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sicakhgimin 700 °C civarinda, tuzluluk degerlerinin ise %25 NaCl esdegerinde oldugunu ortaya koymustur
(Sezerer Kuru ve dig., 2006). Sozkonusu sicakhik, filogopitlerin prograd evrede gelismis olduguna isaret
etmektedir ki, bu da potasik zondaki yiiksek *’Sr/**Sr oranlar igin meteorik sular yoluyla ¢6ziindiirilmiis
kabuksal Sr bileseni olasihgimi devre disi birakmaktadir. Ote yandan, i) alterasyonun gozlendigi
magmatiklerin, ofiyolitik kayaglarin tizerinde gelismis olan denizel bir havzaya yerlesmesi ve ii) deniz
suyukayag oranlarmm 10° degerinin altinda olmas1 durumunda, kayagtaki Nd-izotop oranlari aksine Sr-
izotop oranlarmin hayli degisebilecegi (Faure, 1986) gozoniine alindiginda, potasik zondaki yiiksek 7Sr/*Sr
(ve yan kayaglar ile hemen ayni olan "Nd/"Nd) oranlarmimn, deniz suyu etkilesimi ile gerceklesmis
olabilecegi ongoriilmektedir. Ancak “deniz suyu etkilesimi” ile dogrudan deniz suyunun magma g¢eperine
sirkiilasyonu degil, denizel sedimanlardaki gozenek suyu kastedilmektedir. Buna gore en azindan potasik
alterasyon sirasinda magmatik ¢ozeltilerin denizel sularla karigmis olabilecegi onerilmektedir.

Anahtar Kelimeler: Fe oksit-Cu-Au yataklari, sivi kapanimi, sodik-potasik alterasyon, alterasyon kokeni,
Nd-Sr izotoplar1, Ar-Ar yaslari, Hasangelebi.

ABSTRACT

The alteration patterns and spatial and temporal relationships between the alteration and mineralization at
Hasangelebi ironoxide deposits share characteristics more akin to its counterparts around the world, hence
were defined as ironoxide-copper-gold (I0CG) deposit (Kugcu et al., 2002, 2003). The source of the fluids
resulting in the alteration and mineralizations in such deposits has been the subject of ongoing discussions.
The alteration and mineralization at Hasangelebi are hosted by rocks diabase, trachyte and syenite in
composition. The zircon U-Pb and biotite-hornblende Ar-Ar radiometric age dating reveals that the trachytes
are 76.80 Ma, diabases are 74.26 Ma and syenites are 71.80-68.64 Ma in age. Ar-Ar age dating on biotite
and K-feldspars from the scapolite and phlogopite-bearing alteration zones yield ages from 74.30 to 68.64
Ma. These may point the possibility that the alteration and mineralization has been related to the alkaline
magmatism in the region. However, the spatial and temporal relationships between magmatism and
alteration are inadequate to advocate the source and genesis of the fluids causing the alteration and
mineralizations in the region. It is highly likely that the alteration zones and their magmatic precursors
should have similar isotope systematics, if the fluids, released from a crystallizing and cooling magma
during, caused the alteration and mineralization.

The Nd-Sr isotope systematics and isotope correlation diagrams by Y7 8yA5Sr vs " Nd/""Nd ratios from the
alteration zones and magmatic precursors have overlapping values. Consequently, this suggests that the
alteration processes has little or no effect on the isotope composition of the original magmatic rocks, and/or
fluid-rock isotopic equilibrium has been reached, and no external elemental exchange, so as to change the
isotopic equilibrium, took place. Therefore, it is here suggested that the fluids resulting in the alteration are
ortho-magmatic fluids derived directly from the syenitic rocks emplaced into the region. One sample from the
potassic zone, with the highest 8Sr/%5Sr - Rb/Sr and the lowest SiO, contents, rules out this argument. In
order to achieve higher Sr isotope compositions, the fluids enriched in Ca and Sr should be circulated
throughout the syenitic-trachytic rocks during the potassic alteration. Ca and Sr may be, (1) introduced by
leaching of crustal material by circulation of meteoric waters, or (2) added directly from the sea-water
during potassic alteration, or (3) derived from the pore water within the marine sedimentary rocks. On the
other hand, microthermometric studies on the phlogopites from the potassic zones showed that they have
homogenization temperatures > 700 °C and salinities 25% NaCl-eq (Sezerer Kuru et al., 2006). This
suggests that the potassic alteration took place at the prograde stage with no meteoric input, and hence rule
out the possibility of the crust-derived Sr origin for higher Y 8r/*Sr ratios in the potassic zone. Moreover (i)
the emplacement and intrusion of magmatic rocks into the marine Hekimhan basin, and (ii) probability of
significant variations in Sr isotope ratios compared to Nd isotopes if the seawater/rock ratio remain less than
10°, may suggest that higher YSyA0Sr ratios (with the same 'Nd/'"'Nd ratios with the its magmatic
precursors) in the potassic zone is due to interaction with the seawater. Such an interaction does not
necessarily mean that the seawater itself circulated throughout the margins of the magma, but the circulation
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of pore-water within the marine sedimentary rocks. This may suggest that the magmatic fluids should have
interacted with the sea-water at some levels, at least during potassic alteration.

Key Words: Fe oxide-Cu-Au deposits, fluid inclusions, sodic-potassic alteration, genesis of alteration, Nd-Sr
isotopes, Ar-Ar dating, Hasangelebi.
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oz

Sahinli ve Tespih Dere (Lapseki/Canakkale) altinli Pb-Zn-Cu damarlari mineraloji, jeokimya, sivi
kapamim ve durayli izotop ¢alismalariyla incelenmistir. Sahinli ve Tespih Dere’de altin goreceli olarak derin
yerlesimli kuvars ve Pb-Zn-Cu damarlari iginde olusmustur. Bu damarlar ge¢ evre parga destekli catlakh
kuvars damar bresi ve hamur-destekli ufalanmis bresler igerdigi gibi kuvars plumose, kovuk dolgusu, kokard
ve tarak yapilari gibi orta-yiiksek sicaklik epitermal dokulari da sergilemektedir. Caligma alaninin dogusunda
baskin alterasyon mineralleri illit, kanisik tabakalr illit /smektit (11.6 A), klorit, ve kristalen kuvars, batiya
dogru Sahinli’de aliinit, dikit/nakrit ve profillit olup, Tespih Dere’de bashca illit ve dikitten olugmaktadir.
Toplam siilfiir icerigi degisken olup % 60 lara ulasir ve gerek damar gerekse hidrotermal bresin matriksi
icinde baslica pirit, galen, sfalerit ve daha az oranda kalkopiritten meydana gelir. Sfalerit kristalleri demirce
fakir olup % 0,4 ila %1 Fe igerir. Tetraedrit-tenantit grubu mineraller ise Sb-Ag ¢e zengin tetraedrit olarak
belirlenmistir.

Sivi kapanim galigmalari, Sahinli’de esas evreye ait kuvarslarin stvica zengin kapamimlarinda 180 ila 321
°C arasinda degisen homojenlesme sicakliklari gozlenir ancak ¢ogu (Ty) 180°C ile 300°C°C (o =21) arasinda
degisir. Tespih Dere cevherlesmesinde 214°C to 288°C (o =18) arasinda deisen goreceli yiiksek
homojenlesme sicakliklari bunun daha derinlerdeki bir olusumun sonucu olarak diistiniilmektedir.

Sahinli ve Tespih Dere yorelerinde altere yan kayada Ba ve Cs jeokimyasal zenginlesme iki kat iken, Pb,
Zn, Ni, Zr, Sr, La ve Ce da herhangi bir zenginlesme yoktur. Ana elementlerden K bir zenginlesme
gostermezken Mg, Ca ve Na 4.5- 5.1 faktor araliginda belirgin bir sekilde tiiketilmistir. Cs, Rb, Sr, Zr, Nb,
Ti, Y, Ni, V, La, C eve Nd gibi elementler Sahinli ve Tespih Dere’deki cevherli kuvars damarlarinda
tiiketilmistir. Sahinli ve Tespih Dere’deki altere volkanik kayalar Ba, W, Mo, Cu, Pb, Zn, As, Bi, Ag, Au ve
Se elementlerince 1.3 ila 39 kat arasinda zenginlesmislerdir. Buna kargin cevherli volkanik kayalar ve kuvars
damarlar1 amlan elementlerce olduk¢a yiiksek oranlarda (7 ila 1400 kat arasi) zenginlesmislerdir. Rb/Sr
oranindaki genis degisimi izleyen yan kayadan yikanmis K ve Ca un sisteme katilim, illit igerikli alterasyona
ugramis yan kaya igin karakteristiktir. Asit-altere yan kayada (0.3) disiik Rb/Sr oranlan ve karsilik gelen
goreceli diigik K degerleri (3.5 %) volkanik kayalardan K un asitle yikanmasi ve iligkili Rb ile birlikte
gelisen dikit/nakrit olusumlari ile uyumludur. Au ile La, Ce, Th elementleri arasinda orta¢ negatif bir
korelasyon gozlenirken, Au ile baz metaller (Pb,Zn,Cu) ve Sb, As arasinda bir korelasyon gozlenmez. Cevher
niteligi tasiyan kaya orneklerinde (R> 0.5) giimiisiin Pb-Se, kursunun Sb, ¢inkonun Hg ile ortag-kuvvetli
birlikteligi saptanmistir. Ag ile Sb arasindaki ¢ok giiglii korelasyon giimiisiin tetraedrite bagh olarak
bulundugunu gostermektedir.
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Altin-giimiis igeren baz metal damarlarindaki kuvarslar +10.7 to +17.8%o, arasinda 8O degerleri
verirken, kuvars igindeki sivi kapanimlart 8D -58 to -93%. arasinda, killerin 8D degerleri 40 to -119%o
arasinda degisir. 8'*O sonuglar1 ¢alisma alanindaki hidrotermal sivilarin -1.5 ile +7.6%o arasinda (ortalama:
1.3 %o) 8" 0ya0 degerleri verdigini gosterir, '*O-zenginlesmesi giiniimiiz meteorik ve hidrotermal meteorik
sular ile karsilastinilmistir. "0, 8"*Oyp0 ve 8D degerleri, cevherli sivilarin magmatik bilegsenin daha baskin
oldugu magmatik ve meteorik kokenli sivilarm bir karigimindan tiiredigi sonucuna yonlendirir. Sahinli ve
Tespih Dere cevherlesmelerine ait 5**Squra degerleri pirit i¢in -4.5 ile 2.6%o araliginda (ortalama-2.9%),
kalkopirit i¢in -6.2 ile -0.5%o araliginda (ortalama-3.3%o), sfalerit i¢in -6.8 ile -3.6%o araliginda (ortalama-
5.4%o), galen i¢in de -9.5 ile -5.3%o araliginda (ortalama-7.6%0) saptanmistir. Hafif 8**Snq degerlerinin
varhig1 kaynak olarak tortul bir kaynaktan ¢ok magmatik bir kaynag gosterir.

Anahtar sozciikler: Altin, hidrotermal alterasyon, durayli izotoplar.

ABSTRACT

Sahinli and Tespih Dere (Lapseki/Canakkale) gold-bearing Pb-Zn-Cu veins are investigated by
mineralogical, geochemical, fluid inclusion and stable isotope methods. Gold at Sahinli and Tespih Dere
(Lapseki/Canakkale) occurs in relatively deep epithermal quartz veins with base metal minerals and displays
medium- to high-temperature epithermal textures, including plumose quartz, vug infills, comb and cockade
textures as well as late-stage clast-supported crackle quartz vein breccia and matrix-supported milled
breccias. Alteration minerals are dominated by illite, mixed layer illite/smectite (11.6 A), chlorite and
crystalline quartz towards the east and, by alunite, dickite/nacrite and pyrophyllite towards the west at
Sahinli whereas major illite and dickite occur at Tespih Dere. The total sulfide content of veins in the area is
variable ranging up to 60 % and is dominated by pyrite, galena and sphalerite. The sphalerite grains are
poor in iron (from 0.4 to 1 wt.% Fe). Minor chalcopyrite occurs mainly within vein and hydrothermal
breccias as matrix. Minor amounts of Sb-Ag-rich tetrahedrite may be present.

Fluid inclusion studies at Sahinli reveal that main-stage quartz contains predominantly liquid-rich
inclusions with homogenization temperatures (T;) ranging from 180 to 321°C with the majority of T), varying
between 180 to 300°C (o =21). Higher T, of 214 to 288°C (o =18) at the Tespih Dere deposit may be
attributed to a deeper level of exposure.

Geochemical variations in altered wall rocks at Sahinli and Tespih Dere are generally characterized by
up to two-fold enrichments in Ba and Cs whereas Pb, Zn, Ni, Zr, Sr, La and Ce show very minor depletions in
altered wallrocks. Of the major elements, K displays no enrichment, while Mg, Ca and Na are significantly
depleted by factors ranging from 4.5 to 5.1. Trace elements such as Cs, Rb, Sr, Zr, Nb, Ti, Y, Ni, V, La, Ce
and Nd are slightly depleted in mineralized quartz veins in the Sahinli, and Tespih Dere deposits (whereas
Ba, Cu, Pb and Zn are enriched by factors of 9, 100, 11 and 400, respectively. Advanced argillic-altered
volcanic rocks are noticeably depleted relative to propylitized volcanic rocks. At Sahinli and Tespih Dere,
the altered volcanic rocks are slightly to strongly enriched in Ba, W, Mo, Cu, Pb, Zn, As, Bi, Ag, Au and Se
by factors from 1.3 to 39 whereas the mineralized volcanic rocks and quartz veins are very strongly to
extremely enriched in these elements by factors of 7 to 1400. A large variation in Rb/Sr following addition of
K and Ca leaching of the wall rocks is typical for alteration in illite-altered areas. Lower Rb/Sy ratios and
corresponding relatively lower K values (3.5 %) recorded in the acid-altered wallrock (0.3) are due to acid
leaching of K and associated Rb in volcanic rocks, accompanied by development of dickite/nackrite.
Moderate negative correlations occur between Au and La, Ce, Th whereas no correlations between Au and
base metals as well as with Sb and As are recognized. A moderate to strong association of Ag with Pb-Se, of
Pb with Sb, of Zn with Hg in rock chip ore-grade samples (R> 0.5) also occurs. The very strong correlation
between Ag and Sb likely is due to concentration of silver within tetrahedrite.

The Sahinli quartz in gold-silver-bearing base metal veins has 6'°O values ranging from +10.7 to
+17.8%o, whereas 6D the values of fluid inclusions in quartz range from-58 to -93%o and in clays from-40 to
-119%o. 6'%0 results indicated that ore-forming hydrothermal fluids at the study area had 0'°Oyp0 values
ranging from -1.5 to +7.6%o (average: 1.3 %), "*O-enriched compared with present-day meteoric and
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hydrothermal meteoric water (-8.5%o). 530, 6" 010 and OD values suggest that mineralizing solutions were
a mixture of magmatic and meteoric waters with the former being dominant over the other. The & 45_‘,,,/,\(1@
values in samples from the Sahinli and Tespih Dere deposits range from -4.5 to 2.6%o for pyrite (average -
2.9%o), from -6.2 to -0.5%o for chalcopyrite (average: -3.3%o), from -6.8 to -3.6%o for sphalerite (average: -
5.4%0), and from -9.5 to -5.3%o for galena (average: -7.6%.). These persistent light 8*Ssupdae values appear to
be consistent with a magmatic source of sulfur rather than a sedimentary source.

Key words: Gold, hydrothermal alteration, stable isotope
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0oz
Korundca zengin metaboksit olusumlar;, Menderes Masifi’nin giiney kesimindeki poli-metamorfik kor
kayaglarin gevreleyen, kalin tabakali, platform-tip Mesozoic mermerler igerisinde yer almaktadir. ince kesit,
electron mikroprop ve X-ray difraktometre ¢alismalari metaboksitlerin mineral parajenezinin yaygin olarak
korund, kloritoid, beyaz mika (margarita, muskovit), diyaspor, Fe-Ti-Oksitleri (ilmenit, ilmeno-hematit,
rutil), ve daha az miktarlarda gotit, limonit, pirit, uvit, sérlden meydana geldigini isaret etmektedir.

Jeokimyasal olarak Mesozoyik yasli metamorizmaya ugramamus boksitler ile kargilastirildiginda, korundca
zengin metaboksitlerin major oksitleri, Fe,Os’de zenginlesme, SiO,, Na,O ve CaO’de fakirlesme, AlLO;,
Fe,05, TiO,’de hafif artig, P,Os’de hafif azalma, K,0O, MgO ve MnO’de hemen hemen benzer degerler
gostermektedir. [z element igerikleri oldukea yiiksek Co, Ni zenginlesmeleri; La, Zr’da gliclt bir artis; Sc, U,
Th’da hafif bir artis; Pb’de giiglii bir fakirlesme; V, Cr’da hafif bir fakirlesme ve Ga ve Nb’da hemen hemen
benzer degerler gostermektedir.

Ana kayayla ilgili olarak, litolojik birlikler, mineral kimyas1 ve jeokimyasal 6zellikler birincil boksit kokeni
igin asidik bir kaya veya ofiyolitik bir protoliti isaret etmemektedir. Aksine, korundca zengin, karst-
metaboksitlerin onciileri muhtemelen Seydisehir (Toridler, Tiirkiye) bolgesindeki karstik Toros boksitlerine
benzer gekilde tropikal nemli iklim altinda aliiminosilikat ana kayalarm ayrismasmin bir iiriinii olarak
olustugu diistiniilmektedir.

Sonug olarak, platform-tip kiregtaslarinin yiizeye yakin kesimlerindeki karstik ¢ukurlarda depolannmus olan
bugiinkii korundca zengin metaboksitler, Eosen zamam boyunca Izmir-Ankara-Erzincan Zonu’ndan
Menderes Platformu tizerine ofiyolitik bir yerlesim ile iligkili “ana Menderes Masifi Metamorfizmasi”nin bir
sonucu olarak <7 kbar ve ~ 440°C altinda bolgesel olarak metamorfizmaya ugramistir.

Anahtar-Kelimeler: metaboksit, koken, pasif kitasal kenar, Menderes Masifi, Tiirkiye

ABSTRACT
The corundum-rich metabauxite occurrences are enclosed in thick-bedded, platform-type Mesozoic marbles
surrounding the polymetamorphic core rocks in the southern part of the Menderes Massif, SW Turkey. Thin-
section studies, electron microprobe analyses and X-ray difraction indicate that mineral paragenesis of
metabauxites is dominantly characterized by corundum, chloritoid, white mica (margarite, muscovite),
diaspore, Fe-Ti-Oxides (ilmenite, ilmeno-hematite, rutile), and goethite, limonite, pyrite, uvite, schorl in
mInor amounts.
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Geochemically, in comparison with the average of Mesozoic non-metamorphosed bauxite, major oxide
contents of corundum-rich metabauxites show. an enrichment in Fe,Oj,, a depletion in SiO, Na,O and
CaO, a slight increase Al,O;, Fe,0;, TiO,, a slight decrease in P>Os, with nearly equal values of K>O, MgO
and MnO. The trace element contents show: unexpected Co, Ni enrichments, a strong increase in La, Zr, Zn,
a slight increase in Sc, U, Th, a strong depletion Pb, a slight depletion V, Cr with nearly the same values of
Ga, Nb.

With regard to parental affinity, lithologic associations, mineral chemistry and geochemical objectives
suggest that there are no indications for a asidic rock or an ophiolitic protolith for primary bauxite origin,
on the contrary, the precursors of the karst-metabauxites were probably considered to be a product of
weathering of aluminosilicate parent rock under tropical humid conditions as similar to the karstic Tauric
bauxites in the Seydisehir (Central Taurides, Turkey) region.

Consequently, current corundum-rich metabauxites which deposited in karstic depressions and sinkholes in
the near surface of platform-type limestone at a north-facing passive continental margin of northern brunch
of the Neo-Tethys Ocean was regionally metamorphosed at <7 kbar and ~ 440°C metamorphic overprint as a
result of “main Menderes Metamorphism’ associated with ophiolitic obduction onto the Menderes platform
from the Izmir-Ankara-Erzincan Suture during Eocene time.

Key-words: metabauxite, origin, passive continental margin, Menderes Massif, Turkey
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(074
Sarigimen Fe-Ni laterit cevherlesmesi Caldiran Ilgesinin (Van) 15 km dogusunda, Dogu Anadolu Yigisim
Kompleksi iginde yer alir. Bu ¢alismada Fe-Ni laterit cevherlesmesinin jeolojik ozellikleri, jeokimyasi ve
opak minerallerin mineralojik ve dokusal 6zellikleri incelenmistir.

Inceleme alaninda serpantinlesmis peridotit, kiltagi, marn, killi kiregtasi, fosilli kiregtasi, konglomeratik
kiregtasi, ¢ort, konglomeratik ¢ort ve Fe-Ni igerikli lateritik konglomera ofiyolitik melanj i¢inde gozlenen
kayag tiirleri olarak tanimlanmustir. Ayrica bolgede diyorit porfir, mikro diyorit ve basalt tiirii kayaclar
yiizeylemektedir. Fe-Ni igerikli konglomeratik laterit zon, kirmizidan-mora kadar degisen renklerde KB-GD
istikametinde yaklagik 650 metre uzunluktadir. Bu zon 10-35 metre arasinda degisen kalinliklarda 70-80°
KD’ ya egimlidir. Bolgedeki ana tektonik yapilari, bindirme yonii kuzeydogudan giineybatiya dogru olan
KB-GD dogrultulu bindirme diizlemleri ile bu diizlemi dik olarak kesen gen¢ dogrultu aimh faylar olusturur.
Bu tektonizmaya bagli olarak serpantinlesmis peridotitler Fe-Ni igerikli laterit zon tizerine itilmistir. Lateritik
zon i¢inde tanimlanmis opak mineraller; manyetit, kromit, krom-spinel, hematit, maghemit, gétit ve az
miktarda millerit ve psilomelandir. Sedimanter karakterde Fe-Ni laterit cevherlesmesi ¢ok farkli
bilesimlerdeki kirintilardan olusmustur. Bu opak minerallerle birlikte kuvars, olivin, piroksen, ¢ort ve
radyolarit gozlenen diger mineral ve bilesenlerdir. Ayrica az miktarda kil mineralleri, dolomit, kalsit ve klorit
bulunur. Kirintilarin ¢ogunlugunu tane kenarlarindan itibaren manyetite doniismiis zonlu kromit taneleri, ¢ort
ve kuvarslar olusturmaktadir. Bu zon kimyasal olarak % 29-61 SiO, ve % 8-34 arasinda Fe i¢ermektedir.
Cevherlesme ortalama olarak % 4.81 ALO;, % 0.37 TiO,, % 0.32 MnO ve % 0.03 P kimyasal bilesimine
sahiptir. Taramali elektron mikroskop (SEM) incelemeleri ile zonlu kromitlerin alterasyonu sonucu
kenarlarindan itibaren doniisen manyetitlerde Ni oranmin arttig tespit edilmistir. Lateritik Fe zonundan
alinan orneklerin en yliksek Ni igerigi % 1.16 olarak belirlenmigtir. Pt ve Pd konsantrasyonlar ise diisiik olup
en yliksek Pt igerigi 39 ppb, Pd ise 21 ppb olarak saptanmustir.

Sedimanter karakterdeki laterit zonun mineralojik bilesimlerinin degiskenlik gostermesi ve kimyasal
bilesimdeki farkliliklar malzemenin homojen olmadigini gostermektedir. Cevherlesme zonu iginde gozlenen
opak minerallerdeki tanelerin dokusal 6zellikleri malzemenin yeniden taginmis oldugunu kamitlamaktadir.
Cevherlesme olusum tiirii bakimindan bolgede tanimlanmus ilk Fe-Ni laterit cevherlesmesidir. Sarigimen Fe-
Ni laterit cevherlesmesinin olusumunda sirastyla kiriklanma, ayrisma, erozyon, tasinma, yeniden taginma ve
diyajenez siireglerinin etkin oldugu diisiintilmektedir.

Anahtar Sozciikler: Van, Ofiyolit, Fe-Ni Laterit, Dogu Anadolu
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ABSTRACT
The Saricimen Fe-Ni laterite ore is located at 15 km east of the Caldiran (Van) County. This area is situated
in Eastern Anatolia Accretionary Complex of Turkey. In this study, mineralogical and textural
characteristics of the opaque minerals, geochemistry and the geology of the Fe-Ni laterite were studied.

Investigation area is covered with a typical ophiolitic mélange represent with serpentinite, peridoite, clay
stone, marl, clayey limestone, fosiliferious limestone, conglomeratic limestone, chert, conglomeratic chert
and Fe-Ni lateritic conglomerate. Diorite porphyry, micro diorite and basalt are defined as magmatic rock
types at the region. Fe-Ni laterite zone having a colour range from red to purple with bedding inclined t070-
80° to NE has a thickness of 10-35 meters and length of 650 meters in the direction of NW-SE. In the region,
the main tectonic structures are thrust and strike-slip faults which are perpendicular to the thrust plane. Due
to the tectonic event, serpentinized peridotite is thrusted to Fe-Ni laterite conglomerate zone. The laterite
ore zone is composed of the magnetite, chromite, chrome-spinel, hematite, maghemite, goethite, and traces of
millerite and psilomelane as opaque minerals. The associated gangue minerals and the other components
with these opaque minerals include quartz, chert, radiolarite, pyroxene and olivine, with fewer amounts of
clay minerals, dolomite, calcite and chlorite. These Fe-Ni laterites have very inhomogeneous composition
and contain very abundant zoned chromite grains altered to magnetite, quartz and chert. This laterite zone
chemically contains 29-61wt. % SiO; and 8-34 wt. % Fe. The average content of AL,Os, TiO, MnO and P are
4.81 wt%, 0.37 wt. %, 0.32 wt. % and 0.03 wt. %, respectively. SEM investigations indicate that Fe-Ni
depletion in the core chromite and increase in magnetite rim. The highest Ni value obtained from the re-
worked lateritic ferruginous zone is 1.16 wt. %. The Pt and Pd concentrations are generally low, reached up
39 ppb and 21 ppb respectively.

Diversity in chemical compositions of laterites and different chemical composition indicate that the
transported material was inhomogeneous. The textures of the opaque minerals in the laterite zone indicate
that the clastic components are re-worked. It is the first iron-nickel rich laterite zone described from this
area. It is thought that during the development of Saricimen Fe-Ni Laterite mineralization fracturing,
erosion, corrosion, transportation, re-worked and diagenesis processes are respectively affected.

Key Words: Van, Ophiolite, Fe-Ni Laterite, Eastern Anatolia
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Dogal Sfaleritlerin Katodoliiminesans (CL), Lazer_Ablasyon-Kiitle Spektrometrisi (LA-ICP-
MS) ve Elektron Prob Mikroanalizleri (EPMA)

Cathodoluminescence (CL), LA-ICP-MS and EPMA Analyses of Natural Sphalerites
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Degisik yerlerde diinyaca bilinen bakir, giimiis, kursun-¢inko, kalay ve tungsten ile iligkili tabii sfaleritler, iz
element ¢esidi ve igerigi ile sfaleritlerin CL ozelliklerinin iligkilerini belirlemek i¢in incelenmistir. Genel
olarak, sfaleritler elektron bombardimani altinda, eser aktivator iyonlarm ¢esit ve derisimine bagh olarak,
koyu mavi, turkuaz, limon yesili, farkli kahverengi tonlari, sari-oranj, oranj-kirmizi ve mat koyu kirmizi
renkler basta olmak iizere CL renk spektrumu tiretmektedir. Cesitli yataklardan alinan ¢ogu sfaleritler, Mn**
iyonu nedeniyle A, 585 nm de yogunlasan parlak sari-oranj CL renkleri tiretmektedir ve CL renk siddeti
tamamen Fe®' derigsimine baghdir. Ama’t 470-490 nm arahiginda yogunlagan mavi emisyon banti Tsumeb
(Namibya), Horn Silver (Utah, ABD), Balmat (NY, ABD) ve Kankoy (Tirkiye) yataklarindan alinan
orneklerde Ga ve Ag igerigi ile pozitif korelasyon gostermektedir. Daha yash Avrupa kursun-¢inko
yataklarindan ve ge¢ Kretase yagh Tirk VMS yataklarindan alinan koloform sfaleritler bant araligi 450-750
nm arasinda olusan olduk¢a genis sarimst CL renk emisyonu iiretmektedir. Bu yataklardan bazi drnekler
diisiik Mn (<10 ppm) ve Ag (<1 ppm) igerirken, olduk¢a yitiksek T1 (1-30 ppm) ve Pb (80-1500 ppm)
icermektedir. Balmat-Edward (NY, ABD) yataklarina ait sfaleritlerde yogun yesil CL emisyonu gozlenmistir.
Akik, limon-yesili ve kirmizi-oranj renkli sfaleritler, oda sicakliginda A’ 1 en kuvvetlisi 630 nm’de olmak
lizere ¢esitli dalga boylar1 (490, 490, 580, 630, 680 ve 745 nm)’nda yogunlagsan zayif oranj-kirmizi CL
renkleri {iretmistir. Bu emisyon bantlar1, Sn, In, Cu ve Mn gibi aktivator elementlerle ¢ok iyi korelasyon
gostermektedir. Ogdensburg ve Franklin (NY-NJ, ABD) sfaleritleri parlak koyu mavi ve oranj CL renkleri
tretmektedir ve mavi CL rengi Sn igerigi ile iligkili olabilecegi diisiiniilmektedir. Akoluk (Ordu) sfaleritleri,
artan miktarlarda Hg icerigine bagl olarak, degisik tonlarda kahverengi CL renkler gostermektedir.
Sfaleritlerin katodoliminesans davranigi, cevherlesme tiplerini ve teknolojik olarak énemli iz element iceren
yataklar1 tanimlamada kullanilabilir.

Anahtar sozciikler: Aktivator element, iz element, katodoliiminesans, sfalerit
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ABSTRACT

Natural sphalerite associated with copper, silver, lead-zinc, tin, and tungsten deposits from various world-
famous mineral deposits have been studied by cathodoluminescence (CL), LA -ICP-MS and EPMA 1o
determine the relationship between trace element type and content and the CL properties of sphalerite. In
general, sphalerite produced a spectrum of CL color under electron bombardment, including 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. Most sphalerite from various deposits showed bright yellow-orange CL
color With Ay centered at 585 nm due to Mn®* ion and the CL intensity of this color is strongly dependent
primarily on Fe* concentration. The blue emission band with Ay, centered at 470-490 nm is correlated with
Ga and Ag in Tsumeb (Namibia), Horn Silver (UT, USA), Balmat (NY; USA), and Kankoy (Turkey) mines.

Colloform sphalerite from older well-known European lead-zinc deposits and late Cretaceous Kuroko-type
VMS deposits of Turkey showed intense yellowish CL color and their CL spectra are characterized by
extremely broad emission bands ranged from 450 to 750 nm. T) hese samples are characterized by low Mn
(<10 ppm) and Ag (<1 ppm), and they are enriched in TI (1-30 ppm) and Pb (80-1500 ppm). Strong green
CL is observed in samples from Balmat-Edwards district. Amber, lime-green and red-orange sphalerite
produced weak orange-red CL at room temperatures, with several emission bands centered at 490, 580, 630,
680, 745, with Ay at 630 nm being the strongest. These emission bands are well correlated to trace
quantities of Sn, In, Cu and Mn activators. Sphalerite from the famous Ogdensburg and Franklin mines
exhibited brilliant deep blue and orange CL colors and the blue CL may be related to Se. Sphalerite from
Akoluk (Ordu-Turkey) produced varying shades of brown as a result of increasing Hg content.
Cathodoluminescence behavior of sphalerite may be used to identify ore types and to determine ore bodies
containing technologically important trace elements.

Keywords: Activator element, trace element, cathodoluminescence, sphalerite
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Kiziltepe (Sindirgi-Balikesir) Au Cevherlesme Bolgesi Dere Sedimam Orneklerindeki Tane
Boyutunun Altin Degerlerine Etkisi

The Effect of Grain Size-Analysis Value Relationship in Stream Sediments of Kiziltepe
(Sindirgi-Balikesir) Gold Mineralization
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Kiziltepe altin cevherlesmesi Balikesir’'in Sindirgi ilgesine bagh Yusufcam Koyi’'niin iki kilometre
dogusunda yer alir. Inceleme alanindaki cevherlesmenin yakin ¢evresini riyodasit, riyolitik tiif/ignimbirit ve
aliivyondan olusan litolojik birimler olusturmaktadir. Bu birimler i¢inde KB-GD yoniinde uzanan kuvars
damarlari bulunmaktadir. Yiizeyde gozlenen kuvars damarlarmin kahinhklari 50 cm ile 4 m arasinda
degismektedir. Caligma alaninda bulunan kuvars damarlarinda tarak (comb texture), kolloform/kabuksu,
masif kristalen, masif kalsedonik ve bosluklu (vugy texture) dokular gozlenir. Altin kuvars damarlari
igerisinde saginimlar halinde bulunur. Silislesme, killesme ve propilitlesme inceleme alaninda gozlenen
alterasyon tirleridir. Alterasyon tipleri, kuvars damarlarinda gozlenen dokusal ozellikler ve Au
zenginlesmesi, Kiziltepe sahasinin volkanik yan kayagli epitermal bir altin cevherlesmesi olduguna isaret
etmektedir.

Bu ¢alisma Kiziltepe sahasinin 28 ayri noktasindan sistematik olarak alinan dere sedimani érnekleri iizerinde
gergeklestirilmistir. Ayni noktadaki ornekler 3 ayri tane fraksiyonuna ayrimlanmis (2mm-500 mikron; 500-
177 mikron ve <177 mikron) ayrica bate yontemi kullanilarak elde edilen toplam 4 farkli tane boyutu analiz
edilmistir. Analiz sonuglarina gére 2mm > x > 500 mikron tane boyutuna sahip orneklerde ortalama 2.7 ppb,
500 mikron > x > 177 mikron tane boyutuna sahip érneklerde ortalama 3.7 ppb, 177 mikron > x tane
boyutuna sahip 6rneklerde ortalama 14.6 ppb ve bate yonteminde ortalama 4.6 ppb Au degerleri saptanmigtir.
En yiiksek altin degeri ve en yiiksek ortalama altin degeri 177 mikron > x tane boyutuna sahip 6rneklerden
elde edilmistir. Bu bélgedeki ¢alismada tane boyutu ile Au anomalileri arasinda ters bir oranti oldugu
saptanmis olup tane boyutu kiigiildiik¢e serbestlesmeye bagh olarak Au anomali degerlerinin artug
belirlenmistir. Ayrica Bate yonteminin de altn analizleri i¢in uygulanabilir bir yontem oldugu sonucuna
ulagilmustir.

Anahtar Kelimeler: Balikesir, Epitermal altin, Dere sedimani, Tane boyutu

ABSTRACT

Kiziltepe gold mineralization is located at 2 kilometers east of Yusufgam village at Sindirgi town in Balikesir.
The lithological units of the investigated area are composed of riyodacite, riyolitic tuff/ignimbrite and
alluvium. Quartz veins extent towards to NW-SE directions in these units. The thickness of the quartz veins
vary from 50 cm to 4 m on the surface. Comb, colloform/crustiform, lattice bladed, massive crystalline,
massive chalcedonic and vugs are the characteristic textures in the quartz veins. Gold exists as disseminated
within quartz veins. Silicification, argillization and propylitisation are characteristic alteration types in the
study area. Alteration types, textures and gold enrichment in the quartz veins indicate that the Kiziltepe area
is similar to volcanic hosted epithermal gold mineralization.
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This study was conducted on the stream sediment samples that collected from 28 different sites of Kiziltepe
area. These samples were classified to three different fraction size (2mm-500 micrometer, 500-177
micrometer and <177 micrometer). Additionally in order to prepare the fourth fraction from the same point
sample the bathe technique was used and all analyzed. The average gold values for each size fraction were
determined as 2.7, 3.7 and 14.6 ppb respectively. The average value for the bathe technique was found as 4.6
ppb. The maximum and the highest average of the gold content were obtained from the sub 177 micrometer
fraction. In this study area, as the particles get smaller the liberation degree increases, therefore it is found
that there is an reverse relationship between the gold values and the particle size. Additionally bate
technique is an appropriate methodology for stream sediment sampling on basis of the fraction size.

Keywords: Balikesir, Epithermal gold, Stream sediment, Grain size
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Kocali Karmasigi igerisindeki Tasinmis Kibris Tipi Masif-Siilfit (Cu) Cevherlesmelerine
Yeni Bir Ornek: Ormanbasi Tepe (Sincik-Adiyaman) Cevherlesmeleri

A New Example of Allochtonous Cyprus Type Massive-Sulphide (Cu) Mineralizations In Kogali
Complex:Ormanbasi Tepe (Sincik-Adiyaman) Mineralizations
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incelenen cevherlesmeler Sincik (Adiyaman)’in yaklasik 15 km giineydogusunda, Ormanbast Tepe
mevkiinde yer almaktadir. Inceleme alanit Giiney Dogu Anadolu Bindirme Kusag: ile Toros Orojenik Kusagi
igerisinde  bulunmaktadir. Cevherlesme alaninda goriilen litoloji topluluklar; Paleozoyik yash Piitiirge
Metamorfitleri, Jura-Alt Kretase yasli Kogali Karmagigi, Alt Miyosen yash Clingiis ve Lice Formasyonlari
ile yine Alt Miyosen yash Firat Formasyonu’dur. Birimlerin birbirleriyle olan iliskileri tektoniktir.

GDAB Kusaginda bulunan cevherlesme alani igerisinde, bircok formasyonun tektonik olarak bir
arada bulunmasina karsin, cevherlesmeler sadece Kogali Karmasigi igerisinde izlenmektedir. Kogali
Karmagigi olusum itibariyle; Neotetis’in giineydeki bir kolu olarak kabul edilmekte ve Ust Kretase sonunda
kuzeye dogru bir yitimle bu okyanusun kapanip dilimlenerek allokton kiitleler halinde Kastel havzasina
tasindig: belirtilmektedir (Sungurlu,1974; Sengor ve Yilmaz 1983; Yazgan ve Chessex 1991). inceleme alani
ve gevresinde temeli olusturan Kogali Karmasigi, Ormanbasi Tepe civarinda ekaylanip Ciingiis ve Lice
Formasyonlarmin iizerinde yer almaktadir. Karmagik; spilit, diyabaz, radyolarit, camurtasi, kiltasi, seyl ve
serpantinit ile temsil olunmasina karsin yer yer Ciingiis ve Lice Formasyonlarina ait geregleride igermektedir.

