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MINING GEOLOGY OF THE GOLD OCCURRENCES RELATED TO THE
ARSENOPYRITES OF iZMiR-ODEMi$ REGION

Sinan AKISKA* |, Taner UNLU* and i. Sénmez SAYILI*

ABSTRACT.- This study presents the results of the mineralogical, petrographical and geochemical investigations
of the gold bearing vein-like arsenopyrite occurrences and mica schist, amphibole schist and amphibolite host
rocks cropping out in the close vicinities of EImacigedigi, Zeytinlik, Yilanlikale and Kemer regions in the northeast
of Odemis, izmir. All investigated areas are located in the Odemis submassif of the Menderes Massif which con-
sist of schists, gneisses and amphibolites. These units are formed under the conditions of medium grade meta-
morphism. Garnet-biotite-amphibolite, amphibole schists and mica schists crop out in the study area. They are
generally rich in biotite and/or muscovite and in some localities garnet. The amphibolites which are formed as
lense-like bodies, are more than several hundreds of meters in length and several tens of meters in thickness and
are aligned parallel to the schistosity of mica schists. Geochemical analyses have been carried out on 11 select-
ed samples. In the major oxides versus SiO2 diagrams, ores mica schists and amphibolites/amphibole schists plot
in different areas. Very high positive correlation coefficients among Au-Ag-Sb-Bi and Se are held from the trace
element data of 7 samples taken from Zeytinlik area in statistically evaluation. Ore microscopical studies indicate
two different stages for ore mineralizations as syngenetic and postmetamorphic. Mineralizations are formed both
related with elements of basic magmatic rocks carried by solutions into the sedimentary basin and afterwards, the
elements related with more asidic solutions. Mineralizations are remobilized during and/or after the metamor-
phism of the region.
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INTRODUCTION Esme provinces at the eastern part of the Massif
(Dilek and Kayhan 1987, Kayhan 1991). Gold

Some deposits are especially observed in  and spatially tungsten have been determined in

Precambrian aged Canadian Greenstone Belts
in the world when gold deposits in metamorphic
terranes are investigated (Strachan and Moffett
1985, Kuhns 1988, Sawkins 1990). It is possible
to see gold deposits related to the metamorphic
rocks, metamorphosed volcanic and/or ultrama-
fic rocks, or the rocks over the metamorphic
basement in the Menderes Massif, Canakkale,
Hatay and Kastamonu in Turkey (Onal et. al.,
1986, Kayhan 1991, Aydal 2000).

73 gold occurrences as gold bearing ar-
senopyrite and quartz veins have been found out
during the detailed studies of MTA General
Directorate carried out around Odemis and Cine
Submassifs of Menderes Massif and Usak and

some analyses at Mursalli, Zeytinlik, Hoylk Te-
pe, Elmacigedidi, Yilanlkale, Akcakmakgedigi,
Kiglk Avulcuk and Kemer occurrences around
Odemis in Odemis Submassif (Dilek and Kayhan
1987, Kayhan 1991, Andi¢ 1992, Gonca 1992).

Scheelite and arsenopyrites occur in meta-
morphic rocks ,especially in amphibolites, in the
region. Arsenopyrites form in schists in some
regions and in amphibolites in other regions.
Veinlike arsenopyrite mineralizations are follow-
ed sometimes in coincidence with the schistosity
of schists and in some places cutting the schis-
tosity planes. The thicknesses of the veins vary
between a few cm's and 10 cm, while the length
of veins reach up to 70 meters.
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The origin of the gold mineralizations in both
arsenopyrite and quartz veins in the Massif are
interpreted as either related with hydrothermal
veins or fracture fillings due to hydrothermal mo-
bilizations from stratabound ore levels of sedi-
mentary origin which are affected from Varistic
and Alpine Orogeny (Uzkut 1977, Cagatay and
Eylpogdlu 1979, Dilek and Kayhan 1987, Kayhan
1991, Andi¢ 1992, Gonca 1992). In this study, the
origin of the mineralizations will be evaluated
according to the collected geological data.

GENERAL GEOLOGY, MINERALOGY AND
PETROGRAPHY

Geological, mineralogical and petrographical
investigations are carried out in Elmacigedigi,
Zeytinlik, and Yilanlikale districts at the izmir L20
a4 sheet. Since Kemer and Yilanlkale districts
are close settlements, these two occurrences will
be interpreted together (Figure 1).

Elmacigedigi Area

This area is located 12 km northwest of Gol-
ciik, east of Odemis-Bozdag road. Garnet-mica
schists and amphibolites crop out at the study
area. Mica schists are generally brown and yel-
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lowish in colors. Schistosity of mica schists show
strikes of E-W in general and rarely NW-SE and
dip directions of S or SW with 40 to 70 degrees.
The strikes of arsenopyrite bearing veins are
E-W, NNW-SSE and N-S. Main minerals in mica
schists are generally sillimanite, kyanite, biotite,
muscovite, quartz, garnet and staurolite. Biotites
are altered to hydrobiotites especially in close
parts to the ore bearing zones. Some biotites
have zircon inclusions (Plate | - Figure 1).

Lens-shaped amphibolites have more than a
few hundred meters in lenghts and a few ten of
meters in thicknesses. Greenish to blackish colo-
red amphibolites contain coarse-grained mine-
rals which are characterized by amphiboles, gar-
nets, biotites and plagioclases. Microscopic in-
vestigations indicate that amphiboles are hornb-
lendes according to their greenish pleochroisms.
They display hypidioblastic to xenoblastic tex-
tures (Plate | - Figure 2). Xenoblastic plagio-
clases have polysentetic twinnings. Opaque mi-
neral inclusions are common in the hypidioblas-
tic and idioblastic garnets which are often deve-
loped in secondary fractures. Hypidioblastic bio-
tite porphyroblasts exhibit brown pleochroisms.
Quartz, muscovite, sphene, rutile and opaque
minerals are also observed in thin sections.
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Figure 1- Regional geologic map of the investigated area

(modified from Dilek and Kayhan, 1987).
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Zeytinlik Area

This area is located at NE of Zeytinlik village
which is 4 km away from Odemis in NE direction
and on Golcuk road.

Massive arsenopyrite veins and veinlets are
generally concordant with the schistosity of the
biotite-quartz-muscovite-garnet schists at this
area. The strike and dip of the veins are N62E /
46NW. The thicknesses of massive arsenopyrite
veins vary between 10-15 cm and their lengths
are in a few meters. In another location of the
Zeytinlik area, a quartz lens with a 2,5 meter
thickness is also observed which includes fine
grained arsenopyrite disseminations. East of this
location, arsenopyrite mineralizations which cut
the schistosity of the rocks, crop out varying up
to 10 cm thicknesses.

