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Turkey is emerging as one of the major suppliers of chromite ranking, in the recent years, 4" in
chromite exports in the world, after South Africa, Kazakhstan and India. Most of the Turkish
chromitites occur in the mantle peridotite of Mesozoic ophiolites, that are widespread throughout
the country. Ophiolitic chromitites, apart from their importance from the perspective of chromium
recovery, represent a target for future platinum group elements (PGE) exploration, since they are
strongly enriched in these noble metals, especially in Os, Ir, Ru with respect to their host peridotite.

The main goal of this contribution is to increase the data base on PGE geochemistry and mineralogy
of Turkish chromitites providing, a detailed study on Bursa chromitite hosted in the Orhaneli
(Bursa, NW Turkey) ophiolite. The Orhaneli ophiolite is part of the Izmir-Ankara-Erzican Suture
Zone and it 1s mainly composed of mantle tectonites, ultramafic cumulates, accompanied by minor
mafic cumulates.

According to the field observation, chromite ore is mostly banded. However, massive and
disseminated ore are also present. Most of the investigated samples can be classified as Cr-rich
chromitite, with the trivalent site occupied by, in decreasing order of abundance as wt%, Cr,Os;
(57.7-62.2), ALLO5 (14.2-16.1) and Fe,O5 (1-3.2). The bivalent site is mostly occupied by FeO and
MgO with wt% values comprised between 12.2—-17.2 and 9.6-13.3, respectively. TiO, content is
always less than 0.25 wt%. The whole rock analyses show that the total PGE content varies from 83
to 507 ppb, with an average of 169 ppb. Cl-chondrite normalized PGE patterns display a
enrichment in Os+Ir+Ru (IPGE) relatively to Rh+Pd+Pt (PPGE), causing a negative slope between
IPGE and PPGE with, however, a weak enrichment in Rh. The sample with the highest PGE content
is also characterized by a strong positive anomaly in Ir and Rh.

Consistently with these geochemical data, the most abundant platinum group minerals (PGM)
contain Os+Ir+Ru and minor Rh. Pt and Pd minerals are absent. The PGM form nano-crystals with
a size comprised between 1 and 10 um. Most of them occur enclosed in fresh chromite. According
to their chemical composition, PGE sulphides (laurite, erlichmanite, cuproiridsite and unknown Ir-
Ni-Fe sulphide), sulpharsenides (irarsite and hollingworthite) and alloys (iridium) have been
encountered. Considering their morphology and textural position, the PGE sulphides are considered
to be magmatic in origin. On the contrary, irarsite, hollingworthite and iridium probably are
secondary, i.e. altered or reworked during some post-magmatic processes, being always associated
with altered minerals (chlorite, serpentine, awaruite and ferrian chromite) and showing a complex
and irregular morphology.

In conclusion, the absence of magmatic Os-Ir-Ru alloys and the presence of abundant Os-rich
laurite, erlichmanite and other Ir bearing sulphides as primary PGM indicate that they crystallized at
a temperature of about 1000 °C degrees under relatively high sulphur fugacity. Few PGM were
altered and most of them are Ir and Rh phases, such as iridum, irarsite and hollingworthite. The
alteration process is probably the reason of the enrichment of these two elements revealed in one
sample.
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Orhaneli (Bursa, KB Tiirkiye) Ofiyolitik Kromititlerinin Platin Grubu Element (PGE)
Dagilimlar: ve Mineralojik Ozellikleri

Tirkiye, diinya kromit ihracatinda Giiney Afrika, Kazakistan ve Hindistan’dan sonra 4. sirada olup,
son yillarda krom iiretiminde gelismekte olan bir iilkedir. Tiirkiye kromitlerinin ¢ogu, iilke ¢apinda
oldukca yaygin olarak gézlenen Mesozoyik yasli ofiyolitlere ait manto peridotitleri ile iligkilidir.
Ofiyolitik kromititler, krom kaynagi bakimindan 6nem arzetmesinin yaninda, ana kayaci olan
peridotitlere kiyasla, 6zellikle Os, Ir ve Ru gibi soy metaller bakimindan zenginlesmis olmasindan
dolay1 gelecekte platin grubu element (PGE) arastirmalarinda hedef durumundadir.

Bu calismanin amaci, Orhaneli (Bursa, KB Tiirkiye) ofiyolitleri i¢inde bulunan kromititleri, kromit
kimyasi, PGE jeokimyasi ve mineralojileri bakimindan inceleyerek, Tiirkiye kromititlerine ait su
ana kadar elde edilmis verilere katki saglamaktir. Orhaneli ofiyolitleri Izmir-Ankara-Erzincan kenet
zonunun bir parcasi olup, esas olarak manto tektonitleri ve az oranda mafik kiimiilatlarin eslik ettigi
ultramafik kiimiilatlardan olusmaktadir.

