviyeli deneyden elde edilen
gegirgenlik katsayilari karsilastirilmistir. Benzer sekilde, toplam diisey birim deformasyonlar
gecirgenlik katsayilart ile denestirilmistir. Belirleme katsayilarinin yiiksek (R* > 0,9) oldugu
kargilagtirmalarda, gecirgenlik katsayisinimn santrifiij deneyinden 10" cm/s’den daha kiigiik hata ile
ve 2-4 saat arasi gibi kisa bir siirede tayin edilebilecegi ortaya konmustur. Yapilan bir dizi tekrar
deneyler ile de gegirgenlik katsayisi tayininde santrifiij yonteminin daha az sayida belirsizlik
icerdigi sonucuna varilmistir. Calismadan elde edilen bir baska onemli sonug da, tayini genellikle
zor ve spekiilatif olan konsolidasyon katsayisinin gecirgenlik katsayisindan hareketle ampirik ve
daha pratik bi¢cimde hesaplanabilmesidir.

Anahtar kelimeler: Hidrolik iletkenlik, gegirgenlik katsayisi, santrifiij deneyi, konsolidasyon
katsayisi
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Evaluation of Undrained Shear Strength Using the Reverse Extrusion Test

Mehmet Sahin', Adil Ozdemir®, Safak ()zsaragl, Kamil Kayaballl
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One of the most practical methods to determine the undrained shear strength of fine grained soils in
a laboratory is the unconfined compression test. The major setback involved in this method is the
barreling of test specimen in some cases and thereby difficulties with the definition of failure load.
This is considered to be an important uncertainty. There is no criterion about what kind of fine soils
pose such barreling problems. It is certain, however, that all soft soils (c, < 25 kPa) do experience
such a problem.

The scope of this investigation is to demonstrate that, the undrained shear strength of fine grained
soils with particular reference to soft soils can be evaluated using the reverse extrusion technique.
The material used for this research covers Merzifon clay. Two specimens for each of unconfined
compression and reverse extrusion tests were extracted from the same level of a number of
undisturbed samples and tested accordingly.

In conclusion, the results obtained from two different test methods were compared to establish a
relationship between the undrained shear strength obtained from the unconfined compression test
and the extrusion stress corresponding to the failure stage of the reverse extrusion test. It was
observed that there is a linear relationship between extrusion stresses and undrained shear
strengths. An empirical relationship was established to predict the undrained shear strength from
the simple reverse extrusion test. In addition, the size effect of reverse extrusion test was
investigated. It was observed that the reverse extrusion can be conducted with a great degree of
accuracy on soil specimens as small as 2 cm in diameter and height. It was concluded that the
reverse extrusion test can be employed in determining the undrained shear strength of fine grained
soils and is specifically useful tool to evaluate the soils of low strength.

Key words: Undrained shear strength, unconfined compression test, reverse extrusion test, soft
soils

Drenajsiz Makaslama Dayanmiminin Ters Ekstriizyon Yontemiyle Tayini

Kohezyonlu zeminlerin drenajsiz makaslama dayanimimi laboratuvarda tayin etmede kullanilan
pratik yontemlerden biri de serbest basing deneyidir. Bu deneyin en 6nemli dezavantajlarindan biri,
yiikleme sirasinda bazen zeminin figilanmasindan dolayi belirgin bir yenilme yiizeyinin elde
edilememesi ve dolayisiyla yenilme i¢in hangi yiikleme degerinin esas alinacagindaki belirsizliktir.
Bu problemin hangi tiir zeminlerde meydana geldigine dair belli bir olgiit bulunmamaktadr.
Ayrica, yamusak zeminlerde (¢, < 25 kPa) istisnasiz bir sorundur.

Bu calismanin amaci, basta serbest basing deneyi icin elverigsiz yumusak zeminler olmak lizere,
ince taneli zeminlerin drenajsiz makaslama dayanimmin ters ekstriizyon teknidi ile tayin
edilebilirligini ortaya koymaktr. Caligma i¢in malzeme olarak Merzifon kili kullaniimistir.
Sondajla degisik derinliklerden aliman orselenmemis tiip 6rneklerinden, ayni seviyelerden olmak
iizere, ikiser adet serbest basing deneyi ve ters ekstiirzyon deneyi ornekleri ¢ikarinmig ve iki farkli
deney teknigi kullanilarak deney yapilmistir.

Sonugta iki farkli deneyden elde edilen bulgular topluca kargilastinlmustir. Ters ekstriizyonda
yenilme sirasinda elde edilen ekstriizyon geriimesi ile serbest basing dayanimi arasinda dogrusal bir
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iliski oldugu ortaya konmus; ekstriizyon gerilmesinden drenajsiz makaslama dayanimini
belirlemeye yarayan birinci derece bir denklem gelistirilmistir. Incelemede ayrica ters ekstriizyon
deneyinin boyut etkisi de irdelenmis; ekstriizyon gerilmesinden hareketle tayin edilen drenajsiz
makaslama dayanuminin deney Orneginin boyutundan bagimsiz oldugu ve ters ekstriizyon
deneyinin oldukea kii¢iik cap ve boylarda ( > 2 cm) biiyiik bir dogrulukla yapilabilecegi sonucuna
varilmistir. Ayrica, ters ekstriizyon deneyinin ince taneli ve ozellikle de diisiik dayanimli
kohezyonlu zeminlerde basarili bir sekilde kullanilabilecegi ortaya konmustur.

Anahtar Kelimeler: Drenajsiz makaslama dayanimi, serbest basing dayanimi, ters ekstriizyon
deneyi, yumusak zemin

Dynamic Properties of Soils in Van and Influence of These Properties on
Reinforced Concrete Structures
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Soil properties and seismic factors may increase the fundamental period of the building as a result
of soil-structure interaction. Any building designed without taking this interaction into
consideration may be damaged as a result of large displacements during earthquakes. It is
important to consider the soil-structure interaction during seismic performance evaluation studies
for Reinforced Concrete buildings built on soft soils such as Van. In this study, 2D finite element
analysis of a typical residential house (a 2 floor, 3 span, 4m wide and 2.7m high reinforced
concrete frame building) constructed in Van, is done firstly assuming the columns’ boundary
conditions as fixed without any infill shear wall and then assuming a reinforced concrete shear wall
at the middle span without considering soil-structure interaction. In order to evaluate the effect of
soil properties on the behavior of the building an 8m deep soil mass is modeled at the bottom, left
and right side of the building. The dynamic soil properties, such as the unit weight, modulus of
elasticity and the Poisson ratio, used in the analysis were determined by the formulas developed by
Tezcan et. al. (2009) using the results of seismic studies conducted in Van. The structural analysis
of the typical reinforced concrete building is done separately with and without infill shear wall at
the middle span considering soil — structure interaction. The lateral roof displacements of analyzed
buildings are compared for each analysis case. The results showed that, the lateral roof
displacement is 36 to 41.67% lower when SSI is not considered. The lateral roof displacement of
strengthened building (RC shear wall at the middle span) is found to be 2.44 to 25.53% lower when
compared to the displacements considering SSI. The results suggest that any strengthening
technique used for increasing seismic performance of existing buildings should consider SSI during
the structural analysis. On the other hand, the results of the analysis considering SSI showed that
strengthening of the middle span by RC shear wall decreases the lateral roof displacement of the
analyzed building by 54.96 to 95.04% depending on the soil properties.

Key words: Soil-structure interaction, soil properties, seismic factors, building fundamental
period, reinforced concrete buildings
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Van’daki Zeminlerin Dinamik Ozellikleri ve Bu Ozelliklerin Betonarme
Yapilar Uzerindeki Etkileri

Zemin ozellikleri ve sismik faktorler, yapmmn titresim periyodunun yapi-zemin etkilesimi sonucu
artmasina sebep olabilmekte, etkilesim dikkate alinmadan yapilan tasarimlarda deprem anida agiri
otelenmeler sonucunda yapilar hasar gorebilmektedir. Van sehri gibi yumusak zeminlerde insa
edilen betonarme yapilarin deprem performansinin belirlenmesi ¢aligmalarinda zemin etkisinin de
dikkate almmas1 gerekmektedir. Bu ¢ahsmada, Van sehrinde yaygin olarak bulunan her biri 4 m
olan 3 aciklikli ve 2.7 m kat yiiksekligine sahip iki katli betonarme bir binanm 2 boyutlu yapisal
coziimlemesi sonlu elemanlar yontemi kullanilarak oncelikle salt gerceve olarak ve zemin etkisi
dikkate alinmadan ¢oziilmiis, daha sonra perde etkisini gozlemlemek igin binaya perde eklenerek
analiz tekrarlanmistir. Zeminin binanin davranigina olan etkisini belirlemek icin binanimn saginda,
solunda ve altinda 8 m olmak iizere dikdortgen seklindeki bir zemin kiitlesi dikkate almmugtir.
Van’'daki zeminlerin dinamik ozellikleri jeofizik etiitlerle belirlenerek elde edilen sismik veriler
Tezcan vd. (2009) tarafindan gelistirilen formiillerde kullanilarak zeminin yogunluk, elastisite
modiilii ve Poisson orani elde edilmis ve incelenen her bir zemin i¢in binada perde olmadan ve
perde eklenerek analizler gerceklestirilmistir. Binanin en tst noktasinda elde edilen maksimum
yatay otelemeler belirlenerek karsilastirilmis ve sonug olarak, zemin etkisi dikkate alinmadiginda
binanmn en ist noktasindaki yatay otelenmelerin %36 ile %41.67 daha az oldugu belirlenmistir.
Yapinin perde ile giiclendirilmesi sonucu zemin-yapi etkilesimi dikkate alinmadiginda elde edilen
yatay Gtelenmeler zemin-yapi etkilesimi dikkate alinarak elde edilen otelenmelerden %2.44 ile
%25.53 arasinda daha az oldugu belirlenmistir. Bu ¢alismanin sonuglari, mevcut yapilarin depreme
karst performansinin arttiriimasi  gerekgesiyle yapilan giiclendirme caligmalari  kapsammda
kesinlikle yapi-zemin etkilesimi dikkate alinarak giiclendirme analizlerinin yapilmasi gerekliligini
ortaya koymaktadir. Ayrica, yapr-zemin etkilesimi dikkate alinarak yapilan analizlerde, bahse konu
yapinin orta acikliginin betonarme perde duvar ile gii¢lendirilmesinin, yapinin yanal dtelenmesini
%54.96 ile %95.04 oranlarinda, zemin ozelliklerine bagl olarak, azalttigi belirlenmistir.