According to previous geological and petrog-
raphical studies, mica schist are classified as
staurolite and garnet bearing kyanite-mica
schists and garnet-mica schists. While kyanite
crystals display more than 6 cm sizes, garnet
crystals vary 1-2 cm in sizes (Kayhan 1991).
Garnet mica schists are seen rarer than the other
one. Biotite, quartz and plagioclases are deter-
mined as main minerals in the microscopical in-
vestigations. Biotites are generally hybidioblastic
to xenoblastic in forms and show brownish pleo-
chroisms (Plate | - Figure 3). They are affected
from deformations and in some thin sections are
observed as altered to chlorite and hydrobiotite
(Plate 1 - Figure 4). Biotites are dark red to dark
brown in colors when iron rich solutions affect the
rocks, which caused opacitisation of the biotites.
So, the biotites in ore samples are quite different
from the other biotites. Biotites have sometimes
inclusions. Muscovites appear in small amounts
and are bended due to deformations.

Two kinds of quartz grains have been deter-
mined during microscopical studies. One type is
fine grained quartz in mica schists and the other
type is the coarser grains. Quartzs have xeno-
blastic textures and show undulating extinction.

In some thin sections, tourmaline, apatite,
and zircon are observed as detritic grains, which
are very fine grained and rounded. Rutiles are
recognizable with their opaque and reddish co-
lours. Opaque minerals take place parallel to
schistosity.

Xenoblastic quartz are as veinlets with coar-
ser grain sizes in ore samples. Biotites are also
xenoblastic and bended. They are sometimes
chloritized. Biotites exhibit dark red to dark brown
colours due to iron bearing solutions and are
fractured at these samples.

Kemer and Yilanlikale Areas

Kemer area is located in the east, northeast of
Zeytinlik Village and 9 km northeast of Odemis. It
is on the road from Kemer to Yilanlkale. The
area is covered by mica schists and amphibolites
which contains quartz-arsenopyrite mineraliza-
tions. These mineralizations are concordant with
the schistosity of the rocks. The strikes and dips
of the mineralizations are measured as N55E /
30SE and N80W / 76SW.

Amphibolites at Kemer area are lenticular and
display massive character compared to mica
schists caused by large scale boudinage. Am-
phibole, garnet, epidote, and plagioclase bearing
amphibolites have dark greenish to blackish
colours.

Amphiboles show medium to strong green
pleochroism and identified as hornblendes. Xe-
noblastic hornblendes are fine grained and clus-
tered.

Garnets are generally hypidiblastic to xeno-
blastic in textures. Both isotropic to anisotropic
garnets are observed in thin sections. Some gar-
nets are fracturated and epidotized due to hyd-
rous solutions. Opaque minerals as inclusions
occur in pinkish garnets which are supposed to
be almadine type. In some sections, pinkish co-
loured garnets are accepted as secondary in ori-
gin and are found in veinlets.
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Epidotes are also generally hypidioblastic to
xenoblastic in forms. In some sections, the
amount of epidotes are high (Plate 1 - Figure 6)
which are determined as clinozoisites.

Plagioclases are fine grained and exhibit
rounded crystals. Hypidioblastic to xenoblastic
plagioclases present albite twinnings. They are
brecciated and cataclastic.

Quartz are observed in very small amounts.
Less than 5% amounts of quartzs display xeno-
blastic textures. Titanite (Plate 1 - Figure 5), ru-
tile, zircon, and opaque minerals are accessories
in thin sections.

Yilanlikale area is located approximately
2 km's northeast of Kemer village and 3.5 km's
southeast of Bozdag. It crops out at the Kemer-
Yilanlkale road trench. Arsenopyrite mineraliza-
tions occur as fillings of veins and veinlets in the
fault and fracture systems of mica schists. These
mineralizations cut the rocks as stockworks.
Quartz-arsenopyrite vein clusters have 1 cm to
50 cm thicknesses in a 120 m zone. Quartz lens-
es are squeezed and fractured due to chaotic
tectonic events. The schistosities of mica schists
are measured as N30-60W / 30-50W. The rocks
in this area exhibit very similar mineralogical and
petrographical features. Therefore, only minerals
in ore samples and their features will be given in
the following text.

In some ore samples, biotite flakes occur
along the fractures and have brownish strong
pleochroism. Biotites are lost their flaky appear-
ances caused by ore solutions and due to hydro-
biotitization and gained reddish colours.

Hypidioblastic muscovites are the products of
biotite with 1-2% modal compositions. Quartz are
generally as secondary veins. They are xeno-
blastic grains with mosaic textures. In ore rich
zones, quartz are coarser than the other zones
(Plate 1 - Figure 6).

Hypidiblastic plagioclases do not show albite
type twinning and zonation. Porphyroblastic pla-
gioclases are fractured and cracked with the
effect of ore veins. Some of them are fracture
fillings at ore zone sections. Titanite inclusions
are observed in plagioclases. Shear fracturing in
two directions are generally main features at this
kind of ore samples. Due to fracturing, ore mine-
rals are scattered to every directions in sections.

Small amount of amphiboles (hornblendes)
as clusters, zircon bearing biotites as hypidio-
blasts to idioblasts, titanite and apatites, are the
other minerals in these zones. Fractured and
brecciated ores are silicified, carbonatized and
scoroditized in most of the locations.

ORE MICROSCOPY

One sample (KM -3) from Kemer area, one
sample (YK-2) from Yilanlikale area and four
samples (ZT-1, ZT-4, ZT-5, and ZT-10) from Zey-
tinlik area are ore microscopically investigated.
The features of ore minerals are given below:

Observations are made in oil environment
and under 250 magnifications. At the end of this
chapter, a short summary of ore microscopy sec-
tion of MTA-Italian project (SNIA TECHINT-
RIMIN-GEOEXPERT ITALY, 1991) will be pre-
sented and correlations with this study will be
done.

At ZT-1, ZT-4 and ZT-5 samples from Zeytinlik
area, no scheelite mineral could be found in the
polished sections, so investigations about the
features of this mineral could not be given.

Arsenopyrite.- Main ore minerals of the sec-
tions are arsenopyrites up to 3.5-4 mm in sizes.
They are cataclastic and generally idiomorphic.
Due to tectonism, arsenopyrites are replaced by
scorodites along their edges and cleavages
(Plate 2 - Figure 1). In some parts of polished
sections, arsenopyrite relicts are observable
among scorodites. Some of them are as grains
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while others as disseminations. Disseminated
ones show maximum 3 cm sizes. Sometimes,
scorodites lie as zones between silicates and
arsenopyrites. Fine magnetite and pyrite grains
occur in arsenopyrites. Because of this feature,
arsenopyrites are younger than magnetites and
pyrites.