Yoredeki cevherlesmeler Kogali Karmagigi igerisinde K40°D/20°KB konumlu olup, ¢amurtas,
diyabaz, spilit ile kiltasi-seyllerin igerisinde taginmis mercegimsi ve tabakamsi sekillerde yer almaktadirlar.
Cevherlesmeler genelde masif olup, yer yer agsi ve sagimmli olarak da izlenmektedir. Ozellikle yiizeyde
limonitlesme, hematitlesme, killesme ve demir sapka (gossan) seklinde goriiliirken, MTA tarafindan 2006-
2007 yillart igerisinde yapilan sondaj ¢alismalarinda; yiizeydeki demir sapkalarn altinda piritli cevher
kabugunun bulundugu (1-5 m kalinhginda kalkopirit sagimm ve damarcikli masif piritli seviye), daha
derinlerde ise sagimim-agsal pirit-kalkopiritli diyabaz breslerinin yer aldigi goriilmistiir. Yine sondaj
numunelerinden alinan paleontoloji orneklerinde Ge¢ Triyas-Ge¢ Kretase yast ahnmustir. Ayrica Kocali
Karmasig1 i¢erisinde, okyanusal ortamlari karakterize eden bakirli mangan nodiilleri de izlenmektedir.

Cevherlesmeler mineralojik olarak; pirit, markazit, kalkopirit, bornit, sfalerit ve kromitten
olusmaktadir. Orneklerde pirit baskinken, kalkopirit ve sfalerite daha az rastlanilmistir. Pirit genellikle
ozsekilli ve diizgiin kenarliyken; kalkopirit ve sfalerit, pirit tanelerinin arasimi dolduran matriks seklinde
izlenmektedir. Masif piritli seviyelere ait jeokimyasal analizlerde Co:Ni oranlarinin 1’in iizerinde olmas: da
hidrotermel piritlerin karekteristik 6zelliklerinden olup, masif-siilfit yataklarmimn olusumunda hidrotermal
stireglerin oldukga etkili oldugunu gostermektedir (Giile¢ ve Erler,1983). Cevherlesmeler dokusal olarak
incelendiginde, diisiik sicaklikta gelisen ve masif-siilfit yataklarina 6zgii kollaidal, 6zsekilli-yar 6zsekilli ve
kataklastik dokular gozlenmistir. Cevherlesmelerin etrafindaki yan kayaglarda kloritlesme, karbonatlasma,
silislesme, limonitlesme, hematitlesme ve epidotlasma gibi alterasyonlar izlenmektedir. Bu alterasyon tiirleri
deniz tabani volkanitlerinde de sik¢a goriilmektedir.Ormanbagi Tepe mevkiinde yapilan yarma ve sondaj
Orneklerine ait jeokimyasal analizlerde Au-Ag-Cu-Zn elementlerinin ulastigi en yiiksek deger sirasiyla 3480
ppb, 10,7 ppm, % 3,9, % 2,8 seklindedir. Cevherlesmelere ait tiim jeokimyasal analiz sonuglan
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degerlendirildiginde buradaki cevherlesmelerin ozellikle Cu agisindan 6nemli olabilecegi gorilmustiir.
Yapilan analizlerde, masif piritli seviyede ortalama % 2 Cu, limonitli-hematitli seviyelerde ortalama % 0,3
Cu degerleri goriilmektedir.

Sonu¢ olarak Ormanbagi Tepe cevherlesmeleri Kogali Karmagigi icerisinde yer almakta ve
Giineydogu Anadolu Bindirme Kusagi tizerinde bulunan Kibris Tipi Masif-Siilfit yataklarinin  genel
ozelliklerini gostermektedir. Bu veriler 1s1ginda Ormanbagi Tepe’deki cevherlesmelerin; ozellikle Derdere
(Ciingiis) cevherlesmelerinde (Sagmaz ve dig.,1991) oldugu gibi Taginmus Kibris Tipi Masif-Silfit (Cu)
cevherlesmeleri oldugu diisiiniilmektedir.

Anahtar kelimeler: Kogali Karmagig1, Kibris tipi yataklar, masif pirit, kalkopirit, Sincik.

ABSTRACT
The studied mineralizations are situated at Ormanbasi Tepe, 15 km southeast of Sincik(Adiyaman).
The investigated area is located in South East Anatolia Thrust Zone and Taurus Orogenic Belt. The
lithological units outcrop in the mineralization area are; Paleozoic Piitiirge Metamorphics, Jurassic-Lower
Cretaceous Kogali Complex, Lower Miocene Ciingiis and Lice Formations and Lower Miocene Firat
Formation. The relation between these units are tectonic.

The mineralizations are confined in the Kogali Complex only. Kogali Complex was formed as
follows; during the end of Upper Cretaceous a South to North subduction commenced, Neotethis ocean
closed and the allochtonous bodies moved to Kastel Basin (Sungurlu, 1974; Sengor ve Yilmaz, 1983, Yazgan
ve Chessex, 1991). Kogali Complex, the most lower unit of the study area, thrusts over the Ciingiis and Lice
Formations near Ormanbasi Tepe. Although Kogali Komplex is represented by spilite, diabase, radiolarite,
mudstone, claystone, shale and serpantinite, in places it include the materials belong to Ciingiis and Lice
Formations.

The mineralizations are placed within the Kogali Complex. The position of ore is N 40 E/ 20 NW.
The mineralization bodies are either lense shaped or stratiform allochtonous within the mudstone, diabase,
spilite and claystone-shales. Mineralizations are generally massive, sometimes stockwork and disseminated.
The observed ores out crop as hematization, limonite alteration, argilic alteration and iron crete. Drilling
studies made by MTA at 2006-2007. In this studies ore shell containing pyrite (1-5 m thickness) at surface
under the iron crete and at deep disseminated-stockwork diabase breccia with pyrite-chalcopyrite observed.
Late Triassic-Late Cretaceous age was given on the basis of paleontological data taken from drilling
samples. Besides, cupreous manganese nodules, characterize oceanic enviroment, oulcrop in the clayey
parts of Kogali Complex.

The observed ore minerals are, pyrite, marcasite, chalcopyrite, sphalerite, bornite and chromite.
Pyrite is the dominant sample. Pyrite generally idiomorphic but chalcopyrite and sphalerite observed as a
martix between the pyrite grains. In geochemical analyses of massive pyritic parts, the ration of Co/Ni is
over 1. It is the characteristics of hydothermal proceses in forming massive sulphide deposits (Giileg and
Erler, 1983). Colloidal, idiomorphic-subidiomorphic and cataclastic textures observed in mineralizations.
Chloritization, carbonatization, silisification, hematization, limonite and epidote alterations observed in wall
rocks near mineralizations. These alteration types usually seen in seafloor volcanics. In geochemical
analyses of the drilling samples of Ormanbasi Tepe the maximum value of Au-Ag-Cu-Zn are in order,; 3480
ppb, 7,8 ppm, , %3.9, %2.7. Analysis indicate that the mineralizations in there are important for especially
Cu. Copper contents of massive pyritic zone is, % 2 and at hematite-limonite zone it is %0.3.

As a result, the Ormanbagi Tepe mineralizations take place in Kogali Complex and exhibit the
general features of cyprus type massive sulphide deposits, so it was tought that the mineralizations are
cyprus type massive sulphide copper mineralizations as Derdere (Ciingiis) mineralizations (Sasmaz and

etc.,1991) especially .

Key words: Kogali Complex, Cyprus Type deposits, Chalcopyrite, massive pyrite, Sincik.
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Hasancelebi-Hekimhan (Malatya) Demir Oksit-(+Cu £Au) Cevherlesmelerinin Alterasyon
Mineralojisi ve Jeokimyasi

Alteration Mineralogy and Geochemistry in Hasangelebi-Hekimhan (Malatya) Iron-oxide-(+Cu
+Au) Mineralisations.
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Bu caligma, kimyasal degisimlere ugramis orijinal kaya¢ (protolit) bilesiminin, alterasyon tiirleri ve
alterasyon siire¢lerinin ve protolitlerde meydana gelen kimyasal degisimlerin kiitle transfer teknigi ile ifade
edilmesi ile ilgilidir. Hekimhan-Hasangelebi cevherlesmeleri ile iligkili magmatik ve altere kayaglar iizerinde
yapilan jeokimyasal ¢aligmalar, alterasyon zonlarinin Na-metazomatizmasi sirasinda, ¢ozeltiler tarafindan
yan kayaglara Na eklenmesinin yanisira, kayagtan Fe, K, Cu, Mg gibi elementlerin yikandigini gostermistir.
Ozellikle Fe-oksit-Cu-Au cevherlesme bolgelerinde yapilan galismalar (Oliver ve dig., 1994; Williams, 1994,
Rotherdam, 1997), bu bolgelerde etkili olan yaygin Na-Ca metazomatizmasinin, kayaglarin Fe elementi
bakimindan fakirlesmesi veya hidrotermal ¢ozeltilerin Fe ve K ag¢isindan zenginlesmesi ile sonuglandigini ve
Na-Ca metazomatizmanin pesi sira Fe ve K metazomatizmasinin olmasi gerektigini ortaya koymaktadir. Bu
nedenle, Hasangelebi’deki skapolit damarlarini ornatan veya kesen filogopitler ve granat mineral olusumlari
bu olaylarla iliskili olmahidir.

Alterasyon zonlan, igerisine yerlestigi kayaca gore endojen ve ekzojen zonlar olarak ayrilmigtir. Endojen
zonlar siyenitik kayag icerisinde gozlenen alterasyonlar, ekzojen zonlar ise trakitik kayaglar igerisindeki
alterasyon zonlarini ifade eder. Endojen zonlarda, skapolit ve albit gibi Na bakimindan zengin parajenezlerin
masif kayaglar olusturacak sekilde siyenitik kayaglar metazomatize etmesine ragmen, taze siyenitik
kayaglara gore Na,O bileseni fazla bir zenginlesme gostermemektedir. Bunun iki agiklamasi olabilir; (i) Na-
metazomatizmasi sirasinda varolan Na’lu mineraller (6rnegin albit) skapolitlere doniismiis olabilir veya (ii)
siyenitik magmadan saglanan hidrotermal akiskanlar, magmanin bolgeye sokulumu sirasinda halihazirda
sogumus olan ¢eper iginde veya g¢atlak-kirik zonlar1 boyunca dolagarak siyenitik kayaglar metazomatizmaya
ugratmis olabilir. Her iki durumda da Na-metazomatizmasinin otometazomatik siireglerle siyenitik
magmadan saglanmis ¢ozeltilerle olugma olasilig1 one ¢ikmaktadir. Filogopitli zonlar, skapolitli zonlara gore
Ti02, Fe203, MgO, CaO, P205, Sr ve Y agisindan zenginlesirken Si02, A1203, Na20, K20, Eu, Nb, Nd ve
Zr agisindan fakirlesmistir. TiO2 agisindan zenginlesme hem titanit olusumlan hem de manyetit ile birlikte
gorillen ilmenit eksoliisyonlarinin bir sonucudur. Fe203 ve MgO agisindan zenginlesme bu zondaki
demiroksit cevherlesmeleri ve filogopit (Mg- mika) olusumlan ile ilgilidir. Demiroksit cevherlesmeleriyle
esolusumlu kalsit cep ve damarciklar, filogopitli zonlardaki CaO artisi ile sonuglanmistir. Na20 agisindan
¢ok belirgin olmasa da bir fakirlesme gozlenmesi, skapolitlerin filogopitler tarafindan ornatilmasiyla
aciklanmaktadir. Ancak bu zon i¢inde filogopit ve skapolit minerallerinin birlikte bulunmasi fakirlesme
oraninin ¢ok belirgin olmamasiyla sonu¢lanmistir.

Ekzojen zonlarda, skapolit-aktinolit-filogopit-manyetit iceren alterasyon zonu orijinal trakitik kayaclara gore
Ti02, A1203, MgO, Ca0O, Na20, Sr ve Zr bilesenleri agisindan (1.5-21 kat arasinda degisen oranlarda)
zenginlesirken, Fe203, K20, Eu, Nb, Y ve Nd bilesenleri agisindan da (1-7 kat arasinda degisen oranlarda)
fakirlesmistir. Na20O haricinde diger tiim bilesenler birbirlerine benzer oranlarda (1.3-3 kat) artis
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gostermektedir. Na20 bilesenindeki (yaklagik ... kata varan) bu artig, bu zonun ayirtman parajenezi olan
aktinolit ve skapolitten kaynaklanmaktadir. Ancak, siyenitik kayaclardaki Na20 artigmim aksine trakitik
kayaglarda ok yiiksek oranlarda Na2O artist olmasi, ekzojen zondaki sodyumun (otometazomatik stireglerin
yanisira) baskin olarak disardan saglandigin gostermektedir. Bu nedenle siyenitik intriizyonlar sirasinda hem
siyenitik magmadan hem de yan kayaglardan saglanan ¢ozeltilerin ekzojen zon olusumunda etkili oldugu
diisiiniilmektedir. Filogopit-manyetit-hematit-serizit igeren alterasyon zonunda zenginlesme en fazla Fe203
(yaklagik 20 kat), fakirlesme ise en fazla Na20 (yaklagik 50 kat) bilesenlerinde tespit edilmistir. Dolayisiyla,
bu zonun olusumu sirasinda tim sodik mineral topluluklarinin silindigini ve alterasyona ugradigim soylemek
miimkiindiir. Eu ve Nd gibi REE ve Nb ve Y gibi HFS elementlerinde orijinal siyenit bilesimine gore 1.5-55
kat artma gozlenirken, (Eu ve Nd harici) REE elementlerinin tamaminin skapolitli zonlara gore 1-2 kat
azaldig1 gozlenmistir. Bu da REE’nin filogopitli zonlar olusurken mobil oldugunu gostermektedir.

Anahtar kelimeler: Hekimhan-Hasangelebi, sodik alterasyon, kiitle transferi, jeokimya

ABSTRACT

This study is related to the understanding of alteration process, chemical composition and volume changes of
original host rocks by using mass transfer technique. Geochemical studies carried out in magmatic and
metazomatized rocks of Hekimhan-Hasangelebi mineralizations reveal the addition of Na to the syenitic
rocks accompanied the loss of the Fe, Cu, K, Mg. The studies in the Fe-Oxide-Cu-Au deposits (Oliver ve dig.,
1994: Williams, 1994; Rotherdam, 1997) point out that Na-Ca metasomatism results in the impoverishment
of Fe in wall rock or enrichment of Fe and K in hydrothermal fluids, leading to Fe and K metasomatism
following the Na-Ca alteration. Similarly, alkali metasomatism seen in Hasangelebi—Hekimhan
mineralizations is followed by K and Fe metasomatism. Scapolite veins cut by phlogopite and garnet mineral
occurrences are therefore believed to be related to this process. Based on their location (in the host or wall
rock), 2 groups of alteration zones are distinguished as endogene and exogene. Endogene zone represents
the alterations seen in the syenitic rocks, while exogene zone implies those within the trachitic rocks.
Although Na-related parageneses like scapolite and albite replace the whole rock as paiches, Na content of
altered rocks shows only slight enrichment relative to fresh syenitic rocks. This can be explained by either i)
transformation of Na —bearing minerals into the scapolite, or ii) circulation of fluids derived from syenitic
magma along fractures and joints in cooler-outer part of intusion. Both cases probably imply that Na-
metasomatism results from the fluids derived from the syenitic magma. Phlogophite zone is more enriched in
TiO2, Fe203, MgO, CaO, P205, Sr and Y, while depleted in SiO2, AI1203, Na20, K20, Eu, Nb, Nd and Zr,
compared to the scapolite zone. TiO2 enrichment in the phlogopite zone is due to sphene occurrences and
ilmenite exolusion, while Fe203 and MgO enrichment is related to the Fe-oxide and phlogopite (Mg-mica)
occurrences. Calcite patches and veins seem to have caused the CaO enrichment in phlogopite zone, while
Na20 depletion is explained by replacement of scapolite by phlogopite. Depletion of Na2O in phlogopite
sone is in small amounts relative to scapolite zone, and this can be explained by the coexistence of scapolite
and phlogopite.In the exogene zone, scapolite-actinolite-phlogopite-magnetite  alteration zone shows
enrichment in TiO2, A1203, MgO, CaO, Na20, Sr and Zr (1.5-21 times), while depletion in Fe203, K20, Eu,
Nb, Y ve Nd (1-7 times). All the constituents except Na2O show enricment in similar proportions (1,3-3
times). The enrichment in Na2O resultes from actinolite and scapolite characterising the scapolite-actinolite-
phlogopite-magnetite alteration zone. Unlike the slight Na2O enrichment in the syenitic rocks, considerably
high Na2O enrichment in the trachytic rocks implies that the exogene zone is metazomatized not only by the
fluids derived from intrusion (autometasomatism), but also by the fluids derived from external source.
Consequently, fluids originated from both syenitic magma and wall rocks give rise to formation of exogene
zone at the time of intrusion .

Maximum enrichment in phlogopite-magnetite-hematite-sericite zone is determined in Fe203 (approximately
20 times), while depletion is in Na20O (approximately 50 times) suggesting the disappearance of sodic
mineral paragenesis during phlogopite-magnetite-hematite-sericite zone formation. Compared to the fresh
syenitic rock, Eu, Nd (REE) and Nb, Y (HFS elements) in alteration zones are enriched up to 55 times, while
(the rest of) REE are depleted (by a factor of about 2), indicating that REE were mobile during phlogopite
formation.

Key words.: Hekimhan-Hasangelebi, sodic alteration, mass transfer, geochemistry
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Yeniden Kesfedilen Bir Roma Altin Madeni; Bahcedere (Ayvactk-Canakkale) Sahasina Ait
Arkeojeolojik Veriler

Rediscovered Roman Gold Mine;, Archaeogeological Findings of the Bahcedere (Ayvacik-
Canakkale) Area

Selahattin YILDIRIM

selahattin@hititmadencilik.com

0z
Canakkale yoresinde, 2006 yilinda yeniden kesfedilen eski (Roma) altin madeni, Kiigiikkuyu (eski
ad1 Gargara) kasabasinin 6 km kuzeyinde bulunan Bahcedere kdyiiniin 1 km kuzeybatisindadir. Bu ¢alisma
sahanm maden ruhsat sahibi olan Global Madencilik Ltd. Sti. adina yapilmustr.

Sahada Ust Kretase yash Cetmi Ofiyolitli Melanji yiizeyler. Ofiyolitli Melanj, ilksel iligkileri ve
dokanaklar1 bozulmus spilit, diyabaz, gabro ve kiregtasi tiirii kayaglardan olusan, kanisik bir kaya
toplulugudur. Ofiyolitli Melanj icerisinde blok durumdaki Triyas yash kiregtaglarinin boyutlar1 birkac
metreden 1 km’ye kadar degismektedir. Au cevherlesmesi de genellikle bu kirectas: bloklar igerisindedir.

Kiregtast icerisinde genellikle BKB-DGD dogrultulu hatlar boyunca alterasyon zonlari
gozlenmektedir.  Alterasyonlar silislesme, limonitlesme, hematitlesme, ankeritlesme, karbonatlagma,
manganlasma seklindedir. Eski isletmeler sonucunda izleri silinmis oldugundan, yiizeyde belirgin olarak
tanimlanabilecek bir cevherli zon gozlenememektedir. Ancak, eski madencilerin silislesme, limonitlesme ve
hematitlesme zonlarini izleyerek cevheri aradiklart sOylenebilir.

Eski igletmeye ait ocak, galeri, pasa ve oluklu taslar 1 km? genigliginde bir alan igerisinde daginik
haldedir. Sahada eski madencilige ait 30 civarinda ocak ve galeri belirlenmistir. Dogal olmayan bazi
cukurluklar eski isletmeye ait a¢ik ocak olarak tanimlanmugtir. Bazi galeriler de agik ocaklarin i¢inden
(taban) derine dogru desandre seklinde siiriilmiistir. Girilebilen galerilerden en uzun ve derin olam
Sarmagikli Galerisi (G-12) olup, bu galerinin anakol uzunlugu 150 m, girise gore son nokta derinligi 66
metredir. Sarmagikli Galerisinin 35 m GD’sunda olan baska bir galerinin (G-9) anakol uzunlugu 65 m ve
girise gore son nokta derinligi 30 metredir.

Galerilerin duvari, daha sonraki dénemde, yiizey sulannin etkisiyle, karst olusumuna 6zgii (sarkit,
dikit, duvar damlatag1 ve siitunlar) yapilarla sivanmustir. Bu nedenle cevherlesmeye iliskin veriler belirgin
olarak izlenememektedir. Girilebilen birkag galerinin yiizeye yakin kesimlerinde silis-karbonat damarciklari,
alt kotlarda hematit-limonit-silis damarciklar1 ve daha alt kotlarda kalkopirit-pirit-malakit-hematit-silis
damarciklari izlenir.

Galerilerden ¢ikartilan 1-20 ¢cm arasi boyutlu hematit-gétit-limonit parcalar1 sahanin degisik
kesimlerinde dokiintii veya 3-10 m arasi gaph stoklar (y1gin) halinde gériilmektedir. Demir sapkalara
(gossan) benzer mineraloji, yap1 ve doku gésteren bu pargalar, genellikle bosluklu ve gozeneklidir.

Bazi eski altin madenlerinde belirlenen ve “oluklu tas” olarak adlandirilan (Yildirim, 2000; Yildirim
ve dig, 2005a; 2005b) taslardan bu sahada da bulunmustur. Sarmagikli Galerinin 60 m GGD’sunda goriilen
10 kadar “oluklu tas” sahanin eski bir altin isletmesi olabilecegi konusunda 6nemli bir veri olarak gozéniine
alinmugtir.
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Yiizeydeki silis damarcikli zonlardan alinan orneklerde Au degerleri ¢ok disiik olup, en yiiksek Au
degeri 0.062 ppm’dir (OK.14). Ancak, galerilerden ¢ikartilan ve pasa olarak yiizeye atilan hematit-limonit-
pirit 6rneginde (OK.28) 12.10 ppm Au ve 4.01 ppm Ag; galeri ig¢inden alinan hematit-gotit orneginde
(OK.29D) 8.48 ppm Au, 65.90 ppm Ag ve %1.68 Pb; galenit rnegi (OK.29A) 3.34 ppm Au, 1875 ppm Ag
ve %25 Pb; kalkopirit-pirit-malakit-hematit-limonit-silis drneginde (OK.30B) 0.012 ppm Au, 0.90 ppm Ag,
%2.83 Cu, %2.54 Zn degerleri saptanmustir.

Alterasyon, cevher mineralojisi ve analiz sonuglari birlikte degerlendirildiginde, sahadaki asil
cevherlesmenin polimetalik (Cu-Pb-Zn-Au-Ag) damarlar geklinde oldugu, oksidasyon kosullarinda ise
hematit-g6tit-limonit zonlarinda Au ve Ag’nin zenginlestigi anlasilmaktadir. Daha derinde, spilit-kiregtag:
dokanaginda, skarn tipi Cu-Pb-Zn cevherlesmesi bulunma olasili1 da yiiksektir.

G-9 Galerisinin en dip kesiminden alinan odunkomiirii drnegi Polonya’daki bir laboratuvarda
(Silesian University of Technology, Radiocarbon Laboratuary Institute of Physics) ve Sivi Isinim Sayimi
(Liquid Scintillation Counting: LSC) yéntemiyle analiz edilmistir. Bu 6rnegin radyokarbon ('*C) analizi
1650+55 yil yasinmi vermektedir.

Radyokarbon analizinin %95 giivenle kalibre edilmis yas araligit MS.260-530 arasindaki bir zamani
belgilemektedir ki, bu zaman dilimi Roma Imparatorlugunun (M0.30-MS.395) sonu ile Bizans
Imparatorlugunun (MS.330-1453) kurulusu arasindaki bir déneme denk gelmektedir. Ancak, belirlenen bu
tarih, sahadaki madenciligin baglangi¢ veya sonuna degil, herhangi bir evresine igaret etmektedir.

Anahtar Kelimeler: altin madeni, Roma, arkeojeoloji, radyokarbon.

ABSTARCT
Ancient (Roman)Gold mine rediscovered in 2006 in Canakkale region is located in the NW of
Bahcedere village situating at the 6 km North of Kucukkuyu (ancient name is Gargara) County. This study
was supported by the Global Mining Company and mining license of this area is also belonging to this
company.

In the study area, Upper Cretaceous Cetmi ophiolitic mélange which has a complex rock
assemblage crops out. Ophiolitic mélange comprises spilite, diabase, gabbro and limestone. Triassic age
limestone in the ophiolitic mélange is observed as blocks ranging from a few meters to 1 km in diameter. Au
mineralization generally occurs in these limestone blocks.

The alteration zones observed in the limestone are mainly occurred along the WNW-ESE-trend.
Mineralization zone is not clearly seen on the surface due to ancient mining activities in the area. But, it can
be thought that the ore body explored by ancient miners was found by following the silicified, limonitized and
hematitized zones.

The pits, galleries, dumps and grooved stones belonging to ancient mining are dispersed within a |
km® area. At about 30 pits and galleries related to ancient mining were determined in the area. Some hollows
were defined as open pits. Some galleries were driven as an inclined shaft from the base floor of open pit.
Sarmasikli is the longest gallery within the galleries that can be entered. The length of main gallery and the
end-point depth is 150 m and 66 m, respectively. The length of other main gallery located 35 m SE of
Sarmasikli gallery is 65 and its end-point depth relative to the entrance is 30 m.

Karstic formations such as stalactite, stalagmite, and column structures have been formed as
staining at the gallery wall due to effects of surface water. Thus, the data related to mineralization cannot be
clearly seen. The silica-carbonate veinlets generally develop at the near surface levels of the galleries,
whereas hematite-limonite-silica veinlets and chalcopyrite-pyrite-malachite-hematite-silica veinlets occur at
the lower levels of the galleries.
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Hematite-goethite-limonite fragments exploited from the galleries, with dimensions ranging from 1-
20 cm, are observed as waste/stocks with the diameters varying between 3-10 m. These fragments which have
similar mineralogical, textural and structural features like gossan are generally porous

The grooved stones, first defined by Yildirim, 2000; Yildirim et al., (2005a, 2005b), which is found
in some ancient Au mines, are also found in this area. Because of the presence of grooved stones at the 60 m
SSE of the Sarmasikli gallery, the area is considered to be an ancient gold mine.

Au values of the samples from the silica veinlets on the surface are very low; the maximum Au value
of this veinlet is 0.062 ppm (OK. 14). But, Au and Ag values of the hematite-limonite-pyrite sample (OK.28)
from the waste/stock exploited from the gallery are 12.10 ppm and 4.01 ppm, respectively. The Au, Ag, and
Pb values of hematite-goethite sample (OK.29D) from the gallery are 8.48 ppm, 65.90 ppm, and % 1.68,
respectively. The Au, Ag, and Pb values of galena sample (OK.294) are 3.34 ppm, 1875 ppm, and % 25 Pb,
respectively. Au, Ag, Cu and Zn values of chalcopyrite-pyrite-malachite-hematite-limonite-silica sample
(OK.30B) are as follows: 0.012 ppm Au, 0.90 ppm Ag, % 2.83 Cu and % 2.54 Zn.

When the alteration, ore mineralogy and analytical results are re-evaluated together, it is clearly
appeared that the main mineralization in the study area occurs as polymetallic veins (Cu-Pb-Zn-Au-Ag). But
the enrichment of Au and Ag generally develops at the hematite-goethite-limonite zones during the oxidation
processes. At the depths, there is a possibility of the occurrence of scarn-type Cu-Pb-Zn mineralization at the
spilite-limestone contact.

" Radiocarbon analysis of charcoal sample from the lowermost part of the G-9 gallery was
carried out at the Silesian University of Technology, Radiocarbon Laboratory Institute of Physics (Poland),
was using a Liquid Scintillation Counting (LSC) technique. The "C composition of this sample yields
1650+55 age.

Radiocarbon age determination indicates a time interval between AD. 260 and 350 which
demonstrate a period between the end of Roman Empire and the establishment of Byzantium Empire. But,
this date points out any stages of miniig activities in the area rather than the beginning or final stage of
mining activities.

Keywords: gold mine, Roman, archaeogeology, radiocarbon.
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Akdag-Karakeban (Divrigi-Sivas) Intriizyonuna Bagh Porfiri Mo ve Damar Tipi Au-Ag-Cu-
Pb-Zn cevherlesmeler

Porphyry Mo and Vein Type Au-Ag-Cu- Pb-Zn Mineralizations related to Akdag- Karakeban
( Divrigi- Sivas ) Intrusion

Yunus AY, Abdullah KOCAK, Omer TURGUT, Abdurrahman TABLACI

*MTA Orta Anadolu IV. Bélge Miidiirliigii/ Malatya
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*#*MTAGenel Miidiirliigii Maden Etiit Dairesi Bagkanligi/ ANKARA
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0Z
Akdag-Karakeban porfiri tip Mo ve damar tip Au-Ag-Cu-Pb-Zn cevherlesmeleri, Sivas’m Divrigi Ilgesi’nin
15 km kuzeydogusunda yaklagik 10 km ¢apindaki Karakeban intriizyonu i¢erisinde olusmustur. Bolgedeki Fe
yataklarinin ve ili¢ Au yataginin olusumunu saglayan bu magmatik kayaglar Ust Kretase-Paleosen yasl olup,
Divrigi ve Kemaliye arasinda yaygin olarak mostra vermektedir. Bolgedeki Fe olusumlari magmatik kayaglar
ile karbonatl kayaglar dokanaginda skarn olarak gelisirken, Karakeban intriizyonunda ise porfiri ve damar
tipi olarak izlenmektedir.

Bolgede Mesozoyik yash kiregtasi (Munzur Kiregtast) ve ofiyolitik (Divrigi Ofiyoliti) kayaclar temeli
olusturmaktadir. Bu iki birim tektonik ilskili olup, Ust Kretase-Paleosen yasli magmatik kayaglar tarafindan
kesilmektedir. Bu birimler ise Ust Kretase ile Oligo- Miyosen yash sedimanter kayaglar tarafindan
ortiilmektedir.

Akdag porfiri Mo ve damar tipi Au-Ag- Cu- Pb-Zn cevherlesmeleri diyorit, granodiyorit, ve siyenit
porfirlere bagh olarak izlenmektedir. Magmatik kayaglarla kire¢tasi kontaklarinda ise Si ve Mg
metasomatizmasina bagh silisifiye ve dolomitize zonlar olusmustur. Magmatik kayaglarin Divrigi
Ofiyoliti’ni kestigi kontaklarda ise listvenitlesmeler izlenmektedir.

Alterasyon zonlar1 kuzey-giiney yonlii tektonik hatlar boyunca izlenmektedir. Bolgedeki en Onemli
alterasyon Karakeban-Diizagag mevkiinde, kuzey-giiney yonli dogrultu boyunca 700-800 metre uzanima
sahip olup, 200-300 metre enindedir. Alterasyonun i¢ kesiminde potasik zon yer alirken, fillik alterasyon
tarafindan sarilmaktadir. Arjilik alterasyon ise ya dar alanlarda izlenmekte ya da hig gelismemistir. Propilitik
alterasyon ise daha dig zondaki diyoritler igerisinde gelismistir. Propilitik alterasyona maruz kalmig
diyoritlerde, kalinliklar1 0.5-15 metre ile dogrultu boyunca uzanmmlari 10 m ilel.5 km. kadar degigen
boyutlarda yogun hematitli, silisli, pirit-kalkopirit-galenit-sfalerit ve Ag ‘ce zengin damarlar bulunmaktadir.

Yaygin biyotit alterasyonu ile karakterize olan potasik alterasyon igerisinde sagimimli florit, molibden ve
hematit damarciklar izlenmektedir. Sondaj galismalan ile derine dogru potasik alterasyonun derecesinin
arttig1 ve biyotit damarciklarinin yogunlastigi tespit edilmistir. Yogun kuvars-serisit-pirit alterasyonu ile
karakterize olan fillik alterasyon ise alkali feldispat kuvars siyenitte etkili olmustur. Fillik alterasyon zonunda
stokworkler seklinde, ender kalkopirit ve yogun molibden ihtiva eden hematit-kalsit damar ve damarciklari
bulunmaktadir. Ayrica saginimli olarak pirit ve molibden de mevcuttur. Serizit-silis-kil-klorit ile karakterize
olan arjilik alterasyonunda ise damarcik ve sivamalar seklinde molibden bulunmaktadir. Degisik zonlardan
alinan kaya¢ numunelerinde Au 1790 ppb, Ag 146 ppm, Pb>60000 ppm, Zn 19570 ppm, Cu 11010 ppm ve
Sb igin 7140 ppm’e kadar degerler elde edilmistir.
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Sistem bir biitiin olarak ele alindiginda i¢ zonlarda diigiik tenorli ve saginimli, dis zonlarda saginim, sivama,
stokwork, damar ve damarciklar, daha dis zonlarda ise yiiksek tenorlii kalin zonlar, kontaklarda ise
skarnlasma meydana gelmistir.

Akdag-Karakeban (Divrigi-Sivas) civarinda magmatik kompleks igerisinde yer alan polimetal
mineralizasyonu, cevherlesme sekli ve alterasyon zonlanmasi ile porfiri Mo cevherlesmeleri ile benzerlik
sunmaktadir. Bu Pliiton icerisinde benzer alterasyon ve mineralizasyonlarin olmast ve alterasyonlarin
boyutlar1 dikkate alindiginda sahada diisiik tendrlii biiyiik rezervli bir Mo yataginin olabilecegini
gostermektedir.

Anahtar Kelimeler: Porfiri Mo, Karakeban Intriizyonu, Alterasyon

ABSTRACT

Akdag-Karakeban porphyry type Mo and vein type Au — Ag — Cu — Pb — Zn mineralizations occur in
Karakeban intrusion having diameter of almost 10 km, about 15 km northern east of Divrigi county of Sivas
City. llic Au deposit and Fe deposits in the region are spatially and genetically associated with Upper
Cretaceous — Paleosene magmatic rocks which crop out between Divrigi and Kemaliye towns. Fe
mineralizations occured as skarn type were developed along the contacts of magmatic and carbonate roks
whereas, porphyry and vein type mineralizations are concentrated in the Karakeban intrusion.

Munzur Limestone and Divrigi Ophiolite units are the basement rocks of Mesozoic in the district. These units
are tectonically related to each other and intruded by Upper Cretaceous - Paleocene magmatic rocks. All
these units are covered by Upper Cretaceous — Oligo- Miocene sedimentary rocks.

Akdag porphyry Mo and vein type Au — Ag — Cu — Pb — Zn mineralizations are intimately related to diorite,
granodiorite and syenite porphyry. Silicified and dolomitized zones were formed as a result of Si and Mg
metasomatizm along the contact of magmatic rocks and limestone. Listvenitizations were developed along
the contacts of magmatic rocks and ophiolite.

Alteration zones are observed along north-south trending tectonic lines. The most important alteration field
is located at the Karakeban-Diizagag province, achieving maximum north-south strike lenght of 800, and up
to 300 m wide. Potassic alteration zone is placed in the inner part of the alteration field and surrounded by
phyllic alteration zone. Argillic alteration is either less pervasive or absent. Propylitic alteration is
developed in the outher zones in diorites. In diorites which underwent pervasive propylitic alteration, there
are many pyrite-chalcopyrite-galenite-sphalerite and Ag-rich veins. Individual veins, 0,5 to 15 m thick,
extend along strike 10 to 1,5 km and contain dense hematite and silica.

Disseminated fluorite, molybdenum and hematite veinlets are observed in potassic alteration zone
characterized by pervasive biotite alteration. Intensity of potassic alteration and amount of biotite veinlets,
defined by drill holes, tend to increase toward deep whereas, phyllic alteration characterized by dense
quartz-sericite-pyrite alteration is developed in quartz-syenite. There are some stockwork type hematite-
calcite vein and veinlets containing aboundant molybdenum and rare chalcopyrite in fhyllic alteration zone.
In addition, dissemined pyrite and molybdenum are also present. Molybdenum veinlets and its coatings are
found in the argillic alteration zone marked by sericite-silica- clay-chlorite alteration. 1790 ppb Au, 146 ppm
Ag, >60.000 ppm Pb, 19.570 ppm Zn, 11.010 ppm Cu and up to 7140 ppm Sb values are determined in rock
samples collected from various alteration zones.

Low grade and dissemined mineralizations were developed in the inner zones, stockwork, vein and veinlet

mineralizations in the outher zones whereas, thick and high grade zones were developed in the outermost
zones of the system, and skarns were developed along the contacts.
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When hence its ore morphology ve alteration zoning are concerned, polymetallic mineralization in magmatic
complex around Akdag- Karakeban ( Divrigi- Sivas ) is similar to porphyry Mo deposits, and also both
presence of similar alterations and mineralizations in that intrusion and dimension of alteration indicates a

low grade high tonnage Mo deposit in this field

Key Words: Porphyry Mo, Karakeban intrusion, alteration
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Susurluk (Balikesir) Cu-W Skarn Yataklarinin Granat ve Piroksen Bilesimleri

Garnet and Pyroxene Compositions of the Cu-W Skarn Deposits in Susurluk (Balikesir)

Ayse ORHAN, Halim MUTLU.

Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, 26480, Eskisehir
ayaltinok@hotmail.com

0z

Granat ve piroksen skarn yataklarnin en yaygin mineralleridir. Bu minerallerin kimyasal bilesimleri
ile skarn yatagmin metal igerikleri arasinda sistematik bir iligki s6z konusudur. Susurluk (Balkesir)
dogusundaki Paleosen yashi Cataldag Granitoyitinin Mesozoyik kiregtagi ve mermer igine intriizyonu
sonucunda kontakt metamorfik bir zon olusmustur. Bu kusak boyunca gelismis endo ve ekzoskarn
zonlarinda, granat-piroksen-veziivyanit-vollastonit mineralleri seklinde genel bir skarn zonlanmasi
gozlenmektedir. Mineralojik incelemelerde, endoskarn zonlarmin granat + klinopiroksen + plajiyoklaz
(labrador) + veziivyanit + vollastonit + sfen + kuvars + skapolit (menionit) + kalsit ve seelit; kalsik ekzoskarn
zonlarinin ise granat + klinopiroksen + veziivyanit + vollastonit + kalsit + kuvars + K-feldspat (ortoklaz) +
skapolit (menionit) + sfen + mika (biyotit ve muskovit) ve kalkopirit + bornit + malahit + azurit geklinde
geligtigi belirlenmistir. Endoskarn zonunda granat, ekzoskarn zonunda ise klinopiroksen yaygin olarak
gozlenmistir. Elektron mikroprob ¢alismalari sonucunda, granatlarin endoskarn zonunda And 49,75 83GT82 75.
72.01P1Sg.1308, €kzoskarn zonunda ise Andyeg.26.45G1S72.10.91.16PTS0.8.16; klinopiroksenlerin endoskarn zonunda
Hed2.72~75v()(,Di}’24_27,96‘|9J0h0_6.52 ekzoskarn zonunda ise Hedg't)g_zg|'15Di}’53.35_85'0().]0h0,0v93 bilesimlerinde olduklari
saptanmugtir. Ug bilegenler agisindan incelendiginde, granat ve klinopiroksen mineralleri Cu, Fe ve W skarn
tipindedir. Yiiksek andradit (Fe) ve diisiik almandin (Fe™) + spessartin (Mn'?) icerikleri ile granatlar
oksitlenmis skarna isaret etmektedir. Farkli skarn sistemleri i¢in tamimlanan element oranlarina gore,
klinopiroksenler Mn/Fe < 0.1 ve 0.1-0.2 degerleri ile Cu-Fe ve W skarn 6zelliklerini tagimaktadir. Ayrica,
endoskarn zonlarinda piroksen bollugunun granattan disiik olmasi ve piroksen bilesiminin diyopsit-
hedenberjit arasinda seyretmesi oksitlenmis W skarn varhigini yansitmaktadir. Zonlu olarak gozlenen
granatlarin gekirdek kisumlar1 koyu renkte olup zonlardaki agik koyu bantlar ile farkl kimyasal bilesimlere
sahiptir. Zonlardaki bu bantlagma, etkin akiskan bilesimindeki degisiklikleri ve Fe/Al oranlarindaki
dalgalanmalan1 yansitmaktadir. Zonlu granat kristallerinde gekirdekten disa dogru endo skarn zonunda
andradit, ekzo skarn zonunda ise grossular bollugu artmaktadir.

ABSTRACT

Garnet and pyroxene are the common minerals of skarn deposits. There is a systematic relation
between the chemical compositions of these minerals and the metal contents of skarn deposits. In the eastern
part of Susurluk (Balikesir) area, the intrusion of Paleosen Cataldag granitoyit into the Mesozoic limestone
and marble resulted in formation of a contact metamorphic zone. Along the endo and exo skarn zones
developed along this belt, there is a general skarn zonation consisting of garnet-pyroxene-vesuvianite-
wollastonite minerals. Mineralogical determinations show that endoskarns are composed of garnet +
clinopyroxene + plagioclase (labradorite) + vesuvianite + wollastonite + sphene + quartz + scapolite
(mineionite) * calcite and scheelite and calcite exoskarns consist of garnet + clinopyroxene + vesuvianite +
wollastonite + calcite £ quartz + K-feldspar (orthoclase) *+ scapolite (mineionite)+ sphene + mica (biotite
and muscovite) and chalcopyrite + bornite + malachite + azurite. Garnet and clinopyroxene are observed as
common minerals in endo and exoskarns. Results of electron microprobe analysis yield that garnet in endo
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and exoskarns is representea’ by CO)’i’lpOSiinﬂS Of Ana’,4,9,_75_88Grs22‘75.73,(;,Prs{)_/3,(;8 and And().gg,ga,;_gGl"SUv/(;‘
91.16Prs9.s 15, respectively. The composition of clinopyroxene in these zones is Hed 75 750601y 14 27.95.16J0hy 4 55
and Hedy g 41 15Diyss ss5.55.00/0h0.0.95, respectively. The end member compositions indicate that chemical
compositions of garnet and clinopyroxene are of Cu, Fe and W type skarns. High andradite (Fe'’) and low
almandine (Fe'’) + spessartine (Mn*?) contents of garnet indicate that skarns are oxidized. According to
element ratios suggested for different skarn systems, clinopyroxene with Mn/Fe<0.1 and 0.1-0.2 values
shows Cu-Fe and W skarn properties. In addition, given that the abundance of clinopyroxene is lower than
that of garnet in endo skarns and pyroxene composition is between diopside and hedenbergite may indicate
the existence of oxidized W skarns. The core of zoned garnet is dark colored and it displays a chemical
composition different from those of light and dark rims. These rims reflect variations in active fluid
composition and changes in the Fe/Al ratio. In the zoned garnet crystals, andradite abundance increases
Jfrom core to the rim in the endoskarn zone while grossular is more abundant in the exoskarn zone.
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Uctepeler Volkaninin (Ceyhan-Adana) Jeokimyasal Evrimi

Geochemical Evolution of the Ugtepeler Volcano, Ceyhan-Adana, South Anatolia, Turkey
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Uctepeler volkani ii¢ agamali bir gelisim gostermektedir. ilk asamada maar olusturan eriipsiyon
sonucu diigiik yikseltili bir krater geligmistir. Krater kenarlarinda freato-magmatik —sedimentler
izlenmektedir. Bu asamanimn sonuna dogru piroklastikler ve az miktarda lav ¢ikigt gozlenmektedir. Ikinci
asamada kraterin ortasinda ciiruf konisi gelismistir. Uciincti asamada ise ctiruf koninin iizerinde yeni bir
krater olusturan eriipsiyonla ¢ikmus olan lav akintilar1 izlenmektedir.

Her ii¢ evreye ait tiriinlerin jeokimyasal ozellikleri ilk iki asamanin basanitlerden G¢lincii asamanin
ise alkali olivin bazaltlardan olustugunu gostermektedir. iz element karakteristikleri ilk iki agamanin kendi
icerisinde iki gruba ayrildigim belirtmektedir. ilk grup Rb (Th, HREE) agisindan tiiketilmis ve Sr agisindan
zenginlesmigken ikinci grup Rb’ ca zenginlesmis ve Sr agisindan tiketilmistir. Bu ozellikler ilk iki evreye ait
iiriinlerde iki tane bilesimsel boslugun varligini vurgulamaktadir. Birinci evreye ait triinlerde gozlenen
bilesimsel bosluk ikinci evrede gozlenene gore daha biiyiiktiir. Bilesimsel bosluktaki bu farkliliklar birinci ve
ikinci evre iriinlerinin eriipsiyonu sirasinda eriyiklerin magma odas igerisinde kalma siiresi ile iligkili
olabilecegi diisiiniilmektedir.

Her ii¢ evreye ait iiriinlerin iz element ve Sr-Nd izotopik bilesimleri koken bolgenin St. Helen
(HIMU) tipi bir koken olduguna isaret etmektedir. Dinamik bolimsel ergime modellemeleri ilk evre
basanitlerinin koken bélgenin %5’ lik bir boliimsel ergime derecesiyle olusan eriyiklerden, ikinci ve tgiincl
evre iriinlerinin ise sirastyla %6 ve %10’ luk bir boliimsel ergime sonucu olugan eriyiklerden tiirediklerini
gostermektedir.

ABSTRACT

Uctepeler volcano is characterized by three main phases of eruptive events. Early phase begins with
the maar forming eruption which developed a broad low rim crater with phreatomagmatic sediments. Some
minor explosive and effusive activity occured at the end of this phase. Second phase is characterized by
strombolian activity forming the cinder cone at the center of the maar crater. Third phase can be
distinguished by an effusive activity and forms new crater at top of the cinder cone.

Geochemical characteristics of the first two phases are represented by basanites, and third phase is
by alkaline olivine basalts. Trace element characteristics indicate that products of the first two phases can be
groupped into two different compositional units within themselves, one of them is Rb (Th, HREE) depleted
and Sr enriched unit, and the other one is Rb enriched and Sr depleted unit. This exhibits aslo existence of
the two compositional gaps within the dataset of the products of first two phases. First compositional gap is
larger than the second one. The extend of the compositional gaps can possibly be originated from the
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differences of the residence time of the melts in the magma chamber during the eruptions of the first and
second phases.

Trace elements and Sr-Nd isotopic compositions of the all three phases indicate the presence of the
St. Helen-type (HIMU) magma source region. Dynamic partial melting modelling display that the first phase
occurs by 5% partial melting of a common source region, whereas second and third phases have the 6% and
10% degree of partial melting, respectively.
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Orta-Dogu Anadolu Bolgesinde Carpisma Sonrasi Alkalen Magmatizma: Hasancelebi
Magmatikleri

Post-Collisional Alkaline Magmatism in Central-Eastern Anatolia Region: Hasangelebi Magmatics
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Ge¢ Kampaniyen-Geg Maastrihtiyen araliginda olusmus olan Hasangelebi alkalen magmatizmasi Giineydogu
Anadolu Orojenik Kusagi’'nin kuzeyinde ofiyolitik kayaglar Gizerinde agilmus Hekimhan havzasinda yer alir.
Havza gelisimi ve magmatizma esyash olup, Afro-Arap ve Avrasya levhalarinin Alpin Orojenezi sirasinda
carpismast ve NeoTetis Okyanusunun giiney ve kuzey kollarmin Avrasya kitasal kenarn altinda yitimi
sonrasinda hiikiim siiren gerilmeli tektonizmanin {irGntidir.

Magmatik kayaglara ait iz element, REE ve Nd-Sr izotop jeokimyasi magmatizmanin metasomatize olmus
litosferik manto kaynagindan tiiredigini ortaya koymaktadir. Hasangelebi magmatiklerindeki Lan/Yby
oranlar1 diyabaz dayklar igin <20, siyenitik kayaglar igin 20-75 civarinda, trakitik kayaglar igin ise 30-95
arasinda degismektedir. Neredeyse sabit Y ve Yb degerleri, ylksek Lan/Yby ve Zr/Y oranlart hem diyabaz
dayklarnin, hem de siyenitik ve trakitik kayaglari manto kokenli bir kaynaktan tiiredigini gostermektedir.
Ancak LREE ve LIL elementlerindeki (LILE) zenginlesme, ergime olaylarmin gergeklestigi kaynak
kayagtaki metasomatizma ile ilgilidir. Nd-izotop bilesimlerinin Toplam Yerkiire bilesimine yakin olusu, buna
karsin Sr-izotop bilegimlerinin daha yiiksek ve daha genig bir araliga yayilan degerlere sahip olusu,
s6zkonusu metasomatizma siirecinin eski bir yitim zonuyla iliskili olabilecegini digtndiirmektedir. Yitim
zonlarinda dalan levhadan dehidrasyon siireciyle ayrilarak manto kamasina gecen Rb-Sr gibi elementlerin
yiiksek hareketlilige sahip elementler olusu, zenginlesmis bir kaynaktaki orta derece ya da tiiketilmig bir
kaynaktaki diigiik dereceli bir ergimeyle agiklanabilir. Nd-Sr izotoplar1 kayaglart olusturan kaynagin
zenginlesmis bir manto oldugunu gostermektedir. Ote yandan siyenitik ve trakitik kayaglarda K’un Ba ve
Nb’ye gore kismen fakirlesmesi, kaynakta LIL element bakimindan zenginlesmis kalinti bir mineral fazi
oldugunu ve bu olayin dalma batma zonlarina has bir 6zellik oldugunu gostermektedir. Nb elementindeki
gorece negatif anomali ise dalma batma ile modifiye olmus bir kaynagin varhgini gostermektedir. Rb/K ve
Rb/Nb oranlari arasindaki pozitif korelasyon bu kalinti fazin yiiksek Rb/K ve Rb/Nb oranlarina sahip
olabilmesi icin granat yerine daha ¢ok hornblend bakimindan zengin olmasi gerektigini gostermektedir.
Dolayisiyla, bolgedeki magmatik kayaglarin  olusumunda daha onceki bir dalma-batma olayiyla
metasomatize olmus bir litosferik mantonun kaynak gorevi gordigi soylenebilir. Bu tir olaylar ya dalma
batma zonlarinda dalan levhadan saglanan LIL elementlerinin mantoya eklenmesi sirasinda ya da dalma
batma sonrasinda metasomatize olmus bir mantoda gerilme rejimleri altinda kismi ergimeyle olusmaktadur.

Hasangelebi magmatiklerine ait U-Pb ve “Ar/°Ar radyometrik yaslar trakit ve diyabaz bilesimli kayaglarin
76-71 My, siyenitik kayaglarin ise 71-69 My yaginda oldugunu gostermektedir.

Carpisma sonrasinda dalan levhanin (Afro-Arap plakasia ait okyanusal litosfer) gerilemesi-agisinin

degismesi (slab roll-back), orojen paralel bir genlesme rejimine ve Geg Kampaniyen-Ge¢ Maastrihtiyen (76-
69 My) yash alkalen (Hasangelebi) ¢arpigma sonrasi (post-COLG) magmatizmasina neden olmugtur.
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Son yillarda yapilan bazi caligmalar, Orta ve Dogu Anadolu’daki alkalen magmalarin, dalan levhamn
carpiyma sonrasi-sirasinda kopmasi nedeniyle tetiklenen genlesme rejimiyle olustugunu ve bu anlamda yay-
ardi havza gelisimine benzedigini belirtmektedir (Robertson ve dig., 2005; Kadioglu ve dig., 2006). Ancak,
¢alisma alanini da igine alan kesimde gerilme rejimi, dalan levhanin kopmasindan ¢ok agisinin degismesiyle
ilgili olmalidir. Ciinkii bu bolgedeki kopmanin Onal ve digerleri (2005) ve Parlak ve digerleri (2006)’ de 6ne
stirildigi gibi Erken-Orta Eosen’de bile gergeklesmedigi, bu olaymn daha ¢ok 24-11 My arasinda (Wortel ve
Spakman, 2002; Keskin, 2003; Sengor ve dig., 2003) gergeklestigi ortaya konmustur. Bu nedenle bolge
kayaglarmin olusumunda levha kopmas: ile tetiklenen gerilme rejimi olasihig oldukga zayiftir, hatta yoktur.
Boyle bir olasilikta tipki Dogu Anadolu ve Orta Anadolu’da goriildiigii gibi yaygmn kita-i¢i volkanizma
faaliyetlerinin olusmasi beklenmelidir. Hasangelebi bolgesindeki siyenitik ve trakitik kayaclarin ofiyolitik
kayaglar tizerinde Geg Kretase-Miyosen zaman arahginda agilan bir basen i¢ine sil ya da dayk-stoklar halinde
yerlestifi géz ontine alindiginda alkalen magmatizma ve havza evriminin zaman-mekan icinde ortak
stireglerle olustuunu séylemek miimkiindir. Hekimhan hazvzasinin ofiyolit yerlesmesini takip eden bir
stire¢te olugmasi havza gelisiminde roll-back kaynakli gerilme-yiizeylenme olaylarinin etkili oldugunu,
dolayistyla Hasangelebi magmatiklerinin de bu olayla tetiklenmis oldugunu diisiindirmektedir.

Anahtar Kelimeler: Carpisma sonrasi magmatizma, alkalen magmatizma, Nd-Sr 1izotoplari, Ar-Ar
radyometrik yaslari, Hekimhan, Hasancelebi

ABSTRACT
The Hasangelebi alkaline magmatism Late Campanian-Late Maastichtian in age is emplaced within the
Hekimhan basin formed over the ophiolitic rocks to the north of Southeastern Anatolian Orogenic belt. The
basin evolution and magmatism is synchronous and results from the extenisonal regime after the complex
collision between the Afro-Arabian and Eurasian plates and the subduction of the southern and northern
Neotethyan oceanic basins beneath the Eurasian continental margin during the Alpine orogeny.

In general, trace element, REE and Nd-Sr isotope geochemistry in the magmatic rocks showed the melts were
derived from metasomatized lithospheric mantle source. Chondrite-normalized Lay/Yby ratios are <20 Jor
diabase dikes, 20-75 for syenitic rocks, and 30-95 for trachytic rocks. Almost contstant Y and Yb contents,
high Lay/Yby and Zr/Y ratios for both diabase dikes and syentic-trachytic rocks are in Javor of a mantle
originated source for the magmas. However, the enrichment in the LREE and LILE, is indicative of a
metasomatism within the melt source. Comparable Nd-isotope compositions to bulk earth Nd-isotope
compositions unlike higher and move scattered Sr-isotope compositions, suggest that the metasomatism is
promoted by an earlier subduction event. Relative higher mobility of the elements like Rb and Sr released
from the subducted slab into the mantle-wedge by dehydration processses, could be attributed to
intermediate degrees of partial melting of an enriched source or lower degrees of partial melting of a
depleted source. Nd-Sr isotope systematics indicate an enriched mantle source Jor the melts. Whereas, the
depletion in K with respect to Ba and Nb are suggestive of an inhereted mineral phase rich in LILE, and this
could be ascribed to subduction-related environments. Likewise, the relative negative anomaly in Nb indicate
a source modified by a subduction. The positive correlation between Rb/K and Rb/Nb provides evidence that
the source should be amphibole-rich rather than being garnet-rich phase so as to have higher Rb/K and
Rb/Nb ratios. Consequently, it is reasonable to point that the magmatics in the region were sourced from a
lithospheric mantle metasomatized by an earlier subduction event. Such events are resulted either Sfrom
introduction of LILE from the subducted slab into the mantle-wedge, or partial melting of metasomatized
mantle under extension-dominated regime after subduction.
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U-Pb and “’Ar/’ Ar age data for the Hasangelebi samples reveal that trachytes and diabases are 76-71 Ma,
and syenites are 71-69 Ma in age. A change in the subduction geometry and a hinge retreat (slab roll-back)
coupled with orogen-parallel initial extension on the overriding plate, caused the post-collisional extension
and post-collisional alkaline melts in 76-69 Ma age. The recent studies argued that alkaline magmatism in
central-eastern Anatolia was formed under an extensional regime due to breaking-off the subducted slab
after the collision, and thus could be regarded as the back-arc evolution and magmatism (Robertson et al.,
2005, Kadioglu et al., 2006). However, the extensional regime, in whole central-eastern Anatolia including
the study area, should not be rooted to a slab break-off event. Because, Sengor et al. (2003), Keskin (2003)
and Wortel and Spakman (2002) provided evidence that the slab break-off took place between 24 to 11 Ma,
much younger than Early-Middle Eocene as suggested by Parlak et al., (2006) and Onal et al., (2005).
Therefore, it is here suggested that the potential of extension in the whole region by slab break-off is very
limited, and in fact should be ruled out. In such a case, it is highly likely that the whole central-eastern
Anatolia should be flooded by within-plate volcanism very akin to Miocene magmatism in eastern and
central Anatolia. Since the syenitic and trachytic rocks in the Hasangelebi region is emplaced as dykes-
stocks, and sills into a marine basin formed on an ophiolitic basement, the sedimentation and magmatism
have spatial and temporal associations. The formation of Hekimhan basin and coeveal magmatism following
the northerly derived ophiolite obduction suggest that the roll-back triggered extension-exhumation events
played an important role in basin evolution, and emplacement of the the Hasangelebi magmatics into that
basin.

Key Words: Post-collisional magmatism, alkaline magmatism, Nd-Sr isotopes, Ar-Ar radiometric ages,
Hekimhan, Hasangelebi.
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Ciineyt AKAL ', Osman CANDAN ', O. Ersin KORALAY ', Aral OKAY ?, Roland OBERHANSLI °,
Fukun CHEN *

'Dokuz Eyliil Universitesi, Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Tinaztepe - Buca / Izmir
? [stanbul Teknik U niversitesi, Avrasya Yerbilimleri Enstitiisii, Ayazaga 80626, Istanbul Turkey
3 Institut fiir Geowissenschafien, Universitdt Potsdam, Postfach 601553, Potsdam 14415, Germany
* Institute of Geology and Geophysics Chinese Academy of Sciences P.O. Box. 9825 Beijing, 100029, China
cuneyt.akal@deu.edu.tr

0z
Simav/Kiitahya ¢evresindeki Miyosen 6ncesi birimlerde, olasili Eosen yagh Alpin deformasyon iriinii naplh
bir yapr gozlenmektedir. Bolgedeki tektonik tiniteler alttan iiste dogru; 1-Menderes Masifi’ne ait, migmatit ve
sistlerden yapili yiiksek dereceli metamorfikler, 2-Ege Denizi’'nde genis alanlarda yiizlek veren Kikladik
Kompleks’e ait, Ust Kretase yash metaolistostrom, 3- Afyon Zonu metamorfitleri ve 4- izmir — Ankara
Zonu’na ait Ust Kretase yash bloklu birimden olusmaktadur.

Simav bolgesinde genis yiizlekler veren Afyon Zonu metamorfikleri, Triyas dncesi temel ve onu uyumsuz
olarak orten Mesozoyik metamorfik ortii serilerinden olusmaktadir. Kikladik Kompleks’e ait metamorfikleri
tektonik olarak tizerleyen Triyas 6ncesi temel, ender olarak siyah kuvarsit ve mermer diizeyleri igeren fillitik
metakirntih seri ve bunlar igerisine sokulmus asidik metaderinlik kayalarindan yapihidir. Mesozoyik ortii
serisi, tabanda kaba kuvars metagakiltaslar1 ve onlarla yanal ve disey yonde giriklik gosteren, riyolit / dasit
bilesimli metavolkanitlerden olusmaktadir. Volkanizmanin yasi tek zirkon evaporasyon yontemiyle 240.8
3.7 My - Orta Triyas (Anisiyen) olarak belirlenmigtir. Bu istif, fillit ve metakumtas1 ardalanmali kirintili bir
seri ile devam etmekte ve ge¢is zonu ile platform tiirii karbonatlar tarafindan iizerlenmektedir. Temel ve
tizerleyen Mesozoyik ortii birimleri olasilikla Paleosen’de diisiik dereceli metamorfizmadan etkilenmistir.

Cevre kayay1 olusturan metakirintililarla son derece iyi korunmus intruzif dokanak iliskileri sunan, lokokratik
karakterli asidik metamagmatikler ilksel dokusal 6zelliklerine gore iki tiire ayrlmaktadir. Ortognayslar, iri
kristalli olup yesilimsi gri renkli kuvarsca zengin bir zemin igerisinde boyutlar1 4 cm ye ulasan, ¢cogunlukla
ozsekilli ortoklas kristalleri ile tanimlanmaktadir. Metagranitler milonitik dokulariyla belirgin olup orta taneli
granoblastik dokulu bir ilksel kayadan tiiremistir. Her iki granit tiirii de ilksel mafik mineralce fakir olup
lokokratik karakterlidir.Bu kayalar magmatik kokenli “kuvars + plajioklas + ortoklas + zirkon + apatit “ ve
metamorfizma riinti “muskovit + epidot / zoisit + biyotit + granat + stipnomelan™ dan yapili bir mineralojik
bilesime sahiptir.

Bu kayalarin jeokimyasal 6zellikleri, I-tipi ve kalk-alkalen karakterli peralumino lokokratik granitleri
tammlamaktadir. Ortognayslara ait bir 6rnek tek zirkon Pb-Pb evaporasyon ydntemiyle yaslandirlmistir,
Yaslandirmada, magmatik kokeni yansitan uzun ¢ubuksu prizmatik sekilli, magmatik i¢ zonlanma gésteren
zirkonlar secilmistir. Bunlardan, ortognayslarin ilksel granitlerinin sokulum yasi olarak yorumlanan,
395.1+4.5 My; Erken Devoniyen yasi elde edilmistir.

Afyon Zonu'nda saptanan Erken Devoniyen granitleri ile olasilikla karsilastinilabilecek Tirkiye’deki diger
Frken Devoniyen graniti, Izmir — Ankara Kenet Zonu'nun kuzey kesiminde, Edremit / Biga Yarimadasi’da
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yer almaktadir (Okay ve dig., 1996; 2006). Bu granit Sakarya Zonu igerisinde, 20 km genisliginde ve 3-4 km
kalmhginda bir tektonik dilim konumundadir. Lokokratik karakterli bu kayadan U-Pb ve Pb-Pb
yontemleriyle yapilan yas tayinlerinde sirastyla 399 + 13 My ve 397.5 + 1.4 My (Erken Devoniyen) lik
sokulum yaslar elde edilmigtir (Okay ve dig., 1996; 2006). Degisik arastiricilar tarafindan onerilen kiiresel
olcekli tektonik modellemelerde genelde Erken Paleozoyik’ten itibaren, Paleotetis ve Neotetis okyanuslarinin
Gondwana’nin kuzey kenar1 boyunca agilmasi sonucu kopan kitasal par¢alarin / dilimlerin kuzeye dogru
siiriiklenerek Laurasya’nin giiney kenar1 boyunca eklendigi goriisii onerilmektedir (Sengor ve dig., 1979;
Sengor ve Yilmaz, 1981; Stampfli, 2000; Okay ve dig., 2006).

Bu genel goriis kapsaminda, s6z konusu Erken Devoniyen granitlerinin ilksel olarak Gondwana’nin kuzey
kesimine yerlesmis oldugu ve Neotetis’in Kuzey Kolu'nun Erken Triyas’ta a¢ilmasi ile iliskili olarak bir
kisim granitin, olasilikla ¢evre kaya ile birlikte kuzeye siiriiklenerek Laurasya’nin giiney kesimine eklendigl
diisiiniilebilir. Tiirkiye’de gozlenen s6z konusu magmatik aktivitenin Gondwana’nin kuzeyinde gelisimine
iliskin ilksel tektonik ortami tanimlayabilecek yeterli veri heniiz mevcut degildir.

Anahtar Kelimeler: Afyon Zonu, Paleotetis, Neotetis, Erken Devoniyen, Magmatizma

ABSTRACT
Pre-Miocene units of Simav/Kiitahya region show a typical nappe stacking as a consequence of Alpine
contractional deformation in Eocene time. The nappe units consist of, from bottom to top, I- high-grade
metamorphic rocks composed of migmatites and schists of the Menderes Massif, 2- Upper Cretaceous
metaolistostrome of Cycladic Complex which crops out mainly in the Aegean Sea, 3- Metamorphic rocks of
the Afyon Zone and 4- Upper Cretaceous blocky units of Izmir — Ankara Zone.

The widespread outcrops of the metamorphic rocks of the Afyon Zone around Simav region consist of pre-
Triassic basement and unconformably overlying Mesozoic metamorphic cover series. Pre-Triassic basement
which rests on the metamorphic rocks of the Cycladic Complex with a tectonic contact is made up of phyllitic
metaclastics with rare black-quartzite and marble layers which are intruded by acidic meta-igneous rocks.
Coarse-grained quartz metaconglomerates, which interfinger with rhyolitic / dacitic metavolcanics in lateral
and vertical directions occur in the base of the Mesozoic cover units. The metavolcanics were dated at 240.8
+ 3.7 Ma (Middle Triassic; Anisian) by single zircon evaporation method. This sequence passes upward into
a clastic series consisting of phyllite and metasandstone intercalation which is conformable overlain by a
platform-type carbonates. The basement rocks and overlying Mesozoik cover units underwent low-grade
metamorphism, probably, in Paleocene.

Based on the primary textures properties, leucocratic acidic meta-igneous rocks, which present well-
preserved intrusive contact relationships with the country rocks, can be divided into two types. Orthogneisses
are coarse-grained rocks and are represented by euhedral orthoclase crystals reaching up to 4 cm in size,
occurring in a greenish-grey quartz-rich groundmass. Metagranites which were derived from medium-
grained precursor rocks with granoblastic texture show distinctive mylonitic texture. Both of the granites are
leucocratic rocks and don’t contain any primary mafic minerals. The relic magmatic mineral assemblage
and the metamorphic phases of these rocks are “quartz + plagioclase + orthoclase + zircon + apatite " and
“muscovite + epidote / zoisite + biotite + garnet + stilpnomelane”, respectively.

Geochemical data indicate that the primary rocks of these meta-igneous rocks are of I-type and calc-alkaline
peraluminous leucocratic granite composition. An orthogneiss sample was dated by single zircon Pb-Pb
evaporation method. Long prismatic and oscillatory zoned zircon crystals, indicating magmatic origin, are
selected for dating. These zircons yield mean age of 395.1+4.5 Ma (Early Devonian) which is interpreted as
intrusion age of the granitic precursor rocks of the orthogneisses.

The other Early Devonian leucocratic granite in Turkey which can be correlated probably with granites
determined in the Afyon Zone has been recognized in the north of the Lzmir — Ankara suture in the Biga
peninsula - Edremit (Okay et al., 1996; 2006). This granite forms a 20 km long and 3-4 km thick thrust sheet
in the Sakarya Zone. The granite was dated by the methods of U-Pb and Pb-Pb at 399 + 13 Ma and 397.5 +
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1.4 Ma, respectively (Okay et al., 1996; 2006). These Early Devonian ages are interpreted as intrusion ages
of the granite. In the global tectonic models proposed by several authors (Sengor et al., 1979; Sengor and
Yilmaz, 1981; Stampfli, 2000; Okay et al., 2006) it is generally suggested that since Early Paleozoic time
Paleo- and Neo-tethys oceans have opened along the northern margin of the Gondwana and some
continental fragments / slivers were rifted off from this continent. These fragments drifted northwards and
were accreted to the southern margin of the Laurasia.

Considering these models, it can be envisaged that Early Devonian granites were originally emplaced into
the northern part of Gondwana and some of these granites with their country rocks were rifted off from the
original place as relating to opening of the northern branch of Neotethys in the Early Triassic. However,
there is not enough evidence in Turkey for the description of the original tectonic setting of the magmatic
activity developed on the northern part of Gondwana.

Key words: Afyon Zone, Paleotethys, Neotethys, Early Devonian, Magmatism
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Orta ve Bati Pontid Kusaginda Jura Yash Magmatik Kayalarin Petrografik ve Petrolojik
Ozellikleri

Petrographic and Petrological Aspects of the Jurassic Magmatic Rocks of Central and Western
Pontides
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0Z
Bu sunumda, Orta ve Bat1 Pontid’lerde yer alan Jura yasli volkano-tortul topluluk (Mudurnu formasyonu)
icerisindeki magmatik kayalarin petrografik ve jeokimyasal 6zellikleri ile petrolojik nitelikleri
tanitilmaktadir. Onceki ¢aligmalar Mudurnu formasyonunu kitasal rift birimi olarak tanimlamaktadir. Son
yillarda, o6zellikle Dogu Pontidlerde yapilan arastirmalarda birim igerisindeki magmatik kayalarin yay
karakteri sergiledigi konusunda bulgular yaymlanmistir. Orta ve Bati Pontid kusagindaki Jura magmatik
kayalari igin boyle bir 6zelligin varligini test etmek amaciyla Amasya dolaylari ileMudurnu-Goéynik ve yakin
civarlarinda saha ¢aligmalar1 yapilmus, temsilci ornekler derlenmis, bunlar tiim kaya jeokimya analizleri ile Sr
ve Nd izotop analizlerine tabii tutulmuslardir. Elde edilen jeokimya ve izotop verileri Orta ve Bati Pontid
Jura magmatik kayalar1 i¢in ilk verilerdir.
Mudurnu formasyonu igerisinde yer alan magmatik kayalar baslica 2 grupta toplanabilir. Bunlardan ilki
bazaltik lavlar, bunlarla iligkili piroklastik-epiklastik kayalar ile asidik piroklastikler; digeri ise bazik
(diyabaz, mikrogabro) ve asidik yari derinlik kayalaridir (granit-granodiyorit porfir, kuvars porfirler). Istifte
lav ve piroklastik kayalar genig yer tutarken, yan derinlik kayalar1 ya kiigik dayklar halinde veya kiigik
stoklar halinde bulunur.
Jura magmatik kayalan bimodal karakterlidir. Gerek bazik, gerekse de asidik gruba ait olan 6rneklerin timii
subalkali 6zelliktedir ve genellikle kalkalkalen ve zayif toleyitik bir karakter sergiler. Asidik ve bazik grup
arasinda ge¢is kayalarinin eksikligi sebebiyle iki grup arasinda belirgin bir bosluk vardir (Daly-gap). Jura
magmatik kayalar1 ilksel mantoya normalize edilmis diyagramlarda genis 1yon yarigapli elementler
bakimindan belirgin bir zenginlesme; Nb, Ta, P ve Ti elementleri bakimindan fakirlesmeler gosterir.
Kondrite normalize edilmis diyagramlarda belirgin bir Eu anomalisi gozlenmez, tersine bazi orneklerde
pozitif Eu anomalileri belirlenmistir.
Asidik kayalar i¢in ilksel izotop oranlari [*’Sr/**Sry= 0.704809 — 0.705584; "“Nd/"*Nd;= 0.512593 —
0.512622; eNdy= 3.8 4.3] ile bazik kayalar igin ayni oranlar [VSr/**Sry= 0.703855 - 0.705073;
"INA/MNd= 0.512479 — 0.512602; eNd(i)= 1.5 — 4.3] az ¢ok birbirleriyle tstelenmektedir. Bu durum
asidik olanlarin bazik olanlardan tiiremis olduklarini distindirse de hem fraksiyonel kristallenme
modellemeleri hem de kondrite normalize edilmis diyagramlardan elde edilen sonuglar bunu
desteklememektedir.
Mudurnu formasyonu magmatik kayalarinda rift ortamini karakterize eden, tipik okyanus adasi bazalti (PIB)
egilimli kayalar mevcut degildir. Bazik kayalar i¢in yapilan petrolojik ergime modelleri de bu kayalarin
spinel peridotit bilesimli bir kaynaktan tiiremis olduklarina isaret etmektedir. Elde edilen petrolojik veriler
Orta ve Bati Pontidlerdeki Jura magmatik kayalarinin kismen yay ortami magmalarma benzerlik
gosterdiklerini, diger taraftan kitasal gerilme alanlarindan umulacak tiirden bimodal kaya topluluklarindan
olustuklarim gostermektedir. Dolayisiyla sadece petrolojik verilerden hareketle bu kayalarin kokenlerinin
ortaya konulabilmesi ¢ok saglikli gorinmemektedir. Bu sebeple, bu kaya toplulugu i¢in kdken ve olusum
mekanizmas: 6nermede bolgesel jeolojik ve yapisal veriler daha giivenilir veriler olarak gozetilmelidir..
Anahtar Kelimeler: Orta ve Bati Pontid, Jura, Magmatizma, Jeokimya, Sr ve Nd izotoplar1
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ABSTRACT

In this paper, petrographic and geochemical features and petrological aspects of the Jurassic volcano-
sedimentary rocks (i.e. the Mudurnu fm.) cropping out in the Central and Western Pontides are presented.
The Mudurnu formation was previously interpreted as a product of continental rift environment. In contrast,
Recent data from the Eastern Pontides indicate that the magmatic rocks of this unit display magmatic-arc
affinity. In order to test this problem, a field and laboratory dominated study carried out around Amasya and
Mudurnu-Goyniik and its surroundings in the Central and Western Pontides. In this study we collected and
analyzed systematic samples of the volcanic rocks of this unit for the first time.

Magmatic rocks of the Mudurnu formation may be divided into two groups. One of them includes basaltic
lavas and related pyroclastic rocks together with the acidic pyroclastics. The other is formed from the basic
and acidic hypabyssal rocks (diabase-microgabbro and granite-granodiorite porphyries with quartz
porphyries, respectively). In contrast to the lavas and pyroclastics covering large volumes within the
Sformation, the hypabyssal rocks are only found as small and isolated stocks and dikes.

Magmatic rocks of the Mudurnu formation display bimodal character. All the samples are subalkaline in
nature and display widely calc-alkaline and weak tholeiitic affinities. A significant compositional gap occurs
between the basic and acidic members (i.e. “Daly Gap”). They display enrichment in LILE and depletion in
Nb, Ta, P and Ti elements. In chondrite-normalized REE diagrams, there is no significant negative Fu
anomaly, by contrast they exhibit positive Eu anomalies in some samples.

The initial isotope values of the acidic hypabyssal rocks [V Sr/*’Sr ;= 0.704809 — 0.705584; "“Nd/"*'Nd,;,=
0.512593 — 0.512622; eNd;= 3.8 4.3] are more or less encompass those of the basic magmatic rocks
[YSrASryy= 0.703855 — 0.705073; "PNd/"'Nd= 0.512479 — 0.512602; eNdy= 1.5 — 4.3]. Although the
isotope data indicate a possible genetic relationship between the acidic and basic members, fractional
crystallization (FC) modeling of incompatible versus compatible trace elements, combined with the evidence
from chondrite normalized REE distribution, exclude the possibility of FC processes.

There are no typical OIB-type rocks in the Mudurnu formation. Melting modeling of the basic rocks shows
that these rocks were originated from spinel peridotitic source. As a result,of all these geochemical and
isotope studies, it may be stated that the magmatic rocks of the Mudurnu formation are similar to the
subduction-related magmas. On the other hand, the Jurassic magmatism of the Central and Western Pontides
is bimodal in nature as expected from the extensional environments. Therefore, estimation for its origin and
genesis based on only geochemical and petrological frame may not be sufficient. The regional geological and
structural data together with the tectonic evolution of the Pontide range during the Jurassic time has critical
role to understand the evolution of this magmatic activity.

Keywords.: Central and Western Pontides, Jurassic, Magmatism, Geochemistry, Sr and Nd Isotopes
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Evidence From Mantle Xenoliths
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Giineybati Anadolu’da yer alan Alt Pliyosen yash Goélciik volkanik kayaglar kuvvetli alkali volkanizmanin
tiriinleri olup, ignimbirit ve fretaomagmatiklerden olusan piroklastik ¢okeller, lav-dom ekstriizyonlan ve
dom/dom akintilar1 ile temsil edilmektedir (Alici et al., 1998 ve 2002). Golctik volkanik kayaglarinin
bilesimleri tefrifonolitten, trakiandezit ve trakite kadar degismektedir. Volkanizmaya ait maar ¢okelleri
filogopit-klinopiroksenit, plajiyoklazli filogopit-klinopiroksenit ve gabbro bilesimli manto ksenolitleri
icermektedir. Filogopitce zengin ksenolitler genellikle maar ¢okellerine ait freatopliniyen seviyelerinde
gozlenmektedir.