Anahtar kelimeler: ;.(H’Hiilﬂ'(l 1 etkile simi, zemin ()'zel/ik/eri, sismik faktorler, vapt titresim
yap E, . J B
peri)‘odu, betonarme »\‘(lpll(l)’

Engineering Properties of Volcanic Soils in the Isparta Plain

Mahmut Mutlutiirk' & Ermedin Totic®
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(E-mail: mutlu@mmf.sdu.edu.tr)
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The Isparta Plain is an area approximately 80 km?® and it covers Isparta city center. The plain is
confined by graben faults and includes alluvial and volcanic soils. Alluvial soils derived from the
Ispartacay River are seen widespread at the southern part of the plain. Other parts of the plain are
covered with volcanic soils originating from the Gélciik volcanic. Thin alluvial soils which are 30-
40 cm in thickness are also observed on the volcanic soils. Volcanic soils are related to volcanic
eruptions in the Golciik area, which is at the southern part of the Isparta city. The thickness of
volcanic soils in the plain is not known. But the thickness of the volcanic soils is assumed to be
more than 300 meters based on the borehole data in the plain. The aim of the study is to determine
engineering properties of top levels (20-30 m) of volcanic soils in the Isparta Plain

The top levels of the volcanic soils in the plain were divided 12 different levels. Disturbed and
undisturbed samples were collected from these levels for laboratory works. Volcanic soils contain
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six different tuff levels with andesite, pumice blocks and gravels; two pumice levels and
transported and weathered tuff.

Except for pumice, weathered and transported levels, engineering properties of the Isparta volcanic
soils are as fallows: 1-8 % gravel, 50-73 % sand, 21-43 % silt, 1-7 % clay, USCS symbol SM,
natural unit weight 12.55-12.46 kN/m”, dry unit weight 12.00-14.17 kN/m’, grain density 23.64-
26.68 kN/m’, void ratio 0.675-1.062, porosity 40-52 %, water content at natural stage 3-22 %,
degree of saturation at natural stage 8-64 %, relative density 2-65 %. According to direct-shear test
results, friction angle and cohesion range between 32°-44° and 4.90-67.18 kPa, respectivel y.

Key words: Volcanic soil, engineering properties, Isparta Plain

Isparta Ovasi Volkanik Zeminlerinin Miihendislik Ozellikleri

Isparta Ovas:, Isparta il merkezinin de icinde yer aldig1 yaklasik 80 km® biiyiikliigiinde bir alandir.
Cevresi faylarla siirli bir ¢okiintii alani niteligindeki ova, kismen aliivyon kismen de volkanik
zeminlerle kaphdir. Ovanin giiney kesiminde akan Isparta Cayr’nin birakmis oldugu aliivyonlar
genis yayihim gosterirler. Ovanin diger kesimleri, Isparta giineyinde yer alan Golciik kraterinin
bulundugu alanda faaliyet gostermis olan volkanin piiskiirtmiis oldugu volkanik zeminlerle
kaplidir. Bu volkanik zemin iizerinde yer yer kalligi 40-50 cm yi gecmeyen altivyal zeminler de
gozlenir. Isparta Ovasi’nin temel zeminini olusturan volkanik zeminlerin kalinligi kesin olarak
belirlenebilmis degildir, ancak ova i¢indeki su sondajlarina gére volkanik zeminin kalinliginin 300
m’nin izerinde oldugu bilinmektedir. Bu calismada Isparta Ovasi volkanik zeminlerinin istifin
ustteki 20-30 m’lik kismmin miihendislik 6zelliklerinin belirlenmesi amaglanmustir,

Isparta Ovasi'nda yer alan volkanik zeminlerin st kesimi 12 farkli seviyeye ayrilmistir. Her bir
seviyeden Orselenmis ve oOrselenmemis oOrnekler alinarak laboratuvar deneyleri yapilmstir.
Volkanik seride yer yer andezit, pomza blok ve cakilli alti farkl: tiif, iki farkli pomza ile ayrigmis
ve tasinmus tiif seviyeleri bulunmaktadir.

Pomza, ayrismis ve taginmis seviyeler hari¢ diger tiif seviyelerin miihendislik 6zelikleri; cakil %1-
8, kum %50-73, silt %21-43, kil %1-7, USCS’e gore sembolii SM, dogal birim hacim agirhigi
[2.55-12.46 kN/m’, kuru birim hacim agurligi 12.00-14.17 kN/m’, tane birim hacim agirhigr 23.64-
26.68 kN/m’, bosluk orani 0.675-1.062, porozite %40-52, dogal su icerigi % 3-22, dogal durumda
doygunluk derecesi % 8-64, rolatif sikihk % 2-65°dir. Kesme kutusu deneylerinden elde edilen
stirtiinme agist 32°-44° ve kohezyon 4.90-67.18 kPa arasinda degismektedir.

Anahtar kelimeler: Volkanik zemin, miihendislik ozellikleri, Isparta Ovasi
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Source of the Carboniferows Flysch of the istanbul Zone: Sandstone
Petrography and Detrital Zircon-Rutile Geochronology
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The Lower Carboniferous flysch of the Istanbul Zone is an over 1500-m-thick turbiditic sandstone-
shale sequence marking the onset of the Variscan deformation in the Pontides. It overlies Lower
Carboniferous black cherts and is unconformably overlain by the Lower Triassic continental
sandstones and conglomerates. The petrography of the Carboniferous sandstones and the
geochronology and geochemistry of the detrital zircons and rutiles were studied to establish its
provenance. The sandstones are feldspathic to lithic greywackes and subgreywackes with
approximately equal amounts of quartz, feldspar and lithic clasts. The amount of feldspar
decreases upwards in the sequence at the expense of quartz and lithic fragments. The lithic
fragments are dominated by intermediate volcanic rocks followed by metamorphic and sedimentary
rock fragments. Coarse lithic fragments are generally granitoidic. In the discrimination diagrams
sandstone samples lie mainly in the field of dissected arc. 218 detrital zircons and 35 detrital
rutiles from four sandstone samples were analysed with laser ablation ICP-MS.  The detrital
zircons show a predominantly bimodal age distribution with Late Devonian to Early Carboniferous
(390 to 335 Ma) and Cambrian-Neoproterozoic (640 to 520 Ma) ages. About 9% of the analyzed
zircons are in the 1700-2750 Ma range; zircons of the 700-1700 Ma age range are absent. The
REE patterns and Th/U ratios of the zircons indicate a magmatic origin. With one exception
(Neoproterozoic), the rutile ages are Late Devonian - Early Carboniferous and their geochemistry
indicates that they were derived from amphibolite facies metamorphic rocks. — Sandstone
petrography and detrital zircon-rutile ages suggest one dominant source for the Lower
Carboniferous sandstones: a Late Devonian to Early Carboniferous magmatic and metamorphic
province with overprinted Neoproterozoic basement. Late Devonian - Early Carboniferous
magmatic and metamorphic rocks are unknown from the Eastern Mediterranean region. They are,
however, widespread in central Europe. The Istanbul Zone is commonly correlated with the
Avalonian terrranes in central Europe, which collided with the Armorican terranes during the
Carboniferous resulting in the Variscan orogeny. The Carboniferous flysch of the Istanbul Zone
must have been derived from a colliding Armorican terrane, as indicated by the absence of 700-
1700 Ma zircons and by Late Devonian - Early Carboniferous magmatism, typical features of the
Armorican terranes. This suggest that during the Carboniferous the Istanbul terrane was located
close to the Bohemian Massif and has been translated by strike-slip along the Trans European
Suture Zone to its Cretaceous position north of the Black Sea.

Key words: Istanbul Zone, Carboniferous flysch, sandstone petrography, detrital zircon ages,
detrital rutile ages, Pontides
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istanbul Zonu'nda Karbonifer Flisinin Kaynak Alanmi: Kumtasi Petrografisi ve
Kirmtil Zirkon-Rutil Jeokronolojisi