Scorodite.- They are secondary minerals as a
result of weathering products of arsenopyrites.
Green coloured scorodites are observed along
the cracks of arsenopyrites. Arsenopyrite skele-
tals are formed as a result of replacement of
scorodites at Yilanlikale area. Colloform textures
are the products of this event.

Native Gold.- Native gold grains vary in sizes
up to 110 m x 250 m. In some parts of the sec-
tions, gold grains are scattered separately while
in other parts as fine grained clusters. Native
gold grain inclusions are in arsenopyrites or in
scorodites. (Plate 2 - Figure 2) Gold grains fill the
cracks of arsenopyrites in some places which
indicate that those kind of gold grains are formed
younger than arsenopyrites.

Pyrite.- Pyrites are observed mostly in arse-
nopyrites as subhedral to euhedral cataclastic
crystals and sometimes as skeletons (Plate Il -
Figure 3). Pyrites are older than arsenpyrites
because they are surrounded by arsenopyrites.
This kind of pyrites are 0.3 - 0.4 mm in sizes. In
some sections, growing traces can be seen
between pyrites and marcasites. Some pyrites
which are up to 1 mm sizes are formed as
pseudomorphs of hexagonal pyrrhotite grains
(Plate 1l - Figure 4). Pyrrhotite, marcasite and
magnetite occur both in arsenopyrites and sili-
cate minerals at host rock. Sometimes, chalcopy-
rites surround of pyrites.

Chalcopyrite.- Crystals up to 0.2 mm are
formed together with arsenopyrites and as fillings
of arsenopyrite cracks. In some places, they sur-
round pyrites (Plate Il - Figure 5). The youngest
ore mineral in polished sections are beleived to

be chalcopyrites. The arsenopyrite-chalcopyrite
association are found especially at Kemer area
and are 150 ym in sizes which are replaced by
limonite and covellite (Plate Il - Figure 6).

Other Opaque Minerals.- Rutiles are as tiny
needles in 200 ym sizes and take place pa-
ralel to schistosity. Titanites are in very small
amounts. Both opaque minerals are observed in
biotites. On the other hand, rutiles after ilmenite
occur in gangue minerals. Rounded-elipsoidal
pyrrhotite grains form in amphibolites of Zeytinlik
area.

SUMMARY OF ORE MICROSCOPIC
STUDIES OF MTA-ITALIAN PROJECT

Elmacigedigi Area

First, pyrrhotite, arsenopyrite and scheelite
paragenesis and at second stage chalcopyrite
and marcasite association represent synmeta-
morphic mineralization. Marcasite could be an
alteration product of pyrrhotite. The crystal sizes
of pyrrhotite, pyrite, arsenopyrite and scheelite
are less than 1 mm. Chalcopyrite and marcasites
are finer than 0.1 mm in sizes. No free gold has
been detected.

Zeytinlik Area

Euhedral arsenopyrites up to 2 cm in sizes
exhibit elongated crystals. The grains are gene-
rally in silicates as poikiloblastic to porphyroblas-
tic growths. Marcasite, stibnite and chalcopyrites
are as intergrowths and fracture fillings.

Native gold occur both as inclusions in coarse
grained arsenopyrites and at fine cracks which
are filled by bismuthinite, chalcopyrite and quartz
in arsenopyrites with less than 10 ym sizes.

Chalcopyrite are maximum 0.03 mm in sizes.
They occur together with marcasite, bismuthinite
and gold at small cracks.

Marcasites occur at the center of arsenopy-
rites with less than 0.5 mm. Primary pyrrhotites
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are possibly replaced by marcasites. They show
sometimes intergrowths with chalcopyrites.

Scheelites up to 1 cm grains are as euhedral
to subhedral porphyroblasts grown paralel to
schistosity.

Yilanlikale Area

Poikiloblastic and euhedral arsenopyrite crys-
tals are brecciated due to secondary processes.
Pyrite, pyrrhotite and chalcopyrite minerals occur
at the cracks of arsenopyrites. Free gold and bis-
muthinite could not be seen. These minerals are
as inclusions in less than 10 uym sizes.

ORE MICROSCOPIC CORRELATION AND
INTERPRETATION

Arsenopyrites are euhedral and are found
among silicate minerals and contain marcasite
and chalcopyrite crystals at cracks and fractures
of arsenopyrites. These features are the main
similarities between this study and MTA-Italian
Project. New finding at this study is that arse-
nopyrites occur both as grains and dissemina-
tions. They are younger than magnetites and
pyrites and cataclastic and also scoroditized. For
gold grains, they occur in arsenopyrites and at
their cracks. This observation is the same at both
studies. On the other hand, in this study, native
gold grains are observed both separately and
clustered, vary up to 250 pm in sizes and are
found as free gold grains in scorodites.

Pyrites are found in the polished sections of
this study, on the contrary marcasites are ob-
served during MTA-Italian Project.

Bismuthinite, scheelite and stibnite are deter-
mined at MTA-Italian Project.

If all ore paragenesis data are interpreted all
together :

1) Formation sequence of ore minerals from
older to younger :

OLDER (. Magnetite and pyrrhotite Synsedimenter and/or
- Pyrites after pyrrhotite syngenesis or
- Arsenopyrite, scheelite and small amount of native gold synmetamorphic ?
YOUNGER

Young native gold
Marcasite and chalcopyrite
Covellite, limonite and scoroditization

Postmetamorphic

2) Euhedral arsenopyrites and their concor-
dance to schistosity at Zeytinlik and EImacigedigi
areas are characteristics of this study. Vein type
ore mineralizations and no ore mineral associa-
tion which are seen at other areas, are observed
at Yilanlikale area should look like to indicate a
late stage mobilization.

GEOCHEMISTRY

MAJOR AND TRACE ELEMENT ANALYSES
AND EVALUATIONS

According to results of petrographical studies,
11 representative samples are selected from dif-
ferent zones of every area and chemically ana-
lysed. 7 samples from Zeytinlek area, 2 from El-
macigedigi area, 1 from Kemer and 1 from Yi-
lanlikale area belong to analysed samples.
Analytical results from MTA-Italian Project
samples are also used for correlations. Rock
descriptions and analytical data are given at
Table 1, 2, 3, 4, 5, and 6.

Elmacigedigi Area

All major oxide analyses are concordance
with each other at amphibole schist samples. But
at the sample named amphibole schist - amphi-
bolite (EG-2a), SiO2 content is a little bit lower,
Fe20s content is higher. Analytical results of ore
bearing sample (7579) are very similar to rock
sample, which can be explained by low amount
of ore. On the other hand, higher Fe20s content
could be related to ore minerals. In addition, the
similarities of major oxides with amphibolite or
amphibole schists should point out that ore bear-
ing solutions from their host rocks.

