TECTONIC FEATURESAND STRUCTURAL EVOLUTION OFTHEYALVAC-YARIKKAYANEOGENE BASIN

Fuzuli YAGMURLU*

ABSTRACT— Yalvac-Yarikkaya Neogene basin, which has a triangular shape, with its margins bordered largely by normal faults, is located
in the central pan of a regional-scale structure, the so-called Isparta flexure. Ordovician mete-sedimentiles comprising the Sultan Mountains,
and Triassic-Cretaceous aged carbonate rocks border the basin in the east and north, respectively. The Anamas Mountains, bordering the ba-
sin in the south, comprise largely a carbonate rock sequence of Triassic to Cretaceous, whose thickness reaches 5000 m. An ophiolilic com-
plex, described as the "inner Tauride ophiolitic complex nappe" by the former investigators, and whose emplacement in the region has been
ascribed to Upper Lutetian, forms the boundary of the basin in south and west. The Neogene sequence, reaching a total thickness of 800 m.
in the region, dominantly comprise alluvial fan, fluvial and lacustrine sediments. Alluvial and lacustrine sediments exhibit intervened strati-
graphic relations laterally at the margins of the basin. Neogene sediments, which are distributed extensively in the region, have been deposit-
ed under the control of growthfaults. These faults, bordering the basin, have a general trend in the N, NE and NW directions, and exhibit par-
allel en echelon structural features. Structural elements in the study area and in near vicinity have developed under the influence of
compressional and tensional tectonic regimes, that prevailed in different epochs. In Langian, due to the compressional tectonic regime that
progressed in the N-S direction, many intersecting shear-faults developed in the NE and NW direction, which shaped the Isparta flexure, in
addition to many folded and thrusled structures. In the period following the Langian compressional regime, Yalva¢ Neogene basin opened
by the transformation of previously formed strike-faults into normal-faults, due to tensional tectonics.



FZAI\%III%S AND DEPOSITIONAL ENVIRONMENTS OF THE MIOCENE SEDIMENTARY SEQUENCE IN NORTH OF TORBALI,

Ugur INCI**

ABSTRACT— A Late Miocene sedimentary sequence, over 900 m., crops out in the north-northeast trending graben type depression devel-
oped at the western margin (north of Torbal1) of the Bozdag high. This sequence is represented with the several complete and incomplete
sedimentary cycles which are mainly composed of, in ascending order, conglomerate, sandstone and algal limestone segments. According to
the lithofacies analyses, the clastic rocks of this normal fault-boundered depression deposited in the alluvial fan and plain environmental
conditions by rapid deposition of the sedimentary load of the gravel-sand dominated hyperconcentrated flood flows originated from the Nif
Dagi and Bozdag high. In consequence of these floods, the small, variable boundered, occasionally wavered and fringing with swamps,
ephemeral freshwater lake environments formed characterizing with algal limestones.
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POSSIBLE PAN-AFRICAN METAVOLCANICS IN THE ODEMIS, SUBMASSIF OF THE
MENDERES MASSIF, WESTERN TURKEY

Osman CANDAN*and Nejat KUN*

ABSTRACT. - Menderes massiflocated in the Western Anatolia, in Turkey, is made up of the old crystalline rocks. The last main metamor-
phism of this massif has been completed during Upper Paleocene - Lower Eocene. The general sequence of the study area which is situated
in the Odemis submassif of the Menderes massif consists of, in ascending order, basal gneiss complex, blue augen gneiss, leptite (metavol-
canic), schist and marble. This metamorphic sequence was cut by the post-metamorphic acidic and basic plutons and covered by the young
volcanics. Leptites occuring between gneiss and schist units are the metamorphic equivalents of the dacitic and rhyolitic volcanics. These is-
land arc volcanics have a calc-alkaline kindred. According to the age, geological position and chemical characteristics, these metavolcanics
of the Odemis submassif may be correlated with the island arc volcanic bell widely exposed in the NE Africa and Arabian Peninsula, in rela-
tion to the late phases of the Pan-African orogenesis.

INTRODUCTION

Menderes massif consists of the old crystalline rocks which are exposed widely in Western Anatolia, in Turkey. The
previous studies began with Phillippson (1911) and continued later by various investigators until today. The presence of
some different rock types from the others such as gneiss, schist and phyllite in the Menderes massif was first noted by
Schuiling (1962). It was determined by Kun (1983) that these rocks exposed in the Cine submassif of the Menderes massif
were clearly originated from the old volcanic rocks and they were called as leptite by the same auther based on the similar
chemical properties, with those of in Sweden.

In recent years, the relation between the volcanics of the Pan-African orogenesis exposed in NE Africa and Arabian
Peninsula and the metavolcanics which show widespread distribution in the Menderes massif has been the subject of investi-
gation by many investigators. In this paper, an attempt is made to solve the problem of the origin and geotectonic position of
the leptites in the Odemis submassif of the Menderes massif in Turkey.

LITHOSTRATIGRAPHY

The study area is located in the Odemis submassif of the Menderes massif, in Western Anatolia in Turkey (Fig. 1
A-B). The generalized columnar section of this area can be given as follows: The lowest level of the rock succession consist
of a basal gneiss complex made up of migmatite, augen, granitic and banded gneisses (Fig. 2). In these rocks which contain
almandine-rich garnet, the feldspar porphyroblasts amount up to 7-8 cm in length. Through the microscobic studies, the gen-
eral mineral assamblage of the gneisses which show widely cataclastic texture, was found as "Quartz-plagioclasc (oligo-
clase)-K. feldspar (orthoclase and microcline)-biotite-muscovite-garnet-tourmaline-zircon and apatite”.

The blue augen gneisses which have been firstly pbserved in the Menderes massif, are found near the contacts of the
leptites and basal gneisses as interlayers and lenses in both unit with different lengths. This kind of gneisses typified by the
very large blue-violet K-feldspar porphyroblasts, show great similarity to the basal gneiss complex occuring at the bottom of
the sequence in terms of mineralogical composition. But, by contrast with basal gneisses, sillimanite is accompanied to gar-
net in these rocks. The bluc-augen gneisses containing abundant relicts of leptite are appearently related to the volcanic ori-
gin.

The leptite which lies conformably on the gneisses, vary in thickness from 20-25 m to several kilometers. Some key
minerals, such as sillimanite and kyanite, are found in these metavolcanics. The leptites are overlain by the schists with an
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appearently conformable contact. The schist series starts with the kyanite-staurolite-gamet schist at the base and passesto the
garnet-mica schists towards the upper level.

Phyllite, marble and muscovite-quartz schists occure asinterlayersand lenses in this schist sequence with highly va-
riable thicknesses. Coarse-grained kyanite-staurolite-gamet schists contain widely distributed kyanite-pegmatoid lenses
which are pardld to the schistosity. This schist unit consist of Quartz-plagioclasc-kyanite-staurolite-garnet-biotite-
muscovite-chlorite-rutil-agpatite and zircon™. Also, garnet-mica schists are mainly composed of " Quartz-plagioclase-biotite-
muscovite-chlorite-gamet-apatite-tourmaline and zircon". The phyllites which are observed as interlayers and lenses show a
number of different mineral paragenesis as follows:

Quartz-muscovite-garnet-chloritoid;
Quartz-muscovite-garnet-chloritoid-slaurolite;
Quartz-muscovite-gamet-staurolite;

Quartz-muscovite-garnet-staurolite-kyanite.
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The marble interlayers become dominant at the upper level of the metamorphic sequence and these rocks form
thick calcerous series at the NE part of the study area
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Fig. 2 - Generalized columnar section of the Odemig submassif.

All these metamorphic units were cut by the unmetamorphosed acidic and basic plutons and covered by the Ne-
ogene aged volcanic rocks. The acidic magmatitcs which arc of granitic and granodioritic composition, are exposed in
gneisses and leplitcs as docks with different sizes. The general mineral composition of these rocks were determined as
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"Quartz+plagioclase+orthoclase+biotite+ muscovite+apatite+zirconztsillimanite and £gamet". The basic plutons, olivine gab-
bros, were observed as stocks with different sizes in the blue-augen gneisses, at the vicinity of Birgi town. The mineral com-
position of these unmetamorphosed basic plutons consists of "Plagioclase + orthopyroxene + clinopyroxene +olivine + bio-
tite+apatite + zoisite + zircon and +garnet”. The extrusive rocks which are the volcanic equivalents of these basic and acidic
plutons are observed at two different parts of the area. According to their mineralogical and chemical composition, these vol-
canic rocks arc of andesite and basalt in composition. All the rock units exposed at the investigated area are unconformably
covered by the Neogene aged unmetamorphosed sedimentary rocks.

PETROGRAPHY OF THE LEPTITES

Leptites show a widespread distribution in the Odemis submassif, the middle part of the Menderes massif. These
rocks which occur between the basal gneiss and schist vary in thickness from 20-25 m to several kilometers. Purple, grayish
and gray coloured leptites are hard, massive and generally badly schistozed rocks. These metavolcanites are often cut by the
pegmatiticveins, ranging from mm to m in thickness. These pegmatitic veins arc composed of feldspar, quartz, muscovite
and tourmaline. In the field, one of the characteristic features of the leptites is the presence of the old sills and dykes which
exhibit hornfelsic texture and rich-in pyroxene andanorlhite (Kun and Candan, 1987). These gabbroic vein rocks were si-
mullanously metamorphosed with the leptites.

The locally preserved old porphyritic texture can be observed in the leptilcs. This evidence clearly suggests that the
origin of these rocks called as leptites in this paper, is volcanic. In these porphyric rocks which show a foliated andesitic ap-
pcarence, the old phenocrystals were oriented by the metamorphism (Fig. 3). These phcnocrystal relicts were filled by some
light coloured minerals such as quartz, muscovite, feldspar, sillimanite, and gamet.