Golciik volkanizmasinin jeokimyasal ozellikleri sadece fraksiyonel kristallesme, kabuksal kirlenme ve/veya
tiiketilmis bir manto kaynagindan kismi ergime ile agiklanamayabilir. Ciinkii Ba (1424-4020 ppm), hafif
nadir toprak element ve iri katyonlu litofil elementlerinde gozlenen agin zenginlesmeler belirgin fraksiyonel
kritallesme ve/veya ¢ok yiiksek seviyelerde kabuksal kirlenme siireglerinin etkilerini gerektirir. Fakat,
Golciik volkanitlerinin Sr izotop bilesimleri (0.703506-0.704142) biiyiik oranlarda kabuksal kirlenmeye
isaret edecek kadar yiiksek degildir. Bununla birlikte, Golciik volkanitleri potasik karakterde olup,
K,0/Na,O oranlar1 0.56 ile 1.65 arasinda degismektedir. Volkanitlerin K,O oranlan (% 3.12-6.90) SiO;
ierigine bakilmaksizin olduk¢a yiiksektir ve SiO, ile degisimi yaklasik diiz bir trend vermektedir. Bu
durumda K,O zenginlesmesinin fraksiyonlanmadan kaynaklanmadig1 diisiiniilmektedir. Buna gére Golciik
volkanitlerindeki K zenginlesmesi, kaynak bolgesindeki filogopit gibi potasik bir faza isaret edebelir. Bu
durum Golciik volkanizmasina ait maar cokellerindeki filogopit igeren manto ksenolitleri (filogopit-
klinopiroksenit) ile de desteklenmektedir. Bu nedenle, Golciik volkanizmasimin kaynak ozelliklerini
degerlendirmek igin manto ksenolitlerinden itibaren iz elementlerin kismi ergime modelleme ¢alismalari
gergeklestirilmigtir. Kismi ergime modelleme ¢alismalari igin, plajiyoklazli filogopit-klinopiroksenit ve
filogopit-klinopiroksenit kaynak ug bileseni olarak se¢ilmistir. Modelleme, Golctk volkanitlerinin, filogopit-
klinopiroksenit manto kaynagindan itibaren farkli derecelerde kismi ergimesi ile olustugunu gostermektedir.
Bunlara ek olarak, Golciik volkanizmasinda gozlenen negatif Nb ve Ti anomalileri, yiiksek Ba/Nb (31-114)
oranlar1 ve K,O degerleri gibi jeokimyasal veriler, daha once ger¢eklesmis dalma-batma siiregleri ile
metasomatize ve/veya zenginlesmis potasik bir manto kaynagindan tiredigi fikri ile uyumludur. Aym
zamanda filogopitin varhg da metasomatik bir zenginlesme siirecine isaret edebilir. Sonug olarak, bu
filogopitge zengin metasomatik seviyenin kismi ergimesi, iri katyonlu litofil elementler ve K bakimindan
zengin alkali magmalarin olusmasindan sorumludur.

Filogopit-klinopiroksenit, plajiyoklazli filogopit-klinopiroksenit ve gabbro ksenolitlerindeki klinopiroksen
fenokristallerinden itibaren yapilan jeotermobarometre hesaplari filogopit-klinopiroksenitin kristallesme
sicaklik ve basing degerlerinin 1365°C ile 1421°C ve 18.8 ile 24.5 kbar araliklarinda degistigini, buna karsm,
plajiyoklazh filogopit-klinopiroksenitlerin ise daha disiik kristallesme sicaklifina ve basing degerlerine
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(1297-1381°C ve 8-17.5 kbar) sahip oldugunu gostermistir. Gabbronun kristallesme sicaklifi ve basinci ise
1044°C ile 1097°C ve 1.4 ile 8.3 kbar arasinda degismektedir.

Manto ksenolitlerinin iz element modellemesinden elde edilen sonuglar Alici et al. (1998)’da bahsedilen
jenetik model ile uyumludur. Alic1 et al. (1998), K-bakimindan zengin alkali volkanizmanm Afrika ve
Avrasya plakalan arasindaki dalma-batma siregleri ile metasomatize olmus litosferik manto kaynagindan
tiredigini ongormiistiir. Ancak Goélciik volkanizmasi post-Tortoniyen’deki agilma tektonigi ile iliskilidir.

Anahtar Kelimeler: Isparta, metasomatizma, manto ksenolitleri, filogopit

ABSTRACT

Golciik volcanic rocks, a lower Pliocene volcanism located in the southwest of Turkey, are the remnants of
highly alkaline volcanic field, characterized by voluminous pyroclastic deposits consisting of ignimbrites and
phraetomagmatic deposits associated with calderas and maars, respectively, lava-dome extrusions and
domes (Alict et al., 1998 and 2002). Gélciik volcanic rocks range in composition from tephriphonolite,
trachyandesite to trachyte. Maar deposits of Gélciik volcanism contain ultramafic mantle xenoliths, including
phlogopite-clinopyroxenites, plagioclase bearing phlogopite-clinopyroxenites and gabbro. Phlogopite-riched
xenoliths are generally hosted by phraetoplinian deposits.

The geochemical characteristics observed in Golciik volcanism cannot be solely explained either by
fractional crystallization, crustal contamination or by partial melting from a depleted mantle source.
Because the extreme enrichment in Ba (1424-4020 ppm), light rare earth elements and large ion lithophile
elements (LILE) would require extensive fractional crystallization and/or high level of crustal contamination.
But Sr isotopic compositions (0.703506-0.704142) of Golciik volcanic rocks are not so high to demonstrate a
high level crustal contamination. Futhermore, Golciik volcanic rocks are potassic having K;O/Na>O ratios
between 0.56 and 1.65. Their KO concentrations (3.12-6.90%) are high regardless of the SiO; content and
its variation with SiO, exhibits a flat trend. We therefore suggest that K,O enrichment by fractionation
seems unlikely in this case. Therefore, the K enrichment in the Golciik volcanic rocks can be attributed to a
potassic phase such as phlogopite, in their source region. This is futher supported by the phlogopite-bearing
mantle xenoliths (phlogopite-clinopyroxenites) in the maar deposits of Golciik. Thus, trace element modeling
of these phlogopite-rich mantle xenoliths was carried out to evaluate the source characteristics of volcanism.
For the partial melting modeling studies, plagioclase bearing phlogopite-clinopyroxenite and phlogopite-
clinopyroxenite are selected as a source end-member for Golciik volcanic rocks. Modeling implies that
Gdlciik volcanic rocks are generated by variable degrees of partial melting of a phlogopite-clinopyroxenite
mantle source. In addition to this, the geochemical data such as negative Nb and Ti anomalies, High Ba/Nb
ratios (31-114) and K,O concentrations are consistent with derivation from a potassic mantle source
metasomatized and/or enriched by earlier subduction processes. The presence of phlogopite can be also
attributed to a metasomatic enrichment processes. Consequently, subsequent melting of phlogopite-rich
metasomatic layer is responsible for the generation of LILE and K-rich alkaline magmas.

Geothermobarometer calculations on clinopyroxene phenocrysts of phlogopite-clinopyroxenite, plagioclase
bearing phlogopite-clinopyroxenite and gabbro demonstrate that the cyrstallization temperature and
pressure of phlogopite-clinopyroxenite range between 1365°C to 1421°C and 18.8-24.5 kbar, respectively.
Whereas, plagioclase bearing phlogopite-clinopyroxenite has relatively lower crystallization temperature
and pressure (1297°C-1381°C and 8-17.5 kbar) than phlogopite clinopyroxenite. The crystallization
temperature and pressure of gabbro vary between 1044 to 1097°C and 1.4 to 8.3 kbar, respectively.

The conclusions obtained from trace element modeling studies of mantle xenoliths are consistent with the
genetic model represented in Alici et al. (1998). Alici et al. (1998) also suggest that K-rich alkaline magmas
of Gélciik volcanism is derived from an enriched lithospheric mantle source which was metasomatized by
earlier subduction events between African and Eurasian plates. But the volcanism in Gélciik is associated
with the extensional tectonic in SW Turkey during post-Tortonian times.
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The Oldest Well Preserved Terrestrial Interstitial Volcanic Glass
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ABSTRACT
In the Krakéw area (Southern Poland), major transcontinental strike-slip Hamburg-Krakéw-
Dobruja fault zone induced series of minor extensional faults, which served as magma conducts for the
Upper Carboniferous-Permian (ca. 300 Ma) bimodal volcanism. Volcanic rocks mainly represent calc-
alkaline basaltic andesites and rhyodacites. Such palaeo-volcanism setting and geochemistry have their
analogy in the Late Cenozoic to recent strike-slip and extension associated post-collisional volcanism of the
Eastern Anatolia (e.g. Yiirii & Chorowicz, 1998).

In basaltic trachyandesites from the Nieporaz-Brodla graben near Krakéw, well-preserved interstitial glass
was encountered, which may represent the oldest intact terrestrial volcanic glass so far known. Fresh rock
samples contain large, up to 30 um, unaltered glass bits that appear fully isotropic under the microscope.
Microprobe analyses show that the glass has a uniform, high-K rhyolitic composition with ~72 wt. % SiO..
Laser ICP-MS measurements reveal a strong enrichment of incompatible trace elements like Zr, Nb, Ce or Y.
According to chemical modelling the glass represents a highly fractionated residual melt fraction of the
basaltic trachyandesite magma quenched after ca. 75 % crystallisation. The fractionating assemblage
consisted of plagioclase, olivine, augite, magnetite and ilmenite. Late fractionating phases were apatite,
which precipitated as small needles within the glass, and K-feldspar, which commonly overgrows plagioclase
in extremely thin fringes.

Felsic rocks of this bimodal volcanic sequence together with basaltic trachyandesites, were
investigated in order to find out, whether rhyodacites could represent a higher degree of melt fractionation.
However, low contents of Zr, Nb and other incompatible elements rule out this possibility and indicate a
completely different magma source.

Scientific project N307 022 31/1746 financed by Polish Science Founds in 2006-2008 years.

Keywords: volcanic glass, basaltic trachyandesites, Upper Carboniferous-Permian volcanism

Yiiriir, M.T. & Chorowicz, J. 1998. Recent volcanism, tectonics and plate kinematics near the junction of the
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Marmara Denizi’nin geng tektonigi ve paleocografyasi

Recent Tectonics and Palaeogeography of The Sea of Marmara

A.M. Celal SENGOR

ITU Avrasya Yerbilimleri Enstitiisii ve maden Fakiiltesi Jeoloji Béliimii,
Ayazaga 34469 Istanbul TURKEY
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Eski Propontis, simdiki Marmara Denizi, nihayet Kuzey Anadolu Fayi’'mi dogurmus olan Kuzey Anadolu
Makaslama Alaninin faaliyeti sonucunda olusmustur. Fay orta-ge¢ Miyosen esnasinda doguda tesekkil etmis
ve senede 11 cm’lik bir hizla batiya dogru yirtilmistir. Orta Miyosen’den beri makaslama alaninin evrimi
siiresince pek ¢ok havza meydana gelip daha sonra yamulmaya maruz kalmislardir. Sik yapilan bir hati,
Kuzey Anadolu Faymin faaliyeti ile, onu dogurmus olan Kuzey Anadolu Makaslama Alaninin faaliyetini
birbirleriyle karistirmaktir. Fay nihayet Pleyistosen baslarinda viicut buldugu zaman, daha 6nce olusmus
olan havzalar kesip ge¢mistir. Benzer bir kesip gegme olayinin hazirlhiklart su anda Cinarcik Havzasinda
Yesilkoy’tn giineyindeki doniigii atlamak i¢in yapilmaktaymis gibi goriinmektedir. Simdi Marmara Denizi
civarinda ve i¢inde siddetle ihtiyacimiz olan sey yiiksek ¢oziintlirlikla stratigrafi ile ¢ok biiyik oleekli
yapisal haritalamadir. Gortiniir bir gelecekte, kabuk yapisi ¢alismalarinin hassasiyeti, arazide uygulanan
jeolojik yontemlerin hassasiyetine ulasamayacaktir. Bu nedenle, hem karada hem deniz altinda yiiksek
kaliteli jeolojik haritalama alanlarinin arttirilmasi sarttir. Hem Marmara Denizi’ni anlayabilmemiz, hem de
onun ¢evresinde yasayan insanlarin emniyeti hayati olarak buna baghdir.

ABSTRACT

The Sea of Marmara, the ancient Propontis, is a basin that originated as a consequence of the activity of the
North Anatolian Shear Zone, a broad keirogen that finally gave birth to the North Anatolian Fault. The Fault
originated in the medial to late Miocene in the east and propagated westwards at a rate of about 11 cm/a.
Since the medial Miocene a number of basins have opened and become deformed as the shear zone evolved.
A commonly made mistake is to confuse the activity of the North Anatolian Fault with the activity of the
North Aratolian Shear Zone that gave rise to it. When the Fault finally became materialised in the
Pleistocene, it cut across the previously laid out basins. A similar thing may now be happening in the
Cinarcik Basin to by-pass the bend south of Yesilkéy. What is now needed in and around the Sea of Marmara
is high-precision in stratigraphy with very-large scame structural mapping to follow the evolution of
structures in time. Crustal studies will not, for a foreseeable future, have the resolution of field-based
geological methods. It is therefore imperative to increase the coverage of high-quality geological mapping
both onland and under the sea. Both our understanding of the geology of the Marmara Sea and the safety of
the people living around it vitally depend on it.
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Marmara Denizi’nde Kuzey Anadolu Fay Zonundaki Soguk Akiskan Cikislarinda insanh
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Manned Submersible Observations at Cold Seeps in the North Anatolian Fault Zone, Sea of
Marmara
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Marmara Denizi’ndeki soguk siv1 ¢ikislari, Kuzey anadolu Fay sistemindeki aktif deformasyonla iliskilidir.
Ifremer RV L’Atalante gemisi ile yapilan Marnaut seferi Mayis — Haziran 2007 ’de su hedeflerle
gerceklestirilmistir: (1) Nautile denizaltisini kullanarak aktif faylarla akiskan ¢ikislari arasindaki iligkiyi daha
iyi tanéimlamak; (2) bu akiskanlarin niteliklerini ve kokenlerini belirlemek igin bu akigkanlari orneklemek; (3)
birkag ay boyunca ii¢ bolgedeki akiskan ¢ikis aktivitesini ve mikrosismisiteyi gozlemlemek i¢in deniz
tabaninda gerekli cihazlari konuslandirmak; (4) gegmisteki akiskan ¢ikislarinin kamiti olan karbonat
kabuklarini; (5) deniz tabani ve su kolonundaki giincel biyolojik ve mikrobiyolojik aktivite tizerinde akigkan
¢ikisinin etkisini degerlendirmek; (6) onceki depremlerde ¢okelmis olan ¢okelleri karot alarak orneklemek.

Daha 6nce dipten ¢ekmeli kameralar ve ROV ile arastirilmis alanlarda yeni ve beklenilmiyen lokasyonlarda
bazi akiskan ¢ikiglari bulunmustur. Cinarcik havzasinda sizintilar Paleozoik yash sedimenter kayaglarin
mostralar1 boyunca, fay kontroliindeki kuzey yamacin tabaminda ve giiney yamaca dogru genisleyen agmali
(en-echelon) normal faylarin tizerinde bulunmaktadir. Tekirdag havzasinda, kabarcik halindeki akigkan
cikislar Ganos yamacinin tabaninda Kesan Formasyonunun Eosen tiirbiditlerini etkileyen KB-GD yonli
gerilim ¢atlaklar1 boyunca bulunmaktadir. Topografik yiikseltiler olarak en cok aktif olan akigkan ¢ikislar
KD — GB yonlii antiklinal sirtinin iizerinde, ana fay izinden belirli uzakhkta (100 — 2000 m) bulunmustur.
Aktif fay diklikleri birka¢ lokasyonda kesfedilmistir. Marmara Denizi'nin Ganos ve [zmit Korfezi
girislerinde gok az soguk akiskan etkinligi goriilmis ve 1999 veya 1912 depremlerine ait deniz tabani
kirilmasuni herhangi bir kaniti bulunamamustir.

Gézlemler ¢oken havza kenarlarinda temel yapilarin ve topografik yiiksektilerde sikisma yapilarinin akiskan
¢ikislarinin kanallanmasi ve digan atilmasinda onemli oldugunu gostermektedir. Soguk akiskan ¢ikislan
Cinarcik ve Tekirdag havzalarindaki ana fay sevleri yaninda havzalarin karsi kenan boyunca daha az dikkat
¢eken fay zonlar1 boyunca da goriilmiislerdir. Merkezi Y tikselimini (Istanbul’un batis1) kesen dogrultu atimli
fay segmenti goreceli olarak gok az soguk akinti aktivitesine sahiptir ve bu durumun buradaki sismik
boslukla iliskili olup olmadigin1 merak konusudur.

ABSTRACT
Cold seeps in the Sea of Marmara are associated with active deformation within the North Anatolian Fault
system. The Marnaut cruise of Ifremer RV L’Atalante took place in May June 2007 with objectives (1) to
better define the relations between active faults and fluid outlets using the Nautile manned submersible; (2)
to sample these fluids to determine their nature and origin, (3) to install instruments to monitor the activity of
three fluid outflow sites as well as the microseismicity during several months, (4) to sample carbonate crusts,
testimonies of the passed activity of fluid outflow; (5) to evaluate the impact of fluid outflow on the present
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biological and microbiological activity on the seafloor and within the water column; (6) to sample through
coring the sediment deposited during the previous earthquakes.

Several new zones of fluid emission were found including at unexpected locations in areas previously
explored with ROV and deep towed cameras. In the Cinarcik Basin, seeps were found along outcrops of
Paleozoic sedimentary rocks at the base of the fault-controlled northern cliff, and on en-echelon normal
Sfaults extending over the southern slope. In the Tekirdag Basin, bubble emissions were found at the base of
the Ganos cliff along NW-SE tension gashes affecting Eocene turbidites of the Kesan formation. On the
topographic highs the most active fluid emission sites were found on the top of NE-SW anticlinal ridges at
some distance (100-2000 m) from the main fault trace. Active fault scarps were explored at several locations.
Very little cold seep activity and no evidence for seafloor rupture from 1999 or 1912 earthquakes was found
at the entrance of the Ganos and Izmit Gulf.

Observations suggest basement structures along the edges of the subsiding basins and compressive
structures on the topographic highs contribute to fluid channeling and expulsion. Cold seeps are found along
the main fault scarps in Cinarcik and Tekirdag basins, but also along less prominent fault zones along the
opposite side of the basins. The strike-slip fault segment cutting the Central High (west of Istanbul) has
comparatively little cold seep activity and we wonder whether this relates to the seismic gap there.
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Marmara Denizi’nin altindaki Kuzey Anadolu Fay Hattinda Gaz Cikislarinin Akustik
Yontemle Belirlenmesi

Acoustic Detection of Gas Emissions Within the Submerged Section of the North Anatolian
Fault Zone in the Sea of Marmara
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SIMRAD EK-60 model 38 kHz tek 1sinli, eko-sonda (echo-sounder), su kolonundaki gaz kabarciklarmin
olusturdugu akustik anomalileri belirlemek igin RV L'Atalante gemisi seferi (Mayis-Haziran 2007) esnasinda
kullamlmustir. Giiney Cinarcik Havzasi’nda giiglii akustik anomaliler N100° y6nlii 3 km genisliginde bir gerit
icerisinde N140 ° yonli normal faylar boyunca bulunmustur. Serit egilimi MCS (Cok Kanalli Sismik)
verisinde tanimlanmis olan gomiilii fay sisteminin yoniiniine uymaktadir (Carton and Singh, 2007). Nautile
ile bu anomalilerin yer-dogrulamasi deniz tabaninda gaz sizintilar1 ve kabarcik emisyonlarinin bulunmasina
olanak saglamistir. Akustik anomaliler Cinarcik Havzasinm kuzey tarafindaki ana fay sevinde goriintirde
daha zayiftir.

Merkezi yiikselimde ve Kumburgaz havzasinda, ana fay izi boyunca akustik anomali bulunmamustir.
Gergekten de ¢ok giiclii genlikli anomali kiimesi genis antiklinalin st kisminda faydan yaklagik olarak 1 km
uzakhkta tanimlanmistir. Bati yiikseliminde (western high) akustik anomali kiimesi; gaz hidrat kararlihik
alanmin disinda, 660 m su derinliginde s1g gaz hidratlarin 6rneklendigi yerde, 40°49'K, 28°46.8'D yankininda
bulunan antiklinalin ist kismmm karakterize etmektedir. Tekirdag ve Merkez Havzalarinda EK-60 ¢izgileri
fay diklikleri boyunca uygulanmistir. Akustik kayitlar fay aynasinda gaz sizintlannin  varhigm
gostermektedir.

Bu yeni veri serisi, Eyliil 2007’de deniz tabaninin 200 m iizerinde 112 kHz dipten ¢ekmeli side-scan sonar ile
RV Le Suroit’de elde edilen 6nceki sonuglar1 dogrulamaktadir. 2000 senesinde belirlenmis olan en aktif
alanlarin 2007 senesindede hala aktif oldugu goriilmiistir. Merkezi Yiikselim ve Kumburgaz Havzasiyla
iliskili olan ana fay izi iizerinde akustik anomali bulunmadig1 izlenmistir. Bu kismin son yiizyil igerisinde
kirtlmadig1 blinmektedir.

ABSTRACT

The 38 kHz, single beam, echo-sounder SIMRAD EK-60 was operated during the Marnaut cruise (May-June
2007) onboard the RV L'Atalante to detect acoustic anomalies related to the presence of gas bubbles in the
water column. In the south Cinarcik Basin, strong acoustic anomalies have been found along N140 ° -
trending normal faults within a 3 km wide swath oriented N100 °. The swath trend corresponds to the
orientation of a buried fault system identified in MCS data (Carton and Singh, 2007). Ground-truthing of
these anomalies with Nautile submersible enables the founding of gas seeps and bubbles emissions at
seafloor. Acoustic anomalies are apparently weaker on the main fault scarp on the northern side of the
Cinarcik Basin.

In the Central High and Kumburgaz Basin, no acoustic anomalies were detected along the main fault trace.
Instead, a cluster with very strong amplitude anomalies was identified at about | km away from the fault, on
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top of a broad anticline. On the Western High, a cluster of acoustic anomalies characterizes the top of an
anticline located near 40°49'N, 28°46.8'E, where shallow gas hydrates have been sampled at unexpected
water depth of 660 m, well outside their stability field. In the Tekirdag and Central basins, EK-60 lines were
implemented along the fault scarps and the acoustic records indicate the presence of gas seeps at fault
escarpments.

This new set of data confirms previous results obtained with RV Le Suroit in September 2000 with a 112 kHz
side-scan sonar towed 200 m above seafloor. Most active sites identified in 2000 were still active in 2007. We
note that the only place where no acoustic anomaly was found on the main fault trace corresponds to the
Central High and Kumburgaz Basin area. This segment did not rupture during the last century.
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Cmarcik Havzasimin Kuzey Yamaci : Heyelan Riski ile Kars1 Karsiya Olan Bir Sualti Fay

Sevi

Northern Margin of the Cinarcik Basin: An Unstable Submarine Fault Scarp Prone to Mass
Movements

Naci GORUR, M. Sinan OZEREN, M. Namik CAGATAY, A. M. Celal SENGOR
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2007 Mayis ve Haziran aylarinda Marmara Denizi’'nde yapilan MARNAUT c¢alismasinda NAUTILE
denizaltisi ile bir dizi dahg yapilmigtir. Bu ¢ahismadaki amaglardan biri fay zonundaki ¢okelleri arastirmakti.
Dalis yapilan bu bolgede soz konusu kayaglar dik bir yamag olusturmakta ve tabakalar yaklasik 60 derecelik
bir dalma agisiyla giineye dogru dalig gostermektedir. Yamactan alinan 6rekler kayaclann genel olarak koyu
gri-siyah renkli, ince ve orta tabakali seyller ve karbonatlar olduklarini ortaya ¢ikarmistir. Seyller sert,
catlamis ve breslesmis ve  ¢atlaklarin i¢i kalsitle dolmustur. Seyllerin X-ismn1 difraksiyon analizi, kil
mineralleri kuvars, kalsit, feldsispattan olustugunu gostermektedir. Kil mineralleri karisik tabakali illit-
smektit, kaolin ve az miktarda da illitten olugsmustur. Baz1 yerlerde demir ve silisifikasyon etkileri de
gozlenmektedir. Karbonatlar ise genel olarak ekinoderm ve molluskca zengin biyosparitlerle temsil
edilmekltedir. Karbonatlar genel olarak par¢alanmig halde olup, bazi taneler arasinda stilolitik yapilar
izlenmektedir.

Bu sualti ¢okellerini karadaki Paleozoyik birimlerle karsilagtirdigimizda bunlarin Orta Devoniyen ¢okelleri
olduklar anlasilmaktadir. Bilindigi gibi, karadaki Orta Devoniyen ¢okelleri bilesim olarak denizde
gozlenenlere benzer sekilde ardagik karbonat ve seyl tabakalar igemektedir. Tuzla agiklarindaki ¢ok biiyiik,
eski bir sualti heyelaninin bati sinirina yapilan diger bir dalista kaymanin gergeklestigi tabakanm siyah
renkli, ve havzanin ortasina dogru dalan geyllerden olustugu tespit edilmistir. Yani hem malzeme 6zellikleri,
hem de geometrik durum bu biiyiik heyelanin mekanik evrimini destekler niteliktedir. Bu, gelecekteki sualti
heyelan riski konusunda kestirimler yaparken akildan ¢ikarilmamasi gereken bir derstir. Zira, deniz dibi
sismometre (OBS) verileri, Cinarcik Havzasi’nin kuzey kenarinin dogu kisminda mikrosismik aktivitenin ¢ok
yogun oldugunu gostermektedir. Ayrica, yapilan matematiksel simiilasyonlar Cinarcik Havzasi’nin kuzey
kenarinda tipik bir batimetrik kesit i¢in A ortalama kalinhigindaki bir sualti heyelaninin lokal olarak 0.6 H
maksimum dalga yiiksekligine sahip bir Tsunami dalga grubunu olusturabilecegini gostermektedir.

ABSTRACT

During the Marnaut expedition in the Sea of Marmara between May and June,

2007, a number of dives with submersible Nautile was realized. One of the objectives was to investigate the
stratigraphy of the rocks cropping out on this fault scarp. On the dive traverse rocks belonging to the
Palaeozoic of Istanbul were observed. These rocks form a steep scarp with beds dipping mainly toward the
open sea with an angle of approximately 60 degrees. Sampling of the outcrop revealed that they are made up
of dark grey to black and thinly-to medium-bedded shales and carbonates. Shales are hard, fractured and
brecciated in part. Fractures are filled with calcite. X-ray analysis of the shales showed that they contain
clay minerals. quartz, calcite, feldspar, and Clay minerals are represented mainly by mixed layer illite-
smectite, kaolinite and small amounts of illite. Iron staining and silicification are partly present. Carbonates
are represented mainly by biosparite, rich in echinoderms and molluscs. The carbonates are fractured and
display stylolitic contacts between some grains.
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Comparison of these submarine sediments with the Palaeozic sequence on land indicates that they represent
Middle Devonian sediments. As is well known, the Middle Devonian sediments on land comprise interbedded
carbonates and shales, similar in composition to the sediments described under the sea. A submarine dive on
the western scar of a major submarine landslide off Tuzla area revealed that the layer on which the sliding
motion occurred was composed of the black-coloured shales, dipping towards the centre of the Cinarcik
basin. Hence, both the material properties and the geometric setting probably facilitated the mechanical
evolution of this colossal landslide. This is an important lesson to take into account while assessing future
submarine landslide risk. The OBS data show that the eastern part of the northern margin of the Cinarcik
Basin is also characterized by a dense contemporary microseismic activity. Calculations show that for a
typical depth profile across the northern margin of Cinarcik Basin, a submarine landslide of average
thickness H is capable of generating a Tsunami wavetrain in which the local maximum wave height can
reach 0.6 H (0.6 times the average thickness of the slide).
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Aktif Marmara Fay1 Boyunca izlenen Siyah Siilfidli Zonlarin Kékeni, Tektonik ve
Paleosismolojik A¢idan Onemi

Origin of the Black Sulphide Patches Along the Main Marmara Fault and Their Tectonic and
Paleoseismological Implications
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Marnaut projesi kapsaminda 2007 yilinda Nautile denizaltist ile gerceklestirilen dahislarada Marmara Denizi
tabainda aktif Marmara Fay1 segmentleri boyunca deniz tabaninda siyah stlfidli zonlar ve karbonat kabuklan
gOzlenmigtir. Bu zonlarin siyah rengi ince taneli Fe-siilfid mineralleri nedeniyledir. Bu siyah zonlarin altinda
ve etrafinda ¢ogunlukla tabaka halindeki karbonat kabuklari bulunmakta olup, bu zonlar tizerinde bakteri
ortiileri ve giftkabuklu (bivalve) ve deniz kestanesinden olusan zengin bir kemosentetik topluluk bulundurur.
Aktif metan ¢ikisinin goriildiigi yarlerde siilfat/metan sinir1 deniz tabani veya bu yiizeye yakinda yer alirken;
Marmara Denizi’nin diger béliimlerinde bu sinir deniz tabanindan 2-6 m derinlerdedir. Bu durum, O- ve C-
izotop analzileri ile birlikte, siyah siilfidli zonlarn, fay boyunca ¢ikan metanin anaerobik oksidayonu ile
asagidaki tepkimeye gore olustugunu géstermektedir:

CH, + SO,> — HCO; + HS + H,0

Bu bakterilerce olusturulan tepkime Fe-siilfid ve karbonat ¢6kelmesi i¢in gerekli sil HS" and HCOj" ionlarim
saglar.

[zmit Korfezi’nde 1999 depremi sirasinda oldugu gibi, faylar boyunca metan ¢ikislarim kabuk
deformasyonu sonucu deprem sirasinda bollagtig izlenmistir. Metan ¢ikisi ve metanin anaerobik olarak
oksidasyonu derin havzalarda, fay boyunca deniz tabaninda lokal anokzik kosullarin olusmasma neden
olmaktadir. Bu redoks degisimlerinin jeokimyasal izleri ve deprem sonucu eszamanli ¢okelen sismotiirbidit
birimleri, tektonik havzalarin ¢okel isitiflerinde degisik fay segmentleri boyunca olusmus eski depremlerin
kayitlarinin taninmasinda kullanilacak ¢ok onemli paleosismolojik araglardur.
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ABSTRACT

Black sulphidic patches and carbonate crusts were observed along the active segments of the Main Marmara
Fault benath the Sea of Marmara during the Nautile dives of the Marnaut project in 2007. The black colour
of the patches are due to the presence of the black Fe-sulphides. These sulphide patches are commonly
underlain and surrounded by carbonate crusts, and associated with bacterial mats and a rich chemosynthetic
community of bivalves and sea urchins. In the active methane emission zones, the sulphate/methane boundary
occurs at or close to the seafloor, whereas elsewhere in the Sea of Marmara, the same boundary occurs at 2-
6 m below the seafloor. This, together with the O- and C-isotopic evidence indicates that the black patches
and the carbonate crusts are formed by the anaerobic oxidation of methane emitted from the active faults,
according to the following reaction:

CH, + SO/ — HCO; + HS + H,0

This reaction provides the necessary HS and HCOj ions for the formation of Fe-sulphides and carbonates.
The methane emissions along the faults have been observed to have greatly intensified during the crustal
deformation leading to earthquake ruptures, as was the case in the Izmit Gulf during the 1999 Izmit
earthquake. The methane release and its anaeorobic oxidation at or near the seafloor during the earthquakes
results in local anoxic bottom water conditions. The sedimentary record of these redox changes at the
seafloor along the ruptured fault segments in the deep tectonic basins, together with contemporaneousl
deposited sesimoturbidites, can be used as a paleoseismological tool to identify the records of the past
earthquake events.
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Cimarcik Cukuru Yamaglarinda (Dogu Marmara Denizi) Kiitlesel Sediment Akmalari

Sediment Mass Flows On The Slopes Of The Cinarcik Basin (Eastern Marmara Sea)
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Ulusal Deniz Arastirmalari-Deniz Jeolojisi ve Jeofizigi Programu gercevesinde bir TUBITAK projesi ile
desteklenen (YDABCAG-100Y081) bu ¢alismanin amaci, Marmara Denizi tabanmimn kitasal yamacinda
olusan kiitlesel sediment akmalarim ve nedenlerini aragtirmaktr. Burada sunulan ve tartigilan verilerin
(Sakitas, 2004; Ergin vd., 2005) ¢ok az bir kismi Ergin vd. (2001) tarafindan agiklanmgtir. 2000 yilinda
MTA Sismik-1 Arastirma Gemisi ile Cinarcik Cukuru’nun yamaglarindan serbest dismeli agirlikli karot ile 4
noktadan sediment drnegi almmustir. 2 nolu karot giiney yamagdan (491 m su derinligi ve 192 cm sediment
kalinlig1), 3 nolu karot Izmit Korfezi'ne yakin dogu yamagdan (986 m su derinligi ve 53 cm sediment
kalinlig), 7 nolu karot giiney yamagdan (667 m su derinligi ve 182 cm sediment kalinhigr) ve 9 nolu karot
kuzey yamagdan (415 m su derinligi ve 307 cm sediment kalinlig1) alinmstir.

Yalova agiklarindan alinan 2 nolu karotda grimsi-koyu yesil renkli camur egemendir. Sedimentler % 90-100
camur (silt ve kil) igermekte ve ¢akil+kum oranlari %10’u gegmemektedir. Genelde % 7’yi gegmeyen ¢akil
ve kum miktarlari, 55-60 cm derinlikte % 10’a ulasmaktadir. Cogunlukla terijenik kirntih tanelerden olusan
sedimentlerin karbonat oranlart oldukca diisiiktiir (% 9-10). Tuzla ve Yalova arasinda ve [zmit Korfezi’ne
giren denizalti kanyonu veya kanali gibi bir vadi morfolojisinden alinan 3 nolu karotun sedimentleri % 27-57
arasinda degisen oranlarda ¢amur ve % 43-73 arasinda ¢akil ve kum ihtiva etmektedir. En tistte (0-10 cm)
koyu yesil-grimsi ¢amur, 10-40 cm arasi kirmizimsi- kahverengi siltli-kumlu ¢amura gecmekte ve 40-51 cm
ler arasinda ¢akilli-kumlu seviyeler bulunmaktadir. Sedimentlerin igerdigi diigiik karbonat miktarlart (%3-12)
karotda terijenik kirmtili malzemenin bollugunu gostermektedir. Tabanin sert ve kaba taneli olusu nedeniyle
3 nolu karot daha fazla saplanamamis ve bu nedenle daha kalin sediment elde edilememistir. 7 nolu karot
Cinarcik kuzeybatisindan alinmistir. Karotda sedimentler %1-70 arasinda cakil ve kum, % 30-99 arasinda
camur ihtiva ederler. Ust 0-5 cm derinlikte % 1 olan ¢akil ve kum oranlari, 104-127 cm derinlikte % 16’ya
¢ikmakta ve 132-182 cm arasinda %70’e ulasmaktadir. Karot 7 sedimentlerinin karbonat miktarlari (%9-19)
alt seviyelerde yiiksek ve iiste dogru genelde azalmaktadir. Bu dagihm, alttan ste dogru kiigiilen tane
boyuna eslik etmektedir. Adalar giineyinden alinan 9 nolu karotda hakim sediment tird yesilimsi-gri gamur
olup, kum ve gakil oranlar1 % 0-27 arasinda degismektedir. Karotun 75-80 cm derinliklerinde % 10 oraninda
bulunan ¢akil ve kum, 196-201 cm seviyelerde % 27’ye ¢ikmaktadir. Sedimentlerde karbonat oranlar1 % 9-14
arasindadir.

Karot sedimentlerinde belirlenen kaba taneli seviyelerin gok gesitli nedenleri (yamag duraysizhgi, deprem,
deniz firtiasi, agir1 yagis ve sel baskinlar gibi) olabileceginden, sonuglar meveut veriler (bazi kaynaklar

asagida verilmistir) 191g1nda tartisiimaktadr.

Anahtar Kelimeler: Marmara Denizi, Sediment, Kiitle Hareketleri
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ABSTRACT

This study is supported by the National Marine Projects-Marine Geology and Geophysics Programme of
TUBITAK (YDABCAG-100Y081 ) and aims to investigate sediment mass movements and causes on the on the
continental slope of the Marmara Sea floor. Only a minor part of the data presented and discussed here
(Sakitag, 2004; Ergin vd., 2005) was previously reported in Ergin et al. (2001). In 2000, onboard the R/V
MTA Sismik-1, sediment samples were taken at 4 stations using free-fall gravity cores on the slopes of the
Cmnarcik Basin. Core 2 was taken from the southern slope (491 m water depth and 192 cm sediment
thickness), and core 3 from the eastern slope close to the Izmit Gulf (986 m water depth and 53 cm sediment
thickness), core 7 from the southern slope (667 m water depth and 182 c¢m sediment thickness) and core 9
Jfrom the northern slope (415 m water depth and 307 cm sediment thickness).

In core 2 off Yalova, grayish-dark gren mud predominates. Sediments contain 90-100 % mud (silt and clay)
icermekte and sand and gravel portions do not exceed 10 %. The sand and gravel percentages are generally
lower than 7 %, but they reach upto 10 % at 55-60 cm depth. Sediments consititute mostly terrigenous
detrital grains and their carbonate contents are rather low (9-10 %). The core 3 which was recovered at
submarine valley-like channel or canyon morphology situated between Tuzla and Yalova and at the Izmit
Gulf entrance, is composed of sediments with mud percentages ranging from 27-57 % and sand and gravel
from 43-73 %. The uppermost (0-10 cm) dark gren-grayish mud grades to reddish-brown silty mud at 10-40
cm depth and gravelly-sandy intervals are found at 40-51 cm. The low carbonate contents of sediments ( 3-
12 % ) indicate the overwhelming presence of terrigenous detrital materials in the core. The core 3 could not
penetrate deeper due to hard and coarser-grained bottom conditions. The core 7 was taken from the
northwest off Cinarcik. Sediments in the core contained 1-70 % sand and gravel and 30-99 % mud. The sand
and gravel contents of 1 % at 0-5 cm depth increased to 16 % at 104-127 cm depth and reach up to 70 %
at 132-182 cm depths. Core 7 sediments constitute 9-19 % carbonate being high at lower section with a
decreasing tendency to upcore. This distribution is associated with upcore-fining grain size. The core 9
taken from south of the Prince Islands is marked by dominance of greenish-gray mud with sand and gravel
percentages of 0-27 %. The sand and gravel contents of about 10% at 75-80 cm depths increase 1o 27 % at
196-201 cm. The carbonate contents of sediments range between 9 and 14 %.