Istanbul Zonu'nun bati kesiminde yer alan ve Trakya Formasyonu olarak bilinen Alt Karbonifer
flisi, Varisken orojenezinin basglamasini temsil eden, kalinlig1 1500 metreyi gecen bir kumtasi-seyl
istifinden olusur. Trakya Formasyonu Alt Karbonifer (Turnasiyen) yaslt siyah ¢ortler iizerinde yer
alir ve Alt Triyas yasl karasal kumtasi ve konglomeralar tarafindan uyumsuzlukla ortiliir. Trakya
Formasyonu'nun kaynagini saptamak amaci ile kumtaslarinm petrografisi ve kumtaslari i¢indeki
kirtli zirkon ve rutillerin jeokronoloji ve ‘jeokimyasi calisilmistir. Kumtaslar: feldispatik ve litik
grovak ve subgrovaklardan olusur, yaklasik esit oranlarda kuvars, feldispar ve litik taneler icerir.
Feldispar orani istifin tistiine dogru artar, kuvars ve litik taneler azalir. Litikler baskin olarak ortag
volkanik tanelerden yapilmistir, bunlari metamorfik ve sedimenter kaya parcalari izler. Iri litik
taneler ise genellikle granitoid kaya pargalarindan olusur. Modal analizi yapilan 21 adet kumtasi
ornegi tektonik diskriminasyon diyagramlarinda genellikle parcalanmis magmatik yay alanma
diiser. Dort adet kumtasi 6rneginden 218 adet kirintili zirkon ve 35 adet kirintili rutil tanesi lazer
ablasyon 1CP-MS teknigi ile analiz edilmistir. Kirintih zirkon yaslart genellikle Neoproterozoyik
(640- 550 Ma) ve en Ge¢ Devoniyen - en Erken Karbonifer (390 - 335 Ma) olmak tizere bimodal
bir dagilim gosterir. Analiz edilen zirkonlarin yaklasik %9'u1700-2750 Ma arasi yastadir, 700-
1700 Ma yas araligindaki zirkonlara rastlanmamistir.  Zirkonlarim REE dagilimlart ve Th/U
degerleri magmatik bir kikene isaret eder. Bir rutil haricinde digere tiim rutiller Ge¢ Devon -
Erken Karbonifer yastadir, rutillerin jeokimyasi amfibolit fasiyesinde baskalasim gecirmis bir
kaynak alanr gostermektedir. Kumtasi petrografisi ve zirkon-rutil yaslari Alt Karbonifer kumtaslar
icin tek bir kaynak alani tanimlamaktadir. Bu kaynak alan Neoproterozoyik bir temel ve bu temeli
uzerleyen Geg Devon - Erken Karbonifer magmatik-metamorfik kayalardan olugmaktadir. Geg
Devon - Erken Karbonifer yasta magmatik ve metamorfik kayalar Dogu Akdeniz bolgesinden
bilinmemekte, buna karsmn merkezi Avrupa'da yaygin olarak bulunmaktadir. Istanbul Zonu
genellikle merkezi Avrupa'daki Avalonya levhaciklari ile korele edilmektedir. Erken Karbonifer'de
Avalonya, Armorikan levhaciklari ile garpismis ve bu carpisma sonucu Hersiniyen orojenezi
meydana gelmistir. Istanbul Zonu'nun Karbonifer flisinin malzemesi, Istanbul Zonu'na ¢arpan bir
Armorikan levhacigindan gelmis olmalidir. Armorikan levhaciklari Trakya Formasyonu'nda izleri
goriilen 700-1700 Ma yastaki zirkonlarin bulunmamasi ve yaygin Ge¢ Devon-Erken Karbonifer
magmatizmast ile karakterize olur. Bu durum Karbonifer'de Istanbul Zonu'nun merkezi Avrupa'ya
yakmn bir bolgede yer aldigini ve Trans-Avrupa kenet zonu boyunca sol yonlii bir makaslama ile
Kretase'de Karadeniz kuzeyindeki konumuna ulastigini gostermektedir.
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Stable Isotope Geochemistry of Late Miocene Palesols in Denizli Region
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In this study, stable isotope ratios of pedogenic carbonates and soil organic matter in the Bekilli
and Cal paleosol sequences in Denizli have been examined. The stable isotopic composition of
pedogenic carbonate and soil organic matter from paleosols can be used to reconstruct the
paleoclimate (temprature,PCO,), the composition of paleometeoric water and the paleoecosystem
(Cerling, 1984,1991; Quade et al.1989). The carbon isotopes of pedogenic carbonate and soil
organic matter are good indicators to understand the local plant variation. The oxygen isotopes of
pedogenic carbonate also show the changes of isotopic composition of meteoric water and
consequently the variation of climates.

The 8"C values of soil organic matter (SOM) of paleosol sections vary between -22%o and -31%o,
suggesting isotopically depleted organic matter. The §"C values of pedogenic carbonate of these
paleosol sections vary between -4.46%o and -10.13%o. The results indicate that Late Miocene
paleosols supported a Cs plant-dominated ecosystem, which could be trees, shrubs, and shade
adapted grasses.

The 80 values of Bekilli and Cal section vary between -5.81%0 and -8.85%. In general, the
heaviest 8'°0 values indicate hot and dry climate regimes, while the lightest values are associated
with cooler and/or moister conditions. The results of oxygen isotopic composition of pedogenic
carbonate in Denizli region confirmed that climate fluctuations like drier-warmer and wetter-
moister occurred during the Late Miocene interval.

Key words: Soil organic matter, pedogenic carbonate, stable C and C isotopes, paleoclimatology

References

Cerling, T.E. 1984. The stable isotopic composition of modern soil carbonate and its relationship to
climate. Earth and Planetary Science Letters, 71, 229-240.

Cerling, T.E.1991. Carbondioxide in the atmosphere: evidence from Cenozoic and Mesozoic
paleosols. Am. J. Sci., 291, 377-400

Quade, J., Cerling, T.E., and Bowman, J.R., 1989. Systematic variations in the carbon and oxygen
isotopic composition of pedogenic carbonate along elevation transects in the southern Great Basin,
United States: Geological Society of America Bulletin, v. 101, p. 464-475.

141



63. Tiirkiye Jeoloji Kurultay: 5-9 Nisan (April) Ankara 63 Geological Congress of Turkey
Denizli Yoresi Ge¢ Miyosen Paleosollerinin Durayh izotop Jeokimyasi

Bu ¢aligmada, Denizli ili Cal ve Bekilli bolgelerindeki paleosol kesitlerindeki pedojenik karbonat
ve toprak organik maddesinin durayl izotop oranlari incelenmistir. Paleosollerdeki pedojenik
karbonat ve toprak organik maddesinin durayli izotopik bilesimi, paleoiklim (sicaklik, PCOy),
paleometeorik suyun bilesimi ve paleoekosistemi olusturmak icin kullanilabilirler (Cerling
1984,1991;Quade et al.1989). Pedojenik karbonat ve toprak organik maddesinin karbon (@)
izotoplari, yerel bitki degisimi anlamak .i¢in iyi belirteclerdir. Pedojenik karbonatin oksijen
izotoplart da, meteorik suyun izotopik bilesimindeki degisiklikleri ve sonucta iklimlerdeki
degisimleri gosterir.

Paleosol kesitlerinin toprak organik maddesinin 8"C degerleri -22%o ve -31%o arasinda degismekte
olup, izotopik olarak organik maddenin tiiketildigini gosterir. Bu paleosol kesitlerinin pedojenik
karbonatlarinin 3"°C degerleri -4.46%o ve -10.13%o arasinda degismektedir. Sonuglar, Ge¢ Miyosen
paleosollerinin agaglar, calililar ve golgeye adapte olmus c¢imenlerin olabilecegi C; bitkilerince
hakim bir ekosistem tarafindan desteklendigini gostermektedir.

Cal ve Bekilli kesitlerinin 80 degerleri -5.81%0 ve -8.85%o arasinda degismektedir Genellikle, en
agir "0 degerleri sicak ve kurak iklim rejimlerini gosterirken; en hafif olan degerler ise daha
soguk ve/veya nemli kosullarla iliskilidir. Denizli bolgesindeki pedojenik karbonatin oksijen izotop
bilesimi sonuglari, Ge¢ Miyosen araligi boyunca daha kurak-ihk ve daha islak-nemli gibi iklim
dalgalanmalarinin oldugunu dogrulamaktadir.

Anahtar kelimeler: Toprak organik maddesi, pedojenik karbonat, duraylt C ve O izotoplari,
paleoklimatoloji

Isotopic implications for the origin and geodynamic evolution of the Miocene
granitic rocks in the northwest Anatolia (Turkey): comparison with the
Aegean islands’ granitoids
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Eastern Mediterranean Magmatic Belt including the NW Anatolian Miocene Magmatic Belt is
interpreted in the literature as formed along magmatic arc which has migrated southwardly to its
present position. Along the southern part of the izmir-Ankara Suture, widespread magmatism,
consisting Egrigoz, Koyunoba and Alagam plutons, occurred in NW Anatolia and formed the NW
Anatolian Miocene Magmatic Belt. In NW Anatolia, mostly Miocene I-type, shallow seated
Egrigoz, Koyunoba, Alacam plutons expose along the southern part of the Izmir-Ankara Suture
Zone. These granitoid rocks intruded into the basement rocks of the region which are from bottom
to top Menderes Massif, Afyon Zone and Bornova Flysch Zone. Due to the complex geodynamic
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evolution, the exact emplacement mode of the Miocene granitoids is still a subject for debate. New
results give rise to re-consider the general mode of the Miocene magmatic activity and address the
question if the magmatism was triggered by compression or extensional tectonic processes. The
new data are also compared to the Aegean Islands’ granitoids.

Initial isotopic signatures of Egrigdz, Koyunoba, Alacam granitoids are 8S1/%Sr(1) = 0.70800-
0.70975, exg(l) = —4.9 to =7.3, 3'°0 = 9.4-10.6, **Pb/**'Pb = 18.85-18.918. These characteristics
indicate an assimilation-dominated crystallization and most probably origin of a metaluminous
older meta-sedimentary protolith which is also common in most of the Aegean islands™ granitoids.
However, the geodynamic scenario for the mode of emplacement of the Miocene granitoids along
the NW Anatolia implies remarkable differences when comparing to the Aegean islands’ magmatic
suites. These differences can be summarized as: 1) an extension related granitoid emplacement
along the Aegean islands occurred between 15 Ma to 10 Ma. However, Egrigoz, Koyunoba and
Alacam plutons are ca. 20 Ma in age. 2) Isotopic models with suggested mixing/mingling models
imply a mantle derived source in the Aegean islands’ granitoids. However, Egrigoz, Koyunoba and
Alacam plutons are most likely affected from the upper mantle-lower crustal material rather than a
mantle component. A post-collisional extensional emplacement model as suggested for the Aegean
islands’ granitic magmatism is not compatible with the petrogenetic and age implications of the
Egrigoz, Koyunoba and Alagam plutons. According to their geological and new isotopic data, a
collision-related progressive emplacement mode is more likely compatible in NW Anatolia.