Trace element contents given on Table 4 were
difficultly interpreted with the MTA-Italian Project
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Table 1- Descriptions of analysed samples collected from study area

Sample

N Locality Description

umber

EG-2a Elmacigedigi Garnet-amphibole schist-amphibolite contact
EG-6 Elmacigedigi Amphibole schist

KM-1 Kemer Ore sample (arsenopyrite)

YK-2 Yilanlikale Arsenopyrite ore (concentration)

ZT-1 Zeytinlik Ore sample (arsenopyrite)

ZT-2 Zeytinlik Biotite-muscovite-gaarnet-staurolite schist
ZT-3 Zeytinlik Biotite-muscovite schist

ZT-4 Zeytinlik Ore sample (arsenopyrite)

ZT-5 Zeytinlik Ore sample (arsenopyrite)

ZT-6 Zeytinlik Muscovite-biotite schist

ZT-10 Zeytinlik Ore sample (arsenopyrite)

Table 2- Descriptions of analysed samples collected during MTA-Italian Project studies

Sample Nr. Locality Description
7579 Elmacigedigi Ore sample (arsenopyrite)
8368 Elmacigedigi IAmphibole schist
8369 Elmacigedidi IAmphibole schist
5 TR-M-10 Yilanhkale IArsenopyrite ore (compiled sample)
QO 18381 Yilanhkale Ore sample (arsenopyrite)
09_ 8414 Yilanhkale IArsenopyrite ore (concentration)
o [8415 Yilanlikale Ore sample (arsenopyrite+quartz vein)
g 7541 Zeytinlik Quartz vein (Pyrite-arsenopyrite-wolframite)
L [7544 Zeytinlik Schist
e [7545 Zeytinlik Schist
S 7548 Zeytinlik Schist
s 8375 Zeytinlik Mica schist
® 8378 Zeytinlik Prasinite (meta volcanite)
:;: 8426 Zeytinlik Garnet amphibolite
E 8429 Zeytinlik Garnet — mica schist
8432 Zeytinlik Biotite gneiss
8433 Zeytinlik Mica schist
8441 Zeytinlik Garnet amphibolite
TR-M-9 Zeytinlik IArsenopyrite ore (compiled sample)
TR-Au-Z1 Zeytinlik IArsenopyrite ore (compiled sample)

samples due to their low detection limits of analy-
ses. But by the comparison of 7579 sample to
EG-2a and EG-6 samples, most of the results
exhibit great similarities, except W, Mo, Cu, As,
Sb, Au and Ni contents. It indicates that ore bear-
ing samples and amphibolite / amphibole schists

have similar trace element contents. Above given
elements are connected with ore mineralizations.

High value of W at 7579 sample points out
scheelite presence. Cu and As contents are also
very high in ore sample.
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Table 3- Results of analysed samples collected from study area (analyses are made at
ACME Analytical Lab., Canada by ICP-ES and MS method)

SampleNr> | ZT-1 | ZT-2 | ZT-3 | ZT-4 | ZT-5 | ZT-6 | ZT-10 | EG-2a | EG-6 | KM-1 | YK-2
SiOx(%) 45.74 | 61.64 | 62.68 | 42.02 | 61.64 | 62.54 | 46.75 | 55.85 | 64.54 | 43.76 | 4.17
Al,O3(%) 11.88 | 17.38 | 17.90 | 9.32 | 10.10 | 1749 | 2.83 | 16.56 | 13.83 | 14.57 | 0.80
Fe:0s (%) 16.94 | 6.95 491 | 2145 | 10.63 | 449 | 22.29 | 8.49 6.15 | 13.29 | 37.97
MgO(%) 1.17 2.96 2.02 1.42 0.43 1.84 0.12 3.84 2.70 0.75 0.02
CaO(%) 3.82 1.59 1.03 2.54 3.08 1.15 0.41 8.72 7.30 | 21.02 | 0.17
Na;O(%) 1.54 1.68 2.25 1.17 1.14 2.48 0.73 2.60 1.54 0.12 0.05
K20(%) 0.86 3.67 4.04 0.64 0.87 3.66 0.19 0.26 0.21 0.03 0.25
TiO2(%) 0.27 0.95 0.44 0.23 0.39 0.44 0.22 0.96 0.92 0.57 0.07
P205(%) 0.55 0.19 0.02 0.62 0.18 0.05 0.11 0.68 0.25 0.08 0.04
MnO(%) 0.01 0.06 0.02 0.01 0.01 0.02 | <.01 0.16 0.14 042 | <.01
Cr03(%) 0.049 | 0.039 | 0.056 | 0.026 | 0.047 | 0.048 | 0.031 | 0.044 | 0.090 | 0.030 | 0.019
LOI 10.9 2.4 3.7 18.5 9.7 3.8 171 1.6 1.3 4.7 51.4
TOT/C 0.13 0.12 0.29 0.34 0.22 0.33 0.01 0.03 0.07 0.03 0.02
TOT/S 4.37 0.03 0.03 4.92 1.17 0.04 2.72 0.10 0.02 0.13 | 14.34
SUM 93.89 | 99.72 | 99.41 | 98.02 | 98.34 | 98.29 | 90.93 | 99.98 | 99.36 | 99.44 | 94.98
Sample Nr> | ZT-1 | ZT-2 | ZT-3 | ZT-4 | ZT-5 ZT-6 | ZT-10 | EG2a | EG-6 | KM-1 | YK-2
Co(ppm) 10.2 9.9 12.7 114 2.2 9.9 271 21.7 19.9 11.1 30.0
Cs(ppm) 3.1 6.2 5.6 2.7 2.0 4.9 0.6 0.9 2.6 <0.1 0.7
Ga(ppm) 194 | 242 | 245 16.2 24.7 22.5 4.5 16.7 17.9 20.2 3.0
Hf(ppm) 2.8 5.4 4.2 2.2 3.7 4.0 1.4 4.8 5.2 2.6 <0.5
Nb(ppm) 5.7 13.8 8.4 4.2 7.6 7.8 3.2 11.9 12.0 134 1.1
Rb(ppm) 425 [114.8| 127.0 | 32.7 39.6 95.2 7.9 5.0 5.4 0.6 9.3
Sn(ppm) <1 4 3 <1 3 3 2 4 8 25 <1
Sr(ppm) 446.8 | 264.1 | 209.6 | 235.6 | 501.0 | 204.3 | 195.0 | 356.6 | 283.6 | 205.5 | 30.4
Ta(ppm) 0.3 1.0 0.6 0.3 0.5 0.6 0.3 0.9 0.8 0.9 <0.1
Th(ppm) 5.5 10.3 9.6 5.8 111 10.4 1.9 9.1 74 174 1.0
U(ppm) 3.8 3.3 7.4 3.4 5.3 4.5 0.4 3.6 2.2 4.6 0.1
V(ppm) 102 124 141 77 68 131 24 94 71 140 27
W(ppm) 11.8 3.2 5.9 71.3 | 40054 | 15.2 14.4 2.7 4.8 3.5 18.6
Zr(ppm) 98.0 | 1934 | 1443 | 81.0 | 1394 | 130.8 | 426 | 176.2 | 168.7 | 88.1 11.9
Y(ppm) 40.3 | 344 | 251 24.0 30.6 29.2 6.9 38.2 34.6 49.7 1.1
Mo(ppm) 5.8 0.8 8.5 4.4 12.1 10.3 4.5 1.3 1.3 0.7 2.7
Cu(ppm) 70.9 | 40.3 | 1154 | 56.3 | 158.0 | 45.2 1.6 47.3 4.7 74.5 3.2
Pb(ppm) 11.5 3.8 8.9 6.7 18.3 7.6 2.0 4.0 5.2 8.7 2.6
Zn(ppm) 18 56 112 24 15 83 4 49 38 18 4
Ni(ppm) 979.1 | 975.7 | 1430.9 | 464.7 | 765.6, | 1062.9 | 926.8 | 1430.0 | 2337.2 | 829.2 | 362.9
As(ppm) >0999 | 77.4 | 709.4 | >9999 | 6938.4 | 2233.2 | >9999 | 467.5 | 570.4 | 1102.9 | >9999
Cd(ppm) 0.1 <. 0.5 0.1 0.1 0.2 <A 0.4 0.3 0.2 <.
Sb(ppm) 58.2 0.3 0.6 79.7 2.6 1.3 147.7 0.6 0.5 1.1 103.3
Bi(ppm) 18.7 0.3 0.9 23.9 19.5 0.9 2314 0.6 4.7 1.9 13.0
Ag(ppm) 0.6 0.2 0.5 0.9 0.7 0.3 1.7 0.5 0.3 1.1 0.2
Au(ppm) 6.17 3 0.01 8.48 2.92 0.12 | 86.33 | 0.15 0.18 0.31 4.13
Hg(ppm) 0.01 | 0.01 0.02 0.18 0.64 0.23 0.09 0.01 0.01 <.01 0.21
Tl(ppm) 0.3 0.5 0.5 0.2 0.2 0.4 0.1 <.1 <.1 <. <.
Se(ppm) 10.6 0.5 1.6 15.2 7.6 2.7 18.2 0.5 <.5 0.7 29.1