Fig. 3 - Phipwegraph of the relict porphynitic texture of the primary volcanics observed in
leplates.

The field observations show that leptiles occur as a gide horizon between the basal gneiss complex which were de-
rived from graywackeys, and schists in the Menderes massifs But, because of the presence of the blue-augen gneisses most
probably of volcanic origin like leptites the contact mapped between the basal gneiss complex and leptite, docs not corre-
spond tothe primary graywackey/volcanic rock boundary (Fig. 4).
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Fig. 4 - Cross-section showing the contact relation between blue augen gneiss and leptite.

From the petrographic studies, it has been observed that the leptites exhibit a typica fine-grained, nondirectiona
granoblastic and hornfelsic texture (Fig. 5). But some samples, especidly those which are rich-in biotite, may show a poor-
ly developed schistosity. The genera mineral compositions of the leptites consist of "Quartz-plagioclase-orthoclase-garnet-
biotite-muscovite-epidote-sillimanite-kyanite-tourmaline-zircon and apatite’. The leptites can be divided into three major

groups according to their macro and micro features: 1 - Garnet-biotite leptites; 2 - Sillimanite-kyanite leptites; 3 - Spotted-.
leptites.

Fig. 5 - Photomicrograph showing the typical fine-grained, nondirectional homfelstic textare in
lepuites. 2.5 X, crossed nicols. Q: Quartz, Plj: Plagioclase.

1 - Garnet-bictite leptites

The great majority of the leptites exposed in the study area belongs to this group. While the percentage of garnet
reaches up to 35 % and biotite up to 40 %, muscovite is always present in the amounts of less than 5 % in these rocks. Gar-
net-biotite leptites which exhibit a poorly developed schistosity consist mainly of quartz, orthoclase, plagioclase, biotite,
muscovite, garnet, epidote, zoisite, apatite, tourmaline and zircon.



PAN-AFRICAN METAVOLCANICS IN THE ODEMIS, SUBMASSIF 7

lig. 6 - Sillimanite fibrolites occuning at the contacts of the feldspars. Sil: Sillimanite, 10X, plane light.
2 - Sillimanite-kyanite leptites

This type of leptites closely resemble the garnet-biotite leptites. The distribution of the sillimanite-kyanite leptites in
the investigated area may be only identified by the microscopic studies. With the increasing percentage of the sillimanite
content, these rocks exhibit a harder and rougher appearence. The percentage of the, sillimanite ranges from 1 % to 15 %
(Fig. 6). But, the kyanite content of these leptites does not exceed 3 %. The formation of the sillimanites can be divided into
two groups by their textural evidences. 1) Sillimanites, which occur as fibrolites at the contacts of the feldspars, and 2) Silli-
manilcs, which replace the garnet and biotite crystals (Fig. 7).

Fig. 7 - Sillimanite crystalls occuring by the replacement of the biottes. Sil: Sillimanite; Bio:
Bioute: 10 X, plane fight.
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3 - Spotted leptites

These leptites, which were rarely observed can be easily recognized in the field by their white spots. These appear-
ance are caused by the preserved relict porphiritic textures of the primary volcanic rocks, and are of great importance to
clarify the parent rocks of the leptites. These spots were generally filled by the light coloured minerals such as quartz, feld-
spar and muscovite. In general, an euhedral garnet crystal is situated at the center of these voids and this core is rimmed
by the sillimanite and biotite zones (Fig. 8). The general mineral compositions of the spotted leptites show a great similari-
ty to the sillimanite-kyanite leptites and consist of "Quartz-orthoclase-plagioclase-muscovite-biotite-sillimanite-kyanite-
gamet-zircon and apatite".

Fig. 8 - I’Moﬁicrograph of the white-spols in the leptites. An cuhedral gamet crysuali is situa-
ied at the cenier of these voids. Sil: Sillmanie; Gr: Gamney; 10 X, planc light.

CHEMISTRY OF THE LEPTITES

In general, the leptites exhibit more or less a homogeneous mineral composition. But, of course, the amount of gar-
net, biotite and sillimanite in the rocks affect the chemical composition of the leptites. The average contents of SiO2, Al203,
FeO, CaO, MgO, Na2 and K,O in the leptites can be given as 61-74 %, 11-18 %, 4-6 %, 0.7-2.6 %, 1-3 %, 1.64.3 % and
2-4.5 % respectively. TiO2 is always present in amounts of less than 1 % (Table 1). A comparision of the Sweden (Lofgren,
1979) leptites with those of the study area in terms of SiO2 contents is given in Table 2. The leptites from Sweden are divided
into 6 different groups. But, the leptites in Odemis submassif of the Menderes massif show only 3 groups and don't contain

the extreme acidic and basic groups.

The chemical analysis were plotted on several diagrams to find out the properties of the original volcanics of the lep-
tites. In order to eliminate the influences of possible element migrations during the high grade metamorphism, in addition to
the major oxides, the diagrams based on the trace elements were also used.

In the Na20+K20/SiO2 diagram proposed by Zanettin-(1984), the leptites are concentrated inrhyolite, dacite and an-
desite areas (Fig. 9). In Kistler and Evernden (1971), Winchester and Floyd (1977) diagrams based on the Rb vs Sr and SiO,
% versus Zr/Ti0?2 respectively, all the examined metavolcanics plot in the fields of andesite, rhyodacite and rhyolite (Fig. 10
andl11).
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Yable | - Comparation of the Sweden and (Odemis submassif leptites in terms of 8i0,, contents

Group | Group 2 Group 3 Group4 Group 5 Group 6
% $i0, % 10, % 5i0, % 5i0, % 5i0; % 510,
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Fig. 9 Na, 0+ K0 versus Si()2 diagram alter Zanetiin (1984).
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Fig. 11 - SiO2 (W1 %) vs Zr (ppm} / 'I'i{)2 (Wt %) diagram alicr Winchesicr and
Floyd (1977).

In order to determine the kindred of the primary volcanics, several diagrams based on major oxides are used. In the
Rittmann (1962) diagram, dl the leptites are accumulated in the field of calc-alkaine series (Fig. 12). In another diagram us-
ing the same oxides, the great majority of the rocks are concentrated in the calc-alkalinc series but only a few samples ex-
tended into the tholeiitic area (Fig. 13). In the Miyashiro (1975) diagram, where FeO*/MgO versus SO, is plotted the sam-
plesfall again in the calc-alkaline field (Fig. 14).
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Fig. 14 - FeO* { MpO versus Si02 diagram after Miyashiro (1975).

In the log t versus log d diagram suggested by Gottini (1968), all the samples fall in the sialic origin (Fig. 15). There
are several diagrams to explain the tectonic environment of the volcanics on the light of the plate tectonic theory. In the
Morrison (1980) diagram, where K,O are plotted against SiO, , all the samples lie within the calc-alkaline island arc fields

(Fig. 16). In the TiO, versus FeO/MgO diagram advanced by Glassley (1974), the leptites of Odemis submassif are con-
centrated in the island arc field too (Fig. 17).
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Fig. 15 - Log 1 vs log & diagram aficr Gowini (1969).
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Fig. 17 - TiO, versus FeOQ* / Mg diagram after glassley (1974).

The Tix10->/Zr/Yx3, Tixl0->/Zr/Sr:2 and Ti/Zr diagrams proposed by Pearce and Cann (1973) were applied to the
leptites and it has been seen that the original rocks of the leptites were the calc-alkaline island are volcanics(Fig. 18). The

analysis of the leptites were plotted on the TiO2 (%) versus Zr (ppm) diagram which was used by Gass (1982) to find out the
tectonic environment of the metavolcanics belonging to the Upper Pan-African orogenesis (Fig. 19). It may be concluded

from this diagram that the Menderes massif leptites show great similarity with the metavolcanics exposed at the NE Africa
and SW Arabian Peninsula.

Finally, it can be suggested that the parent rocks of the leptites in the Odemis submassif of the Menderes massif are
dacitic and rhyolitic volcanics. These island arc volcanics have sialic origin and dominant calc-alkaline kindred.
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C: Calc-alkaline basalis, C = D and B: Ocean floor basalts, A and B: Low K-Tholeiites, C and B: Calc-alkaline basalis.

so L //.-"'" "\.\
- .
- - Withun plate  \
I {/ n.uf \
= ; . \
s Ocean ridge /./ )
- basalis field —\ﬁ—. : \
Q o / \
- ',..,.-6...‘__,4_‘ \
,r’ . ST . \
BT e R \
[ ’ A I A O \\
[ e’ MR \\
osk /| . -
<[ islnd are field | \
3 \"'—-I,‘. ‘-\\\ l \\
\ AN
\ | N\
B \ l \
\ \
\ | \
! ! \
&‘ o X Il Il 'y i a lll N s | 'l o i mad
10 100 000 Zrippm)

Fig. 19 - Place of the leptites of Odemis submassif on the TiO,{%) / Zr (ppm) diagram.