Key words: Northwest Anatolia, Eastern Mediterranean, Post Collisional, Shallow intrusion,
isotopes

KB Anadolu Miyosen granitik magmatizmasimn kokeninin ve jeodinamik
evriminin izotop verileri ile degerlendirilmesi ve Ege adalari granitoyidleri ile
karsilastirilmasi

KB Anadolu Miyosen Magmatik Kusagi’ ni da icine alan Dogu Akdeniz Magmatik Kusagi™ nin,
giineye dogru gog eden bir magmatik yay boyunca gelistigi ve simdiki konumuna ulastigr bir¢ok
calismada konu edilmistir. KB Anadolu’daki Egrigdz, Koyunoba ve Alagam plutonlar1 “KB
Anadolu Miyosen Magmatik Kusagi” nin iginde yeralan ve {zmir-Ankara Siitur Zonu'nun giineyi
boyunca genis yiizlekler sunan Miyosen yasli, I-tipi ve s1g yerlesimli plutonlardir.Bu plutonlar,
alttan tiste Menderes Masifi, Afyon Zonu ve Bornova Filis Zonu temel kayalarim intruzif
dokanaklar boyunca keserler. Bu temel kayalarini kesen Miyosen granitoyidlerinin yerlesim
mekanizmasi ve bolgenin karmagsik jeodinamik evrimi halen tartiglmaktadir. Bu calismada
Egrigoz, Koyunoba ve Alagam plutonlarinin petrojenezi yeni izotop verileri 1s1ginda yeniden
degerlendirilmis, Ege adalari granitoyidleri ile kargilastinlmis ve bu magmatizmanin sikigma
ve/veya agilma tektonigi prosesleri sonucunda olusup-olusmadig tartistmistir.

Egrigoz, Koyunoba, Alagam granitlerinin izotop bilesimleri su sekildedir: ¥’Sr/*Sr(I).= 0.70800-
0.70975, exy(l) = —4.9 to =7.3, 850 = 9.4-10.6, **Pb/**'Pb = 18.85-18.918. Yapilan izotop
modellemeleri sonucunda, bu granitoyidleri olusturan magmanimn kokeninde asimilasyonun baskin
oldugunu gosterir. Ayrica, yapilan kismi izotop egime modellemeleriylede bu granitlerin, Ege
adalari granitoyidlerinde de gozlendigi gibi yagh metaluminous karakterli sedimenter bir protolitten
tiredigini isaret eder. Ancak, KB Anadolu boyunca yiiziek veren Miyosen granitoyidlerinin
yerlesim mekanizmalari, Ege adalari granitoyidleri ile kiyaslandiginda olduk¢a 6nemli farklar
sunarlar: Bu farklar su sekilde ozetlenebilir: 1) Genlesmeye bagh yerlesim mekanizmasina sahip
Ege adalari granitoyidlerinin olusumu 15-10 My’dir. Ancak, Egrigoz, Koyunoba and Alagam
plutonlarinin kristallesmesi ca. 20 My’dir. 2) Ege Adalari granitoyidlerinin izotop modellemeleri
ve bunlara bagh mixing/mingling modellemeleri, bu bolgedeki granitoyidlerin olusumu sirasinda
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manto kokenli bir malzemenin katkisini isaret eder. Oysa bu tiir izotop modellemelerinde, Bati
Anadolu’daki magmatizmanin daha ¢ok iist manto-alt kabuk bilesimli bir malzeme ile iliskili
oldugu ortaya ¢ikmaktadir. Ege adalari magmatizmast icin On goriilen ¢arpisma sonrast agilmaya
bagli yerlesim modeli, KB Anadolu Miyosen granitlerinden elde edilen petrojenetik, izotop ve yas
bulgulari ile uyumlu degildir. KB Anadolu’daki Miyosen magmatizma, yeni jeolojik ve yeni izotop
verilerine bagl olarak, carpismaya bagl progresif bir yerlesim modeli ile a¢iklanabilir.

Anahtar kelimeler: KB Anadolu, Dogu Akdeniz, carpisma sonrasi, sig yerlesim, izotop kimyasi

Sr, Nd and Hf isotopic signatures and LA-SF-ICP-MS U-Pb zircon ages from
the Satansari Granitoid (Aksaray), Central Anatolian Crystalline Complex

M. Cemal Gonciioglul, Serhat Koksal2, Dirk Frei3, Fatma Toksoy-Koksall, Andreas
Mollerd, Axel Gerdes®
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Granitic rocks within the Satansari area are mainly in monzonite and quartz-monzonite
compositions with subalkaline, metaluminous and magnesian geochemical characteristics. The
Satansart granitoid show depletion in Ba, Nb, P and Ti and enrichment of Th, U, K and Pb on the
primitive mantle-normalized spider diagrams. Moreover, the Satansari granitoid displays LREE
enriched patterns ([La/Ybly = 18.45 — 21.21) with negative Eu-anomalies, although not very
significant (JEw/Eu*|y = 0.65 - 0.73). Geochemical data infer crustal source with an inherited
subduction component and the plagioclase and amphibole fractionation for the Satansari granitoid.
Furthermore, Sr and Nd isotopic data reveal crustal signature for the Satansari granitoid with high
'St/*Srr, ratios (0.70826 —0.70917), and low eNdy) values (-6.86 — -7.59).

Magmatic zircon crystals are typical for the Satansari granitoid with internal structures representing
zircon crystals with inherited cores those are reworked, resorbed and overgrown by igneous zoning
and/or completely newly grown zircon crystals in a single magmatic episode. LA-SF-ICP-MS U-
Pb zircon ages yield mean **Pb/>%U age of 74.28+0.57 Ma for the Satansari granitoid with rare
discordant analyses giving **’Pb/**Pb ages ranging from the Devonian to the Proterozoic (i.e., 364
Ma to 1263 Ma). LA-MC-ICP-MS data reveal low "Lu//"Hf ratios and negative eHf(r) values
indicating the significance of the crustal signature within the Satansari zircons. Therefore the
potential sources of the Satansar1 granitoid are suggested to be crustally-derived melts.

Key words: Saransari, Central Anarolia, granitoid, zircon, U-Pb, LA-ICP-MS
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Satansar1 Granitoyidinin Sr, Nd ve Hf izotopik ozellikleri ve zircon LA-SF-
ICP-MS U-Pb yaslar1 (Aksaray), Orta Anadolu Kristalen Kompleksi

Satansari bolgesindeki granitik kayalar genelde monzonit ve kuvars-monzonit birlesimli olup
subalkalin, metaluminali ve magneziyen karakter gosterirler. flksel manto ile normalize oriimcek
diyagramlarimda granit omekleri Ba, Nb, P and Ti'ca tiiketilmig, Th, U, K ve Pb’ce
zenginlesmislerdir. Dahasi, granitler HNTEce zenginlesmis ([La/Yb]x = 18,45 — 21,21) olup, cok
belirgin olmayan ([Ew/Eu*|y = 0,65 - 0,73) Eu-anomalisine sahiptirler. Jeokimyasal veriler bu
granitoyitlerin dalma-batmadan etkilenmis bir kitasal kaynaktan tiirediklerini ve amfibol ve
plajiyoklas fraksiyonlasmasindan etkilendiklerini gostermektedir. Orneklerin yiiksek 8Sr/%Sr
oranlart (0.70826 — 0.70917), ve diisiik eNdr, degerleri (-6,86 — -7,59) de kitasal kabuki kokenine
isaret etmektedir. Kayanin igerdigi zirkonlar tipik magmatik zirkon &zelli ginde olup tek magmatik
evrede biiyiimiis zirkonlar yaninda, daha eski ve resorbe cekirdekler lizerine biytimiis magmatik
zonlanmali tipleri de igerir. LA-SF-ICP-MS yontemi ile olgiilen ortalama zirkon “*Pb/"*U yaslari
74,28+0,57 My dir. Az sayida diskordan analiz Devoniyen-Proterozoyik arasinda (364 My- 1263
My) degisen yaslar vermektedir. Ayni yontemle belirlenen diisiik '"°Lu/'""Hf oranlari ve negatif
¢Hf(1) degerleri kitasal kabuk katkisinin agirligina isaret eder. Bu nedenle, Satansari granitoyidinin
olast kaynagnin kabuktan tiireme eriyikler oldugu 6ne siiriilmektedir.

Key words: Satansari, Orta Anadolu, granitoyid, zirkon, U-Pb, LA-ICP-MS
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IRB-3-O1. Maden Yataklar1 Oturumu-V / Mineral Deposits Session-V

Alteration Mineralogy, Fluid Inclusion and LA-ICPMS Lead Isotope Properties
of Pb-Zn-Cu Ore Deposits from the Kabadiiz Area (Ordu, NE-Turkey)

Yilmaz Demir', M. Burhan Sadiklar?, ibrahim Uysal’, Andrea Ceriani’® & Nurullah Hanilci’

'Giimiishane University, Department of Geology, TR-29000 Giimiishane, Turkey
(E-mail: ydemir78@ hotmail com)
*Karadeniz Technical University, Department of Geology, TR-61080 Trabzon, Turkey
‘Pavia University, Department of Geology, IT-27100 Pavia, ltaly
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Hydrothermal vein type deposits of Kabadiiz (Ordu), are located in the Upper Cretaceous andesitic-
basaltic rocks and mostly formed in fault zones along the NW-SE directions. The primary mineral
paragenesis of a number of ore veins with a tickness varying between a few centimeters to 2 meters are
composed of pyrite, chalcopyrite, sphalerite, galena and tetrahedrite-tennantite with quartz and less
amount calcite and barite as a gangue mineral. Covellite, chalcocite, malachite and azurite are also
occurred as secondary phases. Two different stages of mineralisation have been distinguished in the ore
veins. Petrographical studies suggest that the investigated deposits have been intensively deformed
during the both first and second stage mineralisation. Concentrically zoned replacement of pyrites and
sphalerite exsolutions in chalcopyrites as well as cataclastic textures are the most common textures
observed in the investigated ore veins.