Arazi gozlemlerine gore, masif ve sacimimli cevher yapilari goriilmekle birlikte, yoredeki
kromititlerin ¢oklukla bantli oldugu gozlenmistir. Incelenen 6rneklerin ¢ogu, Cr,O; (% ag. 57.7—
62.2), ALOs (% ag. 14.2-16.1) ve Fe,O; (% ag. 1-3.2) degerlerine gore kromca zengin olarak
simiflandirilmistir. FeO ve MgO degerleri sirasiyla % ag. 12.2-17.2 ve % ag. 9.6-13.3 arasinda
degisim gostermekte olup, TiO, igerigi daima % ag. 0.25’ten daha disiiktiir. Tiim kayac PGE
icerikleri ortalama 169 ppb olmak tizere, 83—507 ppb arasinda degisim gostermektedir. CI-kondrit
degerlerine oranlanmis PGE diyagramlarinda, ofiyolitik kromititlerin tipik 6zelligi olarak,
genellikle Rh, Pt ve Pd (PPGE) elementlerine karsilik Os, Ir ve Ru (IPGE) elementlerinde bir
zenginlesme s6z konusu olup, bunun yani sira, bazi Orneklerde Rh pozitif anomalisi
gozlenmektedir. En yiiksek PGE igerigine sahip 6rnek, Ir ve Rh pozitif anomalisi sunmaktadir.

Bu jeokimyasal verilerle uyumlu olarak, s6z konusu kromititlerde gézlenen platin grubu mineraller
(PGM) genellikle Os+Ir+Ru ve az miktarda Rh icermektedir. Pt ve Pd igeren minerallere
rastlanilmamistir. PGM’ler, ¢oklukla taze kromit kristalleri igerisinde kapanlanmig olmak tizere, 1—
10 um arasinda degisen nano boyutta kristallenmislerdir. PGE siilfidler (laurit, erligmanit,
kuproiridsit ve adlanmamis Ir-Ni-Fe-S), siilfarsenidler (irarsit ve hollingvortit) ve iridyum
alagimlari, kromit kristalleri biinyesinde goézlenen PGM kapanimlaridir. Morfolojik ve dokusal
ozelliklerine gore PGE siilfidler magmatik kokenlidir. Diger taraftan irarsit, hollingvortit ve
iridyum, daima altere olmus minerallerle birlikte bulunmasi (klorit, serpantin, avaruit ve Fe’*
bakimindan kismen zengin kromit) ve karmasik ve diizensiz morfolojileri nedeniyle, magmatik
siirecler sonrasinda gelisen alterasyon veya kimyasal bilesimlerindeki deg§isimler gibi nedenlerle
muhtemelen ikincildir.

Sonug olarak, Os-Ir-Ru alagimlarinin yoklugu ve birincil platin grubu mineraller (PGM) olan Os’ca
zengin laurit, erligmanit ve diger Ir igeren siilfidlerin varligi, bu minerallerin yaklasgik 1000 °C
sicaklik ve yiiksek siilfiir fugasitesi sartlar1 altinda kristallendigini gostermektedir. Bazi PGM’ler
alterasyondan etkilenmis olup bunlar ¢oklukla Ir ve Rh fazlar1 olan iridyum, irarsit ve hollingvortit
gibi PGM’lerdir. Buna bagli olarak, alterasyonun, bir 6rnekte gozlenen Ir ve Rh zenginlesmesinde
muhtemel neden oldugu goriisiine varilmistir.

Anahtar kelimeler: ofiyolit, kromitit, platin grubu element, platin grubu mineral, Orhaneli



	Mineralogy and Geochemistry of Platinum-Group Elements in Ophiolitic Chromitites of Orhaneli (Bursa, NW Turkey)
	İbrahim Uysal1, Federica Zaccarini2, Necla Köprübaşı3, Yılmaz Demir4,                                                Giorgio Garuti2, Oskar Thalhammer2
	1 Karadeniz Teknik Üniversitesi, Jeoloji Mühendisliği Bölümü, TR−61080 Trabzon, Turkey
	(E-Mail: iuysal@ktu.edu.tr)
	2 University of Leoben, Dep. Applied Geological Sci. and Geopyhsics, A−8700 Leoben, Austria
	3 Kocaeli Üniversitesi, Jeoloji Mühendisliği Bölümü, TR−41380 Kocaeli, Turkey
	4 Gümüşhane Üniversitesi, Jeoloji Mühendisliği Bölümü, TR−29000 Gümüşhane, Turkey


	Orhaneli (Bursa, KB Türkiye) Ofiyolitik Kromititlerinin Platin Grubu Element (PGE) Dağılımları ve Mineralojik Özellikleri