PAN-AFRICAN METAVOLCANICS IN THE ODEMIS SUBMASSIF I8

DISCUSSION AND CONCLUSIONS

The general evolution of the Menderes massif and the position of the leptites (metavolcanics) which are situated at
the Odemis submassif can be briefly summerized as fallows:

According to the recent studies in the Menderes massif, the initial sedimentation age of the gneisses occuring at the
lower level of the metamorphic sequence is about 545-670 Ma old (Satir ve Friedrichsen, 1986). These sediments which
were widely composed of graywackeys were subjected to a high grade metamorphism about 500 Ma ago and were cut by the
tonalitic-granitic intrusions about 470 Ma ago (Satir and Friedrichsen, 1986). In most places, these gneissic basement was
covered by the primary volcanic rocks of the leptits which were the surface equivalents of these post-metamorphic acidic
plutons (Kun and Candan, 1987; Dora et al., 1988). These volcanics, rhyolite and dacite in-composition, are the initial rocks
of the leptites. In Ordovician, the sedimentation was started in the region and until the Paleocene, sedimentary series which
was composed of the flysh type sediments and platform type limestones were deposited on these volcanics (Diirr 1975; Cag-
layan et al., 1980; Konak et al., 1987; Dora et al., 1989). The last main metamorphism which was affected the Menderes
massif has occured in Upper Paleocene-Lower Eocene time (Diirr, 1975; Diirr et al., 1978; Sengor et al., 1984; Kun and Can-
dan, 1987; Andreissen et al., 1979). The leptites in Odemis submassif which are of acidic in-composition were formed by
this high grade metamorphism (Kun and Candan, 1987).

In recent years, it has been claimed that the Menderes massif is part of the Pan-African continental crust exposed in
NE Africa and Arabian Peninsula (Sengor et al., 1984; Dora et al., 1988). According to Gass (1982), the Upper Pan-African
orogenesis in these regions is especially characterized by the silicarich magmatic activity and acidic volcanics which vary in
composition from andesite to rhyolite. These island arc type volcanic rocks have a calc-alkaline kindred.

It follows that the leptites (metavolcanics) exposed in the Odemis submassif of the Menderes massif shows a great
similarity with the Upper Pan-African volcanics in NE Africa in terms of chemical composition and geotectonic position. It
may be suggested by these chemical and geological evidences that the leptites of the Odemis submassif represent the North-
western extension of the island are volcanic belt widely occurring in NE Africa and Arabian Peninsula, in relation to the late
phases of the Pan-African orogenesis.
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KISECIK (HATAY) HYDROTHERMAL GOLD VEINS

Ahmet CAGATAY *; 1.S6nmez SAYILI **; Yavuz ULUTURK * and M.Ziya ATES *

ABSTRACT .- Solutions, forming Kisecik gold veins, were derived by amphibole bearing quartz-diorite which intruded into the metadia-
bascs. The solutions, placed along the various fractures with different strikes and dips developed in metadiabase due to intrusion of quartz-
diorite brought about the formation of vein type mineralization. Besides the vein type of mineralization, contact metamorphism and hydro-
thermal alteration decreasing downward in intensity developed along the contact of metadiabase with amphibole bearing quartz-diorite.
Veins forming Kisecik gold deposits are seperated into two different groups; as "Kiziltepe and similar veins" and "Deliklikaya Tepe and sim-
ilar veins". The former is rich in gold content with greater variety of ore minerals. The main ore minerals of this vein are arsenopyrite, pyr-
itc, chalcopyrite, sphalerite, marcasite, loellingite, pyrotite, valleriite, cubanite, native gold, tcllurobismuthite, tellurobismuthite + hessite
solid solution mineral, galenite, cinnabar, neodigenite, hematite, magnetite, rutile, anatase, sphene, chromite, ilmenite, tenorite, chalcocite,
covellite, limonite, malachite, azurite, siderite, ankerite, scorodite and copper vitriol. Gangue minerals are quartz, chlorite, calcite, dolomite,
clay minerals, muscovite and sericite. The ore minerals of Deliklikaya Tepe and similar veins are arsenopyrite, pyrite, sphalerite, marcasite,
valleriite, pyrotite, galenite, hematite, rutile, anatase, chromite, sphene, tenorite, chalcocite, covellite, malachite, azurite, limonite, scorodite
and copper vitriol. Gangue minerals of these veins are similar to those of Kiziltepe and similar veins, only with higher amount. Chalcopyrite
of Kisecik mineralization bear exsolution starlets of sphalerite and show oleander leaf like twinnings. Such kind of structures indicate rela-
tively high temperature of ore formations. The presence of cubanile and valleriite as geologic thermometers among the ore minerals points
out that mineralization occurred at temperatures between 250° and 350° C. Moreover, occurrence of mushketovite in the mineralizations
also indicate part of mineralization is a contact type. According to the field observations and laboratory investigations, Kiziltepe and similar
veins of Kisecik gold deposits can be considered as an occurence or a small deposit from the point of reserves and grades. On the other hand,
Deliklikaya Tepe and similar veins contain poor gold mineralizations with non-economic amounts.

INTRODUCTION

Kisecik hydrolhermal gold veins are located at approximately 3 km. northwest of the districts of Kiziltepe and Delik-
likaya Tepe near Kisecik village of Hatay (Fig. 1).

Detailed geological studies were implemented on Kizildag massif, which includes hydrothermal gold veins, by Blu-
menthal (1938), Dubertret (1953), Dean and Krummenacher (1961), Atan (1969), Aslaner (1973), Cogulu (1973, 1974), De-
laloyc et al. (1979, 1980a, 1980b), Selcuk (1981) and Tekeli and Erendil (1986). However, only a few geologist have been
interested in the known and probable ore deposits of the Kizildag massif. Erickson (1940) investigated the possible petrole-
um deposits of the area between Hatay and Iskenderun. Wijkerslooth (1942) dealt primarily with chromite and gold minerali-
zations and other mineral resources of the massif. Molly (1955) and Alpan (1985) searched for the possible placer gold accu-
mulations of the above mentioned area. Additionally, Alpan pointed out that the source of placer gold could be the Kisecik
gold veins. Finally, Aydal (1989) carried out some studies on the Kisecik gold occurences.

The ancient adits, called "Roman Adits", were discovered during the studies of production adits derived in Kisecik
gold veins. Whether these adits were driven during Roman Period, is not clear. Moreover, which of gold and copper was pro-
duced from the ore extracted from these adits is not entirely enlightened. According to Alpan (1985), the known oldest gold
production from the area dates back to 1910. Later, during the invasion of the area by french army, gold was exploited from
the Kisecik gold veins and from the placer gold accumulation of Miocene basal conglomerates of Akilligay district.

This paper presents the field observations of the authors on the Kisecik gold mineralizations and contains the minera-
logical studies and analytical result of the samples, which were collected in the mineralized area during investigations.

The studies have been realized with the invitation of concessioner of the area, Rasim Yurttas and the approval of the
General Directorate of Mineral Research and Exploration (MTA). The field studies were conducted by Ahmet Cagatay,
.S6nmez Sayili, Yavuz Ulutiirk and M.Ziya Ates.

The main objective of the field studies was to collect enough representative samples for mineralogical and petro
graphical investigations and to carry out chemical analyses on the Kisecik gold veins and their host rocks. Thus, detailed

* Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, Ankara-Turkey.
#*  Ankara Universitesi Fen Fakiiltesi, Jeoloji Mithendisligi Béliimii, Ankara-Turkey.
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Fig. 1 - Location map of Kisecik {(Halay) hydrothcrmal gold veins.
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mineralogical and petrographical investigations. X-ray diffraction studies and chemical analyses were done on these samples.
A genetic model for the formation of Kisecik gold mineralizations was consequently tried to develop using the chemical data
together with field observations.

GEOLOGY

Three different magmatic and several sedimentery rocks crop out mainly in the vicinity of the Kisecik gold occurren-
ces (Fig. 2). Among the magmatic rocks, amphibole bearing quartz-diorite is the ore transporter or the mobilizer. Metadia-
bases host the ore veins. The third magmatic rock, comprised by generally rounded metagabbro, is observed in the amphi-
bolc bearing quartz-dioritc and its contacts with metadiabases. Sedimentery rocks of Miocefie and Quaternary age occur
around Kisecik village.
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Fig. 2 - Simplificd geologic and sample location map of Kisccik gold veins and their surroundings.

Amphibole bearing quartz-diorite

Amphibole bearing quartz-diorite, described as ore transporter or mobilizer rock for Kisecik gold occurrences, is ex-
posed around the mineralizations and intrudes into metadiabases. This rock is intensively altered at the contact with metadia-

bases. Clinopyroxcnes of this rock are replaced by brownish hornblende and both mineral are later partly altered to actino-
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lite-tremolite, biotite and chlorite (Plate I, fig. 1). The plagioclases of amphibole bearing quartz-diorite is saussuritized and
partly occur as pseudomorphs after scapolite and sericite. The rock is cut across by mm-thick scapolite veinlets especially
close to the contacts with metadiabases. The XRD analyses of the scapolite minerals showed that they are represented by di-
pyrc type. The hydrothermal effect decreases from the metadiabase contacts downward.

As a result of weathering, the plagioclases of amphibole-bearing quartz-diorite are highly argillized. The types of al-
teration minerals are defined as montmorillonite and clinozoisite by XRD. As a result of weathering, amphibole bearing
quartz-diorite gained a loose structure and, hence, was casily\eroded. Preparation of thin sections and therefore, determina-
tion of plagioclase types was not possible due to pervasive argillization of these minerals in amphibole bearing quartz-
diorite. Quartz crystals arc observed between altered plagioclases and amphibole minerals of the rock (Plate I, fig. 1). In ad-
dition, muscovite was rarely found in amphibole bearing quartz-diorite.

The rock, described as amphibole bearing quartz-diorite in this study, is considered within the "isotrop gabbro" unit
by Tekeli and Erendil (1986). The authors point out that isotrop gabbro crops out in a large area and shows various mineral
compositions, grain sizes and structures and textures. It is probably that the part of Kisecik gold veins in isotrop gabbro is
suggested as a type of plagiogranite by Tekeli and Erendil (1986) representing the final differentiation solutions. Amphibole
bearing quartz-diorite is an important rock unit since it forms a hot contact with older metadiabase by intruding in it and acts
as an ore mobilizer. As a result of amphibole bearing quartz-diorite emplacement, this rock together with a more acidic rock
and ore bearing quartz veins cut the metadiabases along its fractures.