On the basis of chemical analyses of the drill core samples of Demiroluk and Haydarli region, modal
abundances of epidote, Fe-chlorite, sericite, albite and K-feldspar decrease whereas Mg-chlorite, calcite
and quartz increase from the host rock towards the ore vein. The si gnificant enrichment of calcium in
the ore veins is thought to be related to the substitutions of Ca by Na and K since these elements are
depleted because of the alteration of plagioclase by hydrothermal solutions. Considering the relative
and net mass change calculations, Cu, Pb, Zn, As, Au, Ag ve Ca contents are found to be increase
whereas Na, Ba, K and Rb contents decrease, both in propylitic alteration zone and in the ore veins.

All fluid inclusions measured in sphalerite and quartz minerals classified as fluid-rich with gas/fluid
ratios between 5.2 and 37.2. On the basis of measured first melting temperatures (Tf), CaCl,, MgCl,and
FeCl, were dominant in the samples having higher homogenization temperature (Th > 360 °C) whereas
NaCl and KCI were dominant in the samples having lower homogenization temperature (Th < 240 °Q).
Measured homogenisation temperatures and calculated salinity data vary between 180 and 433 °C (avg.
278 °C, 0=55) and, 1.1 andl5.1 % NaCl (avg. 7.7, 0=4.3 ), respectively in sphalerite minerals.
However, homogenisation temperature and salinity values are slightly lower than those in sphalerite
varying between 158 and 436 °C (avg. 261 °C, 6=58) and 0.2 and 14.3 % NaCl (avg. 5.2, 6=3.5),
respectively. Well defined negative correlation between the homogenisation temperatures and salinity
suggests that meteoric water involved in the system during the ore mineralisation.

According to the lead isotope data obtained oy LA-ICPMS from the pyrite and galena phases of
Haydarli, Kusyuvasi and Demiroluk ore veins, *Pb ¥ Pb, 2"Pb/Pb and *®pb 2 Ph values vary
between 17.24-19.91, 15.86-17.85 and 37.57-40.01, respectively. On the basis of these isotopic data,
the lead addition from the host rocks could be the reason for the highly radiogenic lead (especially
207Pb) enrichment of these ore veins. On the other hand 8pp/2ph and *%Pb/*Ph ratios demonstrate
that leads in the ore veins represent Lower Crust and Island Arc environmet in origin. Considering the
alteration properties, fluid inclusion and lead isotope data, it is concluded that the ore veins in the
investigated area connected Lower Crustal and Island Arc related magmatic activity besides leaching
from host rocks around the ore veins.

Key words: Hydrothermal ore deposits, Alteration mineralogy, Lead isotope geochemistry, Pb-Zn-
Cu ore deposits, Kabadiiz-Ordu
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Kabadiiz (Ordu, KD-Tiirkiye) Yoresi Pb-Zn-Cu Cevherlesmelerinin
Alterasyon Mineralojisi, Stvi Kapanmim ve LA-ICPMS Pb Izotop Ozellikleri

Yilmaz Demir', M. Burhan Sadiklar?, ibrahim Uysal’, Andrea Ceriani’ ve Nurullah Hanilci’

Kabadiiz (Ordu) yoresi Pb-Zn-Cu cevherlesmeleri, Ust Kretase yash andezitik-bazaltik kayaglar
icerisinde, genellikle KB-GD dogrultulu fay zonlari boyunca gelismis hidrotermal damar tip
olusumlardir. Kahnliklari birkag cm’den 2 m’ye kadar degisen cevher damarlarinda pirit,
kalkopirit, sfalerit, galen, tetrahedrit-tennantit parajenezindeki birincil siilfiirli mineraller olup,
gang olarak kuvarsin yaninda daha az oranda kalsit ve barit bulunmaktadir. Kovelin, kalkozin,
malahit ve azurit ise parajenezde bulunan ikincil olusan minerallerdir. Yoredeki cevherlesme iki
ayri fazda gerceklesmis olup, her iki faza ait mineraller yogun deformasyona ugramustir.
Kataklastik dokularin yaninda pirit minerallerinde gozlenen zonlu ornatim dokusu ve kalkopirit
minerallerinde gozlenen sfalerit ayrilimlari, damarlarin ¢ogunda goriilen karakteristik dokuladir.
Demiroluk ve Haydarli yoresinde cevher damarlarinda yapilan sondajlara ait orneklerde, yan
kayactan cevher zonuna dogru epidot, Fe’li klorit, serizit, albit ve K’lu feldispat minerallerinde
azalma, Mg’lu klorit, kalsit ve kuvars minerallerinde ise belirgin bir artigin oldugu gozlenmektedir.
Cevher zonunda kalsiyum miktarinda 6nemli bir artis gozlenmekte olup, bu durum hidrotermal
alterasyon siirecinde plajiyoklaslarda sodyum ve potasyumun ortamdan uzaklasmas: ve yerini
kalsiyumun almastyla agiklanabilir. Kiitle degisim hesaplamalarina gore, propilitik alterasyon ve
cevher zonunda, hem goreceli hem de net kiitle degisimi bakimindan Cu, Pb, Zn, As, Au, Ag ve Ca
konsantrasyonlarinda artig  gozlenirken, Na, Ba, K ve Rb konsantrasyonlarinda azalma
belirlenmistir.

Sfalerit ve kuvars minerallerinde tespit edilen sivi kapanimlarm tamami sivica zengin iki fazli
kapamimlar olup, gaz/stvi oram 5.2-37.2 arasinda degismektedir. Sivi kapanimlarin ilk ergime
sicakligi (Te) degerleri, kismen yiiksek homojenlesme sicakhgma (Th > 360 °C) sahip
kapanimlarda ¢ozelti bilesiminde baskin olarak CaCl,, MgCl, ve FeCly'nin varhigmi, diisiik
homojenlesme sicakligia (Th < 240 °C) sahip kapanimlarda ise baskin olarak NaCl ve KCI'nin
varhgmi gostermektedir. Sfaleritlerdeki kapanimlarin homojenlesme sicakliklarinin 180433 °C
(ort. 278 °C, ©=55) arasinda, tuzluluklarmm ise % 1.1-15.1 NaCl esdegeri (ort. 7.8, 6=4.3)
arasinda oldugu tespit edilmistir. Kuvarslardaki sivi kapanimlarm homojenlesme sicakliklarmnim
158-436 °C (ort. 261 °C, 6=58) arasinda, tuzluluklarinin ise % 0.2-14.3 NaCl esdegeri (ort. 5.2,
6=3.5) arasinda degistigi gozlenmistir. Gerek sfaleritlerde ve gerekse kuvarslarda homojenlesme
sicakhiginin diismesiyle birlikte ¢ozelti tuzlulugunun da azaldigi goriilmektedir. Bu durum, cevher
olusum siirecinde ¢ozelti sistemine olasilikla daha az tuzluluga sahip meteorik suyun da karigtigni
gostermektedir. '

Haydarli, Kusyuvasi ve Demiroluk Pb-Zn-Cu damarlarma ait pirit ve galenlerde LA-ICPMS
yontemi ile yapilan kursun izotop analizleri, 200pp204pp, - X7ph2%ph ve 2°Pb/**Pb degerlerinin
sirastyla 17.24-19.91, 15.86-17.85 ve 37.57-40.01 arasinda degistigini gostermektedir. Bu izotop
verilerine gore, radyojenik kursunun biiyiik olgiide (6zellikle 27ph) zenginlestigi anlagilmaktadir.
Ayrica, 205pp2%ph  ve 2%°Pb/*™Pb oranlar, kursunun kaynak olarak alt kabuk ve adayayi
volkanitlerinden tiiredigini gostermektedir. Bu verilere gore yoredeki cevher damarlarmimn
olusumunda alt kabuk veya adayayi kokenli bir magmatik faaliyetin yaninda, yan kayaclardan
tiireyen cevher minerallerinin etkili oldugu sonucuna varilmistir.

Anahtar kelimeler: Hidrotermal vyataklar, Alterasyon mineralojisi, Stvi Kapanim, LA-ICPMS
kursun izotopu, Pb-Zn-Cu Yataklar:, Kabadiiz-Ordu
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Nonferrous and precious metals postcollisional metallogeny in the Lesser
Caucasus and NW Iran

V.Gugushvili

Al Janelidze Institute of Geology, 1/9 Alexidze str. Thilisi, 0]93.
gugushvili34d@yahoo.com

In the Lesser Caucasus and NW Iran at the postcollisional stage after closure of the Tethys Ocean,
a metallogeny province developed with significant porphyry, stockwork and lode deposits:
molybdenum-copper porphyry mineralizations in Kajaran and Agarak, lode and stockwork gold
mineralizations in Meghadzor and Zod, (Lesser Caucasus); copper porphyry mineralizations in
Sungun, gold-copperporphyry mineralizations in Mazra, low sulphidation, epithermal gold and
gold-copper porphyry mineralizations in Miverud (Iran) are the important mineralizations in this
province.

The deposits temporally, spatially and genetically related to Megri-Ordubad and Alborz-Magmatic
belts.

The mineralizations are related to the Tertiary (Oligocene-Miocene) diorite porphyry, syenite-
diorite porphyry, granodiorite-porphyry intrusions and related apophyses.