* Total iron as Fe20s.
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Table 4- Results of major oxide analyses of the samples collected during MTA-Italian Project studies.
Sample Nr > | 7579 | 8368 | 8369 | 7541 | 7544 | 7545 | 7548 | 8375 | 8378 | 8426 | 8429 | 8432
Si0(%) 59.06 | 63.50 | 59.60 | 56.62 | 61.90 | 59.60 | 66.00 | 60.70 | 51.50 | 47.80 | 63.50 | 68.30
TiO2(%) 082 | 093 | 094 | 035| 049 | 098 | 0.83 | 051|031 ] 3.00 1.14 0.87
AlbO3(%) 11.74 [ 15.10 | 18.90 | 16.08 | 18.29 | 18.50|14.90 | 18.70 | 4.50 | 15.60 | 15.90 | 15.00
Fe;03 (%) 1058 | 582 | 7.70 | 780 | 539 | 6.34 | 563 | 465 |21.00| 15.20 | 7.31 3.51
MnO(%) 0.08 | 021 ] 010 | 011 | 012 | 0.10 | 0.08 | 0.05 - 0.19 0.10 0.02
MgO(%) 2251241 | 407 | 263 | 248 | 268 | 201 | 213 | 0.36 | 540 2.67 1.88
CaO(%) 512 | 666 | 115 | 928 | 243 [ 181|225 | 134|054 | 7.14 2.21 2.30
NaxO(%) na | 279 | 243 n.a 452 | 1.04 | 243 | 262 | 1.27 | 2.41 3.61 3.71
K20(%) <0.02| 010 | 342 | 013 | 232 | 403 | 1.88 | 3.80 | 1.68 | 1.31 2.32 2.44
P20s5(%) 029 | 040 | 023 | 069 | 026 | 019021 | 009|017 | 051 0.31 0.12
LOI na | 090 | 210 n.a 250 | 250 | 1.60 | 4.70 |19.80| 1.80 1.10 2.00
SUM 98.14 |1 98.80 | 100.80 | 98.08 | 100.88 | 97.95 | 97.85 | 99.80 | 98.60 | 100.60 | 100.10 | 100.60
Ornek No > 8433 8441 TR-Au-Z1 | TR-M-9 8381 8414 8415 TR-M-10
Si02(%) 69.30 42.20 45.07 39.55 37.81 2.26 95.16 11.01
TiO2(%) 0.85 5.04 0.26 0.24 0.18 0.09 0.03 0.15
Al,03(%) 14.80 13.80 10.27 9.76 4.81 1.85 <1 <1
Fe203*(%) 4.99 17.20 18.04 20.21 30.39 44.99 4.42 34.51
MnO(%) 0.05 0.14 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
MgO(%) 1.78 9.22 1.69 0.85 <0.50 0.89 <0.50 <0.50
CaO(%) 0.96 9.79 3.04 2.65 <1 3.49 <1 <1
Na,O(%) 2.80 0.98 n.a n.a n.a n.a n.a N.a
K20(%) 2.65 0.27 0.93 0.91 0.86 0.18 <0.02 0.2
P20s(%) 0.16 0.42 0.39 0.58 0.07 0.11 0.03 <01
LOI 2.00 1.10 n.a n.a n.a n.a n.a N.a
SUM 100.50 100.10 101.21 102.08 85.71 60.58 110.22 92.04

* Total iron as Fe20s3,- Below the dedection limit, n.a : not analysed.