Metadiabase

Gold bearing quartz and ore veins of Kisecik occur in metadiabases. Metadiabase forms two caplike hills with each
approximately 600 meters in diameter over the amphibole bearing quartz-diorite in the districts of Kiziltepe and Deliklikaya
Tepe of Kisecik gold veins. These metadiabase hills join with each other at Kisecik stream with a narrow ribbon of metadia-
basc and, therefore occurs as double humps (Fig. 2). Northwest-southeast trending metadiabase ranges 1.8 to 2 km. in length
along its long axis. The rest of the metadiabase, which crop out in a very small area, have already been eroded away.

Around the Kisecik gold veins, metadiabase occurs as a dyke complex composed of several parallel dykes. The
dykes trending generally cast-west cut each other in a complex manner. The contact between metadiabase and amphibole
bearingquartz-dioriteis irregular. Metadiabase is found as enclaves in amphibole bearing quartz-diorite which replaces it.

As a result of amphibole bearing quartz-diorite intrusion into metadiabase, fractures locally parallel to each other but
generally different in strikes and dips are formed in metadiabases. These fractures arc filled by quartz and ore minerals which
arc transported by amphibole bearing quartz-diorites. Because it serves as host rock for ore veins, metadiabase required de-
tailed investigations. For this reason, some samples collected from meladiabase enclaves, at various distances to the contact
between amphibole bearing quartz-diorites and metadiabases and along the contact between ore veins and metadiabases are
investigated.

Metadiabase dykes arc generally fine to medium grained and show intersertal textures. The texture is difficult to
identifywhere locally obliterated by hydrothermal altcralions. Metadiabase is generally subjected to pervasive chloritization,
silicification, carbonization and sericitization. Main constituents of metadiabase are plagioclases (labrador), clinopyroxenes
(augite), magnetite and ilmeno-magnetite. Amphibolized clinopyroxenes are replaced by abundant chlorite and plagioclases
by sericite, calcite and quartz Clinopyroxenes, amphiboles and plagioclases are observed as relicts in alteration minerals.
Magnetite and ilmeno-magnetite are replaced by hematite in their different sections. Metadiabases also contain trace amount
of ilmenite, rutile, anatase, sphene and chromite.

The invesligations carried oul on the samples taken from the contacts of amphibole bearing quartz-diorite and ore
veins with metadiabases show that these samples do not comprise magnetite, ilmeno-magnetite and ilmenite. The lattice of
rutile and rutile and anatas grains are locally replaced by sphene along their borders. The iron content of magnetite, ilmeno-
magnetiteand ilmenite is leached from the environment (the rock) as a result of hydrothermal alteration and migrations at
these specific pans of mcladiabascs. The remainder in the metadiabases are the titan bearing minerals. This iron is used
mainly in the sulphide minerals of ore veins and in other iron bearing rock forming minerals.

Metadiabases are subjected to various kinds of hydrothermal alteration at its enclaves in amphibole bearing quartz-
dioritcs and at the contact with the same rock, where intense epidotization, actinolitization-tremolitization and scarce prehniti-
zalion occur. Additionally, amphiboles are replaced by phlogopites (Plate I, fig.2) and plagioclases are saussuritized.
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Metagabbro

Metagabbros are exposed especially close to the contact between amphibole bearing quartz-diorite and metadiabase
in amphibole bearing quartz-diorite. They form rounded, clipsoidal or potato-like shapes around the Kisecik gold veins, and
occur as thin veins cutting the amphibole bearing quartz-diorite in short distances. Elipsoidal metagabbros show well-
developed exfoliation. The diameters of rounded metagabbros reach up to 1 to 1.5 m. Metagabbro occurrences, hard, strong
and dark colored, arc easily recognizable in light colored, feldspar rich amphibole bearing quartz-diorite which is quite fri-
able due to alteration.

Metagabbro contains medium grained clinopyroxenes, plagioclases and orthopyroxenes. Clinopyroxenes are amphi-
bolized anduralitized (actinolitization-tremolization)as chessboard like (Plate I, fig.3) Orthopyroxenes, less common, are re-
placed by talc and serpentine along its cracks, borders and cleavages. Some phlogopite was also developed together with
talc. Actinolite is partly altered to chlorite.

On the other hand, metagabbro comprises rare or trace amount of oxide and sulphide minerals. Magnetite, hematite
(product ofmartitization),ilmeniteand chromite are oxide minerals. Magnetite is fine grained and idiomorph to sub idio-
morph and along the borders is partly replaced by hematite. [Imenites have small grains and lamellaes and are replaced by ru-
tilc and sphene along its borders. Chromites occur as very fine, idiomorph grains in orthopyroxenes. Sulphide minerals are
observed within or together with actinolite -tremolite and especially chlorite bearing parts of the rock. The sulphide minerals
arc pyrite, chalcopyrite, millerite, pyrolite, sphalerite, chalcocite and covellite.

Fine pyrite crystals arc idiomorphic to subidiomorphic. Millerite can be identified in the stcatized and serpentinized
parts of orthopyroxenes in metagabbro. Xenomorphic fine chalcopyrite crystals are replaced by chalcocite and covellite along
its borders. Pyrotite occurs as intergrowths with chalcopyrite or inclusions in pyrites. Sphalerite is also fine grained and inter-
growths with chalcopyrite.

Miocene deposits

Middle Miocene deposits exposed around Kisecik village rest partly either on Eocene deposits or on ophiolites by a
basal conglomerate (Alpan, 1985). This unit is generally light colored but in some parts contains red to brown gravels. Most
of the gravels comprised by partly or totaly serpentinized harzburgite. Conglomeratic levels grade up to sandstones, which
arc in turn, overlain by sandy-marly limestones. Marls with sandstone lenses overlie the limestones and grade up into gypsif-
crous levels.

Quaternary deposits

These deposits are characterized by old terraces, talus material and alluvials. There types of deposits are found at
Kisecik stream. Both Miocene conglomerates and Quaternary deposits contain small amounts of detrital gold grains (Molly,
1961; Alpan. 1985).

GOLD VEINS

Primer gold deposits of Kisecik are composed of two different types of ore veins, named Kiziltepe and Deliklikaya
Tepe veins. Kiziltepe ore veins arc usually enriched in ore minerals and have higher gold contents. In contrast, Deliklikaya
Tepe veins are poor in ore minerals with relatively low gold contents . Therefore, the latter seems not have an economic im-
portance.

At Kiziltepe district, the lower elevations of the most southern vein of Cagatay* and Dikmen mines and Dogan Ocak
part look like Deliklikaya Tepe veins. On the other hand. Pamuk-1 and Pamuk-2 mines in Kisecik stream, Kiiclik Rasim and
Kirag Ali mines (veins) show some similarities to Kiziltepe veins in respect to their ore mineral contents (Fig.2).

Kiziltepe and similar veins

The most important, of the Kiziltepe veins is the one that along which are driven Hakki-1. Aslan, Ali-1, Sait-1, Rifat
and Atakan Oguz adits. The vein strikes N 70°W and dips 80-85° to the north. Another thin and short vein trends parallel to
this vein and is located 50 m. to the north. in whicn-Hakki-2. Ali-2 and Sait-2 adits were driven. South of this thin vein, each

Thename of (Cagatay used here is taken from the mining engineer of Yurttaglar Company Mr. Rifat Cagatay.
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50 m. away from it, two parallel short and thin veins are situated and Cagatay, Dikmen, Hiiseyin and Bekir adits were driven
in them. The vein located in opposite side of these veins in which Kiiclik Rasim mine was opened extends approximately in
the same direction. The vein was intented to be intersected by MTA-1 drillhole but this aim failed. The thickness of the vein
is 0.5-0.6 m. A 15 m. long adit was driven along its strike. Pamuk-1 Pamuk-2 veins, located in Kisecik stream, are close to
each other and strike N 70°E and dip 75° to the NW. The thicknesses of these veins vary between 6.2 to 0.4 meters. They are
rich in chlorite, calcite and pyrite.

Kirac Ali mine is a short vein 3 to 4 m. in length with a.maximum thickness of 0.25 m. situated in a zone where
faults crossing each other with different strikes. This vein extends in a large trench opened by a huge excavation activity. It
strikes N 35°E and dips 50° to the NW. According to Aydal (1989) this vein, rich in hydrothermal quartz, chlorite and ore
minerals, has the highest gold value among all other Kisecik gold veins. He reports that the gold content of this vein is
156 gr/t. The gold analysis of a sample taken from the same vein by the authors of this paper showed a very low gold grade
(Table 1).

