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Zusammenfassung 

Der Vergleich der geochemischen Parameter, also vorwiegend der Verhält
nisse der Spurenelemente und der Isotopen, zeugt für die Verwandtschaft der Pb-Zn
Lagerstätten von Laurion und von Keban und bestätigt damit die von DE LAUNAY 
(1911) und W. E. PETRASCHECK (1955) auflagerstättengeologischer Basis getroffene 
Zuweisung zu einer tertiären, magmatogenen ägäisch-tauridischen Erzprovinz. 

1. Introduction 

lt is one of the objectives of this paper to test the application of geochemical 
characterization (geochemometry***)) of lead, zinc ore mineralizations hosted in 
carbonatic rocks. The principles of geochemical characterization are presented by 
ScHROLL (1979, in press). The geological observations, the petrological and mineral
ogical investigations, including the geochemical data of the ore mineralization of 
Keban are published in more detail by CAGLAYAN (1984). Another point is the contri
bution to a better knowledge of the lead-zinc bearing ore mineralization of the 
Aegean-Tauriden metallogenetic province. 

2. Geographical and geological situation 

The ore occurrences of Keban are situated in the South-Eastern Taurus Moun
tains in the vicinity of the town Elazig in Turkey. The ore mineralizations are bound 

*) Geotechnisches Institut der BVFA-Arsenal, A-1031 Wien, POB 8. 
**) University of Ankara, Department of Geology, Tand6gan, Ankara, Turkey. 

***) This technical term is used in this paper for the first time. 
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mainly on a Permian carbonatic rock series like other ore deposits of the Taurus 
Mountains, such as Bolkardag or Karalar, which are known as strata-bound ore 
mineralizations (V ACHE, 1966, LAZNICKA, 1981). 

The carbonatic rock series consists of Permocarboniferous limestones and 
marbles, Permian limestones and calcareous schists, Triassic calcareous phyllites 
and meta-conglomerates, followed by Jurassic sedimentary rocks and Quaternary 
sediments. Permean and Triassic rocks are weakly metamorphosed by tectonic 
events in Jurassic time. The Paleozoic and Triassic strata are penetrated by sub
vulcanic syenitic intrusions and trachytic effusives, partly forming skarn mineral
izations within the carbonatic rocks. 

Fig. 1 shows the localization in the metallogenetic province and the geological 
sketch of the area of Keban. 

3. Ore mineralizations 

The geological sketch Fig. 1 shows three localities of mining activities: 
1. Nalliziyaret, named shortly Keban in this paper. The skarn mineralization 

caused by the intrusion of syenit-porphyr is situated in the valley of the river Firat. 
The mineralizations bear scheelite, fluorite, pyrite, galena, sphalerite and 

chalcopyrite; diopside, actinolite, vesuvian, epidote, mica, titanite etc. 
2. Bamas, in the North of Keban, is a skarn type too, characterized by a 

dominant mineralization of molybdenite, fluorite and chalkopyrite. 
3. Firat-Derebaca, named shortly Firat in the South of Keban. This is an 

intensive ore mineralization of galena, sphalerite, chalcopyrite and pyrite. These 
ores are the object ofthe present mining activity. However scheelite and molybdeni
te is not found. 

4. Magmatism 

The syenitic and trachytic rocks are contemporary with granodioritic intru
sions in this area. The alcali rocks are rich in K 5-10% (K/Rb - 500), Ba 0,3%, Pb 
30 ppm, and Th 67 ppm (Th/U - 10), but relatively poor in Rare Earth elements and 
zirconium. 

5. Preceding genetic conceptions 

Most geologists who visited the ore deposits of Keban, like KovENKO (1938), 
MAUCHER (1938), PETRASCHECK (1955, 1960), ÜELSNER (1958, 1960) emphasized 
an epigenetic origin. 

ZussERMANN (1969) only decided in favour of stratiform deposition. 
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Fig. 1. Sketches of the localization of the Keban ore deposits in the Aegean-Tauridean metallo
genetic province and the geological environment ofthe ore mineralizations. The area ofTrias
sic rocks is hatched and the occurrences of trachytes and syenitic rocks are indicated. The 
Permian is not marked. The marls are separated by border lines. The younger covering 

sediments are neglected. 



6. Geochemometric investigations 

A minimum of numbers of samples, but non less than three for each mineral 
species of each locality, has been selected. The specific sampling based on field work 
and mineralogical observations. The objects were mainly the carbonatic wall rocks, 
calcites, fluorites, pyrites, sphalerites and galenas. 

Chemical and isotopic data are necessary for geochemometric work: trace
and minor element distribution in ore minerals and gangue minerals, and the isoto
pic composition of carbon, oxygen, sulphur and lead. 