Zeytinlik Area

SiO2 contents of ore samples (ZT-1, ZT-4 and
ZT-10) compiled from area are lower than 45%
which are also lower than the mica schist's. On
the other hand, ZT-5 sample has 61% SiOzvalue
and similar to mica schists. Petrographical des-
criptions of ZT-5 sample also indicate mica
schists. Alz20s contents in ores and close to ore
zones at ZT-1, ZT-4 and ZT-5 samples vary
between 9-10%, but samples from mica schists
(ZT-2, ZT-3 and ZT-6) exhibit more than 17%

Al203 contents. ZT-10 ore sample has the lowest
Al2Os value with 2.83%. MgO contents of ore
samples, except ZT-10 sample, vary between 1
to 4%. Mica schists have more the 1.84% MgO
values. This indicates a 1 to 2% differences
between ore samples and mica schists. Ore
samples contain 2,5 - 3,8% CaO contents again
except ZT-10 sample, while mica schists have
1-1,6% CaO values. P20s contents of ore sam-
ples are more than other samples. K20 values of
ore samples are less than 0.87%, while mica
schist have higher contents.
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Table 5- Results of trace element analyses of the samples collected during
MTA-Italian Project studies.

Sample Nr > | 7579 | 8368 | 8369 | 7541 | 7544 | 7545 | 7548 | 8375 | 8378 | 8426 | 8429 | 8432
V(ppm) 669 | na | na |1102| na | na | na | na | na | na | na | Na
Co(ppm) 14 12 14 1251 | 31 - 14 - - 11 17 47
Ni(ppm) 455 | 37 60 [200.9| 90 10 43 13 - 24 43 71
Sn(ppm) <16 - - <16 - - - - - - - -
W(ppm) 8515| na | na 16 n.a n.a na | na na | na na | na
Mo(ppm) 7.7 na | na <4 na | na na | na na | na na | na
Cu(ppm) 510.3 | 30 32 84 - - - 15 75 97 18 39
Pb(ppm) <20 - - 56.4 - - - 18 - - - -
Zn(ppm) 43 31 164 |575.9| 234 | 116 | 138 | 76 - 102 | 109 | 63
As(ppm) 32826 - - 225 - - - 105 | 5910 | - - 68
Sb(ppm) 20 na | na | <20 | na | na na | na na | na na | na
Bi(ppm) <20 | na na | <20 | na n.a na | na n.a n.a na | na
Hg(ppm) <0.1 | na | na [<0.1]| na n.a na | na na | na na | na
Au(ppm) 034 [ na | na |001|na|na|na|na|na|naj|naj]na
Ag(ppm) <1.0 | na | na <1 n.a n.a na | na na | na na | na
Ba(ppm) 78.8 | 85 | 556 |103.9| 483 | 1090 | 312 | 809 | 300 | 265 | 608 | 869
Rb(ppm) n.a - 131 - 100 | 136 | 84 | 136 | 98 51 86 68
Sr(ppm) 443.5| 302 | 250 |727.4| 334 | 181 | 205 | 280 | 232 | 300 | 243 | 177
Li(ppm) 212 | na | na |51 na|na|na|naj|na]|na]|na]na
Nb(ppm) 11.8 | 10 - 9.2 - 10 - 10 - 18 10 -
Zr(ppm) 1924 228 | 199 | 123 | 185 | 239 | 235 | 200 | 124 | 230 | 371 | 263
Y(ppm) 36.1 33 33 [ 326 | 28 47 44 39 - 30 33 24
Th(ppm) n.a - - n.a - - - - 27 - - -
U(ppm) n.a - - n.a - - - - - - - -
Cr(ppm) 69.1 | 46 67 | 548 | 73 | 100 | 88 80 - 34 94 72
Cd(ppm) <20 | na | na | 47 n.a n.a na | na n.a n.a na | na
Sample Nr > | 8433 8441 |TR-Au-Z1| TR-M-9 8381 8414 8415 | TR-M-10
V(ppm) n.a n.a 90.7 103.3 17.9 56.6 4.5 36.3
Co(ppm) - 54 13.8 274 12.9 274 2.2 30.6
Ni(ppm) 18 94 56.2 42 6.1 25.3 <6 15.8
Sn(ppm) - - <16 <16 17.8 16.4 20.8 <16
W(ppm) n.a n.a 1669.4 1050.2 454 <16 <16 <16
Mo(ppm) n.a n.a 20.9 211 <4 <4 <4 234
Cu(ppm) 60 57 75.1 72.8 3.4 5.1 4.1 3.9
Pb(ppm) - - 20 28.1 <20 <20 <20 <20
Zn(ppm) 75 231 59.3 60.9 28.5 63.2 10.4 60.9
As(ppm) - - 113000 | 150000 | 50000 50000 17000 | 287000
Sb(ppm) n.a n.a 89.3 115 90.3 113.5 32.1 137.5
Bi(ppm) n.a n.a 211 47 <20 <20 <20 38
Hg(ppm) n.a n.a 5 <0.1 5.1 4.8 0.3 <0.1
Au(ppm) n.a n.a 4.5 17 1.9 2.2 0.3 6.7
Ag(ppm) n.a n.a <1 1 <1 <1 <1 <1
Ba(ppm) 872 140 236.7 244 308.2 599.7 58.8 735.9
Rb(ppm) 76 10 n.a n.a n.a n.a n.a n.a
Sr(ppm) 180 105 347.9 302.2 95.9 395.7 9.3 120
Li(ppm) n.a n.a 7.8 171 <4 <4 <4 6.9
Nb(ppm) - 22 3.9 5.3 6.3 <2 <2 2.7
Zr(ppm) 212 190 106.7 98.1 210.1 9.1 <2 15.6
Y(ppm) 21 15 21.2 22.7 3.7 2.8 <1 2.2
Th(ppm) - - n.a n.a n.a n.a n.a n.a
U(ppm) - - n.a n.a n.a n.a n.a n.a
Cr(ppm) 65 150 42 78.4 18.1 21.4 9.9 8.2
Cd(ppm) n.a n.a <2 <2 <2 <2 <2 <2

- Below the dedection limit, n.a : not analysed.
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Table 6- The symbols representing the samples on the graphics

Symbol
Rock types Description This ]
Ital.Proj.
study
,tb)\mp.mbole Amphibole schists and
earing L A A
amphibolites
rocks
Schists Al schlst samples (except . °
amphibole schists)
Ore samples|All ore samples ] =]
Gneiss Biotite gheiss - o
Vein Quartz vein - X
Prasinite Meta volcanite - +

- Not observed in this study

SiO2 contents of ore samples and amphibo-
lites are lower than mica schists at MTA-Italian
Project samples. TiO2 values are high at amphi-
bolites and Fe20s contents are also high at am-
phibolites, ore samples and meta volcanite (pra-
sinite). Amphibolites contain higher amount of
MgO. Major oxide analytical results of MTA-
Italian Project samples are in concordance with
this study.