Table 1- Chemical anatyses of Kialtepe and Ddiklikaya Tepe veins

Elemenis Atomic Abs. Optic spectrographic Semi-quanlitative analyses
f and ICP
Veins Samp!s\ Augrii |Aggrit | %As | €5b | %Cu | RZn ]| %Ni | %Co | RBi | %Te
Deliklikaya T. Vein -4 ACK-1 .46 22 nd nd | 0.07 0.1 0007 | 0.007 nd nd
Deliklikaya T. Vein -4 ACK-2 02 nd nd .| nd 0.03 nd nd nd nd md
Deliklikaya T. Vein -4 AGK.-3* 053 nd nd nd 0.008 nd nd nd nd nd
Allun-2 ACK-4 0.0%6 nd nd nd 0.004 nd nd nd nd nd
Damar-1** ACK-5 nd nd nd o | 0.007 nd nd nd nd nd
Damar-1 ACK-6 0252 nd nd nd | 0.007 nd nd nd nd nd
Alun-3 ACK-T* 0.14 nd nd nd 0.009 nd nd nd nd nd
Fuat Ocak (Sil. zone) AGK-8 nd nd > md 0.007 nd nd nd nd nd
Fuat Ocak™* (Lim. zonc) ACK-9 491 220 >1 d 0.1 nd nd nd ad nd
Dogan Ocak (Al Dia.) ACK-15 nd nd nd | nd | 0007 | ad nd nd nd nd
Dogan Ocak (Quanz ve.) AGK-16 0.38 nd >l nd 0007 | nd nd nd nd nd
Dogan Ocak** (Lim. zone) ACK-17 0.82 nd 1 nd 0.007 nd nd nd nd nd
Celalettin-2 ACK-18 0.2t nd nd nd 0.007 nd nd nd nd nd
Ayvaz-2 (from pile) AGK-10* | 116 31 0.25 nd 0,008 nd nd nd nd nd
Ayvaz-2 (adit entrance) AGK-11* 1.37 0.95 0.5 nd oms n nd 0.004 nd nd
Kirag Ali Ocak AGK-14+ | 046 nd nd nd 0.008 nd nd nd 'nd md
SK-2B Drill (45-46 m.} ACK-19% nd nd nd nd nd nd nd nd nd nd
Dedection 1imits (040 0.5 0.4 00z | 00004 01 0004 | 0002 | 0002 0.2

* Analyses are made in Canada and Saudi Arabia. The average of both analyses are shown in the table.
** The samples are collected from gold suspected places.
sil. =Silicified;lim. =Limonitized;dia. = diabase; ve.=vein; nd = not dedected



KISECIK (HATAY) HYDROTHERMAL GOLD VEINS 23

Kiziltepe ore veins show pinches and swells along their strikes and dips. Metadiabase fragments, completely silici-
ficd, chloritized, sericitized, carbonatized and argillized occur in between mineralized stringers of the veins which locally
splays out. Hydrothermal quartz and fault clays accompany to these minerals. Halloysite, illite and montmorillonite are deter-
mined as the clay minerals of fault using the XRD and DTA methods. Halloysite and illite are the most abundant clay miner-
als. The thicknesses of the veins which are generally very poor in ore minerals reach up to 1.5 to 2 m. The maximum total
thickness of massive ore, which is important for gold, in this zone is 15 to 20 cm.

Mineralogy of Kiziltepe veins

The minerals of Kiziltepe gold bearing ore veins are arsenopyrite, pyrite, chalcopyrite, sphalerite, marcasite, pyrolite,
valleriite, cubanite, native gold, tetradimite, galenite, cinnabar, neodigenite, chalcocite, covellite , malachite, azurite, siderite,
ankerite, scorodite and copper vitriol. Gangue minerals arc represented by quartz chlorite, calcite, dolomite, clay minerals,
muscovite, sericite and sphene.

Arsenopyrite. - This is by far the most abundant mineral in the investigated ore samples. Arsenopyrite is coarse
grained and shows cataclastic structure. Pyrite, quartz, chalcopyrite and sphalerite fill cavities and cataclastic cracks of rhom-
bic and prismatic arsenopyrite crystals. Dimension of the longest prismatic arsenopyrite grain is 3x1.2 mm. Parallel cleavag-
es on some arsenopyrite grains arc locally clearly observed. Arsenopyrite in which pyrite and other mineral veinlets occur is
the oldest sulphide mineral, and shows star (winnings. It also contains idiomorphic quartz and rutile, anatase, magnetite and
hematiteinclusions.

The result of microprobe analyses, carried out on arsenopyrite crystals, arc given in Table 2. As it is easily seen from
the table, arsenopyrite contains high amount of Co besides its main constituents of Fe, As and S. Those Co rich arsenopyrite
crystals generally occur next to native gold or sometimes in the same part of the rock with it.

Table 2- Microprobe analyses of Kiseclk arsenopyrites

Elerments FPoints, % wi Average

! 2 3 4 ®© wi

" e 3146 546y 35.08 30.63 kXY
|| s 19.80 19.12 19.91 2053 19.84
" As 4148 1336 27 228 021
Sc .10 0.47 033 0.28 0.27

Cu 0.29 .98 0.39 0.69 0.59
Co 0.4 030 4.44 120

Ni - - 0.25 0.06

" Au . 0.64 . 0.16
ﬂ Todat 99.67 9,52 937 9,10 99.42

Pyrite. - Pyrite is also one of the most abundant ore minerals observed. Pyrites arc characterized by different origins
and ages. Primary ones arc idiomorphic to hipidiomorphic. Some of them arc corroded by later minerals and hence occur as
skeletons. Primary pyrites up to 3 mm. are generally coarse grained. The interstices and cracks of the cataclastic pyrites are
filled by chalcopyrite and quartz and are replaced by marcasite along their rims and cataclastic cracks. In addition, mostly
xenomorphic and rarely vein type pyrites are also present as infillings in interstices and cracks of old quartz grains.
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Some other main part of pyrite results as pscudomorphs alter parallel, lamellar hegzagonal pyrotite (Plate I, fig. 4).
Such of pyrites increase in amount at the lower parts of the veins. They are generally observed as growths within or together
with very fine grained marcasite. The pyrites, formed as pseudomorphs of hegzagonal, lamellar pyrotite show in some parts
radial textures. According to Ramdohr (1975), pyrotite is replaced by a mid-product which later turns to pyrite.

A small amount of pyrite is observed as tiny gel structured forms in chalcopyrite. Beside this type of pyrite, a very
young type envelopes sphalerite and chalcopyrite as thin layers and veinlets and sometimes cuts them.

Sphalerite, chalcopyrite, quartz and calcite grains intruded into pyrite and corroded rutile, anatase, sphene, magnetite,
chlorite, quartz, hematite and arsenopyrite inclusions are observed in pyrites. In some idioblastic textured pyrites, quartz and
chlorite are more abundant. The starlets of sphalerite in pyrites indicate that the pyrites replace chalcopyrite and include
sphalerite exsolutions. Microprobe analyses were carried out on idiomorphic pyrites. It was determined that the pyrites com-
prise trace amounts of Co (0.09%), Ni (0.07%), As (0.08%), Sc (0.35%) and Cu (0.054%), in addition to their main Fe and S
contents.

Chalcopyrite. - Chalcopyrite is also very abundant among the ore minerals. The amount of chalcopyrite increases es-
pecially towards the upper levels of ore veins. Most of them are allotriomorphic and intergrown crystal associations. A small
amount of chalcopyrite occurs as exsolutions in sphalerites. In some places, excellent sphalerite exsolution starlets can be
observed (Plate I, fig. 5). Ramdohr (1975) points out that sphalerite starlets in chalcopyrite arc very good indicators for high
temperature formation of chalcopyrite.Chalcopyrites include inclusions of small pyrite, arsenopyrite, sphalerite, quartz,
chlorite, hematite, magnetite, rutile, anatase and sphene grains. Chalcopyrites show oleander leaf-like or parallel lamellar
twinning. According to Ramdohr (1975), this feature also stresses formation of chalcopyrite from high temperature hydro-
thermal solutions. In some places, weak cataclastic chalcopyrite replaces arsenopyrite and pyrite very clearly. Locally, chal-
copyrite replaces also prismatic hegzagonal pyrotite lamellae as pseudomorphs and takes its shape and place. In some places,
prismatic sphalerite grains extending in two different directions occur in chalcopyrite. Microprobe analyses of chalcopyrite
show that it contains Cu (33.38%), Fe (30.84%), and S (34.42%) as main constituents and Zn (0.16%), Co (0.07%), Ni
(0.02%), As (0.32%) and Sc (0.12%) in trace amounts.

Sphalerite. - Sphalerite is one of the widely observed main minerals. It is mainly coarse grained, hypidiomorphic
and rarely idiomorphic reddish to brownish and sometimes yellowish internal reflections indicate high FeS contents for
sphalerite. Microprobe analyses on two sphalerite grains displayed their high Fe content (Table 3). According to the analyti-
cal result, the formula of sphalerite is (Zn ,,, Fe ,,,) S ,,,- Ramdohr (1975) points out that these kinds of sphalerites form
from high temperature solutions. However, sufficient FeS containing solution should be present in that environment as the
case for Kisecik ore veins. Some of the sphalerite crystals show well developed parallel twin lamellae and cleavages.

Table 3- Microprobe analyses of Kiscclk sphalerites

Points, % wi
Elements A 8
Average Asomic Weight Allt
i 2 G wi
Zn 53.66 52.75 53.20 65 0.81
5 3198 33.97 3298 32 1.03
Fe 13.36 124 12.85 56 0.23
'r Cu 0.94 0.19 0.57 63.5 .00
Sc 0.2% .32 0.30 9 G.004
As 0.16 022 0.19 75 0.003 ||
“ Total 100,38 99,79 §00.00 ||
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Sphalerite crystals are distinguished into two different types as one with chalcopyrite exsolutions and the other de-
void of them. Usually, coarse grained sphalerite crystals contain mainly chalcopyrite and rarely pyrotite and valleriite exso-
lutions. These are located and aligned parallel to the zoning and certain crystals graphic directions of sphalerite crystals
(Plate I, fig. 6). Locally, pyrotite and chalcopyrite exsolutions show myrmekitic growths in sphalerite. Sometimes, valleriite
is associated with these growths.

Sphalerite replaces some parts of arsenopyrite, pyrite, quartz and fills the spaces and cataclastic cracks of them. Lo-
cally, sphalerite very clearly replaces chalcopyrite on the other hand spaces and cataclastic cracks of sphalerite are filled by
younger quartz, calcite, dolomite and chalcopyrite. Besides these fillings, thin pyrite veinlets cut the sphalerite grains.

Marcasite. - Marcasite increases in amount at the lower elevations of ore veins and is formed as a result of conver-
sion of pyrotite to semi product of marcasite-pyrite. In addition, idiomorphic and subidiomorphic pyrite crystals are locally
replaced by marcasite along their rims and cataclastic fractures. Primary prismatic marcasite crystals are also observed. Some
marcasite crystals show parallel lamellae-twinning.