Among those Kajaran with 4,5 mInt Mo, Sungun with 5 mint Cu, Zod with 124 t Au, Meghadzor
with 60 t Auand 30 t Ag resreves are the most significant deposits. They have been explored in
detail and they are being exploited. On the other hand exploration has been continuing in the
Miverud low sulphide Au and Au-Cu porphyry mineralizations. Miverud is mainly Au bearing
mineralization. Upper lateral zone of the porphyry system which has low sulphide epithermal Au
mineralization signatures appear to have been exposed and exploration has been on this section of
the mineralization. Available data indicate that deep inner zone of the system has Au-Cu porphyry
mineralization.

Drillings, trenching showed that Au-Cu porphyry mineralization zone, laterally and upwards passes
into low sulphide mineralizations with disseminated mineralizations, stock work, veins and
veinlets.

Disseminated mineralizations are related to metasomatic silicifications, K-Na feldspar alterations,
sericitizations and argillizations.

Disseminated mineralizations are cut by quartz veins and veinlets as well as stockwork of argillites,
related to the shear zones.

Low sulphide Au bearing mineralizations have minor quantity of Cu, so cyanide heap leaching
technology which is the cheapest, considered to be suitable for Au extraction here.

In the low sulphide mineralization zone Au-Cu sulphide stockworks and veins are also present.
They are considered to be the indicators of Au-Cu porphyry system down below. Drillings
penetrating below the above lying low sulphide mineralization zone is expected to intercept Au-Cu
porphyry mineralization zone.

It is noteworthy that presence of rare metals, Sb, W and Mo is the characteristic feature of post
collision mineralization in the Lesser Caucasus and NW Iran.

The deposits such as Kajaran, Agarak, Zod, Meghradzor (Lesser Caucasus), so Sungun and
Miverud (NW Iran) are associated with rare metals (Sb, Mo amd W) mineralization.

Key words: postcollision, low sulfidation, gold-copper porphyry.
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Geology and Geochemistry of Manganese Ore of The Besni and Golbasi
(Adiyaman) Area

Serdar Fidanai', Ali Riza Colakoglu®
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Manganese ore with different sizes, are seen in different places along to Southern Anatolia Thrust
Belt, especially in Kocali Melange. In this study, geological and geochemical properties of the
manganese mineralization, located in Haydarh, Catalaga¢ and Suvarli areas of Besni and Golbas!
(Adiyaman, SE Turkey) were investigated. The ore bodies are concordant with the wall-rock are
found as lenticular masses and thin bands hosted in limestone, silicified shale and radiolaritic chert.
Manganese ores of Golbast and Besni consists mainly of pyrolusite, psilomelane, manganite and a
little amount of mangano-calcite. The low Fe/Mn ratios (<0.1) of these mineralization indicates a
typical hydrothermal sub-marine environment of occurrence where the precipitations are quite fast.
Besides, in terms of the Fe, Al, and Ti content of mineralization, it could be denoted that the
hydrothermal solutions discharged to place where is sea floor spreading. The major and trace
element contents (such as Mn, Fe, Si, Al, Ti Ni, Co, Cu, Ba) of manganese ore in both regions
shows a hydrothermal occurrence in relation with the sub-marine volcanism. The low REE contents
of average (40 ppm) indicate that the mineralization formed under low temperature and sub-oxidic
diagenetic condition. The negative Ce anomalies observed on chondrite-normalized diagrams show
that mineralizations were occurred under low redox potential and it accumulated in stagnant
seawater. The low Eu/Sm values indicated that mineralization precipitated as a result of mixing of
hydrothermal liquids diluted with great amount of seawater. On the other hand, the negative Eu
anomalies show that solution temperature which formed to mineralization was not above 350 °C.
According to investigation of radiolarian fossils in mineralization ~which occurred
contemporaneously with wall-rock was examined, it could be understood that the age of Besni
mineralization was ascertained as Oxfordian-Early Tithonian (Late Jurassic). However it could not
be defined certain age for Golbast mineralization.

Key words: adiyaman, besni, gblbasi, geochemistry, manganese ore

Besni ve Golbasi (Adiyaman) Manganez Zuhurlarinin Jeolojisi ve Jeokimyasi

Giineydogu Anadolu Bindirme Kusag iizerinde ¢ok sayida irili ufakli manganez cevherlesmesi yer
almaktadir. Bu cevherlesmelerin cogunlugu bu kusak iizerinde yer alan Kogali Karmagig1 igerisinde
yer almaktadir. Bu galigmada bu karmasik icinde Besni ve Golbas ilcelerinde (Adiyaman, GD-
Tiirkiye) bulunan Haydarh, Catalaga¢ ve Suvarli bolgelerindeki cevherlesmelerin jeolojik ve
jeokimyasal ozellikleri incelenmis, olusum kosullart ve kokenleri belirlenmeye calisilmistir.
Cevher govdeleri kirectasi, silisli seyl ve radyolaryal cortler igerisinde tabaka diizlemleri ile
uyumlu mercekler ve ardalanmali tabakalar seklinde bulunmaktadir.

Cevher mikroskopisi ve XRD incelemeleri cevherlesmelerin ana mineraller olarak piroluzit,
pisilomelan, manganit ve az miktardaki mangano-kalsit icerdiklerini  gostermistir. Bu
cevherlesmelerin Fe/Mn oranlarimin diisiik olmasi (<0.1) hizli ¢okelimlerin gelistigi bir denizalti
hidrotermal olusumu yansitir. Ayrica, Fe, Al ve Ti igeriklerine gore cevherlesme, hidrotermal
cozeltilerin okyanus tabaninin hizli yayildigi yerlerde dogrudan deniz suyuna bosaldigma isaret
etmektedir. Tiim cevherlesmelerin ana element (Mn, Fe, Si, Al, Ti) ve iz element (Ni, Co, Cu, Ba)
miktarlari denizalti volkanizmasma baglt hidrotermal olusumu onermektedir. Cevherlesmenin
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ortalama NTE (40 ppm) igerikleri diisiiktiir. Cevherlesmedeki diisiik NTE icerikleri diisiik sicaklik
hidrotermal olusuma ve sub-oksik diyajenetik kokene isaret etmektedir. Kondrit-normalize
diyagramlari iizerinde gozlenen negatif Ce anomalileri cevherlerin diisiik bir redoks potansiyeli
altinda, iyi-oksijenlenmemis ve durgun bir su kiitlesinde ¢okelmis oldugunu gostermektedir. Eu/Sm
oranlarin  diistik degerleri cevherlesmenin biiyiik hacimlerde deniz suyu ile sulandiriimis
hidrotermal sivilarla karigimlart sonucunda olustugunu ve negatif Eu anomalileri ise cozelti
sicakliklarmim 350 °C’yi ge¢medigini gosterir.

Yankayaclarla es zamanli olusmus cevherlesmelerden incelenen radyolarya fosil iceriklerine gore
Besni  cevherlesmesinin = olusum yasi, Oksfordiyen-Erken Titoniyen (Ge¢ Jura) olarak
saptanmusken, Golbast cevherlesmeleri icin kesin bir yas araligi belirlenememistir.

Anahtar kelimeler: adiyaman, besni, golbasi, jeokimya, manganez cevherlesmesi

‘Laurite (RuS;) enriched Cr-rich Ophiolitic Chromitites from the Islahiye, SE-
Turkey: Ore Microscopy and Electron Microprobe Data
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Ophiolite related podiform chromitites vary in size from small, low grade, sub-economic
occurrences up to large ore bodies of more than hundred million tons, being the second world class
producers of chromite ore, after stratiform chromitites of the Bushveld type. During the last three
decades, ophiolitic chromitites have become a potential target for the recovery of platinum-group
elements (PGE). Although so-far reported concentrations are usually sub-economic with
prevalence of the low-priced IPGE (Os, Ir, Ru), occasional enrichment in the more precious Pt, Pd
and Rh has been locally observed.

During field work in the frame of the project supported by TUBITAK (109Y219), chromitite
samples were collected from a very small occurrence in the vicinity of Islahiye (Gaziantep, SE
Turkey). As a result of the systematic investigation of two polished blocks (2.5 cm in diameter)
obtained from one chromitite sample, a total 23 grains of platinum-group minerals (PGM), up to 25
um in size, were detected as primary inclusions in chromite crystals and along its cracks. Chromite
and PGM compositions were determined by electron microprobe analyses. Chromite is of
metallurgical type, having high Cr# and Mg# in the ranges 72.0~73.8 and 56.5-58.9, respectively,

with low contents of TiO; (0.06-0.09 wt %) and Fe,0; (0.11-0.59 wt %). Qualitative identification indicates strong prevalence of
laurite in the PGM assemblage, occasionally accompanied by unknown Ir-sulfide and a Ru-Fe compound possibly containing oxygen.
The Os-Ir alloys, which commonly occur in ophiolitic chromitites, were absent. Neither specific PGM species of Pt and Pd were found,
although preliminary bulk ore assays had yielded up to 4.1 and 2.0 ppb of Pt and Pd respectively. Laurite has constant composition close

to (RUo_go,()_ggOSO.()g,0‘04[ro.()l,0,03Rh0_03pd0.()4_0‘05)s2. It may occur included n fresh Chromite either as
single-phase grains or composite aggregates consisting of the associations: laurite+silicate
(clinopyroxene, amphibole or chlorite) and laurite+base metal sulfides (millerite, pentlandite,
chalcopyrite). The Ir-sulfide and the Ru-Fe (oxide?) occasionally are part of these composite
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inclusions. The close association of laurite with Ni-Cu-Fe sulfides apparently indicates relatively
high fS, conditions in the chromite forming-system at high temperature (~1200° C). This would not
be consistent with the Os-poor nature of the laurite, and possibly suggests that the chromite parent
melt was initially depleted in Os. The reason for that remains an open question. The high frequency
of PGM observed in two polished section of 2.5 ¢cm in diameter suggests that the investigated
chromitite may have bulk-PGE concentrations up to 2-3 ppm. Unfortunately, the low valuable PGE
association (mainly Ru+Ir), and the PGM texture, unsuitable for mechanical liberation of grains,
make this chromitite not attractive for PGE recovery. However, some ophiolitic chromitites have
been found to contain punctual and unevenly distributed high concentrations of Pt+Pd at the scale
of ophiolite complexes and/or single ore bodies. For this reason, systematic exploration of
chromitites in this region of Turkey is advisable, despite of their sub-economic size, and in
consideration of an expected raise in the PGE’s price on the international market.