At samples ZT-1 to ZT-6 in Table 3, higher
amount of As, Sb, Bi, Au and Se point out ore
zones. As contents of ore samples (ZT-1, ZT-4,
ZT-5 and ZT-10) are higher than 7000 ppm. Mica
schists have 77 - 2200 ppm As values. Sb, Bi and
Se contents of ore samples are higher than mica
schists.

When all samples collected from Zeytinlik
area are interpreted, Ni contents exhibit hetero-
geneties. Ni contents of mica schists vary bet-
ween 10 and 1463 ppm and are higher than ore
samples. W value is high only with 4000 ppm at
ZT-5 sample. On the other hand, channel sam-
ples (TR-Au-Z1 and TR-M-9) from MTA-Italian
Project exhibit a little bit high W contents. At
these samples, As values with 113000 ppm and
150000 ppm are very high.

At ore samples, Au contents vary 3 to 9 ppm.
Only ZT-10 sample contain 86,33 ppm gold

value. In connection with Au content, this sample
has higher contents of Ag, Sb, and Bi but lower
contents of Zn, Rb, Cs, Ga, Zr, Y, Th, U and Sc
when compared with other samples. On the
other hand, V, Co, W, Mo and Cu contents of this
sample are higher than other ore samples but
very close to mica schists.

At all major oxide versus SiO2 diagrams,
amphibole bearing rocks, schists and ore sam-
ples plot at different areas (Figure 2).

At TiO2, Al20s, MnO and MgO versus SiO2
diagrams, major oxide contents of ore samples
are lower than the contents of schists and amphi-
bole bearing rocks. Total Fe203 and P20s values
are similar both at ore samples and amphibole
bearing rocks. No discrimination could be seen
at rocks due to Na2O and K20 contents. TiOz,
MnO and MgO contents of amphibole bearing
rocks are clearly higher than ore samples and
schists. Total Fe20s contents of amphibole bear-
ing rocks and ore samples look like very similar
(Figure 2).

At a few samples collected from the rocks
which are parallel to schistosity at Zeytinlik area,
trace element contents are evaluated statistically
e.g. Cluster analyses. According to this method
three main association have been determined.
First one is Cr-Ni association, second ore is rep-
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Figure 2- Harker diagrams (SiO:z versus major oxides).



ODEMIS REGION GOLD OCCURRENCES 13

5,00 450
4,50 4 4,00 o e
0
4,00 350 -
o
<o
3,50 300
3 3,00 —_
2 o ° ® 250 . e
O
8 2,50 A LIPS o
< . g 200 o
Z 2,00 .
150 - - 1,50 A
. + - 1,00
1,00 A © o0 G "
0,50 . 0,50
| ]
0,00 0,00 X
0 20 40 60 80 0 10 20 30 40 50 60 70 80
Si02 (%) SiO2 (%)
0,80
0,70 «
L}
0,60 o
-
—~ 050 A
2
2 040 Ag
N
& 530 o
<
0,20 og ©
+ LEREN
(o]
0,10 . o
*
0,00 *
0 20 40 60 80
Si02 (%)

Figure 2- Continue

resented by U-V-Cu-Mo-Pb-Th-Ba association.
Third association includes Au-Ag-Bi-Sb-Se ele-
ments (more detailed information, see Akiska
2003).

Kemer-Yilanlikale Areas

All samples compiled from these areas are
either ore-rich samples or channel samples. SiO2
contents of analysed samples verify it. 95.16%
SiO2 content of sample 8415 points out ar-
senopyrite bearing quartz vein. On the other
hand, 8414 and YK-2 samples contain only 2-4%

SiO2. These samples are rich in arsenopyrite and
therefore SiO2 contents are low. Except than
8415 sample which represents quartz vein,
Fe20s content of all samples are high. SiO2, Al203
and CaO contents of KM-1 sample are higher
than other samples which can be interpreted that
this sample represent host rock with ores. K20
value of KM-1 sample is low. But with 21% of
CaO content of this sample indicate an extraordi-
nary composition of it. High content of CaO can
be regarded to garnet and epidote minerals due
to petrographical studies.
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Due to trace element values, KM-1 sample
shows special contents. V, Ni, Cu, Nb and Y and
also possibly U and Th values are higher but W,
Sb, Bi and Hg contents are lower than other
samples. W content of 8381 sample is 454 ppm
which point out presence of scheelite.

When arsenopyrite ore concentrations of TR-
M-10 and YK-2 samples are compared to each
other, except Ba and Sr contents, all trace ele-
ment values are in concordance with each other.
As is 287000 ppm at TR-M-10 sample and is also
high at YK-2 sample. Au contents of all samples
vary between 0,3 and 6,7 ppm.

Table 7- Results of the rare

macigedigi, Zeytinlik,

Another characteristic feature of this area is
that Sn contents, except than YK-2 sample, are
higher than 16 ppm. Sb values are higher than
32,1 ppm which reachs up to 137 ppm with the
KM-1 sample exception.

Rare Earth Element Analyses

The REE analytical results of all samples from
Elmacigedigi, Zeytinlik, Kemer and Yilanlikale
areas are given at Table 7. Additionally the aver-
age contents of the crust, and basalt and shale
are added to that table. Using all the data, the
condrite normalized values are plotted into the
diagram of Sun and Mc Donough (1989) in fi-
gure 3.

earth element analyses at El-
Kemer and Yilanlikale samples

and average values of the rare earth elements in the
crust, basalt and shale samples.

Sample Nr | EG-2a | EG-6 | KM-1 | YK-2 | ZT-1 | ZT-2 | ZT-3 | ZT-4 | ZT-5| ZT-6 | ZT-10
La 46.9 [331] 8 1.8 | 48.1 [39.7[29.1]36.2|46.1|32.2] 6.3
Ce 91.6 | 629|274 | 32 | 856 |759(52.1[59.8| 75 |57.3]| 10.3
Pr 10.78 | 7.87 | 5.22 | 0.39 [10.76]9.12|6.75| 7.4 |[8.98[7.64 | 1.13
Nd 542 | 37 [354] 2 [46.9] 39 | 28 [34.1|38.8(35.1] 4.7
Sm 10 | 66 [ 81 ] 03 |86 81|57 |65]|66]|68]| 06
Eu 253 | 1.65|265] 0.08 | 2.75 | 1.44[0.99 [ 2.12[2.93|1.31] 0.16
Gd 9.17 |5.85|7.73] 039 | 797 | 6.3 [4.06 |5.61|5.42| 54 | 0.45
Tb 145 [1.03| 15 | 0.05 | 1.29 [1.11]0.75]0.82[0.99 | 1.03| 0.15
Dy 6.36 | 524|835 02 | 645 |582(3.63|3.87|4.24|5.27| 0.95
Ho 1.32 [1.09 | 1.67 | 0.07 | 1.26 [1.090.79]0.74 | 0.97 | 0.98 | 0.25
Er 3.53 [3.38| 4.8 | 0.13 | 3.65 |3.39| 2.4 [1.93]2.77|2.77 | 0.71
Tm 0.54 | 05 [ 0.71[<0.05| 0.5 [0.54[0.39]0.32|0.41]|0.44] 0.13
Yb 3.99 |327[493] 015 | 356 | 3.4 [257] 2.3 [2.94]3.05] 0.8
Lu 0.52 | 0.47 [ 0.62 | 0.03 | 0.56 |0.56|0.41] 04 [0.47]| 0.4 | 0.12