Loellingite. - ldiomorphic and hypidiomorphic locllingite crystals are found in small amounts in polished ore sec-
tions. Locllingite appears softer in hardness and whiter in color when compared with yellowish arsenopyrite. The results of
microprobe analyses from two different points inloellingite are given in Table 4. Loellingite forms a solid solution with saf-

fiorite. The formula ofloellingiteis (Fe ,,, Co ;) (As .4 S, )= (Fe ,, Co,,) As,.

Table 4- Microprobe analyses of cobalt-rich locllingite

Points, % wi
El e A B
Average Atomic Weight Aft
2 % wt

Fe 20.28 2043 20.21 56 0.36

k] 1.69 L7 1.70 32 0.05

As 67.39 67.19 67.29 75 0.50

Cu 0.70 0.81 0.76 635 0.01

Co 1.37 7.41 139 59 0.13

|I Ni 0193 089 (1341 59 002
|| Au 0.56 0.37 0.47 197 0.002

ll Total 98.62 98.5t 98.73
e ______________ ___

Pyrotite. - Pyrotite is observed in very small amount within pyrite, chalcopyrite, arsenopyrite, sphalerite and quartz
crystals. It occurs, additionally, together with chalcopyrite and valleriite as exsolutions in sphalerite. Hegzagonal pyrotite,
which is more abundant at the lower elevations of ore veins, is completely replaced by semi-product and pyrite. Replacement
to semi-product is characterized by the bird eye texture.

Valleriite. - Very small amount of valleriite, together with chalcopyrite and pyrotite are found in sphalerite as exso-
lutions (Plate I, fig. 7). Moreover, second generation valleriite exsolutions are observable in the exsolutions and inclusions of
chalcopyrite in sphalerite. The crystals of this generation show extentions and arrangements due to the different lines in chal-
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copyrite. Valleriite results from the ore solutions within the temperature range of 250-300°C and is used as geothermometer
mineral (Borchert, 1934).

Cubanite. - This mineral is found very rarely and in very small amounts and is observed as thin parallel exsolution

lamellae in chalcopyrite (Plate I, fig. 8). Some lamellae cut each other. Cubanite also crystallizes from the ore solutions of

300-350°C and is used as geothermometer mineral like valleriite (Borchert, 1934).

Native gold. - Native gold is observed only in 8 of 57 polished sections from Kiziltepe and similar ore veins. The

names of adits from which the native gold bearing samples collected, their mineral paragenesis, the minerals hosting the na-

tive gold and the number and sizes of grains measured from one polished section are given in Table 5.

Table 5- Mineral paragenesis, number and size of gold grains and associnied minerals of surifcrows minersls

Paragenesis

Native gold bearing

mineral or mineval
contacis

Grain size {m)

Chalcopyrite 1813, 1309, 6x4, 152, 15x2, 224, 3x6
Arscnopyrite, chalcopynite, Arscnopyrite 5 22x17, 28x11, 80x15, 12x11, 824
Hakki- 2 pyrite, sphalerile, pyrotile, Al contact between arse- 2 17x2, 1529
{AC-S) hematite, covellite, marca- nopyritc and chalcopyrite.
sie, gold, quanz, sericie The lattet cits the former.
Sphalcrit: i 2x4
Chalcopyrite, pyrite, arscno-
pyTile, pyrotile, marcasilc, Limonitc (originated
Cagaray limonite, ncodigenite, spha- (rom chalcopyrite) 2 623, 1.5x2
{AC-9) lerite, coveltite, matachie,
scorodite, quanz
Cl'-lalcq)yrilc, pynic, arseno- Limonite (originated
pyTile, pyrotite, marcasile, (rom chalcopyrite) i [ 20x4
Cagatay limonite, ncodigenite, covel-
(AC-10) lite, chalcosite, malachite, Scorodite 1 12
azurite, scorodile, quanz
Arscnopyrite, chalcoyprite, Arscnopyrite 9 17x11, 3005, 50x45, 1027, 62x 13,
cavellite, malachite, pyrite, 30n14, 1229, 14x9, 16213
Cagatay marcasite, sphalenite, digeni- In chalcopymic veinle 10 TOx6, 22x6, 4518, 11x8, 45x8,
(AC-11) te, tetradimite, pyrotile, culling arscnopyrite 12x7, 6427, 4x3, 223, 2(x12
quarz Chalcopyrite 4 x5, 10x10, 14x10, 1324
Arsenopyrite, chalcoyprite,
Ali-l sphalerite, pyrne, pyroute Arsenopyrile 1 1119
(AC-18) quartz, calcite, senicilc
Al contact between chal-
Pyritc, sphaleriie, chalco- copyrile and arsenopyrite. 1 x4
pyrilc, arscnopyrite, pyroti- ‘The former cuts the later,
ic, hematite, limoniic, quanz, 1 At contact of chalcopynie, 1 32x7
calcite, ¢hlorite, valleriite arscnopynile, quanz
Between sphalerite and 1 Yxih
chalcopymc
Sphalcrite, chalcopyrite, inbciween quartyz, aese- | 62n45
arscnopynte, pyfilc, marca- napyrite, chalcopyrite
sile, quanz, calcite, chlorite Between gquantz & chalcopy. l AR30
Sphalerite I 16x12
Pyrue, sphalcrie, chalcopy-
nic, arscnopyrite, pyrotite,
vallenie, marcasiie, caleve, Arsenopyrie 1 184
ankcnie, siderite, chlonic,
Yuanz
—rreer
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Native gold grains are generally very small xenomorphic, sometimes drop-like, rounded and spherulic. They are ob-
served in chalcopyrite, arsenopyrite , sphalerite, limonite, scorodite and quartz or at the double or triple contacts of these
minerals (Table 5) (Plate II, fig. 1, 2, 3, 4). Very thin and uncontinuous native gold veinlets are found at the contact of arsen-
opyrite and chalcopyrite, which cut across the cataclastic arsenopyrite crystals (Plate II, fig. 5, 6). Native gold is precipitated
at the contact between chalcopyrite and arsenopyrite. The largest grains are found in these veinlets.

Native gold grains are usually and closely related with chalcopyrite and arsenopyrite , as it is clearly seen from
Table 5. Native gold is contemporaneous with chalcopyrite but younger than arsenopyrite at the investigated samples of Ki-
ziltepe ore veins. The ones which are rich in chalcopyrite and arsenopyrite, are also rich in native gold. However, sometimes
some samples rich in these two minerals contain no native gold. The number of gold grains decrease toward the lower ele-
vations with the abundance of pyrite, chlorite and calcite. Moreover, no native gold is observed in the polished sections
rich in arsenopyrite and pyrite. Therefore, native gold grains in Kiziltepe ore veins characterize a heterogeneous distribu-
tion. This kind of distribution is also seen in the chemical analyses of the samples, which contain abundant or rare gold
grains (Tables 5 and 6).

Tatsle 6 Gold, sitver and other clemoent analyses of Kizltepe and similar massive ore samples

Atomic Optic specirographic semi-guantitative analyses
Sampie Microscopic | absorbsiyon and ICP
no. Adit name | investigation

Augrit | Aggrit | BoAs | % 5b %Cu | %in % Ni BCo|%Bi | BTe
AC-5 Hakki-2 + 20.8 39.2 >1 nd >1 1 nd 0.03 nd nd
AC-T | Hakki-2 + 17.5 216 >l nd >1 »1 nd 003 nd nd
AC-10 | Cagatay + 19.3 56.0 1 nd =] 02 nd 0.003 | nd nd
AC-11 | Cagmay + 96.0 34.8 >] nd >1 0.4 nd 0.07 nd nd
AC-14 | Aslan - 33 159 >] nd >1 0.3 nd (.004 | nd nd
AC-18 | Ali-l + 20.0 19.6 >1 0.04 1 =1 =1 0.004 0.04 nd nd
AC-22 T Ali-2 + 83 50 0.7 nd 0.3 1 nd nd nd nd
AC-27 | Rifa - 23 nd i nd 0.7 =1 nd nd nd nd
AC-29 | Ria + 1.0 5.0 1 nd =1 1 nd 0.003 | nd nd
AC-68 | Kirag Ali* 1.24 4.4 >] nd 03 >1 nd
AC-69 | Kirag Ali** 298 8.4 > nd 03 »] 0.004
Dedection limits 004 0.5 0.4 002 | 000041 01 0.004

+, Preseny; -, Not present; nd= not dedecred.
* Taken from limonitized zoee.
** Taken from silicificd rone.
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No silver mineral except tellurobismuthite + hessite solid solution crystals are observed in the polished sections of
Kiziltepe ore vein samples. Dedection of silver in the analyses and its increasing of contents parallel to gold indicate that
some of silver occur in the solid solution with gold (Table 1,6). This feature is also clearly observed during the microscopic
investigation. The color of native gold grains rich in silver is lighter than the ones rich in gold with their light white-yellow
color. These kind of grains are generally observed in different but sometimes in the same polished section. The microprobe
analyses of gold grains in the same polished section verify the microscopic observations (Table 7). The silver and trace
amounts of Cu (1.53%), Pt (0.74%) and Co (0.22%) were analysed in these gold grains and are given in Table 7.