Key words: Laurite, chromitite, platinum-group element, platinum-group mineral, SE-Turkey

Laurit (RuS,)’ce zengin Yiiksek-Cr Ofiyolitik Kromititleri, Islahiye, GD-
Tiirkiye: Cevher Mikroskobisi ve Elektron Mikroprob Verileri

Ofiyolitlerle iliskili podiform kromititler kiiciik boyutlarda, diisiik dereceli ve yari-ekonomik
yataklardan, Bushweld stratiform kromititlerinin ardindan, yiizmilyon tondan fazla rezervleri ile
diinyada ikinci sirada iiretim yapabilen devasa yataklar olusturabilirler. Ofiyolitik kromititler, platin
grubu element icerikleri bakimindan son 20-30 yildir potansiyel hedef durumuna gelmistir. Her ne
kadar su ana kadar rapor edilmis PGE konsantrasyonlar yari-ekonomik boyutlarda kalmis ve daha
diisiik fiyathi Ir-grubu PGE’ler (IPGE) bakimindan zenginlesmis iseler de, nadir de olsa, daha
degerli ve yiiksek fiyatli Pt, Pt ve Rh bakimindan bolgesel zenginlesmeler de s6z konusudur,

TUBITAK tarafindan desteklenen 109Y219 numarali proje kapsaminda yiiriitiilen calismalar
sirasinda, Islahiye (Gaziantep, GD-Tiirkiye) civarinda bir kromit cevherlesmesinden alinan kromitit
ormeginden hazirlanan iki adet parlak kesitin (2.5 cm ¢apinda) sistematik olarak incelenmesi
sonucunda, kromit kristalleri biinyesinde birincil kapanimlar seklinde ve kromit kiriklari boyunca
konumlanmis, boyutlart 25 pm’a varan 23 adet platin grubu mineral (PGM) gozlenmistir. Kromit
ve PGM’lerin kimyasal bilesimleri elektron mikroprob ile belirlenmistir. Kromit kristalleri, yiksek Cr#
(72.0-73.8) ve Mg# (56.5-58.9) degerleri ve disiik TiO, (% ag 0.06-0.09) ve Fe;03 (% ag 0.11-0.59) igerikleri ile metalurjik tiptedir,

Nitel tanimlamalar sonucu, laurit kristallerinin PGM parajenezinin 6nemli bir bslimiinii olusturdugu ve nadir olarak, tanimlanmamig Ir-
siilfit ve muhtemelen oksijen iceren Ru-Fe bilesikleri ile ¢oklu fazlar ¢oklu fazlar seklinde bulundugu belirlenmigtir. Ofiyolitik

kromititlerde sikea rastlanan Os-Ir alagimlari gozlenmemistir. S6z konusu kromitit éimcginin tim kayag: Pt ve Pd
icerikleri kismen yiiksek (Pt: 43.2 ppb ve Pd: 12.4 ppb) olmasina ragmen, Pt ve Pd iceren spesifik
fazlara da rastlanidmamistir. Laurit kristalleri benzer bilesimde olup (Rugso.0890080.02-0.04lr001-
003R N0 03Pdo.04005)S2 formiilii ile temsil edilir. Genellikle taze kromit kristalleri biinyesinde tek fazl
veya laurit-silikat (klinopiroksen, amfibol ve klorit) ve laurit-baz metal mineral (millerit, pentlandit
ve kalkopirit) birliktelikleri seklinde ¢oklu fazlar olarak gozlenir. Is-siilfit ve Ru-Fe (oksit?) fazlar
bu coklu fazlarin bir kismini olusturur. Laurit kristallerinin Ni-Fe-Cu siilfit fazlari ile olan yakin
iliskisi, kromit kristalizasyonunun yiiksek sicaklikta (~1200° C) ve kismen yiiksek fS; kosullarmda
gerceklestiginin agik kanitidir. Bu durum, laurit kristallerinin ¢ok diisiik Os igerikleri ile uyumlu
olmayip, osmiyumun kromiti kristallendiren ergiyigin Os bakimindan daha 6nceden tiiketildigine
isaret eder. Bu tiiketilmenin sebebi heniiz agiklanamamistir. 2.5 cm ¢apinda hazirlannus 2 adet
parlatilmis kromitit 6rneginde gozlenen yiiksek miktardaki PGM, bu kromitit 6rneginin yaklagik 2—
3 ppm civarinda toplam PGE igerigine sahip olabilecegini gostermektedir. Diisiik degerli PGE
birliktelikleri (Ru+Ir) ve PGM’lerin kromit kristalleri biinyesinden mekanik olarak ayrilmalarina
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glinimiiz teknolojisinde miisaade etmeyen dokusal ozellikleri, bu kromititleri PGE icerikleri
bakimindan ¢ekici kilmamaktadir. Ancak, bazi ofiyolitik kromititler ofiyolitik masif/tekli cevher
kiitlesi lceginde diizensiz dagilimlar sunan Pt+Pd zenginlesmeleri sunmaktadir. Bu sebeple, her ne
kadar kromitit olusuklari PGE agisindan yari-ekonomik boyutlarda ise de, PGE fiyatlarmnm
uluslararast piyasalarda giin gectikce artacagi diigiiniildiigiinde, bu bolgedeki kromititlerin
sistematik bir sekilde arastirilmasi ve PGE igeriklerinin belirlenmesi 6nerilmektedir.

Anahtar kelimeler: Laurit, kromitit, platin grubu element, platin grubu mineral, GD-Tiirkiye

The Features of Goksun-Kiiciikkizilcik Au-Ag Mineralisation with Fluoride
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The study area is located in 30 km northeastern of Goksun town on the west of the Eastern Taurus.
In Eastern Taurus, there are autochthonous and allochthonous rock units which are in tectonic
relations. They emerge from different ages and environment, and comprises of different rock units.
In the study area, a structural unit which has supra-subduction character, Upper Jurassic-Lower
Cretaceous aged Komiirhan Ophiolites, take place in the bedrock. Metamorphic rocks overlie on
Komiirhan Ophiolites. They metamorphized as regional and in low-grade. These rocks are Upper
Devonian (?)- Upper Cretaceous aged and belong to Bodrum Nappe which is also known ‘Binboga
Metamorphites’. The first horizontal movement of Bodrum Nappe onto Kémiirhan Ophiolite
happened during Campanian-Maastrichtien and it removed with subsequent horizontal movements.
These two structural units are cut by Baskil Granitoid (Bedi et all., 2009).

Kiiglikkiziletk- Au-Ag mineralization observed in silisification zone which is with nuwrice, barite,
limonite and breccia features. This zone evolved in the contact of schist-marble units which form
the low level of Upper Devonian (?)-Carboniferaus aged Yoncayolu Formation belonging to
Bodrum Nappe. The silisification zone is 1.7 km length, directed N20E and ranging from 2-10
meters thickness. In the collected samples from the study area, 240 ppb Au, 32.1 ppm Ag, 9500
ppm As and 4000 ppm Sb are found. When Kiigiikkizilctk Au-Ag mineralization’s type, wall rock
relation, ore deposit geometry, structure-texture features and metal contents are considered, this
formed in the tectonic-controlled epithermal system. Kiiciikkizilcik Au-Ag mineralization shows
great smilarities to uncorroded upper levels of Au-Ag ore deposits.

Key words: Eastern Taurus, fluoride, barite, epithermal Au-Ag mineralization
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Goksun-Kiiciikkizileik Floritli Au-Ag Cevherlesmesinin Ozellikleri
(Kahramanmaras, GD Tirkiye)

Calisma alani, Dogu Toroslarin batisinda yer alan, Goksun (Marag) ilcesinin 30 km
kuzeydogusudur. Dogu Toroslar'da birbiriyle tektonik iliskili farkli yas ve ortam ve kayalarla
temsil edilen allokton konumlu farkli yapisal birimler ile otokton konumlu kaya birimleri bulunur.
Calisma alaninda en altta yer alan yapisal birim, Geg¢ Jura- Erken Kretase yasl suprasubduction
karakterli Komiirhan Ofiyolitik kayalaridir. Bunlarin tizerine ise bindirmeli tektonik dokanakla
diisiik dereceli ve bolgesel metamorfizma gegirmis Ge¢ Devoniyen-Ge¢ Kretase yasl Binboga
Metamorfitleri olarak da bilinen Bodrum Napi'nin metamorfik kayaglari gelmektedir. Bodrum
Napi'min Komiirhan Ofiyolitleri tizerine ilk yatay hareketi Kampaniyen-Maastrihtiyen'de
gerceklesmis olup, daha sonraki yatay hareketler ile de tekrar devrilmistir (yeniden hareket haline
gecmistir, hareket etmistir). Bu iki yapisal birim Geg¢ Kretase yasli Baskil Granotoidleri tarafindan
kesilmektedir (Bedi vd., 2009).