Because the coarser-grained levels determined in the cores may have a wide variety of origins (slope
unstability, earthquakes, stormy sea waves, increased rainfall and floods, etc), results are being discussed in
the light of available data (see some sources below).

Keywords: Marmara Sea, Sediment, Mass Movements

Deginilen Belgeler

Alpar,B., Yaltirak,C. 2002. Characteristic features of the North Anatolian Fault in the eastern Marmara region and its
tectonic evolution. Marine Geology, 190, 329-350. )

Beck,C., M.-Lepinay, Schneider,J.-L., vd. 2007. Late Quaternary co-seismic sedimentation in the Sea of Marmara's deep-
basins. Sedimentary Geology, 199, 65-89.

DoluE., GokasanE., Meri¢,E Ergin M, Gorim,T., Tur,H., EcevitogluB. Avsar,N., Gormiis, M., Batuk, F.,
Tok,B.,Cetin,O. 2007. Quaternary evolution of the Gulf of Izmit (NW Turkey): a sedimentary basin under control of the
North Anatolian Fault Zone. Geo-Mar Lett. DOI 10.1007/s00367-007-0057-3

Ergin M., vd. 2001. Tektonik¢e aktif Marmara Denizi Cinarcik Cukuru'nda yamag duraysizligi, kiitlesel sediment
hareketleri ve simotiirbiditler: 17 Agustos 1999 Depremi sonrasi ¢alismalar. 54. Tiirkiye Jeoloji Kurultay, 7-10 May:s
2001, Ankara, Bildiri Ozleri, 24-25.

Ergin M., Kuscu,l, Hakyemez,Y., Sarikavak,K., Karagéz,s., Sakitas,A., Keskin,$.,Yigit,F., 2005. Sismotektonik¢e Aktif
Dogu Marmara (Cinarcik) Cukurlugunun Geg Kuvaterner Jeolojisi: Sedimentolojik, Mineralojik, Jeokimyasal ve Sismik
Profilleme Arastirmalar. TUBITAK Proje (YDABCAG-100Y081) Sonug Raporu, 108 s.

Gaziogli,C., Gokasan,E., Algan,O., Yiicel Z., Tok,B., Dogan,E. 2002. Morphologic features of the Marmara Sea Jfrom
multi-beam data. Marine Geology, 190, 397-420.

Kugsqu,I., Okamura, M., Matsuoka,H., Awata,Y. 2002. Active faults in the Gulf of [zmit on the North Anatolian Fault, NW
Turkey: a high-resolution shallow seismic study. Marine Geology, 190, 421-443.

224



1. Turiye Jealaj Hurultay Bildir zleri

McHugh,C.M.G., Seeber,L., Cormier,M-H., Dutton,J., Cagatay,N., Polonia,A., Ryan,W.B.F., Gorur,N. 2006. Submarine
earthquake geology along the North Anatolia Fault in the Marmara Sea, Turkey: A model for transform basin
sedimentation. EPSL, 248, 661-684.

Okay,A.1., Ozcan-Kaghlar,A., Imren,C., Giiney-Boztepe,A., Demirbag,E., Kuseu,I. 2000. Active faults and evolving strike-
slip basins in the Marmara Sea, northwest Turkey: a multichannel seismic reflection study. Tectonophysics, 321, 189-
218.

Sakitas, A., 2004. Marmara Denizi Cinarctk Cukurunun Geg Kuvaterner Sedimantolojisi. Yiiksek Lisans Tezi, Ankara
Universitesi, Fen Bilimleri Enstitiisii, 81 s.

Sart,E., Cagatay, M.N. 2006. Turbidites and their association with past earthquakes in the deep Cinarcik Basin of the
Marmara Sea. Geo-Mar Lett., 26, 69-76.

225



B1. Tiirkige dJeoloj Hurultay Bildir Ocfer

Yenikapi (Giiney Istanbul) Eski Kiyilarinda 5-12. Yiizyillar Arasindaki Cevre Kirliliginin
Bentik Foraminiferlerle Belirlenmesi

Determination of environmental pollution of Yenikapt (Southern Istanbul) ancient coastline
between 5" and 12" centuries using benthic foraminifera
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Marmaray projesi kapsaminda Yenikapi ve yakin gevresinde yapilan kazilarda ortaya ¢ikan geng ¢okellerin
foraminifer igerigi incelenmistir. Bazi bentik foraminiferlerde ortamsal kirliligin belirte¢i olarak morfolojik
bozukluklar gozlenmistir. Bu foramlar swrasiyla; Quinqueloculina seminula (Linné), Rosalina bradyi
Cushman, Ammonia parkinsoniana (d’Orbigny), A. tepida Cushman, Cribroelphidium poeyanum
(d’Orbigny), Porosononion subgranosum (Egger), Elphidium complanatum (d’Orbigny), E. depressulum
Cushman, E. macellum (Fichtel ve Moll)’dir. Bu topluluk disinda geng ¢okeller i¢inde kiigiik pelesipod ve
gastropod kavkilari, ekinid dikenleri, bryozoonlar, vermes tiipleri ile siinger spikiilleri gozlenmistir. En
ilging bulgulardan biri, istifin alt boliimiinde bitkisel kokenli bir mikroorganizma olan az sayida Chara
sp.-’nin varhgidir. Chara’larin en 6nemli 6zelligi kiyi alanlarindaki akarsu agizlarma yakin kesimlerde
yasamig/yasamakta olmalanidir. I¢inde bulunmus oldugu killi kumlarin bataklik-delta tipi kosullar1 yansittig
dugtiniiliir (Corillon, 1975). Bunun disinda iist bolimlerde ostrakodlardan /lyocypris gibba Ramdohr ile
Heterocyris sp.’in gozlenmesi bu digiinceyi desteklemektedir. Ciinkii /lyocypris tiirleri tath su-oligohalin
tuzluluktaki sularda yasamaktadir (van Morkhoven, 1963), Yine [lyocypris gibba Ramdohr tatli su ve
oligohalin sularda giincel olarak da bulunmustur (Delorme, 1991; Meisch, 2000). Heterocyris tiirleri ise
¢ogunlukla tath su ve ¢ok ender olarak brahik sularda yagsamaktadir (van Morkhoven, 1963; Malz, 1976).
Dolayisi ile bu alanda veya yakin gevresinde bir akarsu agizinin varoldugu ortaya ¢ikmaktadir. 5. ve 12.
ytizyillar ile daha geng¢ donemlerde giiniimiiz Vatan Caddesi’nin bulundugu alanda Lycos Deresi’nin (Miiller-
Wiener, 2001; Kocabas ve Kocabas, 2006) getirdigi Cr, Cu, Fe, Pb, Zn, Mn gibi agir metallerin varhginin
¢evre kirliligine neden oldugu diistiniilmektedir.

[lk ismi ile Bizans olan, M. S. 324 yilinda adi Konstantinopolis olarak degistirilen ve 1453 yilinda Fatih
Sultan Mehmet tarafindan fethinden sonra Islambol/istanbul diye anilan sehrin bu bolimiinde yapilan
aragtirma sonunda glinimiiz Vatan Caddesi’nin bulundugu alanda ge¢miste “Lykos Deresi” olarak
adlandirilan ve Aksaray’dan gegerek Yenikapi dolaylarinda denize ulasan bir akarsuyun varligl ortaya
¢ikmuistir. Bu alanda kimi aragtiricilar tarafindan “Theodosius Limam” diye isimlendirilen (Kocabas ve
Kocabag, 2006), bazi kaynaklarda ise “Eleutherios Limanmi” olarak deginilen (Miiller-Wiener, 2001) bir
liman bulunmakta idi. Bunun disinda tarihsel kayitlara gore, surlarla gevrili sehrin orta kisminda bir
akarsuyun denize bogalmakta oldugu bilinmektedir.

Theodosius Limani olarak isimlendirilen liman 4. Yiizy1l’da inga edilmis, bir siire sonra doldurularak “Langa
Bostan1” adiyla anilan genis bir bostan alanina doniistiiriilmistiir. Limani insa ettiren kisinin Constantinus’
mu?, yoksa 1. Theodosius’mu? oldugu tarihgiler tarafindan tartisiimaktadir. 5. Yiizyil sonlart ve 6. Yiizyil
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baslarinda sehirde hizla artan niifusun gida gereksinimi i¢in Misir’dan getirilen malzemelerin korunmasi
amaciyla bu liman ve ¢evresine de depolar insa edilmistir. 6. yiizy1l baglarinda ¢ikan/gikartilmig yanginlar ve
depremler ile harap olan bu alanda yeni diizenlemeler yapilmis olup, daha sonra Lykos Deresi’nin getirmig
oldugu aliivyal malzemeler nedeniyle liman alam kiigiilmiistiir (Miiller-Wiener, 2001). Limana yakin olan
“Vlanga” (Langa)’da kapali bir bolgeye Yahudiler, oncelikle de deri tabaklama isleri yapanlar
yerlestirilmistir. Bu durum 1453 yilinda Fatih Sultan Mehmet tarafindan Constantinopolis’in fethine kadar
siirmiigtiir. Yine, tarihsel kaynaklar Lykos Deresi ¢evresinde giiniin ihtiyacim karsilayan tabakhanelerin
varhgina deginmektedir (Miiller-Wiener, 2001).

Kazi alanindaki istifin faunal igerigi giiniimiiz Vatan Caddesi’nin bulundugu alanda gegmiste “Lykos
Deresi” olarak adlandirilan ve Yenikap: yakinlarinda denize kavugan bir akarsuyun bulundugunu; bir kisim
bentik foraminiferlerde gozlenen morfolojik ¢zelliklerinin varhg: ise Lykos Deresi ¢evresinde yeralmig olan
tabakhanelerde kullanilan Cr, mutfak geregleri olan muhtelif kaplarin yapiminda kullanilan Cu ve ozellikle
zamanin gereksinimlerine uygun olarak (silah, kapi, pencere gibi) kullanilan Fe gibi agir metal atiklarinin
dere vasitastyla denize ulasmasi sonucu bu kiy1 alaninda bir ¢evre kirliliginin meydana geldigini, bunun
etkisi ile foraminifer kavkilarinda morfolojik bozukluklarin olustugunu ortaya koymaktadir.

Anahtar kelimeler: Bentik foraminiferler, ¢cevre kirliligi, morfolojik bozukluk, Yenikap.

ABSTRACT

The benthic foraminifera of the young sediments, exposing from the excavations, in Yenikapi and
surrounding area in the framework of the Marmaray project are investigated. The morphological
abnormalites as being indication of environmental pollution are observed at some benthic foraminifera in the
course of research. These are respectively; Quinqueloculina seminula (Linné), Rosalina bradyi Cushman,
Ammonia parkinsoniana (d’Orbigny), A. tepida Cushman, Cribroelphidium poeyanum (d’Orbigny),
Porosononion subgranosum (Egger), Elphidium complanatum (d’Orbigny), E. depressulum Cushman, E.
macellum (Fichtel and Moll). Besides the foraminiferal assemblage, it was observed that the young sediments
included tests of small pelecypods and gastropods, echinid spines, bryozoans, vermes tubes and sponge
spicules. One of the interesting findings was the presence of algae Chara sp. In the lower sections of the
stack. The most important characteristics of the Chara sp. is that it prefers to inhabit the sites close to the
river mouths on the coastal regions. It is suggested that clayey sand sediments, in which it was found, reflects
delta marsh type of conditions (Corillon, 1975). The observation of the ostracod species Ilyocypris gibba
Ramdohr and Heterocyris sp. in the upper sections of the stack supports this idea. Because Ilyocypris species
are known to inhabit fresh water and waters with oligohaline salinity (van Morkhoven, 1963). Also,
Ilyocypris gibba Ramdohr was recently recorded in fresh waters and oligohaline waters (Delorme, 1991;
Meisch, 2000). On the other hand, Heterocyris species mainly prefer fresh waters, but rarely observed in
brakish waters (van Morkhoven, 1963; Malz, 1976). Thus, presence of a river mouth was suggested in this
area or in the vicinity. Due to high content of heavy metals like Cr, Cu, Fe, Pb, Zb carried by ancient Lycos
Stream previously running under the Vatan Street (Miiller-Wiener, 2001, Kocabas and Kocabas, 20006)
suggested to cause environmental pollution between 5" and 12" centuries and even more younger periods.

Its first name of the city Byzantium has been changed to Constantinopolis in 324 AD, and after taken by
Sultan Mehmet the Conquerer the name Islambol/Istanbul has been given. The recent study showed that, in
the past, a stream called “Lykos” has been found on Vatan Street, passing from Aksaray and meeting the sea
at Yenikapi. An ancient harbour was found in this region, which was named ““Theodosius Harbour”
(Kocabas ve Kocabas, 2006) or “Eleutherios Harbour” (Miiller-Wiener, 2001). Besides, historical
recordings indicate the presence of a stream flowing in the middle of the city which has been surrounded by
walls.

Theodosius Harbour has been built in 4th century, and later it has been changed to a truck garden, which is
known as the “Langa Garden". Historians still argue whether Constantinus or Theodosius the 1st. had built
the harbour. In late 5th and early 6th centuries new complexes has been built near the harbour to store
goods which have been transported from Egypt for the demand of the increasing population of the city. The
region has been restored after the earth quakes and fires which had taken in place in the begining of 6th
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century., but the harbour has been filled with the alluvials carried by the Lycos Stream and decreased in
capacity (Miiller-Wiener, 2001). The Jewish community, especially who had been working in leather tanning,
has been settled in Vianga (Langa) near to the harbour until the fall of the city in 1453. The presence of
tanneries around the Lykos stream was mentioned in historical references (Miiller-Wiener, 2001).

The investigation of the stack obtained from the study area revealed the presence of an ancient stream
“Lykos Stream” previously running under the Vatan Street and pouring into the sea at Yenikapi. The
morphological abnormalities observed in some of the benthic foraminifera suggests that the river had carried
the heavy metals such as Cr which had been used in tanneries, Cu which had been used in kitchenary and Fe
which had been used for making weapons and other household items, such as doors and windows to the sea
and had caused a heavy metal pollution around harbour, resulting in the development abnomal
morphologies in foraminifera tests.

Key words: Benthic foraminifera, environmental pollution, morphological abnormality, Yenikapt
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Tekirdag Havzasi Derin Deniz Sedimentlerinde Manganez Dagilim
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Bu ¢alisma, Tekirdag Havzasinin giincel sedimentolojisini ve sediment jeokimyasini ve bunlari kontrol eden
karasal, iklimsel ve denizel etkenleri arastirmak amaci ile hazirlanan daha genis kapsaml bir TUBITAK
projesinin (YDABAG 101Y071) pargasidir. Bu sunumda, Tekirdag Havzasinin derin sularindan (1091 m,
1109 m ve 1111 m) alinan karot sedimentlerinde tesbit edilen nisbeten yiiksek Mn miktarlari tartigilmaktadir.
288-320 cm arasinda degisen kalinliklara sahip sedimentler 2001 yilinda MTA Sismik-1 Arastirma Gemisi
ile ve agirhkli serbest diismeli karot kullanilarak alinmistir. Tane boyu, karbonat ve organik karbon analizleri
bilinen ve yayginca kullanilan yontemlerle yapilmistir. ICP-MS ile ¢oklu elementler tesbit edilmis olup,
burada 6zellikle Mn ve birazda Al, Fe ve Li tartisilmistir.

Derin havza ¢ukurunun giineybatisindan alinan 10 nolu karot % 95 ince taneli ¢amur icermekte ve karbonat
orani % 10 civarindadir. Karotun organik karbon miktar1 % 0.58-2.46 arasinda degismekte olup, ortalama
deger % 1.49°dur. 10 nolu karotda Al miktarlari ortalama % 7.08 civarinda seyrederken, Fe % 4.5 ve Li 56
ppm’dir. Mn miktarlar ortalama 2689 ppm iken, degerler 5425 ppm’e kadar yiikselmektedir. Yiiksek Mn
miktarlarina karotun sadece en st kisimlarinda degil, 25-50 cm, 175 cm ve 200-225 cm sediment
derinliklerinde de rastlamlmaktadir. 5 nolu karot ¢ukurun ortasindan alinmistir ve ortalama % 98 oraninda
camur ihtiva etmektedir. Onceki karotda oldugu gibi, 5 nolu karot sedimentlerinde de karbonat miktarlar
diisiiktiir (ortalama % 11). Sedimentlerin organik karbon miktarlari ortalama % 0.95 civarinda tesbit edilmis
fakat degerler % 0.80 ile 1.47 arasinda degismektedir. 5 nolu karot sedimentlerinin Al miktarlari ortalama %
7.35"dir. Fe miktarlan ortalama % 4.7 ve Li 59 ppm’dir. Ortalama 2272 ppm olan Mn miktarlar1 3270 ppm’e
kadar ulasmakta ve yiiksek degerlere 0-5 c¢m ve 175-250 cm seviyelerde rastlanilmaktadir. Cukurun
kuzeydogusundan alinan 11 nolu karot sedimentlerinin ¢amur oranlan ortalama % 99’dur. Karbonat
miktarlan ortalama % 11 civarinda olan sedimentlerde % 0.78-1.78 (ortalama % 1.31) miktarlarinda organik
karbon tesbit edilmistir. 11 nolu karot sedimentlerinde ortalama % 7.23 Al, % 4.6 Fe ve 59 ppm Li
olciilmiistir. Sedimentlerin Mn miktarlar1 ortalama 2939 ppm iken, bu degerler 6852 ppm’e kadar
yiikselebilmektedir. Yiiksek Mn miktarlar1 0-5 cm ve 100-125 cm seviyelerinde tesbit edilmistir.

Yukaridaki verilere gore, Tekirdag Havzasi derin deniz sedimentleri genelde ince taneli duigiik karbonath ve
terijenik kirmtili malzemelerden olugmaktadir. Al, Li ve Fe miktarlarn normal seviyelerde olup, genelde
yerkabugu ve sedimenter seyl ortalamasina olduk¢a benzemektedir. Bu nedenle, bu elementlerin miktarlan
¢ogunlukla litojenik bir girdi tiiriine (kaya¢ ayrigmasindan taginan) isaret ederken, yiiksek Mn degerlerinin
kismen de olsa baska mekanizmalar veya siireglerden kaynaklanmis olabilecegi siiphesizdir. Nitekim,
Marmara Denizi’nde (Ergin, 1988; Bodur ve Ergin, 1994; Ergin, 1994; Cagatay vd., 2004) ve diger
bolgelerde (Lynn ve Bonatti, 1965; Spencer ve Brewer, 1971; Lyle, 1983; Pruysers vd., 1991) yapilan
caligmalar, manganezin sediment istifi igerisinde diyajenetik kogullara bagl olarak, asagidan yukariya dogru
artan bir sekilde zenginlestigini gostermislerdir. Marmara Denizi’nin sig sularinda ise, sedimentlerin Mn
miktarlar1 genelde azdir (< 1000 ppm; Bodur ve Ergin, 1994; Ergin, 1994; Algan vd., 2004).

Suda ¢oziinmiis serbest oksijenin ¢ok az veya suboksik-disoksik kosullarmm hakim oldugu Tekirdag
Havzasmmin derin sularinda sedimentlerin en iist birkag cm’si sarnimtirak-kahverengimsi renkte olup,
oksidasyon ortamini gostermekte ve burada Mn en yiiksek miktarlara da ulasabilmektedir. Fakat, yiiksek Mn
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miktarlar1 grimsi-yesilimsi orta ve alt sediment seviyelerinde de tesbit edilmektedir. Tesbit ve
degerlendirmeler devam etmekte olup, denizel ortam kogullar1 ayrintih incelenmektedir.

Anahtar Kelimeler: Marmara Denizi, Tekirdag Havzasi, Sediment, Mn-diyajenezi

ABSTRACT

This study forms part of a larger investigation (Project TUBITAK-YDABAG 101Y071) which aims to study
recent sedimentation and sediment geochemistry of the Tekirdag Basin and to find controlling terrestrial,
climatic and marine effects. In this study, the relatively high Mn concentrations in core sediments will be
discussed which were obtained from the deep waters (1091 m, 1109 m and 1111 m) of the Tekirdag Basin.
Sediments having thicknesses between 288 and 320 cm were taken during the 2001 cruise of R/V MTA Sismik
1 and using free-fall gravity corer. Analysis of grain size, total carbonate, and organic carbon are based on
known and widely-used methods and techniques. Multielements were determined using ICP-MS and here
especially Mn and some Al, Fe and Li are discussed.

Core 10 recovered from the southwest of the deep basin contained 95 % fine-grained mud and carbonate
amount is about 10 %. Organic carbon contents of the core varied between 0.58-2.46 %, being on average
1.49 %. Al concentrations in core 10 averaged at about 7.08 % and Fe at 4.5 % and Li at 56 ppm. Mn
concentrations were on average 2689 ppm while values increased up to 5425 ppm. High concentrations were
Jound not only in the uppermost core sections but also in the 25-50 cm, 175 cm and 200-225 cm layers. Core
5 was taken from the centre of the basin and contained on average 98 % mud. As in former core, carbonate
contents in sediments of core 5 were also low (average 11 %). Organic carbon contents of the sediments
were found on average to be 0.95 % but values varied between 0.80 and 1.47. Al concentrations of core 5
were on average 7.35 %. The average concentrations of Fe were 4.7 % and Li 59 ppm. The Mn
concentrations averaged at 2272 ppm and values reached up to 3270 ppm whereby high values were found at
0-5 cm and 175-250 cm levels. Mud percentages of sediments of core 11 obtained from the northeast of the
basin averaged at 99 %. Average carbonate contents of sediments were at 11 % while organic carbon
contents were determined between 0.78 and 1.78 % (average 1.31 %). In sediments of core 11, on average,
7.23 % Al, 4.6 % Fe and 59 ppm Li were determined. Mn concentrations of sediments were on average 2939
ppm, however these values increased up to 6852 ppm. High Mn concentrations were measured at 0-5 cm
and 100-125 cm levels.

According to data aforementioned, deep-sea sediments of the Tekirdag Basin constituted generally fine-
grained, low-carbonate and terrigenous detrital material. Al, Li and Fe concentrations are found at normal
levels and are similar to those of average earth’s crustal and sedimentary shale rocks. Therefore,
concentrations of most of these elements indicate lithogenic input (derived from rock weathering) whereas,
high Mn values should have likely been derived, at least in part, from other mechanisms or processes. It is
shown from studies in the Marmara Sea (Ergin, 1988, Bodur and Ergin, 1994, Ergin, 1994, Cagatay et al.,
2004) and other regions (Lynn and Bonatti, 1965; Spencer and Brewer, 1971; Lyle, 1983; Pruysers et al.,
1991), manganese concentrations can be enriched within the sediment column with a tendency to increase
upcore due to diagenetic conditions. In shallower waters of the Marmara Sea, concentrations of Mn in
sediments are usually low (< 1000 ppm; Bodur and Ergin, 1994, Ergin, 1994; Algan et al., 2004).

In the deep waters of the Tekirdag Basin where suboxic to disoxic depositional conditions prevail due to very
low concentration of free dissolved oxygen, upper few cm’s of sediments were yellowish to brown in color
suggesting oxidation and high Mn concentrations were also reached here. However, high Mn concentrations
were also determined in grayish-greenish sediments from lower core intervals. Investigations and data
evaluation continued and marine depositional conditions are being studied in more details.

Keywords: Marmara Sea, Tekirdag Basin, Sediment, Mn-diagenesis
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Bati Anadolu’da Yiizeyleyen Menderes Masifi Ve Kikladik Kompleks’e Ait Birimlerin
Litostratigrafi, Metamorfizma Ve Tektonik Evrim A¢isindan Tanimlanmasi

Description of The Menderes Massif and Cycladic Complex in Western Anatolia in Terms of their
Lithostratigraphic, Metamorphic and Tectonic Evolution
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0Z

Ege Bolgesi’'nde yiizeyleyen, Kikladlar ve Menderes Masif’inden yapili kristalin kompleksler Orta Ege
Metamorfik Kusagini olusturur. Menderes Masifi ve Kikladik Kompleks’in birbirinin uzantist oldugu gorisii
genelde kabul gérmesine karsin stratigrafik 6zellikleri ve Alpin tektonometamorfik evrimleri agisindan bu
komplekslerin birbirileriyle korelasyonu hala tartigmalidir. Son yillarda gerceklestirilen ¢alismalarda,
Onceleri Menderes Masifi’ne ait oldugu kabul edilen baz1 birimlerin, Menderes Masifi’ne dahil edilmemesi
gerektigi vurgulanmakta ve bunlar Menderes Masifi’ni tizerleyen, Kikladik Kompleks’e ait tektonik birimler
olarak yorumlanmaktadir.

Nap yigini yapist sunan Kikladlar’in litostratigrafisi Alpin 6ncesi temel, Permo-Mesozoyik yash pasif kita
kenan ¢okelleri ve metamorfik ofiyolitik melanjdan olusmaktadir. Yaygin Karbonifer granitleri tarafindan
kesilen temel Alpin yiiksek-basing metamorfizmasi tarafindan {zerlenen, Variskan yash orta-basing
metamorfizmasindan etkilenmistir. Permo-Mesozoyik istif baskin olarak metaboksit ve rudist fosilleri igeren,
kalin mermerlerden yapihdir. Mermerler, gist arakatmanlarmin yani sira eklojit, glaukofanit ve jadeit -
gnayslara doniismiis asidik / bazik volkanik diizeyler igermektedir. Syros ve Samos adalarinda yiizlek veren
ofiyolitik melanj metatiif ve klorit-gistten yapili bir matriks ve bunun igerisindeki eklojit, omfasit-epidotit,
glaukofanit ve jadeitit bloklarindan olusmaktadir.

Menderes Masifi Pan-Afrikan temel ve onu uyumsuz olarak iizerleyen Paleozoyik — Erken Tersiyer yash orti
serilerinden yapilidir. Temel igerisinde, orta-sicaklik eklojitleri ile tanimlanan yiiksek-basing metamorfizmasi
Pan-Afrikan orojenezi ile iliskilendirilmektedir. Barrow tiirii orta-basing metamorfizmas: kosullarini
tamimlayan, staurolit, granat ve kloritoid igeren fillitler Paleozoik seri igerisinde yaygin olarak
gozlenmektedir. Mesozoyik seriler alt diizeylerinde, i¢lerinde kuvars metakonglomera diizeyleri bulunduran
metapelitlerle baglamakta ve iiste dogru dereceli olarak metaboksit igeren, rudist fosilli kalin mermerlere
gecmektedir. Mermerler Orta Paleosen yagli metaolistostromal birim (Kazikli Formasyonu) tarafindan
tizerlenmektedir. Metaolistostromun matriksinde ender olarak Mg-ribekit bilesiminde Na-amfibol
gozlenmektedir. Cine asmasifinin giiney kanad: boyunca uzanan kuvars metakonglomeralar igerisindeki
kuvars damarlarinda karfolit—disten bir aradaliginin varh@ Menderes Masifi’nin Mesozoyik serilerinin Alpin
yash bir yiiksek basing metamorfizmasindan etkilendigini agik¢a ortaya koymaktadir.

Menderes Masifi’nin kuzeybati kesiminde, Dilek Yarimadasi — Simav arasinda ytizlek veren ve mavisist —
eklojit fasiyesi kosullarinda yiiksek-basing metamorfizmasina ugramis birimler Triyas — Ge¢ Kretase yagh
diizenli bir seri ve onu tektonik olarak tizerleyen, olasih Geg Kretase yash Selguk melanjindan yapih iki
tektonik iiniteden olusmaktadir. Alt kesimlerinde metabazik diizeyleri ve kuvars metakonglomeralari iceren,
baskin olarak mermerden yapili diizenli seri glaukofan ve fengit igermektedir. Ar/Ar yontemiyle fengitlerden
yiiksek-basing metamorfizmasima iligkin 40 My lik soguma yaslan elde edilmistir. Siros’taki ofiyolitik
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melanjiyla eslestirilebilen Selguk melanji, klorit ve granat sistler igerisinde yer alan serpantinit, mermer ve
eklojit, omfasit epidotit, omfasit metagabro ve mavisist metabazigi gibi yiiksek-basin¢ metamorfizmasi
kayalarindan yapili bloklardan olugmaktadir. Selguk yoresindeki eklojitlerden ayiklanan zirkonlarin kenar
zonlar Siros’taki eklojitlere benzer sekilde Geg Kretase yaslari vermektedir,

Ring ve dig., (1999), Menderes Masifi’nin tiimiinde, Triyas — Erken Tersiyer yash sist, mermer ve
metaolistostromdan yapilt ortil serilerinin Kikladik Kompleks’e ait oldugunu ve bunlarin Masifin i¢
dilimlenmesini izleyen evrede bir nap Unitesi olarak Menderes Masifi’nin {izerine yerlestigini ileri
stirmektedir. Buna karsin 6zellikle Aydin Daglari’nda rudist igeren mermerlerin i¢ dilimlenme gosteren Pan-
Afrikan ve Paleozoyik birimlerinden yapili nap yigininin en alt tektonik dilimini olugturuyor olmasi bu model
ile uyusmamaktadir. Ote yandan, Withney ve dig., (2007) Cine Asmasifi’nin giiney kesimi boyunca uzanan
bir tektonik hat ile ayrilan Paleozoyik ve Mesozoyik yasl bazi birimlerin Menderes Masifi’ne ait olmadigini
ileri stirmektedir. Menderes Masifi ile Kikladlar arasindaki bindirmeyi tanimlayan bu olasili tektonik
dokanak bolgesel olgekteki yeni petrolojik ve tektonik verilerle yeterince desteklenmemis olup ayrica bu
bolgenin genel jeolojik yapisiyla uyum goéstermemektedir. Tektonik hattin giineyinde kalan ve Kikladik
Kompleks’e dahil edilen kesiminde yer alan Paleozoyik seriler igerisinde, Kikladlar’daki Paleozoyik temelin
en temel Ozelliklerinden olan Karbonifer granitlerinin bulunmayisi ve bu kayalarda Variskan
metamorfizmasina iliskin herhangi bir verinin belirlenmemis olmasi bu goriisiin diger dezavantajli yanini
olusturmaktadir. Selguk melanji, KD-GB yoniinde, Dilek Yarimadasi — Sel¢uk — Akhisar — Simav arasinda
birbirinden kopuk tektonik dilimler seklinde yiizeylemektedir. Ayrica, melanji altlayan ve glaukofan igeren
mermer — sist ardalanmasi da melanjin uzanimiyla belirgin bir uyumluluk sunmaktadir. Menderes Masifi’ni
Kikladik Kompleks’ten ayiran sinirin Selguk — Simav arasinda uzanan ve Masif’in igerisinde daha once
gelismis bindirme faylarim verev olarak kesen tektonik dokanak ile tanimlanabilecegi goriisii (Candan ve
dig., 1997, Okay 2001 ve Rimmele ve dig., 2003) mevcut verilerle biiyiik oranda uyusmaktadir.

Alpin 6ncesi evrimlerinin tiimiiyle farkli olmasina karsin bu iki kristalin masifin Mesozoyik serileri, ayni
Anatolid — Torid — Apuliyen platformundan tiremis olmalarindan dolay: benzer litostratigrafiye sahiptir.
Neotetis okyanusunun kuzey kolunun Ge¢ Paleojen’deki ¢arpismasinin bir sonucu olarak bu platform i¢
ekaylanmaya ugramis ve Menderes Masifi ve Kikladik Kompleks kesimlerinde farkli derinliklere
gomilmistiir. Kikladik Kompleks’e ait Mesozoyik birimler ve onu altlayan temel Eosen’de derin
gomiilmeye ugrams ve mavigist — eklojit fasiyesi kosullarinda (12-19 kbar/450-550 °C) yiiksek-basing
metamorfizmasia ugramistir. Bu donemde Menderes Masifi’nin Mesozoyik — Erken Tersiyer serileri, biiyiik
olasihikla Mesozoyik 6ncesi birimlerden styrilarak tektonik dilimler seklinde derinlere gémiilmiis ve yiiksek
basing metamorfizmasina (10-12 kbar/440 °C) ugramustir. Yiizeyleme evresinde tektonik olarak bir araya
gelen bu {initeler giinimiizde alttan {iste dogru Menderes Masifi, Kikladik Kompleks, Likya Naplarn ve
[zmir-Ankara Zonu kayalarindan yapili bir nap yigimn1 yapisi sunmaktadr.

Anahtar kelimeler: Menderes Masifi, Kikladik Kompleks, Tiirkiye

ABSTRACT

In the Aegean region, the crystalline complexes, Cyclades and Menderes Massif, form the Median Aegean
Metamorphic Belt. Although the Menderes Massif is traditionally assumed as the eastern continuation of the
Cycladic Complex, the correlation of these two complexes in terms of lithostratigraphic characteristics and
Alpine tectonometamorphic evolution is still controversial. In recent years, some of the units in western
Anatolia which previously were assigned to the Menderes Massif, have been interpreted to be the tectonic
units of the Cycladic Complex on top of the Menderes Massif and are excluded from the Menderes Massif.

The lithostratigraphy of the Cycladic Complex is made up of a stacked sequence of thrust sheets consisting of
pre-Alpidic basement, Permo-Mesozoic passive continental margin sediments and metamorphosed ophiolitic
melange. The basement which is intruded by widespread Carboniferous granites underwent Variscan
medium-pressure metamorphism prior to Alpine high-pressure metamorphism. The Permo-Mesozoic
sequence is dominated by thick marbles with metabauxite lenses and rudist fossils. It contains schist
interlayers and acidic / basic volcanic horizons which were transformed into eclogites, glaucophanites and
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Jjadeite gneisses. Ophiolitic melange cropping out in Syros and Samos islands consists of eclogite, omphacite-
epidotite, glaucophanite and jadeitite blocks embedded in a matrix of chlorite-schist and meta-tuffs.

The Menderes Massif consists of a Pan-African basement and unconformable overlain by Paleozoic to Early
Tertiary cover series. The high-pressure metamorphism represented by medium-temperature eclogites in the
basement is attributed to the Pan-African orogeny. The Paleozoic series is dominated by staurolite, garnet
and chloritoid-bearing phyllites indicating a Barrowian-type medium-pressure metamorphism. Mesozoic
series starts with metapelites containing quartz metaconglomerate horizons and passes gradually into the
metabauxite-bearing thick marbles with rudist fossils which is overlain by a Middle Paleocene
metaolistostromal unit (Kazikli formation). The matrix of metaolistostrome contains scarce Mg-riebeckite
occurrence. The carpholite — kyanite assemblage in synfolial quartz veins of the Triassic metaconglomerates
along the southern flank of Cine submassif clearly reveals an Alpine high-pressure event in the Mesozoic
series of the Menderes Massif.

Some units which underwent blueschist — eclogite facies metamorphism crop out in northwestern part of the
Menderes Massif between Dilek Peninsula and Simav. They are made of two tectonic units, Triassic — Late
Cretaceous coherent series and tectonically overlying, probable Late Cretaceous, Sel¢uk melange. Coherent
series which is dominated by marbles with metabasic layers and quartz metaconglomerate horizons in lower
levels contains glaucophane and phengite dated at 40 Ma, Eocene, by Ar / Ar method. Sel¢cuk melange which
can be correlated with ophiolitic melange exposed in Syros is made up of serpentinite, marble and high-
pressure blocks in chlorite and garnet schist. Eclogite, omphacite-epidotite, blueschist metabasite and
omphacite metagabbro form the high-pressure blocks of the melange. The rims of the zircons in the Sel¢uk
eclogites, similar to eclogites occurring in Syros melange, yield Late Cretaceous ages.

Ring et al., (1999) suggest that in the entire of the Menderes Massif, the Triassic — Early Tertiary schist -
marble — metaolistostrome series belongs to Cycladic Complex and was emplaced over the Menderes Massif
as a nappe unit after the internal imbrication of the Pan-African and Paleozoic series. However, the
occurrence of rudist-bearing marbles as the lowest tectonic unit of the nappe stack consisting of Pan-African
and Paleozoic series in Aydin Mountains clearly precludes this tectonic model. On the other hand, along the
southern border of the Cine Submassif, Whitney et al., (2007) postulate to exclude some of the Mesozoic and
Paleozoic series from the Menderes Massif by a tectonic line. This inferred tectonic contact representing
Menderes — Cycladic thrusting does not coincide with the general geological structure of this region and are
not supported by new petrological and tectonic data in regional scale. Furthermore, the Paleozoic series
occurring on the southern part of this tectonic contact which is included within the Cyclades does not contain
any evidence of the existence of a Carboniferous magmatism and Variscan metamorphism which are the
fundamental characteristics of the Pre-Alpidic basement of the Cycladic Complex. Selcuk melange can be
traced as NE-SW- trending dismembered tectonic slices along a line Dilek Peninsula — Sel¢uk — Akhisar —
Simav. Furthermore, the general extent of the underlying glaucophane-bearing marble — schist sequence is
consistent with Selcuk melange. As suggested by Candan et al., (1997), Okay (2001) and Rimmele et al.,
(2003), the present evidence favors that the boundary between Cycladic units and Menderes Massif may be
represented by the tectonic contact which cross-cuts the pre-existing thrust faults of the Menderes Massif
obliquely between Selguk and Simav.

Although their pre-Alpine tectonometamorphic evolutions are completely different, the Mesozoic series of
these two crystalline massifs were derived from the same Anatolide — Tauride — Apulian platform and thus
show similar lithostratigraphy. As a consequence of late Palaeogene collusion across the northern branch of
Neotethys, this platform was suffered internal imbrication and was buried to different depths in Cyclades and
Menderes Massif. In Eocene time, while the Mesozoic units and underlying basement of the Cycladic
Complex buried to great depths and were metamorphosed in blueschist to eclogite facies (12-19 kbar/450-
550 °C), the Mesozoic — Early Tertiary series of the Menderes Massif was detached, most probably, from its
pre-Mesozoic series as tectonic slices and underwent high-pressure metamorphism (10-12 kbar/440 ‘C).
After the tectonic juxtaposition during the exhumation stage, they now display a nappe pile structure, from
bottom to top, Menderes Massif, Cycladic Complex, Lycian nappes and Izmir-Ankara zone.