Table 7- Microprobe analyses of Kisecik golds

Elements Points, Fo wt Average |
{ 2 3 4 % wi i
|.
Au 7370 76.56 19.80 97.20 81.82 ]
Ag 20.10 18.25 16.50 1.00 13.96
Cu 1.80 232 1.20 0.80 1.53
Pt 0.80 1.16 0.80 020 0.74
Co 0.90 - - 022
Ni - .
l'e 2710 1L.h 1.70 0.80 1.73
Total 100.00 100.00 100.00 10000 100.00

Tellurobismuthite. - As very fine grains and in small amounts, this mineral is found only in one sample. The largest
tellurobismuthite grainsare only 30-40 microns. They are rounded, drop-like and lath-like. The smallestsize of tellurobismuthite
grains in chalcopyrite are 2-3 microns. The unambigous determination of tellurobismuthite is quite difficult because of its

fineness. The mineral considered as Te-Bi mineral resulting from the microscopic investigation is also analysed by using the
microprobe method. The existence oftellurobismuthiteis proven (Table 8) in that way. The formula of tellurobismuthite is
Te ,,, = Bi,Te,.

as follows : Bi

0.23 0.36

Tellurobismuthite + hessite solid solution mineral. - Trace amount tellurobismuthite + hessite solid solution miner-
als arc observed as small grains and intergrowths with tellurobismuthite. The results of microprobe analyses from two meas-
urement points in this mineral are shown at Table 9. According to the analytical results, the formula of the mineral is
(Bi, s Ag,,,) Te,,, = Bi,Ag,Te,, =AgTe+3/2Bi,Te,. This expression suggests that a solid solution mineral which has
one molecule hessite and one and a half molecule oftellurobismulhite.This mineral might be a new and an unnamed mineral.
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Tatle 9- Microprobe analyses of tellurobismuthite + hessite sofid solution mineral

Points, Fo wt A B
Elements Average Atomic weight AR
! 2 3 4 % wt
Te 44.99 45.58 43.93 4306 4439 128 0.35
Bi 3847 40.18 3894 36.93 38.63 209 0.18
Fe 0.82 1.05 0.74 0.79 0.85 56 0.02
5 .10 - - 0.13 CL& 32 0.002
As 225 0.92 1.60 0.93 1.43 75 0.02
Se - - . - . 79 -
Ag 12.68 1092 14.12 i4.57 [ 13.07 108 ¢.12
Cu 0.59 1.27 0.79 093 090 63.5 0.014
Ni 0.11 0.08 0.08 0.08 0.09 59 0.001
Total 100,01 100.00 10020 97.42 $9.42
Galenite. - Galenile is very rare and is observed only in two sections including various sizes. Coarse grained galen-

ile show cleavage fracture spaces. They locally form small idiomorph crystals in sphalerite. In addition, some xenomorph
grains of galenite fill the open spaces between quartz crystals.

Cinnabar. - Cinnabar is observed in small amounts in highlychloritized,silicifiedand carbonitized mctadiabase due
to hydrothermal alteration. It forms fine grained, xenomorph and intergrown crystal associations both in host rock and ore
veins. Cinnabar is found in ankerite-siderite, pyrite and small amount of chalcopyrite disseminations bearing metadiabase.

Neodigenite. - Small amount of neodigenite is observed as veinlets cutting chalcopyrite and sphalerite. Neodigenite
is replaced by covellite along its border as a result of weathering.

Chalcocite. - Trace amount of chalcocite is formed by weathering along its borders, cleavages and fractures which is
later replaced by covellite. Chalcocite is associated with covellite and limonite.

Covellite. - Small amount of covellite is found as fracture and open space fillings and as thin belts around sphalerite
grains. Additionally, chalcopyrite is replaced by small amount of covellite + limonite or chalcocile + covellite + limonite
along its borders, cleavages and cataclastic fractures.

Hematite. - Hematite is rare and is found in different types. The most abundant type of hematite shows radial - sphe-
rulic, kidneylike or grapelike shapes and concentric textures (Plate 11, fig. 7). This type of hematite is observed at the lower
elevations of Kiziltepe ore veins and fills the spaces and fractures in between pyrite crystals. Sometimes, they intersect chal-
copyrite grains as veinlets. Locally, observing magnetite relicts in gel textures of hematites point out that they are formed by
the martitization processes of magnetites with the same textures.
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In addition, some hematite occurrences arc found with rough surfaces forming small prismatic crystals or crystal as-
sociations in chalcopyrite and pyrite. Quartz crystals with concentric or kidneylike textures are colored to red by some submi-

croscopic hematites. Sometimes, hematite forms very thin rods and needles in concentric and radial-spherulic carbonate min-
erals such as ankerite and siderite.

Magnetite. - Magnetite is observed in small amounts and as relicts in gel textured hematites. They also occur as thin
veinlets cutting chalcopyrite. Fine grained, radial-spherulic magnetite rods are generally found at the lower elevations of
veins. These magnetite rods called as mushketovite (Plate II, fig.8) which occurs in contact type of ore deposits (Ramdohr,
1975). In addition, some magnetite is formed by intergrowings within pyrite which are occured by the replacement of pyro-
tite under the underground water level. According to Ramdohr (1975), the conversion of pyrotite to pyrite + magnetite can be
formulated as follows:

6FeS + 20, = 3FeS, + Fe,0,

Rutile + anatase. - Trace amounts of rutile + anatase are observed as fine crystals. The iron contents of the ilmenites
in metadiabases has been lost by hydrothermal alteration and hence rutile and anatase are formed as ilmenite pseudomorphs.
Because of the derivation from host rock, rutile and anatase, generally as skeletons, rods and xenomorph grains are located as
inclusions into all other hydrothermally originated minerals. They are usually found in highly chloritized, serialized and
silicified parts of host rock. The largest crystal of rutile observed in pyrite sizes 100x50 microns. The cracks of cataclastic ru-
tilcs are generally filled by younger ore and ganguc minerals.

Some part of rutile has lattice shapes formed by hydrothermal alteration of ilmeno-magnetites. As a result of this al-
teration, the iron content and magnetite parts of ilmeno-magnetites are driven away from the crystal lattices and rutile lattices
occur as the remaining mineral. Also, needle-like rutile crystals are observed. Rutile and anatase grains are replaced by
sphene along their borders and cleavages.

limenite. - Trace amount of ilmenite are observed as relicts in rutile crystals. Prismatic, skeleton shaped and xeno-
morph ilmenite grains are determined in sections which arc replaced by trace amounts of rutile, anatase and sphene along
their borders.

Chromite. - Small crystals of chromite occur in trace amounts. The largest crystal size is 40x35 micron. Chromite is
also derived from diabase like ilmenite, rutile and anatase.

Tenorite. - Small amount of tenorite together with goethite are observed at the cracks and spaces of one polished sec-
tion. Tenorites here are in the shapes of concentric, kidneylike and grapelike.

Limonite. - Limonites are the weathering products of iron bearing sulphidic minerals, primarily the products of chal-
copyrilc and pyritc. Limonilcs are located partly as pseudomorphs of sulphidic minerals and partly as open space fillings.
The former minerals sometimes contain the relicts of pyrite, chalcopyrite and arscnopyrite. The cataclastic structures of
pyrites and arsenopyrites facilitate their replacement to limonite. Open space filling limonites show concentric, kidneylike
and grapelikc textures. Goethite and lepidocrocite modifications of limonites are generally grown side by side or as inter-
growths.

A small part of goethites are the weathering products of ankerites and siderites. Sometimes, needles of goethites oc-
cur as radial-spherulic textures. Very small amount oflimonitearealso observed in the cracks of hematites.

Malachite. - Some malachite is found in the cracks and open spaces of ore veins and in old production adits. Mala-
chite is observed together with limonite and other secondary minerals. The malachite occured in the cracks and open spaces
show radial andspherulictextures. They are surrounded by gocthite.

Azurite. - Very small amount of azurite is observed together with malachite and other ore minerals as intergrowihs.
Azuriteis occured in the cracks and open spaces similar to malachite.
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Siderite + ankerite. - They are in small amounts and show gradation to each other. Because of their usual co-
existence, they are investigated together. Siderite and ankerite are sorhewhat darker than the carbonates like calcite and dolo-
mite. Locally, siderite and ankerite are colored in red by iron oxides and hydroxides. Their open spaces and cracks are filled
by idiomorphic quartz and opaque minerals. Additionally, they are observed together with chlorite crystal associations espe-
cially at chlorite-rich parts of rocks. Siderite and ankerite are replaced by limonite along the borders and cleavages. During
this process, some calcite are liberated. The replacement of limonites from siderites and ankerites are developed from out-
ward to inward as radial-spherulic and concentric textures. Some siderite crystals are entirely replaced by goethite. In some
places, siderite and ankerite pseudomorphically replace hegzagonal pyrotite lamellae or pseudomorph pyrites after hegzago-
nal pyrotite lamellae.

Scorodite. - Scorodite is observed very rarely. They sometimes pseudomorphically replace arsenopyrites along their
borders, cracks and cleavages and sometimes occur as cracks and open space fillings. Some arsenopyrite relicts are observ-
able in scorodites after arsenopyrite pseudomorphs.

Copper-vitriol. - Very small amount of copper-vitriol arc recognized especially together with clay and other secon-
dary copper minerals. Like other secondary minerals, copper-vitriol fills the cracks and open spaces.

Quartz. - Quartz is one of most abundant gangue minerals. These hydrothermally originated quartz crystals are in
different ages. Some of them are idiomorphic to subidiomorphic, zoned and coarse grained. The largest crystal size is 3-4
mm. Quartz lodes composed of small and xenomorphic crystals in different ages cut those old quartz crystals and primary
ore minerals. Old quartz, crystals show generally cataclastic structures. Chlorites, sericites, ore minerals and calcites are ob-
served in the cracks and open spaces of old quartz crystals. Zoned quartz are locally replaced by chalcopyrite corresponding
to this structure. Microcrystalline quartz occurrences which are colored in red by submicroscopic hematites show kidneylike-
grapelike textures, and they fill the cracks and open spaces. Those are the youngest quartz crystals.