CRUST" BASALT | SHALE™

La 35 10 40

Ce 70 30 70

Pr 8 4 9

Nd 30 20 30

Sm 7 5 7

Eu 1,2 1,5 14

Gd 7 6 6

Tb 1 0,8 1

Dy 6 4 5

Ho 1,5 1 1,5

Er 35 3 35

Tm 0,5 0,5 0,6

Yb 35 25 35

Lu 06 0,5 0,6

*

REE element values under the detection limits of the instrument are used in diagrams

in order to provide the togetherness of all values.
** Krauskopf 1989, p,545 (In this book, the basalt values includes the basalt, diabase

and gabbro values)
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Table 8- The rock types of the samples in Table 7.

Samp. Nr | Location Rock Types

EG-2a Elmacigedidi | Garnet-amphibole schist-amphibolite contact
EG-6 Elmacigedigi | Amphibole schist

KM-1 Kemer Ore (arsenopyrite)

YK-2 Yilanlikale Arsenopyrite ore (concentration)

ZT-1 Zeytinlik Ore (arsenopyrite)

ZT-2 Zeytinlik Biotite-muscovite-garnet-staurolite schist
ZT-3 Zeytinlik Biotite-muscovite schist

ZT-4 Zeytinlik Ore (arsenopyrite)

ZT-5 Zeytinlik Ore (arsenopyrite)

ZT-6 Zeytinlik Muscovite-biotite schist

ZT-10 Zeytinlik Ore (arsenopyrite)

1000,0

Rock/Chondrite

—e—EG-2a
—|—EG-6
—h— KM-1
——YK-2
—¥—ZT-1
—o—ZT-2
—+—ZT-3
—ZT-4
—B8—ZT-5
——ZT-6
—A—ZT-10
—0—CRUST
—A—BASALT
—@—SHALE

Figure 3- Chondrite normalized (Sun ve McDonough, 1989) spider
diagrams of the samples in table 7.

According to these diagrams, the contents of
all samples exhibit very close trends with crust
and shale averages and very similar with basalt
averages. Only YK-2 sample, which represents
ore mineral concentrations, have another trend
because of lack of silicate minerals. ZT-10
sample shows another trend which is poor in
silicate minerals, but rich in iron ratio and gold
(86 ppm) due to hydrothermal effects.

DISCUSSION AND CONCLUSIONS

Data, findings and results gained from inves-
tigations at Zeytinlik, Elmacigedigi, Yilanlikale
and Kemer areas are given below :

Due to field and laboratory studies, amphibo-
lite and/or amphibole schists have been deter-
mined and ore zones are found either in these
rocks or in their close vicinities in all areas.
Arsenopyrite crystals are generally coarse
grained and occur parallel to the schistosity.
Scheelite sometimes accompany to arsenopy-
rites. Some amount of Sb, Bi and Ag enrichments
are determined in the ore zones. Amphibolites at
MTA-Italian Project are described as orthoamphi-
bolites, i.e. magmatic in origin. This data is veri-
fied at our samples geochemically by high Ti, Cr
and Ni contents. In all areas, both arsenopyrite
ores parallel to schistosity and cutting across all
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the rocks have been observed. Depending upon
all these data and concordance of ores with the
schistosity, it can be postulated that mineraliza-
tions occured in association of various element
incomes related to basic magmatism which
comes to the basin during sedimentation. Basic
solutions ceased with the time and an asidic
stage with its solutions is dominated. All sedi-
mentary and magmatic events occured synsedi-
mentary and then metamorphosed. Further
effects caused the mobilization of the ores.
These effects could be the metamorphic stages
and/or granitic intrusions. Trace element asso-
ciations from Zeytinlik area could indicate basic
magmatic rocks. Samples from Zeytinlik area are
collected at zones which are parallel to schistos-
ity. Cr-Ni associations are related to basic mag-
matic rocks, further U-V-Cu-Mo-Pb-Th-Ba asso-
ciation to asidic solution in comes to the basin.
Final element association of Au-Ag-Bi-Sb-Se
indicate mineralizations.
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PLATES



PLATE I

Figure 1 -

Figure 2 -

Figure 3-

Figure 4 -

Figure 5 -

Figure 6 -

Biotites including zircon inclusions in biotite-garnet schists (Bi: Biotite, Gr: Garnet,
Zr: Zircon). Plane light.

Strong green pleochroism exhibiting hornblendes in amphibolite (Hb: Hornblende,
Gr: Garnet). Plane light.

Biotite flakes and garnet porphyroblasts in mica schists (Bi: Biotite, Gr: Garnet).
Plane light.

Chiloritization of biotites in mica schists. (Bi: Biotite, Op: Opaque minerals, KI: Chlorite).
Plane light.

Titanite grains surrounded by hornblendes and epidotes in amphibolites
(Hb: Hornblende, Ep: Epidote, Sf: Titanite). Crossed polars.

Coarse-grained quartzs in mica schists (K: Quartz, Op: Opaque minerals, Sk: Scorodite).
Crossed polars.
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PLATE Il

Figure 1 - Scorodites occured along the cleavages and fractures of arsenopyrites. Plane light.
Figure 2 - Coarse-grained native gold grains in scorodites (Sk: Scorodite, Au: Gold). Plane light.

Figure 3 - Pyrite, chalcopyrite and arsenopyrite association (Py: Pyrite, Kpy: Chalcopyrite,
Asp: Arsenopyrite). Plane light.

Figure 4 - Pyrite and marcasites formed after hexagonal pyrrhotite (Py: Pyrite, Ma: Marcasite).
Plane light.

Figure 5 - Chalcopyrite surrounded by pyrite grain and relicts of arsenopyrite Kpy: Chalcopyrite,
Py: Pyrite, Asp: Arsenopyrite). Plane light.

Figure 6 - Chalcopyrites locked with arsenopyrites. Chalcopyrites are altered to covelline and
limonite along its fracture (Asp: Arsenopyrite, Ko: Covelline, Li: Limonite,
Kpy: Chalcopyrite). Plane light.
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