Keywords: Menderes Massif, Cycladic Complex, Turkey
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Orta Toroslar’in giineyinde, metamorfik kayag¢ topluluklarinin yiizlek verdigi Manavgat-Alanya-Anamur
arasinda kalan bolge Alanya Masifi olarak adlandirilir. Antalya Napi ile tektonik olarak altlanan Alanya
Masifi iist dokanagin1 Hadim Napi ile yapmaktadir. Alanya Masifi’nde yiiksek-basing metamorfizmasina
ugramis kayaglar Giindogmus ilgesinin batisinda ve Alanya’nin kuzey dogusunda yiizlek verir. Gindogmus
bolgesindeki birimler tipik nap yigmni yapist sunar. Bu tektonik istif alttan tiste dogru; 1-Ust Permiyen yasl
mermerler, 2-Mavisist fasiyesi kosullarinda baskalagima ugramis bloklu seri, 3-Yesilsist fasiyesindeki fillitge
baskin, ince karbonat ve kuvarsit diizeyleri iceren diizenli seri ve 4-Ust Permiyen yash mermerlerden
olusmaktadir. Giindogmus bolgesinde gozlenen ve yitim karmasigi 6zelligi sunan (melanj) bloklu seri
glaukofan-fengit sistten olusan bir matriks igerisinde serpantinit, glaukofan-metagabro, glaukofan-granat
¢ort, mavigist metabazit (granat-glaukofanit ve epidot-glaukofanit) ve Permiyen platformuna ait neritik
mermer bloklarindan yapilidir. Benzer gekilde napli bir yap: sunan Alanya bolgesinde alttan iistte dogru
Mahmutlar, Sugdzii ve Yumrudag naplar1 ayirtlanmigtir (Ozgiil 1976; Okay 1989). Yesilsist fasiyesi
metamorfizmasi gosteren Mahmutlar Napi baskin olan pelitik sist igerisindeki kuvarsit, dolomit ve mermer
arakatkilarindan olusur. Mahmutlar ve Yumrudag Naplar arasinda ince bir dilim olarak gozlenen Sugozi
Nap1, boylar1 1 cm ye kadar ulagabilen granatlarin gozlendigi granat-glaukofan-fengit sistler ile temsil edilir.
Bu birim igerisinde granat-glaukofanit ve eklojit mercekleri yaygmn olarak gozlenir. 6x3 metre boyutlarina
ulasabilen eklojit mercekleri yaygin bir gekilde granath-glaukofanit ve yesilsist metabazitlerine doniigim
gosterirler. Yesilgist fasiyesinde bagkalasima ugramis olan Yumrudag Napi tabanda maksimum 1 km
kalinliga ulasan metaklastik bir seri ve bunu gegisli bir dokanakla iizerleyen kalin katmanl ve metaboksit
icerikli Ust Permiyen platformuna ait dolomitik mermerlerden yapilidir.

Dokusal ve mineralojik verilere dayanarak, Sugdzii Napinda ilerleyen ve gerileyen metamorfizmalara iligkin
4 evre aymtlanmigtir. Yitim ile iligkili, ilerleyen metamorfizmanin ilk evresi epidot-mavisist fasiyesi
kosullarinda gelismistir. Bu evre eklojitlere ait granatlar igerisindeki ‘glaukofan — epidot — sfen’ kapanimlarla
tanimlanmaktadir. Eklojit evresi ‘granat — omfasit — zoisit — rutil’ ile temsil edilir. Dokusal veriler, eklojitik
evrede yeni granat kristallesmelerinin yani sira dnceki evreye iliskin granatlar iizerine bilylimenin yaygin bir
sekilde gergeklestigini gostermektedir. Bu tiir zonal bilyiimeli granatlarin kenar zonlari rutil inklizyonlarinca
zengindir. Yizeylemeyle iligkili gerileyen metamorfizma sirasiyla, epidot-mavisist ve yesilist fasiyesi
kosullarinda gergeklesmistir. Omfasitin glaukofan tarafindan tiiketimi, omfasit uzanimlariyla tanimlanan
lineasyon iizerine oblik biiyiimiis ozsekilli glaukofan kristalleri ve zoisitin epidota doniisimii gerileyen
evredeki epidot-mavisist kosullarinda yeniden dengelenmeyi tanimlamaktadir. Glaukofanin Na-Ca-amfibol
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tarafindan tiiketimi, granatlarn klorit-albit-epidot-amfibol toplulugu tarafindan pseudomorfik replasmani,
rutillerin sfen halkasi ile gevrelenmesi yesilsist fasiyesi kosullarindaki geri doniigiimii yansitmaktadr.

Petrografik ve petrolojik bulgular Alanya bolgesinde sadece Sugézii napinin yiiksek-basing / diisiik sicaklik
metamorfizmasina ugradigim1  gostermektedir. Sugoézii Napinda eklojit fasiyesine kadar ulasmis
metamorfizmanin basing kosulu maksimum jadeit igerigine (X;;=45) dayali (Holland 1980) olarak
hesaplanmustir. Ilgili sicaklik araligina gére minimum 12 kbarhk bir basing elde edilmistir. S6z konusu
eklojitlerde omfasitin geri doniigiim trinii olarak bulunan albitin varligi bulunan basincin minimum olarak
yorumlanmasina neden olur. Omfasitin maksimum jadeit igerigi ve Jadeito, + quartz = albitiug
reaksiyonuna gore basing kosullar1 12-15 kbar olarak verilebilir. Eklojit fasiyesindeki yiiksek-basing
metamorfizmasinin sicaklik kosullar1 Ellis ve Green (1979) gore granat (kenar) ve omfasit ¢ifti kullanilarak
500+25°C olarak hesaplanmistir. Mahmutlar ve Yumrudag naplan sadece tek evreli yesilsist fasiyesi
metamorfizmasindan etkilenmigtir. Bu metamorfizmanin Yumrudag Napi tizerindeki etkisi klorit olusumuyla
siirh kalmigtir. Mahmutlar Napr’min Alanya — Demirtag arasinda kalan kesiminde ise kosullar yesilsist
fasiyesinin granat zonuna kadar ulagmaktadir (6.5+ kbar / 469+ 13°C; Okay 1989).

Paleocografik modellerde genel olarak, Paleotetis Okyanusu’nun kapanmasiyla iligkili olarak Gondvana’nin
kuzey kenarinda, Permo - Triyas’ta, aralarinda Anatolid — Torid platformu kalacak sekilde Neotetis
Okyanusu’nun kuzey ve giiney kollarinin agildig1 gériisii onerilmektedir (Sengér ve Yilmaz 1981; Okay ve
dig., 2006). Neotetis’in kuzey kolunun yitimi, Anatolid’lere ait tektonik zonlarda gelisen Ust Kretase — Eosen
yash yiiksek-basing metamorfizmalar ile temsil edilmektedir. Alanya Masifi’ndeki mavisist-eklojit fasiyesi
metamorfizmasi tipik bir yitim ortamim tanimlamaktadir. Paleocografik konum ve Tiirkiye nin tektonik
catis, bu metamorfizmanin kuzey kolun evrimi ile iligkilendirilmesini mimkin kilmamaktadir. Bu
kapsamda, Orta Toros kusag: iginde yer alan Alanya Masifi’ndeki metamorfik kayaglarin evrimi Neotetis
Okyanusu’nun giiney kolunun kapanmasiyla iliskilendirilebilir. Giindogmus bélgesindeki mavisist melanji
yitim sirasinda derine gomiilmiis y1gis1m prizmasimi tanimlamaktadir. Sugézii napinin metamorfizmasi ise
bazi dilimlerin eklojit fasiyesi kosullarinda derin gémiilmeye ugradifimi goéstermektedir. Mahmutlar ve
Yumrudag naplarini olusturan pasif kita kenan ¢okelleri bu yitim ortaminda si1g gémiilme ve i¢ dilimlenme
sonucu yesilgist fasiyesi kosullarinda baskalasima ugramigtir. Sugézu napr gibi bazi dilimler séz konusu
metamorfizma sirasinda tektonik olarak bu seri igerisine yerlesmis ve yesilsist fasiyesi kosullarinda yeniden
dengelenmistir. Radyometrik olarak heniiz yaslandirilmamis olmasina kargin, yapisal ve stratigrafik verilere
(Oztiirk ve dig., 1995) dayanarak yiiksek-basing ve izleyen evredeki orta-basing metamorfizmasmin Geg
Kretase’de gerceklestigi soylenebilir.

Anahtar kelimeler: Alanya masifi, Neotetis, eklojit, omfasit, mavisist

ABSTRACT
Metamorphic rocks which crop out in the south of Central Taurides among Manavgat-Alanya-Anamur are
called as Alanya Massif. The Alanya Massif which is tectonically overlain by Hadim Nappe rests on the
Antalya Nappe with a thrust contact. The high-pressure rocks of the Alanya Massif are exposed in north of
Giindogmusg and north-east of Alanya. The units in Giindogmus area show typical nappe-stack structure. This
nappe stacking consists of; from bottom to top, 1- Upper Permian marble, 2- blocky series metamorphosed
under blueschist-facies, 3- greenschist coherent series, made up dominantly of phyllite with thin carbonate
and quarizite layers and 4- Upper Permian marble. Blocky series (mélange) in Giindogmus area which
represents a subduction-accretion complex consists of serpentinite, glaucophane-metagabbro, glaucophane-
garnet chert, blueschist metabasite (garnet-glaucophanite and epidote glaucophanite) and Permian neritic
marble blocks embedded in glaucophane-phengite schist matrix. In Alanya area which shows similar nappe
structure, from bottom to top, three nappe units, consisting of Mahmutlar, Sugézii and Yumrudag Nappes
have been distinguished (Ozgiil 1976; Okay 1989). Mahmutlar Nappe metamorphosed in greenschist-facies
consists dominantly of pelitic schist with quartzite, dolomite and marble intercalations. Sugizii Nappe
occurring as a thin slice sandwiched between Mahmutlar and Yumrudag Nappes is defined by garnet-
glaucophane schist with garnet porphyroblasts, up to 1 cm in size. Garnet-glaucophanite and eclogite lenses
are recognized commonly in this nappe. Eclogite lenses, up to 6x3 m in size are strongly transformed into
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garnet-glaucophanite and greenschist metabasite. Yumrudag Nappe which underwent greenschist-facies
metamorphism starts at the base with a metaclastic series up to 1 km thick and passes gradually into thick
layered, platform-type Upper Permian dolomitic marbles with metabauxite lenses.

Based on textural and mineralogical evidence during the prograde and retrograde metamorphic evolution of
the Sugozii Nappe high-pressure rocks, four stages can be recognized. In the first stage of the prograde
metamorphism, the Sugozii Nappe was affected by an early epidote-blueschist facies metamorphism during
the subduction. This stage is represented by ‘glaucophane-epidote-sphene’ inclusions in the garnet of the
eclogites. Eclogite stage is characterized by ‘garnet-omphacite-zoisite-rutile’ mineral assemblage. Textural
evidence shows that besides new garnet generation in eclogite, the garnets of epidote-blueschist stage are
commonly rimmed by eclogite-facies garnets. These rims are rich-in rutile inclusions. The retrograde
metamorphism related with the exhumation occurred in two stages, epidote-blueschist and following
greenschist facies. The textural evidence such as replacement of omphacite by glaucophane, oblique growth
of idiomorphic glaucophane crystals on pre-existing lineation of omphacite and replacement of zoisite by
epidote indicate that the eclogite-facies assemblage was overprinted by epidote-blueschist facies
metamorphism during the retrograde stage. The consumption of glaucophane by Na-Ca amphibole,
pseudomorphic replacement of garnet by chlorite-albite-epidote-amphibole assemblage, sphene corona
around rutile mark the gradual retrogression into greenschist-facies rocks.

Petrographic and petrological data reveal that only Sugozii Nappe in Alanya area has been undergone to
high-pressure / low-temperature metamorphism. In Sugézii Nappe, minimum pressure condition of eclogite-
facies metamorphism based on the maximum jadeite (X;5=45) content of omphacites (Holland 1980) is
estimated as 12 kbar. Furthermore, the jadeite; gy + quartz = albity,,) reaction gives an upper limit for
pressure as 15 kbar. The temperature conditions of high-pressure metamorphism in eclogite -facies estimated
using Ellis and Green (1979) yielded temperatures of 500+25°C for garnet (rim) — omphacite pairs.
Mahmutlar and Yumrudag Nappes are free of high-pressure evidence and have been affected by single stage
greenschist-facies metamorphism. The effects of this metamorphism on Yumrudag Nappe are only restricted
to chlorite formation. Whereas, in the Mahmutlar Nappe between Alanya and Demirtas, P-T conditions
reach up to garnet zone of greenschist-facies metamorphism (6.5+ kbar / 469+ 13°C; Okay 1989).

In the Permo-Triassic palaeogeographical reconstructions of the Tethyan oceans, it is generally assumed
that northern and southern branches of the Neotethys opened along the northern margin of the Gondwana as
consequence of the closure of the Paleotethys and these oceanic basins separated the Anatolid — Tauride
platform from Gondwana (Sengor and Yilmaz 1981, Okay et al., 2006). The subduction history of the
northern branches of the Neotethys is marked by high-pressure metamorphisms which occurred in the
tectonic zones of the Anatolides during Late Cretaceous — Eocene times. The blueschist-eclogite facies
metamorphism of the Alanya Massif represents a typical subduction environment. The palaeogeographical
position of the Alanya Massif and general tectonic framework of Turkey preclude attributing this event to the
evolution of the northern branch of the Neotethys. In this case, the poly-metamorphic evolution of the Alanya
Massif which is included within the Central Tauride belt can be ascribed to the closure of the southern
branch of the Neotethys. Blueschist mélange in Giindogmus area can be interpreted as the tectonic slices of
an accretionary complex which were buried during the subduction. The occurrence of eclogites in Sugozii
Nappe shows that some of slices which were derived from the shallow-water sediments reached also a depth
of 50 km during this subduction. Whereas, the passive continental margin sediments of the Mahmutlar and
Yumrudag Nappes were buried to shallow depths and have undergone Barrovian metamorphism. During the
exhumation, some of the deeply buried slices (e.g. Sugozii Nappe) were tectonically emplaced into these
medium-pressure units and were strongly overprinted by the same greenschist metamorphism. Although it
has not been dated radiometrically yet, based on the structural and stratigraphical constrains (Oztiirk et al.,
1995) the age of the high-pressure metamorphism in the Alanya Massif can be anticipated as Late
Cretaceous.

Key words: Alanya massif, Neotethys, eclogite, omphacite, blueschist
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Sarkdy yoresinde, olistostromal Ust Eosen yash kumtaslari, Kuzey Anadolu Fayi'na baglanan faylar
tarafindan siirlandirilan tektonik kiymiklar halinde Miyosen yasgh kinntili kayaglar altindan antiklinal
cekirdekleri iginde yiizeylemektedir. Ust Eosen yash kumtaslari igindeki olistolitler, serpantinit, mavisist,
metadiyabaz, Ust Kretase ve Paleosen yasl pelajik kiregtasilari, Ust Eosen resifal kiregtasi, radyolarit,
kuvarsit ve ender olarak da yesilsist tarafindan temsil edilir. Mavisist, serpantinit, radyolarit ve pelajik
kiregtas1 birlikteligi bu olistolitlerin okyanusal bir yigisim karmasasindan tiremis olduguna isaret
etmektedir. Ancak yorede yiizeyleyen boyle bir yifisim karmasasi bilinmemektedir. Bu ¢alisma bu
mavisistlerin arazi iliskileri, petrolojisi, baskalagim yas1 ve bolgesel onemleri {izerine odaklanmaktadir.

Olistolitlerin boyutlar1 birkag yiiz metreye kadar ulasmaktadir. Olistolitler diginda, ~8 km
uzunlugunda ve ~1.5 km genisliginde serpantinit ve mavisist sirti bulunmaktadir: Serpantinit sirtindan ~3 km
giineybatida agilan Ortakdy-1 petrol arama kuyusunda, 1731 m sonra Miyosen kirnntili kayaglarindan Eosen
kumtas1, silttas1 ve seyl istifine girilmistir (Yazman 1997). Bu da serpantinit sirtinin kokiiniin olmadigina ve
kiigiik 6lgekteki olistolitlere benzer bir stratigrafik konum iggal ettigine isaret etmektedir.

Mavisisler bashca lavsonit-mavigist altfasiyesi mineral topluluklarina sahip olup, 210-290 °C ve
~0.58-0.82 Gpa kosullarinda dengelenmistir. Gerek serpantinitler i¢inde dayk olarak gerekse kumtaglari
icinde bireysel olistolit olarak rastlamlan metadiyabazlar pumpelleyit-lavsonit-glaukofan veya pumpelleyit-
epidot-glaukofan gibi mineraller igerir. Bu mineral topluluklan sirastyla 240-290 °C & 0.68-0.78 Gpa ve de
325-375 °C & 0.67-0.75 Gpa kosullarinda dengelenmistir. Dengelenme kosullarindaki sicaklik farklihiklar:
olistolitlerin yigisim karmagasinda kismen farkli sicaklik ortamlardan tiiremis olduguna isaret etmektedir.
Hem Rb-Sr fengit-toplam kaya¢ hem de asamali “Ar-*Ar fengit yaglandirmasi ~86 My’lik yas degerleri
vermektedir. Bu yas degerleri, mavigist fasiyesli baskalagimmn Geg¢ Kretase (Coniacian-Santonian)
déneminde gereklesmis oldugunu ve mavisistlerin olusumu ile icinde bulunduklari olistostromal
kumtaslarinin ¢okelimi arasinda ~45 My’lik bir zaman boslugu oldugunu gostermektedir.

Giiney Trakya ve Biga yanmadasmin kuzeybati kesimi Rodop Masifi’nin en dogu uzantisini
olusturmaktadir. Biga yarimadasinin kuzeybatisindaki Ust Kretase yash dusiik sicaklik-yiiksek basing
baskalasim kayalar, bagkalagima ugramamus yigisim karmasalari (Okay & Satir, 2000) ve Sarkdy
mavisistleri, Sakarya Zonu ile Giiney Trakya arasinda bulunan bir okyanusal alanmmn yitim {rint
olmalidirlar. Sarkdy mavisistlerinin yaslan Tavsanli Zonu mavisistlerinki (~82 My; Sherlock vd. 1999) ile
karsilagtirilabilir niteliktedir. Ancak, her iki mavisist fasiyesli alan arasinda, Sakarya Zonu'nun bulunmasi,
denestirme yapilmasin giiglestirmektedir.
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ABSTRACT

In the Sarkoy area, olistostromal Upper Eocene sandstones occur as a tectonic sliver, within
Miocene clastics, ~ 25 km long and ~2 km across, bounded by the strands of the North Anatolian Fault. The
olistoliths in the Upper Eocene sandstones are represented by serpentinite, blueschist, metadiabase, pelagic
Upper Cretaceous and Paleocene limestones, Upper Eocene reefal limestone, radiolarian chert, quartzite
and rarely greenschist. Association of rock types such as blueschist, serpentinite, radiolarian chert and
pelagic limestone suggest that the olistoliths were derived from an oceanic accretionary complex. However
there are no known on-land exposures of such an accretionary complex in the region. This study focuses on
the field relations, petrology, age of metamorphism of these blueschist olistoliths and their geodynamic
implications.

The sizes of the olistoliths reach up to several hundreds of meters. Apart from the olistoliths within
the tectonic sliver, a large serpentinite and blueschist block, 8 km long and 1.5 km across, occur. The
hydrocarbon well Ortakoy-1 drilled ~3 km southwest of the serpentinite ridge passed through 1731 m of
Miocene clastics to Eocene sandstone, siltstone and shale before entering the basement rocks. This indicates
that the serpentinite ridge does not have root, and occupies a similar stratigraphic position to the small
olistoliths.

The blueschists are represented mainly by lawsonite blueschist-facies assemblages, equilibrated at
210-290 °C and ~0.58-0.82 Gpa. In addition, the metadiabases which occur either as dikes in serpentinite or
discrete blocks in sandstontes, contain blueschist-facies assemblages such as pumpellyite-lawsonite-
glaucophane and pumpellyite-epidote-glaucophane, with equilibration conditions of 240-290 °C & 0.68-0.78
Gpa and 325-375 °C & 0.67-0.75 Gpa, respectively. Differences in equilibration temperatures at roughly
similar pressures suggest that the olistoliths were originated from relatively different thermal settings, but
similar depths in the accretion complex. Both Rb-Sr phengite-whole rock and incremental *’Ar-** Ar phengite
dating from the blueschists consistently yielded age values of ~86 Ma, indicating that the blueschist-facies
metamorphism occurred during Late Cretaceous (Coniacian-Santonian), and there is a time lag of ~45 Ma
between the blueschist-facies metamorphism and deposition of hosting sandstone-shale sequence.

The southern Turkish Thrace and northern Biga Peninsula forms the easternmost extension of the
Rhodopes. Late Cretaceous low temperature-high pressure metamorphism and non-metamorphic
accretionary complexes in the northwestern Biga Peninsula (Okay & Sanr 2000) in conjunction with the
Sarkdy blueschists point for the subduction-accretion processes, relating to the consumption of the oceanic
domain between the Sakarya zone and the southern Thrace. Age of the Sarkoy blueschists is comparable to
that of the Tavsanl zone blueschists (~82 Ma, Sherlock et al. 1 999). However, the correlation is not justified
because a microcontinetal domain, the Sakarya Zone, occurs between the Sarkoy blueschists and Tavsanl
zone blueschists.
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Tavsanli Zonu, Anatolid-Torid blokunun Kretase’de kuzeye Neo-Tetis dalma-batma zonu i¢ine dalan ve
burada mavisist-eklojit fasiyesinde metamorfizma gegiren kesimini temsil eder. Tavsanh Zonu icerisindeki
diizenli mavisist istifi altta kalinhigi 800 metreyi ge¢en mikasistlerden, mikagistleri tizerleyen muhtemelen
Mesozoyik yasta mermerlerden ve mermerler iizerine gelen metabazit-metacort istifinden yapilmigtir. [stif
Geg Kretase’de (~80 Ma) ~24 kbar basing ve ~430 °C sicaklikta baskalasim gecirmistir. Diizenli mavigist
istifi tizerine tektonik dokanaklarla ofiyolitli melanj ve/veya esas olarak peridotitten olusan ofiyolit kiitleleri
gelir.

Kuzeybati Anadolu’da Bursa-Orhaneli’nin gevresinde yaygm mostra veren mavisist fasiyesinde
metamorfizma gegirmis mermer ve mikagistler iginde yaklasik 400 kalinlikta bir metagranitoid kutlesi
saptanmistir.  Metagranitoid esas olarak jadeit ve kuvarstan olusur, ayrica az miktarda kloritoid, lavsonit,
glokofan, ve fengit ihtiva eder. Metagranitoidin mikasist ve mermerler ile olan sinirinda metamorfizma-
sonras1 herhangi bir makaslanma veya faylanma izlenmez. Bu gozlem, ve metagranitoid ile mikagistlerde
saptanan benzer yiiksek basing mineral parajenezleri (6zellikle jadeit + kloritoid + kuvars), metagranitoidin
diizenli mavisist istifi ile beraber mavigist fasiyesinden bagkalasim gegirdigini gostermektedir.

iki metagranitoid numunesinden elde edilen 16 tane zircon, Pb-Pb evaporasyon yontemi ile yaslandirilmistir.
Tim zirkonlar Ordovisyen yaslar vermistis, ortalama yas Orta Ordovisyen’dir (467.0 + 4.5 Ma).
Zirkonlardan elde edilen bu yaslar metagranitoidin kristalenme yast olarak yorumlanmistir.  Ayrica
metagranitoidin gevresindeki mikagistlerden alinan bir numuneden elde edilen onalti kinntili zirkon
Kambriyen-Ordovisyen (530-450 Ma) ve Karbonifer (~310 Ma) yaslari, bir zirkon ise ge¢ Arkean yas1 (2563
Ma) vermistir. Kirmtili zirkon yaglari metagranitoidin mikasistlerin igindeki bir sokulumdan ziyade allokton
konumlu bir kiitle oldugunu gosterir. Metagranitoidi ¢evreleyen kayaglarda moloz akintisi veya tane akintist
olarak yorumlanabilecek metakonglomeralarn bulunmamasi, metagranotoidin ufak bir tektonik dilim
oldupuna isaret etmektedir. ~ Aynica kirmtil zirkon yagslar, mavisist fasiyesinde baskalagim gegirmis
mikasgistlerin ilksel ¢okelim yasimin Karbonifer sonrasi, muhtemelen Triyas olduguna isaret eder.

izmir-Ankara kenedinin hemen giineyinde mostra veren bu kiitle, Anatolid-Torid blokunun kuzey
kesimlerinde Ordovisyen granitoidlerinin var oldufuna isaret etmektedir. Bu granitoidler muhtemelen

Gondwana kitas1 kuzey kenarinin Ordovisyen’deki riftlesmesi sirasinda gelismis asitik sokulumlardur.

Anahtar Kelimeler: Ordovisyen graniti, jadeit, Tavsanl Zonu, Bursa, zircon yaslari
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ABSTRACT

The Tavsanli Zone represents the northern margin of the Anatolide-Tauride Block that was subducted during
the Cretaceous and was metamorphosed in blueschists and eclogite facies. The coherent blueschist
sequence in the Tavsanli Zone consists of metapelitic micaschists, over 800-m in thickness, overlain by
Mesozoic marbles, which are in turn overlain by a sequence of metabasite and metachert. The whole
sequence was metamorphosed during the Late Cretaceous (~80 Ma) at pressures of ~24 kbar and
temperatures of ~430 °C. The coherent blueschist sequence is tectonically overlain by ophiolitic melange or
by ophiolite, largely represented by peridotite.

A metagranitoid, about 400 m thick, was found in the region of Bursa-Orhaneli in northwest Turkey within
the blueschist facies micaschists and marble. The metagranitoid consists essentially of jadeite and quartz
with lesser amounts of chloritoid, lawsonite, glaucophane and phengite. No post-metamorphic shearing or
Jaulting are observed along the the metagranitoid-micaschist or metagranitoid-marble contacts. This, and
the common high-pressure mineral assemblages in the micaschists and in the metagranitoid (especially the
Jadeite + chloritoid + quartz assemblage) indicates that the metagranitoid has been metamorphosed at
blueschist facies together with the enclosing micaschist and marble sequence.

Sixteen zircons from two samples of jadeite-metagranitoid were dated using the Pb-Pb evaporation
technique. All the zircons gave Ordovcian ages with a Middle Ordovician mean age of 467.0 + 4.5 Ma.
These zircon ages are interpreted as the age of crystallization of the granitic magma. A sample from the
micaschists around the metagranitoid yielded sixteen Cambro-Ordovician (530-450 Ma) and Carboniferous
(~310 Ma) detrital zircon ages and one zircon yielded a late Archean age of 2563 Ma. The ages from the
clastic zircons indicate that the metagranitoid is not an intrusion into the micaschists but is allochthonous.
The absence of metaconglomerates, which can be interpreted as debris or grain flows within the micaschists
and marble, suggest that the metagranitoid is a tectonic sliver from the basement. Furthermore the clastic
zircon ages show that the depositional age of the micaschists is post-Carboniferous and probably Triassic.

The metagranitoid, which crops out immediately south of the Izmir-Ankara suture, indicates the presence of
Ordovician plutons on the northern margin of the Anatolide-Tauride Block. These granitoids probably

formed during the Ordovician rifting events along the northern margin of the Gondwana.

Keywords: Ordovician granite, jadeite, Tavsanli Zone, zircon ages
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0Z
Dogu Toroslar’da Neotetis okyanusal kabugunun kalntilarindan birini temsil eden Geg Kretase yash
ispendere ofiyoliti Giineydogu Anadolu’da Malatya’nin dogusunda yer almaktadir. Ispendere ofiyoliti
dogusunda yeralan Kémiirhan ve Guleman ofiyolitleri ile kokensel iliskiye sahiptir. Ispendere ofiyoliti
giineye dogru Orta Eosen yasgh volkano-sedimanter Maden grubu iizerine bindirmekte ve bolgesinde Orta
Eosen-Oligosen yash Kirkgegit formasyonu tarafindan uyumsuz olarak tizerlenmektedir.

Bolgede yiizeyleyen Ispendere ofiyoliti tam bir okyanusal litosfer kesiti sunmakta olup tabandan
tavana dogru; tektonitler, ultramafik-mafik kiimiilatlar, izotrop gabrolar, izole diyabaz dayklan levha dayk
kompleksi, plajiyogranitler ve volkaniklerden olusmaktadir. Manto kayaglar harzburjitik ozelliktedir.
Ultramafik-mafik kiimiilat kayaglar1 verlit, dunit, troktolit, olivinli gabro ve gabrolarla temsil edilmektedir.
Kiimiilatlardaki kristallesme siras1 olivin (Foggg)) +krom spinel, klinopiroksen (Enso.as, Fso.s, Wo49.43), Ve
plajiyoklas (Angy.s) seklindedir. Kiimiiliis ve postkiimiilis mineraller kayda deger bir zonlanma
gostermemektedirler. Kiimiilat kayaglar igerisinde yliksek An icerikli plajiyoklaslarin varhgi okyanusal
kabuk gelisimi sirasindaki sulu ortamu isaret etmektedir.

Volkanik kayaglar ve Levha dayklarimin Zr/Ti ve Nb/Y oranlarina dayal olarak yapilan jeokimyasal
simiflandirmalar; volkanik kayaglarin basalt, bazaltik andezit ve andezitler ile levha dayklannn ise diyabaz
ve mikrodiyoritler ile temsil edildigini gostermektedir. Tiim bu kayaglar toleyitik karakter sunmaktadir
(Nb/Y oranlar levha dayklar igin 0.05-0.16 arasinda volkanik kayaglar icin ise 0.05-0.23 arasindadir). Levha
dayklan ve volkanik kayaglar genellikle yataya yakin veya hafif nadir toprak elementlerince tiiketilme
(Levha dayklar igin (La/Lu)y= 0.67-0.96 ve volkanik kayaglar i¢in (La/Lu)y=0.71-1.12) gostermektedirler.
Bu kayaglar N-MORB’a gore normalize edilmis orimcek diyagramlarinda ise Rb ve Th gibi baz yiiksek
iyon ¢apli elementlerce (LILE) zenginlesme ve Nb bakimindan tiketilme gostermektedirler.

Kiimiilat kayaglarda kalsiyumca zengin plajiyoklaslarin (Angg.7s) varligl, yiksek Mg icerigine sahip
olivin (Mg#ggg) ve klinopiroksenler (Mg#oo.s3), klinopiroksenin plajiyoklastan ¢nce kristallenmesinin
yaninda volkanik kayaglar ve levha dayklarinin jeokimyasal ozellikleri; Ispendere ofiyolitinin Giiney
Neotetis’te Ge¢ Kretase’de okyanus i¢i dalma-batma zonu (SSZ) iizerinde olustugunu ve ada yay toleyitik
(IAT) magmasindan tiiredigini isaret etmektedir.

Anahtar kelimeler: Neotetis, Giineydogu Anadolu, Ofiyolit, Ispendere, Malatya.
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ABSTRACT
Late Cretaceous Ispendere ophiolite, one of the Neotethyan oceanic crustal remnants from the
Eastern Tauride mountains, is located to the east of Malatya in the southeast Anatolia. The Ispendere
ophiolite has a genetic link with the Komiirhan and Guleman ophiolites to the east. The Ispendere ophiolite is
a thrust over the Middle Eocene volcano-sedimentary Maden Group to the south and unconformably overlain
by Middle Eocene-Oligocene aged Kirkgegit formation.

The Ispendere ophiolite in the region presents an intact oceanic lithospheric section and from
bottom to top comprises tectonites, ultramafic to mafic cumulates, isotropic gabbros, isolated diabase dykes,
sheeted dyke complex, plagiogranitic rocks and volcanics. The mantle tectonites are harzburgitic in
composition. The ultramafic-mafic cumulate rocks are represented by wehrlite, dunite, troctolite, olivine
gabbro, and gabbro. The crystallization order within the cumulates is olivine (Fogs.s)) chromian spinel,
clinopyroxene (Ensg.45, Fsq.5, Wo49.43), and plagioclase (Angy.s5). The cumulus and postcumulus minerals do
not show significant zoning. The presence of An-rich plagioclases in the cumulate rocks indicates hydrous
conditions at the time of oceanic crust generation.

The geochemistry of the volcanic and sheeted dyke rocks of the Ispendere ophiolite shows that the
volcanic unit comprises basalt, basaltic-andesite and andesite whereas the sheeted dykes are represented by
diabase and microdiorite based on Zr/Ti vs Nb/Y ratios. All these rocks are tholeiitic in character (Nb/Y=
0.05-0.16 for the sheeted dykes and 0.05-0.23 for the volcanics). The sheeted dykes and volcanics generally
show flat to light rare earth element (LREE) depleted patterns [(La/Lu)y=0.67-0.96 Jor the sheeded dyke
rocks and (La/Lu)y=0.71-1.12 for the volcanics)]. The N-MORB normalized spider diagrams for these rocks
show some selected large ion litophile element (LILE) enrichments (Rb, Th) and Nb depletion.

The presence of Ca-plagioclases (Anse.z5), highly magnesian olivines (Mg#ss.g,), clinopyroxenes
(Mg#oy.s3), the crystallization of clinopyroxene before plagioclase in the cumulate rocks as well as the
geochemistry of volcanics and sheeted dykes suggest that the Ispendere ophiolite formed in a intraoceanic-
subduction zone (SSZ) and was derived from an island arc tholeiitic (IAT) magma source in southern
Neotetis during Late Cretaceous

Key words: Neotethys, Southeast Anatolia, Ophiolite, Ispendere, Malatya
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(V7
Avanos (Nevsehir) bolgesinde yiizeylenen granitik ve volkanik kayaglarin petrolojisi Orta
Anadolu’daki magmatizmanin dogasim arastirmada 1sik tutacaktir. Bolgede granitoyidler Prekambriyen-
Paleozoyik-Mesozoyik metamorfik temel kayaglarina sokulum yaparken, volkanik kayaglar granitoyidleri
kesen dayklar ve Geg Kretase (?)-Erken Paleosen olistostromal birimde bloklar halinde bulunmaktadir
(Gonciioglu vd., 1997; Koksal vd., 2001).

Avanos bolgesindeki felsik kayaglar kuvars-siyenit ve alkali feldispat kuvars-siyenit, volkanik
kayaglar ise traki-dasit, traki-andezit ve dasit tipindedir. Her iki tip kaya¢ toplulugu da genel olarak aym
mineral igerigine sahip olup, K-feldispat, plajiyoklas, amfibol, biyotit + kuvars + klinopiroksen + muskovit
ana mineralleri ile zirkon, titanit, apatit ve opak aksesuar fazlar ile temsil edilmektedir. Bu minerallere ek
olarak i¢eriginde kuvars bulunmayan volkanik kayaglarda az miktarda ps6dolosit bulunmaktadir.

Tiim-kaya¢ element jeokimyasi agisindan da benzerlik gosteren granitoyidler ve volkanik kayaclar
alkalen ve metaluminah-hafif peraluminali (molar A/CNK<I.1) olup, Whalen vd. (1987) smiflamasina
dayanarak A-tipi, Pearce vd. (1984) smflamasina gore carpigma-sonrasi olarak nitelendirilebilir.
Elementlerin silikaya karsi degisimleri incelendiginde her iki grup kayacin ayni dagilim ve trendleri
gosterdikleri belirlenmistir. Ayrica bu kayaglar primitif-mantoya gére normalize edilmig ¢oklu-element ve
kondrite gore normalize edilmis nadir toprak element diyagramlarinda benzer zenginlesme ve fakirlesme
araliklan ile benzer paternler gostermektedir. Coklu-element diyagraminda Nb, Ta, Ti fakirlesmesi ve Rb,
Th, K, Pb, U zenginlesmesi belirgin olup, nadir toprak element diyagraminda LREE’ler HREE’lere gore
zenginlesme gosterirken ([La/Yb]y = 12-97), negatif Eu anomalisi ¢ok belirgin degildir ([Ew/Eu*]x=0,65-
0,92).

Petrografik gozlemler ve tiim-kaya¢ element jeokimyasi verileri granitik ve volkanik kayaglarin es
olusumlu olduklarina isaret etmektedir. Bunlarin yanisira, granitik ve volkanik kayaglann ilksel Sr, Nd ve Pb
izotop oranlan da ([*'St/**Sr]= 0,708479-0,709896; eNdr)= -7,2 — -9,1; [2°Pb/**Pb]; = 18,84-18,98;
2Pb/%Pb]; = 15,72-15,76; [**Pb/***Pb]; = 38,98-39,24; n=24) dar araliklarda Ortiismektedir. izotopik
veriler de bu kayaglar arasindaki esolusum iligkisini desteklemektedir.

Elde edilen veriler, Avanos bolgesindeki volkanitlerin granitik kayaglarin s1g sokulum ve ekstrusif
eslenikleri oldugunu gostermektedir. Bunun yanisira her iki tip kayacin manto kaynakli ergiyikten tiredigi,
ancak bu ergiyigin yogun bir kitasal kabuk kirlenmesi etkisi altinda da kaldig1 onerilmektedir. Bu kayaglarin,
Neotetis izmir-Ankara-Erzincan kolunun kapammu sirasinda kitasal kabuk kalinlasmasina bagl olarak
gelisen ¢arpigma-sonrasi magmatizmanin tiriini oldugu diistiniilmektedir.

Anahtar Kelimeler: Magmatizma, volkanik kayag, granitoyid, izotop, Avanos, Orta Anadolu
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ABSTRACT
The petrology of the granitic and volcanic rocks cropping out in Avanos (Nevsehir) area sheds light
on the nature of magmatism in central Anatolia. In the region while granitoids intrude the Precambrian-
Paleozoic-Mesozoic metamorphic basement rocks, volcanic rocks are found as dykes cutting granitoids and

blocks in Late Cretaceous (?)- Early Paleocene olistostromal unit (Gonciioglu et al., 1997; Kéksal et al.,
2001).

The felsic intrusive rocks in the Avanos area are quartz-syenite and alkali-feldspar quartz-syenite
while volcanic rocks are trachydacite, trachyandesite and dacite. Both type of rock assemblages, in general,
have similar mineral constituents which are K-feldspar, plagioclase, amphibole, biotite + quartz +
clinopyroxene + muscovite of essential minerals, and accessory phases of zircon, titanite, apatite and
opaque. In the quartz-free volcanic rocks, there is limited amount of pseudoleucite in addition to these
minerals.