Kiiciikkiziletk Au-Ag cevherlesmesi; Bodrum napinin Ust Devoniyen (?)- Karbonifer yash
Y oncayolu Formasyonunun alt seviyelerini olusturan sist-mermer birimlerinin dokanaginda gelisen
floritli, baritli, limonitli ve bresik ozellikteki silisifiye zon i¢inde gozlenir. Silisifiye zon K20D
dogrultulu olarak 1.7 km uzanimda olup, kalinligi 2-10 m arasinda degismektedir. inceleme
alanindan alinan orneklerde, 240 ppb Au, 32.1 ppm Ag, 9500 ppm As ve 4000 ppm'e varan Sb
degerleri saptanmistir. Kiigiikkizilcik Au-Ag cevherlesmesi, tipi, yan kayac iliskisi, yatak
geometrisi, cevherin yapi-doku ozellikleri ve element igerigi agisindan tektonik kontrollu olarak
epitermal sistemde olusmus Au-Ag cevherlesmelerin asimamis st seviyelerine biiyiik benzerlik
gostermektedir.

Anahtar kelimeler: Dogu Toroslar, florit, barit, Epitermal Au-Ag cevherlesmesi

Chemistry and Cathodoluminescence Characteristics of Various Sphalerite
Ores — Its Possible Use for Speciation of Ore Deposition Type

Emin Ciftci
[TU, Maden Fakiiltesi, Jeoloji Boliimii, 34469 Maslak-Istanbul

Natural sphalerite associated with the major volcanogenic massive sulfide deposits (VMS), large
variety of vein type mineralizations, skarn mineralizations occuring in Eastern Pontide Tectonic
Belt (EPTB) have been studied by the CLM and electron probe microanalysis (EPMA) to
determine the relationship between trace element activators and their contents and the CL
properties of those sphalerites. In general, natural sphalerites from various localities can produces a
spectrum of CL colour under electron bombardment that includes deep blue, turquoise, lime green,
yellow-orange, orange-red and dull dark red depending on the type and concentration of trace
quantities of activator ions.

Sphalerites from most of the VMS deposits (Kdpriibagi-Tirebolu, Kankoy-Trabzon, Killik-Espiye,
Murgul-Artvin and Lahanos- Espiye) show a range of CL colors (yellow to purple) with varying
intensity due to Mn*", Cd*", Cu® ", and Ag’* contents. Sphalerites from Pb-Zn dominant vain type
occurrences (Midi, Tutak dagi, Glimiiski, Bat1 Zamanti yataklart) do not cathodoluminescence due
most probably to common CL-quencher, Fe®* content. However, sphalerites from epi-mesothermal
mineralizations (e.g., Akoluk-Ordu) give strong CL due to various CL-activators (Ag™, Hg™, Cd™,
Cu** ", and Mn*). On the other hand, sphalerites from contact metasomatic type mineralizations
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do not produce CL, although some of the sphalerites did contain very low Fe**. They most probably
had very low CL-activators in their crystal structures. Based on availabla data, by using the CLM
technique, sphalerites could be used for fast identification of unknown ores for type speciation.

Key words: sphalerite, activator, cathodoluminescence, ore mineralizations, Eastern Pontides

Cesitli Sfaleritlerin Kimyasi ve Katodoliiminesans Karakteristikleri —-Cevher
Yataklanma Tipini Belirlemede Muhtemel Kullanimi

Dogu Pontit Tektonik Kusaginda (DPTK) bulunan ana volkanojenik masif siilfir (VMS)
yataklarindan, cesitli damar tipi zuhurlardan ve skarn tipi cevher olusumlarindan dogal sfaleritler
CLM ve elektron prob mikroanaliz (EPMA) ile ¢alisilarak, sfaleritlerin iz element aktivator icerigi
ve bunlarin miktarlari ile katodoliiminesans ozellikleri arasindaki iliskiler (renk ve renk siddet)
incelenmistir.

Dogu Pontitlerdeki VMS  tipi yataklar (K&priibasi-Tirebolu, Kankoy-Trabzon, Killik-Espiye,
Murgul-Artvin ve Lahanos- Espiye)’dan alinan érneklere ait bircok sfalerit, Mn*", Cd*, Cu*", '* ve
Ag™ iceriklerine bagl olarak, bir dizi degisen siddette CL (saridan mora) verirken, Pb-Zn damar
tipi yataklara (Midi, Tutak dag:, Giimiigki, Bati Zamanti yataklari) ait sfaleritler, muhtemelen
yaygin CL sondiriicii ferriis demir igerigi nedeniyle CL iiretmemektedir. Ancak epi-mezotermal
sistem sfaleritleri (Akoluk-Ordu) cesitli CL aktivatorler (Ag™, Hg*, Cd**, Cu*" ' ve Mn*")
nedeniyle kuvvetli CL vermektedirler. Diger taraftan kontak metazomatik cevher olusumlarina
(Dokumacilar-Yusufeli, Horozkoy-Nigde) ait sfaleritler, bazilarinin oldukca diisiik ferriis demir
igermesine ragmen CL vermemektedirler. Bunlar muhtemelen kristal yapilarinda cok disiik CL-
aktivator elementler bulundurmaktadirlar. Mevciit veriler isiginda, CLM teknigi kullanilarak,
sfaleritler cevherlesme tipi belirlemede hizli tespit parametresi olarak kullanilabilir.

Anahtar kelimeler: Sfalerit, aktivator, katodoliiminesans, cevher olusumlart, Dogu Pontitler
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This paper presents the characteristics of regional geology and geochemistry of the Galandrud coal
samples from Central Alborz in northern Iran. Coals of this region within carbonate sediments of
Shemshak formation with the age of upper Triassic — lower Jurassic have been deposited in the
form of 32 coal beds. These coals are bituminous coals and have low moisture (0.88-1.37%)
contents, high ash (12.2-18.6%) yields, a broad range of total sulphur contents (0.45-1.05%u).
gross calorific values (7430-8830 kcal/kg) and high volatile matters (28.3-39.3%). The mineral
matter of Galandrud coals is mainly made up of dolomite (more than 80%) with amount siderite,
sphalerite, galenite, quartz and pyrite. Macerals forming organic part of these coals are mostly of
vitrinite (collotelinite) and inertinite (fusinite) group in which the pores and fissures have been
filled with carbonate and silica. Major elements have been concentrated in compound of minerals

formed in coals of Central Alborz zone. Concentration some trace elements of Galandrud coal
samples including Bi, Co, Cs, Cr, Cu, Eu, Ga, La, Li, Mn, Mo, Nd, Ni, Rb, Sm, Sr, Th, V, W, Y
and Yb show anomaly when compared to the world coal values. These elements have organic or
inorganic origin and their concentration relative to type of based sediments in central Alborz and
hydrothermal activities. In Galandrud coals, as the percentage of coals volatile matters decrease
from surface layers toward the bottom layers, the rank of coals increases. Friction metamor phism is
involved in the process of change in coalification rank of coals in Galanderud region. This is due to
the presence of tectonic pressures and activity of sub-faults, in addition to regional metamorphism.

Key words: Galandrud, trace elements, bituminous coal, Shemshak formation, Central Alborz,
Iran
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The northern margin of the Central Iran Basin is one of the main oil-gas exploration areas in north-
west Iran, where source rocks are composed mostly of oligo-miocene dark shale.

Based on investigation of more than 50 samples taken from natural outcrops of the Qom Formation
(Oligocene-Lower Miocene) in north-west of Iran (Uremia), the genetic hydrocarbon potential and
the organic matter (OM) maturity of these rocks was estimated.
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In the study region, sedimentary rocks of this formation were deposited under reductive or weakly
oxidative conditions. Possessing a relatively medium to high (1.1%, on the average) content of
organic matter of a mixed (continental-marine) OM, these rocks are able to generate both liquid
and gaseous hydrocarbons under favorable conditions. The mean T max for the samples translate to a
vitrinite reflectance range of 0.75-1.1% based on standard conversion techniques (T . = 55.5 VR+
398). Contributions of both the continental and marine components to the total organic carbon
(TOC) varied in time and space. The upper and lower sub-formations of the Qom formation differ
in the qualitative and quantitative compositions of OM. Oligocene rocks have a relatively lower
OM content and are characterized by better oil-generating properties, as compared to lower
Miocene rocks.

Key words: organic matter, kerogen, rock eval, maturity, petroleum system
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A thick sedimentary succession of Upper Triassic-Lower Jurassic age, with a thickness of about
1600 m, provided a good case to study how the geochemical properties changes through the
Triassic-Jurassic boundary in the Tabas Basin. The studied section (Kamarmacheh Kuh section) is
composed of marine Nayband Formation (Upper Triassic) overlained by silisiclastic sediments of
Shemshak Formation (Lower/Middle Jurassic). Detailed geochemical analyses were conducted on
selected samples from both formations to see how geochemical properties change through the
Triassic-Jurassic boundary. Unlike sharp boundaries encountered elsewhere, results reveal no
significant variations in biomarker ratios across this boundary. High Pr/Ph ratios (1.07-1.25) and
very low Gammacerane/Hopane ratios (0.03-0.04) together with the absence of 28, 30-
bisnorhopanes, all indicate oxic to disoxic depositional conditions for both formations. The n-
alkane distribution maximizing at C,s-C,, range, very low values of TAR (0.08-0.12) as well as
very low Oleanane/Hopane ratios (0.05-0.6) are typical of marine organic matter. Moreover,
abundant Cy; regular steranes compared to Cpg and Cyo homologues indicate the predominance of
marine organic matter for both Shemshak and Nayband Formations. Maturity sensitive biomarker
parameters, such as Cyooor 20S/(20S+20R) sterane ratio (0.41-0.48) and Crupp/(aaat+afp) sterane
ratio (0.52-0.54), show values near to equilibrium, representing a thermal maturity at the beginning
of oil window. In addition, all the ratios used for determining thermal maturity remarkably decrease
from base to top of the studied section. Detailed molecular analyses, together with the data form
Rock-Eval pyrolysis, indicate almost very small changes in depositional conditions (oxicity,
organic matter type and sedimentary environment) across the Triassic-Jurassic boundary.

Key words: Tabas basin, Shemshak & Nayband formations, biomarkers., Triassic-Jurassic
boundary
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