Locality 
Keban 
Firat 

6.1. Chemical data 

Pb 
3,5% 
6,0% 

Zn 
4,0% 
4,2% 

Cu 
1,4% 
1,0% 

Ag 
20 glt 
20 g/t 

Fe>Pb+ Zn 
Fe<Pb +Zn 

Minor and trace element distribution. Some selected examples ofthe distribu
tion of Sb/Bi in galena, Fe/Cu in sphalerite of Ni/Co in pyrite (Ni/Co) and ofTb/La 
in fluorite (Tb/La) are represented in Figs. 2-5. 
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Fig. 2. Sb/Bi-rations of galenas. Ranges of deposition temperatures after MALAKHOV (1969): 
A Bamas (200-300° C), B Keban-Nalliziyaret 140-220° C, C Firat (100-150° C). Black 

squares: Bamas, black points: Nalliziyaret and open circless: Derebca-Firat. 
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Fig. 5. The Tb/La-Tb/Ca-diagram after MÖLLER et al. (1977) suggests the hydrothermal 
formation. Remobilization processes can't be excluded. - P = pegmatitic or pneumatolytic; 

H = hydrothermal; S = sedimentary. 

The sphalerites contain relatively high concentrations ofFe (up to 10%), Mn 
(up to 1%), low contents of Cd (0,02-0,2%) and other rare metals. 

6.2. Isotopical data 

6.2.1. Isotopes of carbon and oxygen of carbonates 

The hydrothermal-metasomatic calcites of the ore mineralization are sig
nificantly different from the limestones. The isotopic composition shows large dif
ferences on the sharp bounderies between the ore calcite and the wall rocks 
(ß ö13 C 30/oo, ß öI80 70/oo). 

The calcites of the ore mineralization fall within the hydrothermal field of the 
ö13C/öIB 0-diagram (Fig. 6). 

6.2.2. Isotopes of sulphur 

Galenas, sphalerites and pyrites show ö34S values near zero, but with a slight 
tendency to light sulphur (-0,8 up to -4,40/oo). The lightest sulphur is found in the 
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Fig. 6. Carbon and oxygen isotope composition of carbonatic wall rocks and calcites of the 
mineralization. Fields of carbonatic sediments after HuDSON (1977). Dotted field after HuD

SON (1977): A = heavy carbon sediment; B = deep water limestones; C = methan derived 
cements; D = late cements; E =marine limestones; F = early diagenetic concretions; 

G = fresh water limestones. 
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Fig. 7. Sulphur isotope composition of sphalerites, galenas and pyrites. 
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occurrences of Bamas and Firat. If coexistent mineral pairs being in equilibrium 
(after ÜHMOTO, 1972), the differences of Ö34S values should correspond to high tem
perature ranges. 

The sphalerites are showing the heaviest sulphur, the pyrites, except samples 
of Keban the lightest (Fig. 7). 

6.2.3. Lead isotope 

The mass spectrometric investigation of two samples of galena and feldspar 
from one of the trachyte rock samples gives the following results: 

Galena, Firat 
Galena, Keban 
Feldspar, Firat 

206Pb/204pb 

19.185 ± 015 
19.146 ± 003 
21.868 ± 005 

201pb/204Pb 

15.684 ± 015 
15.695 ±002 
15.807 ±005 

2ospb/2ü4Pb 

39.180±0.030 
40.438 ± 0.010 
40.438 ± 0.010 

The leads are average lead of the Earth crust mixed with a component of 
younger lead ofthe upper crust. The leads of ore and ofrock are radiogenic (Fig. 8). 
If the line drawn through the points of the data for ore and rock would be identical 
with an isochron, a model age could be estimated approximately with 0 ± 100 Mio 
years corresponding to the young age of the magmatic rocks. The ore lead is slight
ly thorogenic, so that the acceptance of consanguinity with the thorium-rich alcali 
rocks seems to be probabel. 
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Fig. 8. Lead isotope diagram (lead-evolution model after STACEY/KRAMERS, 1975) 
showing the radiogenic character of ore lead and rock lead. 
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6.3. Geochemical parameters 

The geochemical data supply strong arguments for epigenetic genesis, caused 
by high-temperature leaching and hydrothermal deposition. The chemistry of the 
ore minerals and lead isotopes of the largest metal concentration Firat is identical 
with the other ore occurrences. The temperature of the deposition of the ore 
solutions in Firat should be lower than in Keban and Bamas, but around 2000 C or 
more. The negativ 51ac-value of the calcites speaks for endogenic origin. 

However it remains still an open question, whether ore mineralizations .are 
partly the product of remobilization processes or not. 

7. Position in the Aegean-Tauridean metallogenetic province 

The visual comparison of ore samples of Keban (Turkey) and Laurion 
(Greece) suggests similarities. There is a correspondance ofthe geochemistry ofthe 
sphalerites. ScHROLL (1954) reported analyses of sphalerites ofLaurion: Fe 3-100/o, 
Mn up to 1%, Co 0,05-0,3%, Ga up to 10 ppm. 

The leads of Laurion showing young model ages are perhaps weakly radio
genic, but are not thorogenic after the data ofGALE (1978). The µ2-values around 10 
are comparable with leads derived from the African platform. 

A further geochemical study could be of interest. However the Pb-Zn-Ba
mineralizations ofthe type Bolkardag are the key to the problem. A regional study of 
lead isotopes is emphazised. Some published values of lead isotopes are plotted in 
the last Fig. 9. 
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Fig. 9. 207Pb/2°6Pb - 208Pb/2°6Pb diagram using data GALE, 1978. 
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8. Conclusion 

The ore mineralizations of Keban in the SE-Taurus Mountains are products of 
endogen epigenetic processes. The geochemometric data show some analogy to the 
lead-zinc-ores of Laurion. 
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