The granitoids and volcanic rocks, showing similarities also within the aspect of whole-rock element
geochemistry, are alkaline and metaluminous-slightly peraluminous (molar A/CNK<1.1). The rocks can be
described as A-type and post-collisional based on Whalen et al. (1987) and Pearce et al. (1984)
classifications. Variation of elements against silica shows that both rock groups are characterized by same
elemental distributions and trends. Moreover, these rocks display similar envichment and depletion ranges
and analogous patterns. In the multi-element diagram, Nb, Ta, Ti depletion and Rb, Th, K, Pb, U enrichment
are noteworthy, besides in the rare earth element diagram LREEs are enriched compared to HREEs
([La/Yb]y = 12-97), and negative Eu anomaly is not very significant ([Eu/Eu*]y=0,65-0,92).

Petrographic observations and whole-rock element geochemistry data point out that the granitic
and volcanic rocks are cogenetic. Furthermore, the initial Sr, Nd, and Pb isotope ratios of both rock groups
overlap in small ranges ([*’Sr/*°Sr];= 0,708479-0,709896,; eNdy= -7,2 — -9,1; [*"Pb/"Pb]; = 18,84-
18,98; [*’Pb/"Pb]; = 15,72-15,76; [**Pb’"Pb]; = 38,98-39,24; n=24). Thus isotopic data also support
the cogenetic relationship between these rocks.

The data obtained show that the volcanics are shallow intrusive and extrusive equivalents of the
granitic rocks in the Avanos area. Furthermore, it is suggested that both rocks are derived from mantle
sourced magma that is affected from crustal contamination. These rocks are thought to be products of post-
collisional magmatism generated due to the crustal thickening during the closure of Neotethyan Lzmir-
Ankara-Erzincan branch.

Keywords: Magmatism, volkanic rock, granitoid, isotope, Central Anatolia, Avanos
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0z
Dogu Pontidlerin yiizeyleyen Liyas oOncesi taban kayaglarimin takriben % 40’dan fazlasi
granitoyitlerden olugmaktadir. Glimiishane Batoliti ~400 km”lik yiizyleme alani ile bu granitoyitlerin en
bilyiigidir. Bu galigmanin amaci, Giimiishane Granitoyidi'nin genel petrolojik niteliklerini, yasim ve
yoredeki diger Liyas 6ncesi taban kayaglari ile baglantisini aragtirmaktir.

Giimiigshane Batoliti, gliney s boyunca amfibolit fasiyesli, 2323 My yasli  Kurtoglu
metamorfitlerini kesmekte ve uyumsuz olarak Liyas yash volkanoklastitler tarafindan tzerlenmektedir.
Granit, granodiyorit ve felsik kayaglar (mikrogranit, sferolitik dasit ve riyolit) granitoyidi olusturan ana
kayag tiirleridir. Bunlardan granit ve granodiyorit batolitin orta ve kuzey kesiminde yiizeylenmekte olup,
bashca hornblend, biyotit, plajiyoklas, K-feldispat ve tali bilesen olarak magnetit, apatit ve zirkon
icermektedir. Buna karsilik, felsik kayaglar batolitin giiney ve giiney dogu kisminda yiizeylenmekte olup,
yalnizca kuvars ve feldispattan olusmaktadir. Granit/granodiyorit ile felsik kayaglar arasindaki smir tedrici
geciglidir.

Biitiin kayag tiirleri yiiksek K’lu kalkalkalen seriye ait olup, aluminyum doygunluk degerleri (ASI)
0.87’den 1.30’a kadar degismektedir. ASI degerleri 1.1 den biiyiik olan 6rnekler, onemli miktarda serisit ve
klorit gibi ikincil mineraller icermektedir. Artan SiO2 igerigine, yani kesirlenmeye, bagl olarak, kayaclarm
ALO;, TiO,, Fe,0;*, MnO, MgO, CaO, P,0s, St ve Zr icerikleri azalmakta, K,O igerigi ise artmaktadr. flkel
mantoya gore normlastirilmis driimeek diyagramlari, bariz negatif Ba, Nb-Ta, Sr, Eu ve Ti ve de pozitif K,
Th, U and Pb anomalileri gostermektedir. Kondrite gére normlastiriimig La/Yb oranlari, 8.96 ile 12.44
arasinda degismektedir. Orta nadir toprak elementleri agirlarina gore herhangi bir kesirlenme sunmamaktadir
[(Gd/Yb), ~0.90-1.18)]. Bu kimyasal nitelikler, kaynak alanda veya kabuksal bir magma odasinda
plajiyoklas, hornblend, piroksen ve apatit gibi minerallerin kesirlenmis olduguna isaret etmektedir.

Granitoyidin yasmi siirlandirmak igin dort hornblend ve dort biyotit separati tizerinde asamali
“Ar-*Ar yaslandirmasi yapildi. Batolitin dogu ucundan alinan orneklerden ayirtlanan biyotit ve hornblend
separatlar rahatsiz edilmis ve birbirleriyle uyusmayan yas tayflan verirken, batolitin ortasindan alinan
orneklerdeki biyotit ve hornblendler sirasiyla 315+4 - 31444 ve 31246 - 318+3 My plato yaslar1 vermektedir.
Hornblend ve biyotitin Ar difiizyonu i¢in kapanma sicaklif, sirastyla ~470-570 ve 345-310°C olarak tahmin
edilmektedir. Biyotit ve hornblend yas degerlerinin hata paylar i¢inde ayirt edilemez olusu, batolitin hizh
sogumus olduguna isaret etmektedir. Granitoyidin kesme iliskisi i¢inde oldugu Kurtoglu amfibolit fasiyeslh
dilimin baskalasim yasi, baskalasim kosullari (=323 My; ~650 °C ve ~0.4 Gpa, ~15 km derinlik) ve
metamorfitlerle dokanaktaki felsik kayaglari siferolitik doku sunmast dikkate alindiginda (Topuz vd. 2007),
granitoyit yerlesiminin metamorfitlerin ¢ok s12 derinliklere (~1 km) kadar yikselmesinden sonra
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gergeklestigi anlagilmaktadir. Ilksel eyg degerleri —3.87°den —6.39’a, ilksel *’Sr/*°Sr izotop oranlari ise
0.69239’dan  0.70880’¢ kadar degismektedir. Dusik ilksel *’Sr/*°Sr degerlerini, 0.69239-0.70274,
hidrotermal alterasyona ugramis ornekler gostermektedir. ilksel eNd degerleri artan toplam kaya¢ SiO,
igerigi ile herhangi bir baglanti gostermemektedir. Bu izotopik nitelikler, kitasal kabuk igin niteleyici olup,
6ztimleme ve farkli kaynakli magmalarin karigiminin minimum oldugunu gostermektedir.

ABSTRACT
Over 40 % of the exposed pre-Liassic basement of the Eastern Pontides (NE Turkey) is made up of
granitoids. The Giimiighane batholith forms the largest one of these basement granitoids, with an outcrop
area over ~400 km’. The object of this study is o explore the petrologic characteristics, age of the
Giimiishane Granitoid and its relationships to the other pre-Liassic basement units in the Eastern Pontides.

The batholith crosscuts the amphibolite-facies Kurtoglu metamorphic complex (2324 Ma) to the
south, and is transgressively overlain by the Liassic volcanoclastics. Hornblende-biotite granite/granodiorite
and the felsic granitic rocks (e.g., microgranite, hypabissal spherolithic ryolite/dasite) form the main rock
types. Of them, granite and granodiorite are exposed in the middle to the northern portion of the batholith,
and comprise hornblende, biotite, plagioclase, K-feldspar and accessory magntite, apatite and zircon. Felsic
rocks occur in the southern portion of the batholith in contact with the Kurtoglu metamorphics, and are
made up exclusively of quartz and feldspar. The border between felsic rocks and granite/granodiorite is
gradual, and is represented by numerous dikes of felsic rocks.

All the rock types belong to high-K calc-alkaline I-type series. Aluminum saturation values (ASI)
range from 0.87 to 1.30. The samples with ASI values >1.1 contain considerable amounts of hydrothermal
chlorite and sericite. With increasing silica, abundances of ALOs, TiO,, Fe,03*% MnO, MgO, CaO, P,Os, Sr
and Zr decrease, abundance of KO increases. Primitive-mantle normalized spider diagrams display marked
negative anomalies of Ba, Nb-Ta, Sr, Eu and Ti and positive anomalies of K, Th, U and Pb. Chondrite-
normalized La/Yb values range from 8.96 to 12.44, and middle rare earth elements are hardly fractionated
relative to the heavy ones [(Gd/Yb)., ~0.90-1.18]. These chemical features suggest a fractionating
assemblage of plagioclase, hornblende, pyroxene and apatite.

To constrain the timing of emplacement of the batholith, four biotite and four hornblende separates
were dated via incremental *’Ar-"’ Ar method. Both biotite and hornblende separates from the eastern end of
the batholith yielded disturbed age spectra, whereas biotite and hornblende separates from the center of the
batholith recorded plateau ages of 315+4 - 314+4 and 312+6 - 318+3 Ma (2), respectively. Closure
temperatures for Ar diffusion in hornblende and biotite are estimated ~470-570 and 345-310 °C
respectively. The indistinguishable nature of biotite and hornblende ages suggests rapid cooling. The timing
of the amphibolite-facies metamorphism in the Kurtoglu region (>323 Ma, ~650 °C & ~0.4 Gpa, ~15 km,
Topuz et al. 2007), and spherulitic texture in the felsic rocks bordering the Kurtoglu metamorphics suggest
that the emplacement of the Giimiishane granitoid should have taken place after the exhumation of the
Kurtoglu metamorphics to the rather shallow levels (~1 km). Initial eNd values range from —3.87 to —6.39
and initial ’Sr/°Sr isotope ratios Sfrom 0.69239 10 0.70880. Low initial *’Sr/*°Sr values, 0.69239-0.70274,
are shown by the hydrothermally altered samples. The initial eyy values do not show any systematic
relationship with the bulk-rock SiO, concentrations, suggesting that assimilation or mixing of magmas of
distinct sources were minimal. These initial isotopic values are characteristic of the crustal sources.

Deginilen Kaynaklar
Topuz G, Altherr R, Schwarz W-H, Dokuz A, Meyer H-P (2007) Variscan amphibolite-facies metamorphic
rocks from the Kurtoglu metamorphic complex (Giimiishane area, Eastern Pontides, Turkey) International
Journal of Earth Sciences, 96: 861-873.
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Keklikderesi (Sarikamig-Kars) Civarinin Jeolojik ve Petrografik incelenmesi

Geological and Petrographical Investigation of Keklikderesi Vicinity (Sartkamig-Kars)
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0Z
Calisma alam, Kars ili Sarikamus ilgesinin yaklagtk 10 km gineydogusundaki, Hamamli koyiiniin
glineybatisinda kalan Keklikderesi mevkiinde yer almaktadir. Bu ¢alisma, inceleme alanindaki litolojik
birimlerin jeolojik ve petrografik 6zelliklerinin incelenmesini amaglamaktadir. Bu kapsamda 1/10000 ve
1/2500 o6lgekli ayrintih jeoloji haritas1 yapilmig ve ¢ok sayida ince kesit drneginin polarizan mikroskopta
incelenmesi gergeklestirilmistir.

Calisma alaminda temeli Paleozoyik yash Keklik formasyonu olarak adlandirilan metamorfik kayaglar
olusturmaktadir. Keklik formasyonu iizerine bolgede genis yayilim gosteren Miyosen-Kuvaterner (6.9 = 0.9
ve 1.3 £ 0.2 my) yash Sarikamis volkanitleri gelmektedir. En geng birimler ise Kuvaterner yash yamag
molozlardir.

Saha calismalar1 ve petrografik inceleme sonuglarina gore Keklik Formasyonu, kirmizi ve yesil renkli
sistlerden olusmaktadir. Yesil renkli olanlar, kuvars-epidot-klorit sist, serizit-klorit-epidot sist, epidot-kalsit-
kuvars gist, epidot-klorit sist birimlerinden meydana gelmektedir. Kirmizi ve morumsu renkli olanlar ise
cogunlukla farkli demiroksit mineralleri igeren epidot-kalk fillit, epidot fillit ve klorit-epidot fillitlerden
olusmaktadir. Bu birimler kendi aralarinda yatay ve diisey geg¢islidir. Sistlerin sistozite diizlemlerine paralel
olarak gelismis yesil-yesilimsi sar1 renkli metabazit mercekleri bulunmaktadir. Yesil renkli sist birimleri
icersinde, orta kalin tabakali, agik renkli, iri kristalli, seker dokulu mermer, ayn1 zamanda yer yer yesilimsi
renkli epidotlu mermer bant ve mercekleri de gozlenmektedir.

Keklik Formasyonuna ait yesil renkli sistler, genellikle lepidoblastik ve lepidogranoblastik dokuda olup esas
mineral olarak, epidot, klorit, kalsit, kuvars, serizit, tali mineral olarak ise plajiyoklas ve opak
minerallerinden olusmaktadir. Kirmizi renkli fillitler ise feldispat, kalsit, kuvars, epidot (pistazit), klorit,
serizit, demiroksit ve opak minerallerden meydana gelmektedir. Metabazitler, kalinti ofitik ve porfiroklastik
dokuda olup, epidot (pistazit ve zoizit), klorit, kalsit, kuvars, az miktarda plajiyoklas, tali mineral olarak da
biyotit, serizit minerallerinden olusmaktadir. Mermerler i¢ersinde bol kalsit yaninda kiigiik ve ince kuvars ve
epidot mineralleri tespit edilmistir.

Sarikamus volkanitleri, caligma alaninda farkli litolojik birimlerden olusan ¢ farkli seviye halinde
gozlenmistir. Alt seviye, riyolitik aglomera, dasitik ve riyolitik tif ve yer yer obsidyenli sev1yeler ile baglar.
Orta seviye, arazide sert ¢ikintilar olusturan kaynaklanmug tif biriminden olugur. Ust seviye ise bazaltik
andezitik, riyolitik lavlar, aglomera, tif ve yer yer perlit seviyelerinden meydana gelmektedir.

Alt seviye volkanitlerinde, genellikle vitrofirik ve yer yer de sferiilitik doku goriilmektedir. Volkanik cam
hakim olup diisiik 1sil1 silis ve az miktarda biyotit, plajiyoklas, amfibol ve opak mineraller gézlenmektedir.
Sferiilitik kristaller genellikle silika (kristobalit) mineralleridir. Kayaglarda volkanik cam egemen oldugu i¢in
vitrik tiif olarak adlandirilmustir.
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Orta seviye kaynakli tiiflerinde, akma yapilari belirgindir. Kaynakl tiifler, volkan cami kiymiklar, kristal ve
litik bilesenlerden olusmaktadir. Kaynakl tiifler genellikle vitrofirik dokuda goériilmekte olup yer yer de
mikrolitik yonlenme ve hiyalopilitik dokularda goze c¢arpmaktadir. Esas mineral olarak plajiyoklas
(oligoklas), sanidin, + piroksen (0jit), = biyotit, + amfibol ve opak mineraller goriilmektedir. Kayag¢lar, kristal
vitrik tiif olarak adlandirilmigtir. Kaynakli tiif 6rnekleri kristal pargalar yaninda az miktarda da litik bilesenler
de igermektedir.

Ust seviye tiifleri, volkan camu, kristal ve litik bilesenlerden olusmaktadir. Tiifler genellikle vitrofirik dokuda
goriilmekte olup yer yer de mikrolitlerde yonlenme goze ¢arpmaktadir. Esas mineral olarak, plajiyoklas
(oligoklas) ve piroksen (ojit) mikrolitleri, + sanidin, £ biyotit ve opak mineraller tespit edilmistir. Litik
pargalar genellikle hipokristalin dokudadir. Ince taneli kristaller matriksi olugturan volkanik cam iginde
dagilmis olarak gorilirler. Tif 6rnekleri genellikle kristal vitrik tif ve vitrik tiif olarak adlandirilmistir. Ust
seviye lav drneklerinde ise hakim doku pilotaksitik ve hiyalopilitik dokudur yer yer de mikrolitik pilotaksitik
dokuda gozlenmektedir. Sanidin ve piroksenler (ojit) fenokristal olarak bulunmaktadir. Mikrolitler halinde,
plajiyoklas, piroksen, opasitlesmis biyotit ve opak minerallerde gozlenmektedir. Kayaclarin yapilan
adlamalarinda andezitik ve trakiandezitik lav olduklar belirlenmistir.

Keklik formasyonu igersinde yer yer cevherli zonlann yer aldigi belirlenmistir. Cevherlesme, K52-68°D/15-
45° KB duruslu olan sistozite diizlemlerine paralel siireksizlik yiizeyleri boyunca yerlesmistir. Cevher
parajenezinin, malahit, azurit, pirit, kalkopirit ve hematit minerallerinden olustugu belirlenmistir.

Anahtar Kelimeler: Sarikamsg, Keklik Formasyonu, Petrografi

ABSTRACT
The study area is located in Keklikderesi in southwestern of Hamamli village where is approximately 10 km
from southeast of Sarikamis settlement of Kars province. The aim of this study is to determine the geological
and petrographical features of lithological units in the study area. In this study, were made detailed
geological maps (1710000 and 1/2500 scaled) and prepared numerous thin sections and also examined under
the microscope.

At the basement of the investigated area, Paleozoic aged Keklik formation which is characterized by
metamorphic rocks is situated. Keklik formation is overlain with an angular disconformity by Miocene-
Quaternary (6.9 + 0.9 and 1.3 £ 0.2 ma) aged Sarikamis volcanics. All units in the investigated area are
overlain with an angular conformity by Quaternary aged slope deposits.

According to field observations and petrographical analysis, Keklik formation consists of red and green
schists. Green schists are represented by quartz-epidote-chlorite schist, sericite-chlorite-epidote schist,
epidote-calcite-quartz schist and epidote-chlorite schist units. Red and purplish schists are usually
constituted from epidote-calk phyllite, epidote phyllite and chlorite-epidote phyllite units. The boundary
between the red and green schists is transitive. In the schists had been found green-greenish yellow
metabasites lensoidal shape which developed parallel to the schistosity planes. In the green schist units, light
colored and lensoidal shape white marbles and greenish epidote marbles are also found. They have sugar
texture and with large crystals.

Green schists belonging to Keklik formation are usually lepidoblastic and lepidogranoblastic textures. They
consist of epidote, chlorite, calcite, quartz, sericite, plagioclase and opaque minerals. Red phyllites, consist
of feldspars, calcite, quartz, epidote (pistacite), chlorite, sericite, iron oxide and opaque minerals.
Metabasites are residual ophitic and porphyroclastic textures and consist of epidote (pistacite and zoisite),
chlorite, calcite, quartz and little amount of plagioclase. Secondary minerals contain biotite, sericite
minerals. Marbles consist of abundant calcite, small and fine quartz and epidote minerals.
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Sarikamis volcanics in the investigated area was observed in the three different levels which constituted from
different lithological units. Lower level begin rhyolitic agglomerate, dacitic and rhyolitic tuffs and in places
obsidian levels. Middle level consists of welded tuffs which constituted hard protrusions in land. Upper level
consists of basaltic andesitic, rhyolitic lavas, agglomerate, tuff and in places perlite levels.

In the lower level, volcanics have usually vitrophyric and spherulitic textures. This volcanics contain
abundant volcanic glass and also consist of low temperature silica and little amount biotite, plagioclase,
amphibole and opaque minerals. Spherulitic crystals are usually silica (cristobalite) minerals. Welded tuffs
samples named as vitric tuff for dominant volcanic glass in the rocks.

In the middle level, welded tuffs are evident to flow banding structure. Welded tuffs consist of shards, crystal
and lithic components. Welded tuffs are found usually in the vitrophyric texture, in addition they have a
microlitic flow banding and hyalopilitic textures. These tuffs named as crystal vitric tuff consist of
plagioclase (oligoclase), sanidine, + pyroxene (augite), + biotite, £ amphibole and opaque minerals. In the
welded tuff samples had been contained crystal fragments and lithic component in the little amount.

Upper level tuffs consist of volcanic glass, crystal and lithic components. Tuffs are usually in the vitrophyric
texture, also there is a microlitic flow banding texture. In the tuffs had determined plagioclase (oligoclase)
and pyroxene (augite) microlits, + sanidine, + biotite and opaque minerals as main mineral. Lithic fragments
are generally hypocrystaline texture. Fine crystals had spread in the volcanic glass. Tuff samples were
named as crystal vitric tuff and vitric tuff. In the upper level lava samples show pilotaksitic, hyalopilitic and
microlitic pilotaksitic texture. Sanidine and pyroxene are found as phenocrystal in the tuffs which consist of
plagioclase, pyroxene, opacited biotite and opaque minerals in the microlits. These rocks were named as
andesitic and trachyandesitic lava according to thin section investigations.

Ore zones are determined in Keklik formation. Ore deposition had ensconced throughout parallel
discontinuities in the N52-68°E/15-45° NW trending schistosity planes. Ore paragenesis are malachite,

azurite, pyrite, chalcopyrite and hematite.

Keywords: Sarikamus, Keklik Formation, Petrography
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Dereyalak (Inénii-Eskisehir) Opal Olusumlarinda Renk Cesitlenmesi

Colour variation of Dereyalak (Inonii-Eskisehir) Opals

Mine TEKBAS CANDAR

Bayndirlik ve Iskan Miidiirliigii, Trabzon, mtekbascandar@gmail.com

0z

Dereyalak (Inonii-Eskisehir) bolgesinde yer alan opal olusumlarn renklenmeleri yoniinden ¢esitlilik
sunmaktadir. Bu ¢alismada bolgede bulunan opaller renklerine gore siit beyaz, koyu-agik gri, yesil, mavi,
sari-bal sarisi, turuncu olarak aymrt edilmistir. Renklerine gére tamimlanan opaller gemolojik ydnden
incelenmistir. Yesil, turuncu, ve mavi opallerde renk degisiminin gézlenmesi amaci ile 11l bagimh analizler
uygulanmugtir. Belirtilen 3 renk omek tizerinde 900-1100-1300 ° C lerde uygulamalar yapilmistir. Bu
uygulama sonucunda opal orneklerine ait renklerde degisimler oldugu gozlenmistir. Mavi renkli opaller mat
beyaz renge, yesil renkli opaller agik yesil, mor renge, turuncu renkte opallerin ise koyu pembe renge
dontigiim gosterdikleri belirlenmigtir.

Anahtar Kelimeler: opal, renk ¢esitlenmesi, gemoloji, Eskisehir-Dereyalak

ABSTRACT

Opal formations located in Dereyalak (Indnii-Eskisehir) present variety in their colour. In this study
locations opals are seperated according to their colours as white dark-light grey, gren, blue, yellow-honey
yellow, orange opals. Opals defined according to their colours are studied at a gemological point of view. To
determine specify the colour change in green, orange and blue opals, heat dependant analyses are made. At
this three colored opals 900-1100-1300 °C analyses are made. As a result of this analyses changes at the
colours of opal are observed. It determined that blue opals change into dull white, green opals change into
light green and purple, orange opals change into dark pink through heating.

Keywords: opal, colour variation, gemology, Eskisehir-Dereyalak
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Menderes Masifi (GB Tiirkiye)’den karst-tip metaboksitlerdeki ferrokloritoyidlerin mineral
kimyasi

Mineral chemistry of ferrochloritoid in the karst-type metabauxites from Menderes Massif,
SW Turkey - a preliminary study —
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Tugrul KARABULUT, ismail GUNES, Ersin BOLAT
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0z
Kloritoyid olusumlarinin birgogu aliiminyumlu ve demirce zengin yiiksek-derecede metamorfizmaya ugramis
pelitik kayaglarda bulunmaktadir. Kloritoid ayni zamanda diinyadaki farkli lokasyonlarda (6rnegin;
Menderes Masifi (Tiirkiye), Attik-Kiklat Metamorfik Kompleksi (Ege Denizi), Dora-Maira Masifi (Italya)
polimetamorfik masiflerin kalsitik, dolomitik mermer ve metamorfizmaya ugramis boksitik kayaglarda
goriilmektedir.

Son jeolojik ¢alismalara gore, Fe-kloritoyid ve Mg-kloritoyid olmak tizere iki farkli tipte kloritoyid ayirt
etmek miimkiindiir. Ferrokloritoyid, diisiik-orta dereceli metamorfik kayaglarin yaygin minerali iken
(metapelitikve metaboksitik birimler); magnezyokloritoyid, mavisist fasiyesi kayaglar i¢in anahtar rol
oynamaktadir.

Calisma alani, Menderes Masifi’nin giineyinde, Yatagan’mn (Mugla, GB Turkiye) yaklagitk 15 km.
kuzeydogusunda, Ismail Dagi civarinda yer alir. Bu ¢alismada, korundga zengin metaboksitler i¢indeki
mevcut Fe-kloritoyidlerin petrografik ve mineralojik karakterlerinin ortaya konmasi amaglanmigtir.

Kimyasal olarak, kloritoyidler énemli bir sekilde Fe bakimindan zengindir. Xy,=Mg/(Mg+Fe) oran1 0.090-
0.200 arasinda degismektedir. (Fe*+Mg+Mn) toplami 1.971 ve 2.006 (atom per formula unit) arasinda
degismektedir. Ti, Zn, Ca, Ni, Ca ve Na igerikleri 6nemsizdir (yaklasik olarak < 0.01). Si degeri ideal olarak
yaklasik 2.0; Al degeri kloritoyidin formiilii i¢in 4.0’dir. Mg degeri bu galigmada 0.179 ve 0.388 arasinda
dagilim sunarken, Mn igerigi 0.020 ile 0.033 arasinda degismektedir. Sadece 2 degerlikli katyonlar (R™)
diistiniildiigiinde, kloritoyidler yogun bir sekilde Xp.=1.778-1.892, Xy;=0.090-0.200, Xw,;=0.009-0.017,
X22=<0.005, X¢,=<0.001 [Xyaryor=iki degerlikli katyon/(2 degerlikli katyonlarin toplami)] ile Fe-zengindir.

Petrografik olarak, kloritoyidler 6z sekilli korund kristalleri ile gevrelenen bashca lata sekilli genis
porfiroblastlardan meydana gelmektedir ve nadiren Ti-zengin hematit inkliizyonlan igerir. Tek nikolde,
kloritoyidler koyu kahverengi ile agik yesil ren tonlarinda degisen giicli pleokroyizma gosterirler ve
polisentetik ikizlenmeleri aym zamanda yaygindir. Polisentetik ikizlenme ve pleokroyizma kloritoyid i¢in
taninabilir optik 6zelliklerdir.

AL O;-FeO5 tot SiO, diyagraminda, korundca zengin metaboksitler Alpi, Apuane (Italya) kloritoyid sistleri
ile karsilastirildiginda Fe’ce zengin kloritoyidler olduke¢a yiiksek ALO; ve oldukea dustk SiO, degerleri
gosterirler. Tayvan kloritoid kayaglanyla karsilastirilirsa, Menderes Masifi’nin Fe-kloritoyidleri 6nemli
oranda daha yiiksek Al,O;igerikleri, fakat ok daha diisiik FeO ve SiO, icerikleri gosterirler.

Anahtar-Kelimeler: ferrokloritoyid, Menderes Masifi, GB Tiirkiye
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ABSTRACT
Most of chloritoids occurrences are in aluminous and iron-rich high-grade metamorphosed pelitic rocks.
Chloritoid is also found in calcitic, dolomitic marbles and metamorphosed bauxitic rocks of
polymetamorphic massifs in different localities in the world such as the Menderes Massif (Turkey), the Attic-
Cyladic-Metamorphic Complex (Aegean Sea), Dora-Maira Massifs in Italy, Alpi, Apuane (Italy).

According to the recent geological studies, two different types of chloritoid are likely to be distinguished as
Fe-chloritoid (ferrochloritoid) and Mg-chloritoid (magnesiochloritoid). Magnesiochloritoid plays a key-role
for blueschist-facies rocks, whilst ferrochloritoid is a common mineral in low to medium-grade metamorphic
rocks (e.g. metapelitic and metabauxitic unit).

The studied area is situated around Mt. Ismail approximately 15 km northeast of Yatagan (Mugla, SW-
Turkey) in the southern part of the Menderes Massif. In the present study, it is aimed to deal with the
petrographical and mineralogical aspects of Fe-chloritoid present in corundum-rich karstmetabauxite

(emery).

Chemically, Fe-chloritoid is remarkably Fe-rich. Xy,=Mg/(Mg+Fe) ratio ranges from 0.090 to 0.200. The
(Fe’* +Mg+Mn) sum is 1.971 and 2.006 a.p.fu. The Ti, Zn, Ca, Ni, Ca and Na contents are negligible (ca.<
0.01 a.p.fu). Si-value is ideally near 2.0; Al-value is the ideal 4.0 for formula of chloritoid. The Mg value of
chloritoid was found varying between 0.179 and 0.388 (a.p.f.u) in present study. The Mn content varies from
0.020 to 0.033 (a.p.fu). Considering only divalent cations (R**), chloritoid is exceptionally Fe-rich, with

- XFe=1.778-1.892, Xy=0.090-0.200, X,,=0.009-0.017, X7,=<0.005, Xc,=<0.001, where X.yon=divalent
cation/(sum of the divalent cations).

Petrographically, chloritoid consists mainly of lath-shaped large porphyroblasts surrounding euhedral
corundum crystals and includes rarely Ti-rich hematite inclusions. In plane-polarized light, it shows a strong
pleochroism ranging from dark brown to light greenish colours, and polysynthetic twinning is also common.
Polysynthetic twinning and pleochroism are diagnostic optical properties for chloritoid.

Fe-chloritoid in corundum-rich metabauxites shows much higher AL,O; and the correspondingly SiO,
contents are remarkably low, in comparison to the Alpi, Apuane chloritoid schist. If compared with those of
Taiwan chloritoid rocks, Fe-chloritoids from the Menderes Massif show remarkably higher Al,O; contents,
but lower FeO,,, and SiO, contents.

Key-Words: ferrochloritoid, Menderes Massif, SW Turkey
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Bati Anadolu’daki Kiitahya-Saphane Bolgesi Ates Opallerinin Mikro Kristalin Yapisim
Ortaya Cikartan Xrd Calismasi

Xrd Study Disclosed The Micro Crystalline Structure Of The Fire Opals From Kutahya-Saphane
Of The West Anatolia

Murat HATIPOGLU

Dokuz Eyliil Qniversitesi, Jzmir Meslek Yiiksekokulu, Gemoloji ve Miicevher ProgramiBuca/ IZMIR
Dokuz Eyliil Universitesi, fen Bilimleri Enstitiisii, Dogal Yapi Taslar: ve Siis Taslari Anabilim Dali
Bornova/[ZMIR  murat.hatipoglu@deu.edu.tr - www.gemoloji.host.sk

oz
Bati Anadolu’da bulunan ve ekonomik rezerve sahip ates opali ornekleri, silis fazi tiplerini ortaya
¢ikartmak i¢in XRD ile incelenmistir. Ayrica, sonuglar Bati Anadolu’nun ametist ve mavi kalsedon
drneklerinin XRD grafikleriyle kiyaslanmigtir.

XRD grafikleri gostermistir ki, Kiitahya-§aphane bolgesi ates opalleri mikro yada psodo-kristalin
dokuya sahiptirler. Opallerde gézlenen psodo-kristalin silika fazlar, bilinenin aksine sadece kristobalit ve
tridimit olmayip, ayn1 zamanda moganit ve kuvarsa da aittir. Bu yiizden ates opallerinin dokusu dort 6nemli
silika fazim1 da yansitmaktadir. Ancak bunlardan baskin olanlan, psodo-tridimit ve psddo-kristobalitin opal
biinyesindeki temsilcileri olan opal-T ve opal-C’ye ait sagimm pikleridir. Karakteristik olarak bu iki fazin en
gii¢lii sagimm piklerinin birlesik yansimasi olan opal-CT’dir Ikincil onemli sagimim pikleri ise moganit
ve/veya druse kuvars’a (gok kiigiik kuvars kristalleri) ait olanlardir. Bu yiizden bu galismada ilk kez psodo-
moganit i¢in “opal-M” ve psodo-druse kuvars icin de “opal-dQ” ifadeleri ortaya atilmistir. Ayrica
karakteristik olarak bu iki fazin en gii¢lii sagimim pikinin birlesik yansimasi olan opal-MdQ’dur.

Ates opallerinin XRD grafiklerinde, iki tane birlesik silika fazina ait saginim pikleri ve bunlarin bandlan
bulunmaktadir. Bunlardan en onemlisi, opal-T ve opal-C’yi temsil eden silika fazlarinm en giiglii saginim
piklerinin kanigmasi sonucu ortaya ¢ikan birlesik silika fazi olan opal-CT’dir. Bu 6zgiin ve simgesel silika
ifadesi olan opal-CT, asagidaki farkli govde renklerine sahip ates opallerinde, giigli siddetli ve yaygin
sagiim bandlar1 halinde ortaya gikmustir;

*Kirmuzi govde renkli ates opalinde ~4.30 A (opal-T) ve ~3.80 A (opal-T) dag kollarina sahip ~4.09 A
(opal-T ve Opal-C kombinasyonu) merkezi piki;

*Turuncu govde renkli ates opalinde ~4.32 A (opal-T) ve ~3.81 A (opal-T) dag kollarina sahip ~4.09 A
(opal-T ve Opal-C kombinasyonu) merkezi piki;

*San govde renkli ates opalinde ~4.30 A ve ~3.81 A dag kollarina sahip ~4.11 A merkezi piki;

*Renksiz govde rengine sahip ates opalinde ~4.32 A ve ~3.82 A dag kollarina sahip ~4.11 A merkezi
piki.

Diger birlesik silika faz1 ise, ates opali biinyesinde ¢ok siddetli ve belirgin ~3.34 (3.35) A merkezi pikli
saginim bandmin gozlenmesidir. Bu band, hem kuvars hem de moganit igin karakteristik oldugundan her iki
silika fazimin (opal-dQ ve opal-M) kombinasyonuna ait olabilecegi (opal-MdQ) sonucuna varilmistir. Bu
yiizden ates opallerinde opal-CT kombinasyonuna benzer olarak opal-MdQ kombinasyonun da varhg ilk kez
olarak delillendirilmistir.

Ates opalleri igerisinde opal-CT kombinasyonu igerisindeki pikler diginda, diger piklerden higbiri opal-T

ile eslestirilememistir. Bununla beraber opal-CT kombinasyonu igerisindeki ~4.0 (4.1) A piki ile ~2.50 (2.51)

A’daki pik disinda, bazi pikler opal-C’ye atfedilmistir. Bunlar, ilksel d-araliklarindan ~2.28 (2.30) A; ~1.61
(1.63) A ve ~1.54 (1.55) A merkezi pikli zayif siddetli ve dar saginim bandlandir.
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Diger zayif siddetli dar saginim bandlar ise ~2.96-2.98 A ve ~1.37 (1.38) A merkezi piklidir. Bunlar
moganite ait silika fazina (opal-M) atfedilmistir. ~2.13 A ve ~1.82 A merkezi pikli bandlar ise druse yapih
kuvars fazina (opal-dQ) atfedilmistir.

Anahtar Kelimeler: Anadolu Ates Opali; Opal-CT; Opal-C; Opal-T; Moganit; (opal-M); Druse kuvars;
(Opal-dQ); Opal-MdQ; X-151n1 toz sagmim kaliplari; Psdo-kristalin silis; Kiitahya-Saphane (Tiirkiye)

ABSTRACT
The fire opal samples with an economical reserve from Western Anatolia have been analyzed to disclose
the types of silica phases. Besides, the results have been compared with the XRD graphics of amethyst and
blue chalcedony samples from Western Anatolia.

The XRD graphics have demonstrated that the fire opals from the Kutahya-Saphane region have micro-
or pseudo-crystalline texture. The silica phases of pseudo-crystalline that can be seen in opals are not only
observed, as it is widely known, in cristobalite or tridymite, but also in moganite and quartz. As a result of
this, the four very important silica phases can be seen in the texture of fire opals. However, the dominant
ones are the diffraction peaks that belong to the Opal-T and Opal-C, represent the pseudo-tridymite and
pseudo-crystalline within the texture of the opal. Opal-CT is the joint reflection of the strongest peaks of
these two characteristic phases. The subordinate diffraction band values belong to moganite and/or quartz
(tiny quartz crystals). As a result of this, for the very first time the terms, “opal-M” for pseudo-moganite and
“opal-dQ" for pseudo-druse quartz, have been used in this study. On the other hand, characteristically,
opal-MdQ is the joint reflection of the strongest diffraction peaks of these two phases.

In the XRD graphics of the fire opals, there are diffraction peaks and bands that belong to two joint
silica phases. The most important one, opal-CT, a joint silica phase which emerges as the strongest
diffraction peaks of the silica phases of opal-T and opal-C mixes together. Opal-CT, a unique and symbolic
silica expression, was seen as strong intensity board diffraction bands in the Sollowing different body colored
fire opals.

*~4.30 4 (opal-T) and ~3.80 A (opal-T) in shoulders, ~4.09 4 (opal-T and Opal-C combination) centred
peak in the red body colored fire opal;

*~4.32 4 (opal-T) and ~3.81 A (opal-T) in shoulders, ~4.09 A (opal-T and opal-C combination)
cantered peak in the orange body colored fire opal;

*~4.30 A and ~3.81 4 in shoulders, ~4.11 A centred peak in the yellow body colored fire opal;

*~4.32 A and ~3.82 A in shoulders, ~4.11 A cantered peak in the white (clear) body colored fire opal.

Another joint silica phase is the strong and distinctive diffraction band with a ~3.34.(3.35) A centred
peak that is seen in the fire opals. Because this band is a characteristic of both quartz and moganite, it is
concluded that it may also be seen in the combination (opal-MdQ) of two silica phases (opal-dQ and opal-
M). So therefore, for the very first time, the presence of opal-MdQ combination which is similar to the opal-
CT combination in the fire opals is documented in this studl.

In the fire opals, other than the peaks found in opal-CT combination, none of the peaks could be paired
with opal-T. However, other than the peaks ~4.0 (4.1) A and ~2.50 (2.51) A in opal-CT combination, some of
the peaks has been attributed to opal-C. These peaks are from primary d-intervals, weak and narrow
diffraction banded ones with ~2.28 (2.30) A; ~1.61 (1.63) A and ~1.54 (1.55) A centres.

