Ore facies of volcanic massive sulfide deposits in Pontids
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A variety of fossil vent chimneys ranging from pyrite-chalcopyrite "black smoker" to sphalerite-
quartz-barite "white smoker" assemblages were studied at the Cayeli-Madenkdy and the Lahanos
VHMS deposits in the Pontids. The combined use of morphological and ore-facies methods is
considered to be a useful approach for understanding the diversity of massive sulfide deposits. The
first step in research of the Pontids VHMS deposits (Cayeli-Madenkdy, Lahanos, and Kutlular) was
done in the course of IGCP-502 field trip in 2003. The deposits are generally characterized by continuum in
degradation and reworking range from pristine steep-sided hydrothermal sulfide mounds to those deposits

dominated by layered strata of clastic sulfides. The ore facies are subdivided into hydrothermal sedimentary crusts,
sub-seafloor conduits, vent chimneys, hydrothermal sulphidized fauna fragments, diverse colluvial and turbidite
clastic sulfides together with alteration products undergone the submarine seafloor supergene and sub-seafloor
hydrothermal processes. The discovery of fossil vent smoker chimneys at the ancient volcanic-hosted massive
sulphide deposits is very rare. The VHMS deposits in the Pontids are characterized by the abundance of well-
preserved sulphide vent chimneys, especially the Cayeli-Madenkdy and Lahanos VHMS deposits. Two different
vent chimney types were documented to range from pyrite-sphalerite-chalcopyrite to sphalerite-chalcopyrite-
galena-barite. For each type several mineralogical zones and subzones may be distinguished and described from the
outside (zone A, colloform pyrite or sphalerite) to the inner wall (zone B, drusy chalcopyrite) and to the central
conduit (zone C, sphalerite, barite, and galena). The contrast trace elements zonation in the chimneys' walls was
confirmed by means of combination of high spatial resolution ICP-MS and ultraviolet Nd-YAG laser ablation (LA-
ICP-MS) analyses in CODES (University of Tasmania). The highest grades of the most trace elements (TI, U, Au,
Ag, Pb, and Mn) are characteristic of colloform pyrite into outer wall of the chimneys due to rapid precipitation in
the high-gradient conditions. Coarse-grained chalcopyrite layers in the conduits are enriched in Se and Sn as
substitution. Some chalcopyrite layers yield high concentrations of Bi, Au, Ag, Pb, Mo, and As due to precipitation
of relevant galena, sulphosalts, and native gold. in the conduits and outer wall, sphalerite is enriched in Ag, Au, Sb,
As, Pb, and Cd. in general, this trace element zonation is similar to one of the modern "black smokers" that are
forming in the back-arc basins (f.e. Manus). in the Lahanos VHMS deposits, the chimneys are accompanied by the
tube worms which could presumably be counterparts of modern hydrothermal vent vestimentiferans. Seafloor and
sub-seafloor supergene processes led to destruction of sulphide mound and alteration of clastic sulfides. Successive
replacement of colloform pyrite by chalcopyrite, bornite, fahlore, and hematite is typical of these processes.
Implication of the ore facies method may be a useful scheme to classify better the VHMS deposits, particularly for
the purposes of global comparisons. Keywords: Pontids, VHMS deposits, fossil vent chimneys, black smoker, trace
elements zonation

Pontidlerdeki volkanik masif siilfit yataklarinin cevher fasiyesi

Pontidlerde Cayeli-Madenkdy ve Lahanos volkanik-hidrotermal masif siilfit yataklarinda (VHMS),
pirit-kalkopirit "siyah duman bacalari"ndan sfalerit-kuvars-barit "beyaz duman bacalar"
topluluklara degin yayilan bir dizi fosil baca agzi ¢alisilmistir. Morfolojik ve cevher-fasiyesi



metodlarmin bilestirilmis olarak kullanilmasinin, masif siilfit yataklarinin ¢esitligini anlamak igin
kullanigh bir yaklagim oldugu diisiiniilmektedir. Pontidlerdeki volkanik-hidrotermal masif siilfit
yataklarinin (Cayeli-Madenkdy, Lahanos ve Kutlular) arastirilmasinda ilk adim, 2003 yilinda IGCP-
502 arazi gezisinin akisi i¢inde atilmistir. Yataklar genelde, bozulmamis, dik-kenarli hidrotermal
stilfit tepeciklerinin siirekli olarak bozunarak ve yeniden depolanarak kirmtili siilfitlerden olusan
tabakali yataklara donligmesi ile karakterize edilir. Cevher fasiyesi, hidrotermal sedimanter
kabuklar, deniz tabani altindaki kanallar, baca agizlari, hidrotermal siilfitlesmis fauna pargalar1 ve
cesitli koliivyal ve tiirbidit kirintili siilfitlere ve deniz tabani siiperjeni ve deniz tabam-alti
hidrotermal siirecler etkisi altinda kalmis alterasyon iirlinleri olarak boliimlenir. Eski volkaniklerde
icerilen masif siilfit yataklarinda fosil baca agizlarmin bulunmasi ¢ok enderdir. Pontidlerdeki
volkanik-hidrotermal masif siilfit yataklari, 6zellikle de Cayeli-Madenkdy ve Lahanos yataklari, iyi
korunmusg siilfit baca agizlarinin ¢oklugu ile karakteristiktir. Pirit-sfalerit-kalkopiritten sfalerit-
kalkopirit-galen-barite degisen iki farkl tipte baca agz1 belgelenmistir. Her tip i¢in distan (A zonu,
kolloform pirit ya da sfalerit) ice dogru (B zonu, kiiciik kristalli kalkopirit) ve orta kanal (C zonu,
sfalerit, barit ve galen) olarak tanimlanan mineralojik zonlar ve alt-zonlar ayirdedilir. Baca
agizlarinmn duvarlarindaki karsit iz elementler zonlanmasi, CODES'ta (Tasmanya Universitesi)
bilestirilmis Yiiksek Alansal Coziiniirlik (ICP-MS) ve ultraviyole Nd-YAG lazer ablasyon (LA-
ICP-MS) analizleri yardimiyla dogrulanmistir. Yiiksek gradyan kosullarinda hizli yigismaya baglh
olarak, baca agizlarinin dis duvarindaki kolloform piritin karakteristigi, iz elementlerin (T, U, Au,
Ag, Pb ve Mn) yiiksek tenorudur. Kanallardaki kaba-taneli kalkopirit katlari, ornatma olarak, Se ve
Sn agisindan zenginlesmistir. Baz1 kalkopirit katlari, ilgili galen, siilfat tuzlar1 ve dogal altinin
cOkelmesine bagl olarak, yiiksek Bi, Au, Ag, Pb, Mo ve As yogunlasmalar1 gosterirler. Kanallarda
ve dis duvarda sfalerit, Ag, Au, Sb, As, Pb ve Cd acisindan zenginlesmistir. Genelde, bu iz element
zonlanmasi, yay-ardi1 havzalarda olusan gilincel "siyah duman bacalari"ndan birine (6rnegin, Manus)
benzer. Lahanos volkanik-hidrotermal masif siilfit yataginda, baca-agizlarma, muhtemelen
hidrotermal baca vestimentiferalarina denk gelen kanal kurtguklar1 eslik eder. Deniz taban1 ve deniz
tabam-alt1 siiperjen siiregleri siilfit yiginlarinin tahrip olmasina ve kirintilt siilfitlerin alterasyonuna
yolacar. Kolloform piritin kalkopirit, bornit, fahlor grubu ve hematit tarafindan tekrar tekrar
ornatilmast, bu siireglerin bir karakteristigidir. Cevher fasiyesi metodunun