Other weak and narrow diffraction bands have ~2.96-2.98 A and ~1.37 (1.38) A centred peaks. These
are attributed to the phase that belongs to moganite (opal-M). ~2.13 A and ~1.82 A centred peak bands have
been accredited to the druse built quartz (opal-dQ) phase.

Keywords: Anatolian Fire opal; Opal-CT; Opal-C; Opal-T; Moganite, (opal-M); Druse quartz; (Opal-dQ);
Opal-MdQ; X-ray powder diffraction pattern; Pseudo-crystalline silica; Kiitahya-Saphane (Turkey)

258



259



61, Turkiye Jeoloj Huruttay Bildini Drler

g~ rplanetearth
| Opla Ean?ﬁiﬁ%ﬁww

MUHENDISLIK JEOLOJISI - JEOTEKNIK OTURUMU

ENGINEERING GEOLOGY and GEOTECHNICS SESSION

Oturum Yiiriitiiciisii / Convener

Resat ULUSAY

260



1. Turkiye Jeoloji Huruttay Bidied Ozlers

Kaya Malzemesinin Dayamminin Belirlenmesinde Nokta Yiikii Dayanim Indeksinin
Sinirlamalari ve Yeni Bir Yaklasim

The Limitations of Point Load Index for Predicting of Strength of Rock Material and a New
Approach

Harun SONMEZ , Burkan OSMAN

Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii Uygulamali Jeoloji A.B.D.
haruns@hacettepe.edu.tr
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Kaya kayiileleri igerisinde veya iizerinde insa edilemesi on gorilen sevler, temeller ve barajlar gibi
mithendislik yapilarnin tasariminda, kaya kiitlesinin dayanim parametreleri girdi parametresi olarak
kullanihr. Kaya kiitlelerinin dayamminin belirlenmesi i¢in kullanilan gorgiil yanilme olcitlerinde kaya
malzemesinin dayanimui olgek parametresi olarak kullanilmaktadir. Bu nedenele, kaya malzemesinin
dayanmiminin gergekgi bir sekilde belirlenmesi biiyiik 6neme sahiptir.

Kaya malzemelerinin dayammlari yiiksek kalitedeki karot ornekleri Gizerinde gerceklestirilen laboratuvar
deneyleriyle belirlenmektedir. Ancak, stk eklemli ve ince tabakali kaya malzemlerinden yiiksek kaliteh
karotlarin hazirlanmasi ¢ogu kez miimkiin olamamaktadir. Bu gii¢ligiin asilabilmesi i¢cin nokta yuki
dayanim indeksi ve disk makaslama indeksi gibi baz1 indesk deneyleri 6nerilemistir. Bu ¢alismada, nokta
yiikii dayanim indeksinin kaya malzemesinin dayaniminin belirlenmesindeki kullanimi tarigilmistir. Ayrica,
kaya malzemesinin tiirlerini dikkate alan yeni bir ampirik esitlik 6nerilmistir.

Nokta yiikii dayanim indeski (L) ile tek eksenli sikisma dayanimi (UCS) arasindaki iligkiyi konu alan ¢ok
sayida ¢aligma mevcuttur (Broch ve Franklin, 1972; Das, 1985; O'Rourke, 1988; Vallejo vd., 1989;
Bieniawski, 1989; Sing ve Sing, 1993; Smith, 1997;Topal 2000). Doniistirme fakord 5 ile 55 arasinda
degisirken, Bieniawski (1989) pratik degerlendirmeler i¢in 24 katsayisini onermektedir. Bu durum UCS’nin
belirlenmesinde nokta yiikii dayanim indeksinin kullanimnin en 6nemli sinirlamasidir. Bu ¢aliymada
literatiirde farkl kayalar tizerinde yapilmis deneylere ait sonuglar derlenerek bir veri tanabi olusturulmustur.
Hoek ve Brown yenilme &lgiitiinde kaya malzemesinin tiirine goére tahmin edilen malzeme sabitini (m;)
dikkate alan asagidaki doniistirme faktorii 6nerilmistir.

UCS=CxIs50
C=33m"" r=0.75

Burada, UCS tek eksenli sikisma dayanimi, C doniigtirme faktord, Lo nokta yiki dayanim indeksi and m;
Hoek ve Brown olgiitiindeki malzeme sabitidir. Yukarida onerilen esitlik farkl tirdeki kaya malzemeleri
kullamlarak yeniden degerlendirilmelidir.

Anahtar kelimeler: Nokta yiikii dayanim indeksi, Tek eksenli sikigma dayanimi
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ABSTRACT
The strength parameters of rock masses are used as input parameters during design stages of engineering
applications such as slopes, tunnels and dams constructed in/on rock masses. The strength of rock material is
considered as a scale parameter in the empirical failure criterions to be used for determination of the
strength of rock masses. For this reason, representatively determination of the strength of rock material has
crucial importance.

The strength of rock material is obtained by laboratory test employed on high intact quality core samples.
However, preparation of high quality intact cores from heavily jointed or laminated rock masses is almost
impossible. To overcome this difficulty, some index tests such as point load index and Block Punch Index
(BPI) tests were proposed in literature. In this study, the use of point load index test for predicting of the
uniaxial compressive strength (UCS) of rock material is discussed. In addition, for better prediction, a new
empirical equation is proposed by considering types of rock material.

In literature, there are many studies about the relation between point load index (lsy) and uniaxial
compressive strength (Broch and Franklin, 1972; Das, 1985; O'Rourke, 1988; Vallejo et al, 1989;
Bieniawski, 1989; Sing and Sing, 1993, Smith, 1997; Topal, 2000). While, the conversion factor between Igs,
and UCS varies between 5 to 55, the use of 24 was proposed by Bieniawski (1989) for practical purposes.
This is the main limitation of the use of point load index for predicting of UCS. In this study, a database is
established by considering the test results collected from literature. The “m,” parameter of Hoek and Brown
Jailure criterion is considered to overcome this limitation. The alternative equation proposed in this study is
given as follows.

UCS=CxIs50
C=33m"% r=0.75

1

Where UCS is uniaxial compressive strength of intact rock, C is conversion factor, s, is point load index test
and mi is the rock material constant of Hoek and Brown criterion. The equation given above should be
reevaluated by using different types of rock materials.

Key words: Point load index, uniaxial compressive strength
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Kil i¢eren Kayalarin Mekanik ()zelliklerir_nde Su Icerigine Bagh Degisimin incelenmesi ve Bu
DegisiminTahmini Icin Gorgiil Model Onerileri

Investigation of the Variation in Mechanical Properties of Clay-bearing Rocks Depending on Water Content
and Empirical Models Suggested for Its Estimation

Zeynal Abiddin ERGULER, Resat ULUSAY
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Kaya malzemelerinin tek eksenli sikisma ve ¢ekilme dayanimlan ile elastisite modiilleri jeoteknik amagh
projelerle ilgili tasarimlarda yaygin bir sekilde kullanilan 6nemli mekanik ozelliklerdir. Birgok kayamin,
ozellikle kiltasi, camurtagi, silttagi ve marn gibi yeryiiziinde genis alanlarda ylizeylenen kil igeren kayalarin
dayanim ve deformasyon 6zellikleri su igerigindeki degisime kosut olarak 6nemli 6l¢iide degismekte ve buna
baglh olarak kaya yapilarinda bazi duraysizliklar gelisebilmektedir. Giintimiize degin, su i¢eriginin kayalarin
dayanim ve deformasyon ozellikleri {izerindeki etkisi konusunda bir¢ok ¢alisma gergeklestirilmis olmakla
birlikte, bu ¢alismalar sadece kumtast, kiregtasi ve seyl gibi kaya tiirleri ile sinirlidir. Ayrica, bu ¢alismalarda
genellikle su igeriginin tek eksenli sikisma dayanimu iizerindeki etkisi arastirilmistir. Bu ¢ahismada,
Turkiye’nin ¢esitli bolgelerinden derlenen kil i¢eren farkli kaya tiirlerinde (kiltagi, gamurtasi, silttagi, marn ve
tif) yapilan laboratuvar deneyleriyle su igeriginin bu kayalarin mekanik o6zellikleri tizerindeki etkisinin
degerlendirilmesi ve herhangi bir su igeriginde bu ozelliklerin buytikliiklerinin kestiriminde kullanilmak
lizere kayalarin fiziksel 6zelliklerini de esas alan gorgiil modellerin gelistirilmesi amaglanmigtir. Bu amagla,
derlenen kaya tiirlerinin bazi fiziksel 6zelliklerinin yani sira, farkli su igerigine sahip drnekler tizerinde 1gne
batma direnci, tek eksenli sikigma dayanimi, ¢ekilme dayanimi ve elastisite modiilii belirlenmis, ayrica
Onerilmis yontemlerin gerektirdigi nitelikte 6rnek hazirlanamayan birkag kaya tiiriinde ise disk makaslama
dayanim indeksi deneyleri yapilarak tek eksenli sikisma dayanimi dolaylr yoldan saptanmustir. Farkh su
icerigine sahip 6rneklerden elde edilen deney sonuglarina gore; su igerigindeki artisa kosut olarak, tek eksenli
stkisma dayanimi, ortalama elastisite modiilii ve ¢ekilme dayaniminda kuru durumdan doygun duruma dogru
sirastyla %90, %93 ve %90’a varan azalmalarnn meydana geldigi ve ayrica bu parametrelerin su igerigine
bagh degisiminin tistel iligkilerle temsil edildigi belirlenmistir. Bununla birlikte, kuru durumda dayanimi
yitksek olan bazi orneklerin “su igerigi-mekanik parametre” iligkilerinin y ekseni Uzerindeki dagihmlan
sagilim gostermistir. Bu durum, dayanim ve deformabilite dzelliklerinin su igerigindeki az bir artisla (%1-
%?2) onemli diizeyde azalmasindan kaynaklanmaktdir. Dolayisiyla kuru durum disinda herhangi bir su
igeriginde s6z konusu mekanik 6zelliklerin biiytikluginin kestirimi i¢in sadece mekanik ozellikler ile su
icerigi arasindaki iligkinin yeterli olmayacagi ve kayanin bazi fiziksel 6zelliklerinin de kestirim modellerinde
dikkate alinmasmin uygun olacag: diigiiniilmiistiir. Bu ¢alismada su igerigi ve mekanik 6zellikler arasinda
belirlenen iliskilerin formu dikkate alnarak, fiziksel ozellikleri de yansitan gorgil iliskiler mekanik
ozeklliklere gore asagidaki gibi yazilmigtir.
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aw

o, =2ze' 1
Eorl = ZZeazw (2)
o5 =2z, A3)

Burada; o; tek eksenli sikigma dayanimi, E ,; ortalama elastisite modiilii, o, Brazilian ¢ekilme dayanimi, “z”
ve “a” kuru birim hacim agirlik, porozite ve agirlikga su emme gibi fiziksel parametrelere bagli kaya
malzemesi sabitleri ve “w” ise su igerigidir. Incelenen her kaya tiirii i¢in belirlenmis olan su igerigi ile
fiziksel ve mekanik parametre degerleri kullanilarak yapilan regresyon analizleri sonucunda yukarida
belirtilen ¢ fiziksel ozellik igin a ve z sabitlerinin degisimi ayri ayr hesaplanarak bu sabitlerin fiziksel
ozelliklere bagh degisimini gosteren grafikler elde edilmistir. Bu grafikler yardimiyla yukarida belirtilen ii¢
fiziksel ozellikten biri esas almip herhangi bir su igeriginde mekanik parametrelerin alacagi degerler bu
yaklagimla kestirilebilmektedir. Deneylerden ve bu modellerden tahmin edilen mekanik ozellikler
karsilagtinldiginda, dayamimu yiiksek birkag kaya ornegi harig, modellerden tahmin edilenlerle deneysel
olarak belirlenen mekanik parametre biiyiikliikleri arasinda bir uyum oldugu saptanmistir. Ayrica elde edilen
gorgul iligkilerin kullanilmasiyla tahmin edilen degerlerin deneysel verilerle karsilastirilmasi sonucunda igne
batma direncinin, 6zellikle kil iceren kaya tiirleri gibi nispeten yumusak ve zayif kayalarin tek eksenli
sikigma dayaniminin hem laboratuvarda, hem de arazide tahmininde iyi bir performans sergileyen indeks bir
parametre oldugu da goriilmistiir. Onerilen modellerin benzeri tiirde kayalar Uzerinde uygulanarak
performanslarinin sinanmasi, ayrica Hoek-Brown yenilme olgiitiinde kullanilan kaya malzemesine ait m,
parametresinin su igerigine bagh degisiminin de incelenmesinde yarar goriilmektedir. Bdnun yan sira, kaya
orneklerinde deneylerin ilgili kaya mithendisligi projesindeki su kosullari gozetilerek yapilmasinin énemli
oldugu da g6z ardi edilmemelidir.

Anahtar Kelimeler: Kil igeren kaya, su igerigi, dayanim, deformabilite, igne batma 6lcer, gorgiil model

ABSTRACT
The uniaxial compressive and tensile strengths, and modulus of elasticity of rock materials are the important
mechanical properties commonly employed in designs of geotechnical projects. Strength and deformability
properties of many rock materials, particularly those of clay-bearing rocks such as claystone, mudstone,
siltstone and marl, covering large areas on the earth surface, significantly change with the variation of water
content and result in some problems in rock structures. Up to now, a number of investigations on the
influence of water content on strength and deformability properties of rock materials have been carried out.
However, these investigations are limited to only a few rock types, such as sandstone, limestone and shale.
Besides, in these studies, the effect of water content on the uniaxial compressive strength has generally been
investigated. This study aims to quantify the influence of water content on mechanical properties of the clay-
bearing rocks (calystone, mudstone, siltstone, marl and tuff) collected Jfrom various parts of Turkey by
performing laboratory tests, and to develop empirical models, which also take into account some physical
properties, for estimating the magnitude of mechanical properties at any water content. For this purpose, in
addition to physical properties of the collected rock types, the uniaxial compressive strength, tensile strength
and modulus of elasticity were determined on a number of specimens in different water contents, and the
uniaxial compressive strengths of a few rock types, from which rock specimens as recommended by the
suggested methods could not be prepared, were estimated based on the block punch strength index tests.
Based on the test results obtained from the specimens with different water contents, with increasing water
content reductions in uniaxial compressive strength, average modulus of elasticity and tensile strength were
up to 90%, 93% and 90%, respectively, from oven-dried to saturated conditions, and the variation in these
parameters depending on water content is represented by exponential relationships. However, the
mechanical parameters of some specimens with high strength in dry state show a scatter on the v axis of the
“water content-mechanical parameter”’ relationship. This situation results from the considerable decrease in
mechanical properties due to a small increase (%1-2) in water content. Therefore, it was considered that
only the use of the relationships between the mechanical properties and water content will not be sufficient to
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estimate the magnitude of any mechanical property at any water content, and physical properties of the rocks
should also be taken into account in prediction models. By considering the form of the relationships between
the mechanical properties and water content established in this study and by taking into account the physical
properties, these relationships are re-written in the following forms.

o, =ze" (0

E =ze™" 2)
av T “2

o =2z, 3)

where, o is uniaxial compressive strength, E,, is average modulus of elasticity, o, is Brazilian tensile
strength and “z” and “a’ are the rock material constants that change with physical properties such as dry
unit weight, porosity and water absorption by weight. Based on the regression analyses using the physical
and mechanical properties, and water content determined for each rock type the constants a and z were
determined and the graphics showing their variations with these physical parameters were designed. By
selecting one of the physical properties mentioned above and by using the related graph, the magnitudes of
the mechanical properties at any water content can be estimated. When the predicted and experimentally
determined mechanical properties are compared, except a few rock samples with high strength, there is a
good agreement between the predicted and observed values. In addition, comparison of the experimental
results and the values predicted from the empirical relationships indicated that the needle penetration
resistance is an index parameter showing a good performance in estimating the uniaxial compressive
strength both in laboratory and field.  The verification of the performance of the prediction models
suggested in this study on similar rock types and water-dependence of the rock material constant m,, which is
used by the Hoek-Brown failure criterion, should also be investigated. In addition, it should be kept in mind
that the testing of rock specimens should always be appropriate to the ground conditions of the specific
project.

Key Words: Clay-bearing rock, water content, strength, deformability, needle penetrometer, empirical model
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Ankara Kilinde Sisme Yonserliginin Arastirilmasi

Investigation of Swelling Anisotropy in Ankara Clay

Elif AVSAR, Resat ULUSAY, Harun SONMEZ

Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii, 06800 Beytepe, Ankara
(elif@hacettepe.edu.tr)
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Simektit grubu kil minerallerini igeren ve yiiksek sisme potansiyeline sahip olan Ankara kili, ylizeydeki ve
s1g derinliklerdeki hafif yapilari hasara ugratmaktadir. Ankara kili izerinde insa edilmis olan ve kentin
glineybati kesimindeki bazi semtlerdeki hafif yapilarda kilin sisme davranigindan kaynaklanan deformasyon
ve hasarlar yaygin sekilde gozlenmektedir. Tek katli binalar, yollar ve kaldirimlar ve gok s1g gomiilii yeralti
yapilar1 (kanalizasyon ve su borular), zeminin gismesinden etkilenerek hasar gérmektedirler. Giiniimiize
degin Ankara kilinin gisme karakteristikleri konusunda galigmalar yapilmis olmakla birlikte, diisey ve yatay
yonlerdeki sismenin birlikte incelenerek sisme yonserligininin (anizotropisinin) degerlendirildigi ¢alismalar
¢ok smirh olup, ¢ok az sayida Ornek iizerinde gergeklestirilmistir. Bu nedenle, Ankara kilinin sisme
parametrelerinin hem yanal hem de diisey yonlerde belirlenerek, sisme yonserliginin  arastirlmas
miihendislik uygulamalari agisindan Onem tagimaktadir. Bu calismada, Ankara kenti yerlesiminin
giineybatisindaki 100. Yil, Karakusunlar, Ovegler ve Sogiitozii gibi bazi semtler drnekleme alani olarak
se¢ilmis ve kilin yanal ve disey yonlerdeki sisme paramatreleri farkli laboratuvar teknikleriyle belirlenip
kargilagtirilmig, ayrica Hacettepe Univsreitesi Jeoloji Miihendisligi Boliimiindeki taramali elektron
mikroskobu (SEM) kulanilarak kilin mikro yapismin sisme yonserligi tizerindeki etkisi de arastirilmistir.
Ornekleme alanindaki yarmalar ile insaat ¢ukurlarindan derlenen Orselenmemis orneklerin yanal ve diisey
yonlerdeki sisme basinci ve yiizdesi gibi sisme parametreleri, klasik odometre deneylerinin yani sira, ince
¢eperli odometre halkasi da kullanilarak iki farkli yontemle belirlenmistir. Klasik odometre deneylerinde
sahadan yatay ve disey yonlerde alinmug 6rneklerde her iki yéne ait sisme parametreleri ayr ayri, bu ¢alisma
igin 0zel olarak imal edilen ince geperli odometre diizeneginde ise iki yondeki sisme parametreleri eg zamanli
olarak her ornek iizerinde bir seferde belirlenmistir. Her iki yontemle belirlenen yanal ve disey yondeki
sisme basinci ve sisme yiizdesi degerlerinin birbirleriyle uyumlu oldugu goriilmiistiir. Bununla birlikte, klasik
odometre deneylerinde diigey yondeki sismenin sinirlandiriimis olmasi nedeniyle, bu deneylerde yanal
yondeki sisme basinglar ince ¢eperli odometreyle belirlenen degerlerden biraz daha yiiksek ¢ikmustir. Her iki
tiir deneyin sonuglarina gore, sisme basincinin diisey yonde daha biiyiik oldugu saptanmus olup, yanal ve
diigey yonlerdeki sisme basinci oranlar ince geperli odometre deneylerinde 0.34 ile 0.98, klasik odometre
deneylerinde ise 0.41 ile 1.1 arasinda degismektedir. SEM analiz sonuglar, Ankara kilindeki kil
minerallerinin yatay ve/veya yataya yakin yapraklanmaya sahip oldugunu gostermistir. Bu dizilim,
yapraklanmanin yo6niine dik yondeki sigme parametrelerinin (diisey yondeki) yanal yondeki sisme
parametrelerinden daha yiiksek olduguna isaret ederek, deney sonuglarini desteklemis ve kilin mikro
yapisin sisme yonserligi tizerindeki etkisini gostermistir.

Anahtar Kelimeler: Ankara kili, odometre deneyi, sisme yonserligi, sisme basinc, sisme yiizdesi.

ABSTRACT
Ankara clay, which is rich in smectite group clay minerals and having high swelling potential, causes
damages to light stPuctures located at the surface and shallow depths. Damages and deformations on light
structures builded on Ankara clay resulted from the swelling behaviour of the clay are commonly being
observed. One-storey buildings, roads and pavements and buried shallow structures (savage systems and
water pipes) are affected by swelling and subjected to damage. Although up to now some investigations on
the swelling characteristics of Ankara clay have been performed, the studies on swelling anisotropy of this
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clay considering swelling both in vertical and lateral directions are considerably limited and they have been
done on low amount of specimens. Due to this, determination of the swelling parameters of Ankara clay
both in vertical and lateral directions and assessment of its swelling anisotropy are an important issue in
terms of engineering applications. In this study, some districts such as 100. Y1l, Karakusunlar, Ove¢ler and
Sogiitozii located at the southwestern part of Ankara was selected as the sampling sites, swelling parameters
both in vertical and lateral directions were determined by different laboratory techniques and compared, and
the effect of microstructure on swelling anisotropy was also investigated using a scanning electron
microscope (SEM) at the Departmnet of Geological Engineering of Hacettepe University. Swelling
pressures and percentages of the samples in vertical and lateral directions were determined by two different
methods such as the classical oedometer and thin-walled oedometer ring. The swelling parameters in
classical oedometer test were determined on the samples obtained from the site in vertical and lateral
directions, while they were determined simultaneously in both directions at once during the thin-walled
oedometer tests. The experimental results indicated that the lateral and vertical swelling pressures and
swelling percentages determined in both directions by both test methods show a good agreement. However,
since the swelling in vertical direction is limiied the classical oedometer test, slightly higher swelling
pressures in lateral direction were obtained from this test when compared to those from the thin-walled
oedometer ring. According to the experimental results obtained from both test methods, swelling pressures
in vertical direction are greater than those in lateral direction, and the ratios of swelling pressure between
the lateral and vertical directions are between 0.41 and 0.98, and 041-10 in classical and thin-walled
oedometer tests, respectively. The results of the SEM analysis uggested that the clay minerals in Ankara clay
show horizontal and/or nearly horizontal sheeting. This arrangement indicates that the swelling parameters
in vertical direction are greater than those in lateral direction, that verifies the experimental results, and
emphasize the influnce of the microstructure of the clay on swelling anisotropy.

Key words: Ankara clay, oedometer test, swelling anisotropy, swelling pressure, swelling percent.
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Gerilme Analizlerinde Kullanilan Kaya Malzemelerinin Dayanim ve Deformabilite

Ozelliklerinin Degerlendirilmesi

The Evaluation of Strength and Deformability Properties of Rock Materials Used in Stress Analysis

Giizide KALYONCU ERGULER
Maden Tetkik Arama Genel Miidiirliigii, MAT Dairesi Cevre Koordinatorhigii, 06520, Ankara
(kalyoncu@mta.gov.tr)
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Kaya birimleri igerisinde tiinel ve/veya galeri agilmasi durumunda ortamdaki gerilme dagilimi degismekte ve
mithendislik yapilarinin durayhiligim etkileyen ikincil gerilmelerden dolay: agiklik etrafinda plastik bolge
olugmaktadir. Bu plastik bolgenin biiyiimesi, uygulamada deformasyon problemlerinin yogun yasanmasinin
yani sira, bu problemlerin ¢6ziimii igin daha yiiksek maliyetle tahkimat yapilmasina da neden olmaktadur.
Dolayisiyla olusan ikincil gerilmelerin yeralti agikliklari iizerinde ne derece bir etkiye sahip oldugunun
belirlenmesi i¢in ortamdaki kaya malzemelerinin fiziksel ve mekanik 6zelliklerinin bilinmesi miithendislik
calismalart agisindan olduk¢a onemli olmaktadir. A¢iklik sonrasi olusan ikincil gerilmelerin analizlerinde ve
agikliklarin tasarim ¢ahigmalarinda kaya malzemesinin dayamm ve deformabilite ozellikleri goz oniinde
bulundurulmaktadir. Bu husus goéz oniinde bulundurularak, Tiirkiye’de ki bir metal maden ocaginin farkli
kotlarinda bulunan agikliklarda durayhlik analizlerinde kullanilmak iizere ¢rnekleme calismalar
gergeklestirilmistir. Ornekleme galismalari; bazalt, yesil tiif, kirmiz: tif, dasidik dayk ve sari cevher olmak
lizere toplam bes ayri kaya biriminde yapilmis olup, bu blok drneklerden amaca uygun olarak laboratuarda
silindirik 6rnekler alinmigtir. Kaya birimlerinin tanimlanmasinda kullanilmak iizere fiziksel 6zelliklerinin
belirlenmesinin yani sira, dolayli ¢ekme dayamimi ve tek eksenli sikisma dayanimi deneyi, elastisite modiilii
tayinleri ile Gi¢ eksenli sikisma deneyleri de gergeklestirilmistir. Goriiniir gozenekliligi %16 ile %24 arasinda
degisen 6rneklerin birim hacim agirliklar 25-32 kN/m’, su icerikleri ise %5 ile %9 arasinda degismektedir.
Elastisite modiilii tayinlerinde, pratik ve hizli veri saglamasi ¢zelligi géz oniinde bulundurularak, boyut ve
lineer yer degisimi dleer (LVDT) kullanilmistir. Bu ¢alismada degerlendirilen kayalarin tek eksenli sikisma
dayamimlar1 20-80 MPa olup, elastisite modiilii degerleri ve dolayh ¢ekme dayanmim degerleri ise sirasiyla 42-
68 GPa ve 4.0-6.3 MPa olarak belirlenmistir. Kaya birimlerinin Poisson orani degerleri ise 0.19 (bazalt) ile
0.27 (dasitik daykta) arasinda degismektedir. Ug eksenli sikisma deneylerinden belirlenen igsel siirtinme
agist (1) degerleri 24°-31°, kohezyon (c ) degerleri ise 2.5-3.6 MPa olarak tespit edilmistir. Ag¢ikliklarin
farkli birimler igerisinde olmasi ve bu birimlerin Poisson oranmin farkliligi nedeniyle k (1 1/ 1,) degerlerinin
degisiklik gosterdigi ve bu degerlerin 0.23 ile 0.36 arasinda degismekte oldugu belirlenmistir. A¢ikliklarda
destek gorevi goren cevherin alimi sonrasinda olugan ikincil gerilmeler tiif iizerinde daha etkili olmaktadir.
Bu nedenle, galeri bosluklarinda en fazla deformasyon tiiflerde olgiilmiistir. Laboratuvar deneyleri
sonrasinda belirlenmis olan ve yukarida Gzetle verilen bu kaya birimlerine ait dayanim ve deformasyon
degerleri gerilim analizlerinde ve plastik bolgenin yarigapinin belirlenmesinde kullanilmistir. Plastik bolge
belirleme ¢aligmalarinda analitik yontemden yararlanilmistir. Belirlenmis olan bu plastik bolgelerin
yarigaplar1 gz oniinde bulundurularak uygun tahkimat sistemi tasarlanmis olup, plastik bolge yarigapinin
ilerlemesinin  6nlemesinde kullanilabilecek en uygun tahkimat sisteminin kaya saplamalar1 (6zelikle
¢imentolu ve regineli kaya saplamalar1) oldugu sonucuna varilmistir.

Anahtar Kelimeler: Dayanim, deformabilite, gerilme analizi
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ABSTRACT

In the case of opening of tunnel and/or gallery, stress distribution changes and due to induced stresses,
affecting the stability of engineering structures, the plastic zone is formed around the vicinity of the opening.
Besides encountering some deformation problems during application, the growing of this plastic zone also
cause highly expensive support construction in order to overcome these problems. Therefore, the designation
of the physical and mechanical properties of rock materials for engineering studies is rather important in
order to determine the effect of induced stresses on underground opening. The strength and deformability
properties of rock materials should be considered in analysis of induced stresses occur after excavation and
in the investigation of design of underground opening. By considering the significant of these parameters
used in the underground opening design investigations, sampling realized in the opening found at different
altitudes of a metal mining in Turkey to use in stability analyses. Sampling investigation carried out on five
different units, which are basalt, green and red tuff, dacitic dike and yellow ore, and cylindrical specimens
were extracted from these blocks. Beside determinations of physical properties of rock units that were used
for definition these rocks, indirect tensile strength, uniaxial compressive strength, modulus of elasticity and
triaxial compressive strength test were also realized. The unit weight of samples whose porosities change
between 16% and 24% are 25-32 kN/m’ and their water contents change between 5% and 9%. For
determination of modulus of elasticity, linear variable differential transducer (LVDT) was used considering
its practical and rapidly characteristic of data providing. The uniaxial compressive strengths of rocks
evaluated in this study are 20-80 MPa, and their modulus of elasticity and indirect tensile strengths were
determined as 42-68 GPa and 4.0-6.3 MPa, respectively. The Poisson ratio values of rock units change
between 0.19 (basalt) and 0.27 (dacitic dike). The inherent friction angle (1) that were obtained from
triaxial compressive tests are 24°-31°, as for their cohesion (c)values were determined as 2.5-3.6 MPa. Due
to excavating of opening in different rock units and the difference of Poisson ratio of these units, it was
determined that the stress field coefficient (k=1,/[),) values indicate variety and change between 0.23 and
0.36. The induced stresses occurred after excavation of ore, which provides support function in the openings,
are more effective on tuff. As a result of this, the maximum deformation was measured within tuff in the
galleries opening. The strength and deformation values, determined after laboratories tests and given above
as summary, that belongs to all rock units were used in stress analyses and calculation of plastic zone radius.
Analytical methods were used in determination of plastic zone investigation. By considering these determined
plastic zones’ radius, convenient support system was designed, and it was concluded that the most convenient
support system, which could be used for preventing progress of the radius of plastic zone, is rock bolts
(particularly cemented and resin types rock bolts)

Key Words: Strength, deformability, stress analysis
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Kaya Dayamimindaki Yénserligin Disk Makaslama Dayamim Indeksi Deneyi ile incelenmesi

Investigation of Rock Strength Anisotropy by the Block Punch Index Test
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Kaya malzemelerinin dayanim ve deformabilite ozelliklerinin laboratuvarda tayini, standartlara veya
onerilmig yontemlere uygun olarak hazirlanmis Grnekler iizerinde bu amagla gelistirilmis cihazlarla
yapilmaktadir. Ancak bu deneyler i¢in standart 6rnek hazirlamada karsilasilan giicliikler ve deneyler i¢in
gerekli olan pahali cihazlar ile deney siireleri, aragtirmacilari kaya malzemesinin mekanik ozelliklerini
belirlenmesi i¢in daha basit ve indeks tiirii deney yontemlerini ve gereglerini gelistirmeleri yoniinde etkileyici
olmustur. Tabakalanma, sistozite diizlemi vb. gibi zayiflik diizlemlerini igeren kayalarda en yiksek dayamm
zayiflik diizlemlerine dik yonde elde edilirken, yiikin zayiflik diizlemlerine diiseyden farkli acilarla
uygulanmasi durumunda yonserlikten (anizotropiden) dolayr dayamim her yonde aymi olmamaktadir. Bu
caligmada; ISRM tarafindan kabul edilmis indeks bir deney yontemi olan disk makaslama dayanim indeksi
(BPI) ile tek eksenli sikisma dayanimui (o) deneyleri yapilarak kaya malzemesinin dayaniminda
stireksizliklerin yoneliminden kaynaklanan yonserligin aragtinlmasi ve egimli siireksizlikler igeren kaya
orneklerinde zayiflik diizlemi ile yiikleme yonii arasindaki agtya bagh olarak o.’nin BPI'dan dolayli olarak
kestirimi i¢in baz1 iliskilerin gelistirilmesi amaglanmistir. Bu amagla ¢alisma kapsaminda; Ankara ve Bolu
illerinden derlenen ve sik araliklarla tekrarlanan siireksizlikler iceren 6 farkli kaya tiirtine (killi kiregtast,
kiregtagi, kumtagi, mika sist, seyl ve traverten) ait bloklardan hazirlanmis ¢ok sayida ornek tizerinde
orneklerin igerdigi sireksizliklerle degisik agilar yapacak dogrultuda kuvvetler uygulanarak BPI ve tek
eksenli sikisma dayanimi deneyleri yapilmistir. Deney sonuglarina gére; o, ‘ye bagh yonserligin U-tipi
yonserlik oldugu, ayrica galisilan kaya tiirlerinin orta-diisiik yonserlik sinifina girdigi belirlenmistir. BPI ve
o, degerleri once kendi aralarinda dayanimdaki yénserlik agisindan degerlendirilmis ve daha sonra kaya
orneklerinin egimli stireksizlikler icermesi halinde siireksizliklere dik dogrultudaki o, degerlerinin tahmini
amaciyla istatistiksel analizler yapilarak BPI'dan o.ye dontisiimii saglayan gorgiil iligkiler gelistirilmigtir,
Ayrica bu iliskiler kullanilarak tahmin edilen o, degerleri deneylerden belirlenen o, degerleriyle
kargilagtinlmis olup, karsilagtirmalar s6z konusu iligkilerin bu calismada kullanilan orta-digiik derecede
yonserlige sahip kayalarda o.’yi tahmin performansinin iyi oldugunu gostermistir.

Anahtar Kelimeler : Disk makaslama dayanim indeksi, tek eksenli sikisma dayanimu, dayanim yonserligi,
gorgiil iliski

ABSTRACT

Determination of the strength and deformability properties of rock materials in laboratory is made on core
specimens prepared according to the standards or suggested methods using suitable devices developed for
the purpose. Yet the difficulties in preparation of the test specimens according to the standards, and
provisions for expensive testing equipment and testing durations motivated the investigators to develop
simpler and index type test methods and associated devices for determination of these mechanical properties.
While the highest strength is obtained in vertical direction to the weakness planes in rocks divided by
discontinuity planes such as bedding, schistosity etc., in case of the application of the load to discontinuities
with any angle different than vertical, same strength values in every direction can not be obtained due to
anisotropy. This study aims to investigate the strength anisotropy associated with discontinuity orientation by
performing the block punch strength index (BPI) test, which was accepted by ISRM as an index test method,
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and uniaxial compressive strength (o,) test, and to develop some empirical relationships for estimating the o,
from the BPI depending on the angle between the loading direction and weakness plane. For this purpose,
BPI and uniaxial compression tests were carried out on a number of specimens prepared from the blocks of
6 different rock types (clayey limestone, limestone, sandstone, mica schist, shale and travertine), which were
collected from Ankara and Bolu, by applying the load to weakness planes in different angles. Based on the
experimental results, the strength anisotropy according to o, is a U-type anisotropy and the rock types
studied fall into the moderate-to low anisotropy classes. First the values of BPI and o, were separately
evaluated in terms of strength anisotropy, and then using the statistical techniques empirical equations to
estimate the o, from BPI for rock specimens with inclined discontinuities were developed. In addition,
experimentally determined and predicted o.values were compared, and these comparisons indicated that the
prediction performances of the equations developed are quite well for the moderate-to-low anisotropic rocks
used in this study.

Key words: Block punch strength index, uniaxial compressive strength, strength anisotropy, discontinuity,
empirical relationship
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iki Farkh Yontemin Tek Eksenli Sikisma Dayaniminin Kesitirimde Kullanilmasi: Dogrusal
Olmayan Cok Degiskenli Regresyon Ve Bulanik Algoritma

Use Of Two Different Methods For Prediction Of Uniaxial Compressive Strength: Nonlinear
Multivariable Regression And Fuzzy Algorithm
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Kaya mekanigi ve mihendislik jeolojisinde kestirim yontemlerinin kullamilmasi énemli bir konuyu
olusturmaktadir. Ancak, bu amagla agirlikli olarak basit ve ¢ok degiskenli dogrusal regresyon teknikleri
geleneksel olarak kullanilmaktadir. Ozellikle son yillarda bu yéntemlerin yani sira, bulanik anlamlandirma
sistemleri ve yapay sinir aglari da kullanilmaya baslamstir. Bu ¢alismanin amaci, kil igeren bazi kayalarin
tek eksenli sikisma dayamminin suda dagilmaya kargi durayhlik indeksleri ve kil icerikleri kullanilarak
kestirilmesine yonelik kestirim modelleri gelistirmektir. Bu amagla basit ve dogrusal olmayan ¢ok degiskenli
regresyon ile Mamdani bulanik algoritmalari kullanilmigtir. Mamdani bulanik algoritmasinin hassasiyetini
arttirmak i¢in agirliklandirimis “eger-ise” kurallar olusturulmugtur. Kestirim modellerinin performanslarinin
kargilagtirilmasi igin, istatistiksel performans indeksleri (Root Mean Square Error ve Variance Account For)
hesaplanmug ve elde edilen sonuglar tartisilmugtir. Kontrol verileri kullanildiginda, her iki yontemden de elde
edilen kestirim sonuglari ile deneylerden tayin edilen tek eksenli sikisma dayanimi degerleri arasinda olduk¢a
lyi ¢apraz korelasyon katsayilari elde edilmistir. Performans indeksleri karsilagtinldiginda ise, bulanik
algoritmanin dogrusal olmayan ¢ok degiskenli regresyon modeline gore biraz daha yiiksek kestirim ve
genelleme kapasitesine sahip oldugu gérilmiistiir. Bu durum temel olarak, kural tabanli bulanik algoritmanin
esnek ve seffaf yapisindan kaynaklandaigi disiiniilmektedir. Ciinkii bu enseklik, bulanik algoritmaya
dogrusal olmayan ¢ok degiskenli regresyon modeline gére bir istiinlik kazandirmaktadir. Bunun yani sira,
bu ¢aligmada gelistirilen bulanik anlamlandirma algoritmas1 uzman goriisii ile de kullanilabilecek bir ozellige
sahiptir.

Anahtar kelimeler : kil igeren kaya, tek eksenli sikigma dayanimi, bulanik anlamlandirma sistemi, dogrusal
olmayan ¢ok degiskenli regresyon.
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