Chlorite. - Chlorite are observed as crystal associations in between quartzs and ore minerals. Chlorites are the most
abundant mineral after quartzs. The rate of chlorites increase especially at lower elevations of ore veins. Some crystal associ-
ations developed in open spaces show radial-spherulic textures. These chlorite crystal associations which form inclusions be-
tween ore minerals are intersected by quartz and carbonate veins.

Calcite + dolomite. - The abundance of these minerals increase at lower elevations of Kiziltepe ore veins and at the
contacts of amphibole bearing quartz-diorite and metadiabase. Additionally, very small amounts of calcite and dolomite are
observed at the upper levels of ore veins. Coarse grained calcite and dolomite are usually idiomorphic and subidiomorphic
and show pressure twinnings. However, calcite and dolomites which fill the open spaces and cataclastic cracks of quartz and
ore minerals are smaller and xenomorphic. Bending and folding of pressure twinnings in calcites and dolomites point out that
they are faced continuous pressure after their occurrences. Between the hydrothermally originated calcite and dolomite crys-
tals, locally concentric spheroidal shaped, fine grained calcite occurrences which are colored by limonite are observed.

Clay minerals. - Locally abundant fault clay are found together with ore veins. Some cracks and open space filling
clay minerals are investigated by XRD and DTA methods. Halloysite, illite and montmorillonite are determined as clay min-
erals. Halloysite is the most abundant among them.

Muscovite + sericite . - These minerals arc the rarest ones among the other gangue minerals. Muscovite fills the open
spaces between quartz crystals as coarse grains. The open spaces and cleavages of muscovite crystals are sometimes filled by
goethite. In addition, very small amount of phlogopite crystals and crystal associations arc observed between the quartz crys-

tals. Sericites as small crystals arc generally found in between quartz crystals.

Sphene. - Sphene is very rare and found in trace amounts. They occur generally as small grains. Sphene is formed by
the replacement of titan minerals like rutile and anatase. Sphene grains sometimes contain the relicts of the above mentioned
minerals.
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Deliklikaya Tepe and similar veins

At Deliklikaya Tepe district veins arc poor in ore minerals and sometimes lying parallel to each other but their
lengths and thicknesses generally vary by showing different strikes and dips (Fig. 2). Deliklikaya Tepe vein, belonging to
this group, strikes N 80°E and dips almost vertically. The thickness of this vein at the road trench is approximately 0.4 me-
ters. Celalettin-1, 2 and 3 veins which are parallel to Deliklikaya Tepe vein, strike N 80° E and dips 87° to the south. The die
tance between Celalettin-1 and Celalettin-2 is approximately 20 meters and the distance between Celalettin-2 and Celalettin-
3 is approximately 3 meters. The thicknesses of the veins at the road trench are 0.5, 0.3 and 1.0 meters, respectively. Another
vein in metadiabase located nearly 40 km. northwest of Celalettin-3 vein contains disseminated pyrite, chalcopyrite, and sec-
ondary copper minerals and it strikes N 65° W. The thicknesses of eight veins, numbered from Altun-1 to Altun-8 veins vary
between 1 and 1.5 meters, these parallel veins strike N 50° W. The vein in which Fuat Ocak was opened strikes N 60° W and
dips 70° to the south. An alteration zone 8-10 meter in width is observed. Eight thin veins are found in this zone enriched in
quartz, clay minerals and limonite and their thicknesses are about 0.2-0.3 meters.

At the west side of Deliklikaya Tepe a vein which strikes N 30° E and additional two veins in 0.7-0.8 meter thick-
nesses strike N 60° W and N 40° W and dip 75° to the north and 80° to the south, respectively. A 15 meter adit, called as Ay-
vaz Ocak is driven at the lower elevations of another vein which is close to Fuat Ocak. This vein strikes N 70° E and dips
82° to the northwest.

Additionally, some veins similar to Deliklikaya Tepe veins which are poor in are minerals outcrop at Kiziltepe dis-
trict. Dogan Ocak is a big trench opened for such kind of a vein. Dogan Ocak is located in altered metadiabase zone which
has 4-5 meter thicknesses. A lot of quartz veins which consist of clay minerals and limonite occur in Dogan Ocak. The strike
of this vein is N 70° E and its dip is 82° to the northwest.

Quartz veins of Deliklikaya Tepe are composed of hydrothermal quartz, strongly affected fault breccia, metadiabase
particules and small amount of ore minerals which are located in faults and fractures, occured during the emplacement of am-
phibole bearing quartz-diorite into metadiabase. Metadiabase particules in veins are silicified, chloritized, carbonitized, seri-
citized and kaolinized. As a result of this alteration, the intersertal textures of metadiabases have become undescribable.

The quartzs of quartz veins of Deliklikaya Tepe are derived generally from the remaining quartzs after amphibole
bearing quartz-diorite occurences and partly from the hydrothermal alteration of metadiabase.

The open spaces of partly idiomorphic quartz crystals are filled by sericite, locally muscovite, phlogopite, clay miner-
als, chlorite and calcite. Hydrothermal quartzs are in different ages. The first generation quartzs which fill the faults are brok-
en by later movements of faults. The open spaces and cataclastic cracks of there quartz minerals are filled by a younger gen-
eration of quartz and calcite. The spaces and cracks of some older quartz minerals are partly filled by ore minerals.

Ore minerals of Deliklikaya Tepe veins

Main ore minerals of Deliklikaya Tepe veins are arsenopyrite, pyrite, chalcopyrite, sphalerite, marcasite. galenite, py-
rotite, valleriite, hematite, rutile, anatase, chromite, limonite, covellite, tenorite, malachite, scorodite and copper-vitriol.

Arsenopyrite. - Small amount of arsenopyrite forms disseminations in quartz veins. Sericite and quartz inclusions are
observed in idiomorphic arsenopyrite crystals. Arsenopyrite is replaced by scorodite along its borders and cataclastic cracks.
Sometimes, a thin belt of covellite is improved at the contact between scorodite and arsenopyrite. The largest arsenopyrite
crystal size at Deliklikaya Tepe veins is 1.5x0.3 mm. Prismatic arsenopyrite grains are the oldest sulphide minerals. For this
reason, arsenopyrite is replaced by quartz, calcite, sphalerite and chalcopyrite along its borders and cataclastic cracks.

Pyrite. - Small amount of pyrite occur as idiorpprphic and hypidiomorphic crystals in various sizes. They form dis-
seminations and veinlets in ore bearing quartz veins. These kind of pyrites are generally fine grained. The largest grain size is
1.5x1 mm. Quartz, sericite, chlorite and rutile inclusions are observed in pyrite. Idiomorph to hypidiomorph pyrite crystals
sometimes accompanied by chalcopyrite and sphalerite intersect altered metadiabase particules in ore bearing quartz veins as
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veinlets. Most of the pyrite is partly or totally altered to pseudomorph limonite. Limonilization is developed along the bor-
ders, cataclastic cracks and cleavages of pyrites.

Chalcopyrite. - Small amount of chalcopyrite is rarely observed. Xenomorph and fine grained chalcoyprite crystals
fill the open spaces between arsenopyritc, pyrite and quartz crystals. Chalcopyrites include inclusions of quartz, chlorite and
rutile grains. Sometimes, chalcopyrites envelope pyrite crystals as thin belts. Most of the chalcopyrites are replaced by chal-
cosite+covellite+limonite along their borders.

Sphalerite. - Small amount of sphalerite forms xenomorph to subidiomorph grains between quartz. The largest grain
size is 300x250 microns. Some sphalerite grains contain chalcopyrite cxsolutions. Sphalerites reveal yellowish, reddish to
brownish internal reflections. Some sphalerite grains are enveloped by covellite belt representing a thin sementation zone.

Marcasite. - Trace amount of marcasites are observed along the borders and cataclastic cracks of some idiomorph
pyrites. In this case, pyrite are partly replaced by marcasite.

Valleriite. - Valleriites together with chalcopyrites form cxsolutions in some sphalerite grains. Trace amount of val-
Icriitc is rarely observed.

Pyrotite. - Trace amount of pyrotile are observed as small inclusions in pyrite and arsenopyrite. Some pyrotite grains
form exsolulions in sphalerites. Pyrotite is locally replaced by a semi-product.

Covellite. - Very small amount of covellite occur as fine crystal associations. Sometimes malachite accompanies co-
vellite. Covellite is sometimes located in open spaces and cracks and sometimes envelopes chalcopyrite, arsenopyrite and
sphalerite. Covellite, formed by weathering of chalcopyrite, also envelopes limonite and chalcopyrite.

Galenite. - Fine grained galenite is observed in trace amounts between quartz minerals. They are replaced by an-
glcsite and cerussite along their edges and cleavages.

Rutile + anatase. - Trace amounts of rutile + anatase are found as fine grains. They occur as a result of hydrothermal
alteration of ilmenite grains which are located at altered metadiabase rock particules of ore bearing quartz veins. Additionally
the lattices of rutile are resulted from the hydrothermal alterations of ilmeno-magnetites in metadiabases.

Iron contents of ilmenite and magnetite parts ofilmeno-magnetite are moved out from environment during hydrother-
mal alteration processes. Rutile rarely exhibit prisms or needles. Some rutile grains contain parallel pressure lamellae.

Chromite. - Trace amount of chromite is observed as fine and idiomorphic crystals, some chromite crystals are rarely
seen in quartz bearing and altered parts of metadiabase.

Hematite. - Hematite is found in trace amounts occasionally in minute scales. A part of hematite is later generated by
martitization of magnetite.

Tenorite. - Forming as cracks and open-space fillings, trace amount of tenorite occur with limonite and malachite.
Partly they show concentric and kidneylike-grapelike textures. Tenorite intergrowths with goethite.

Limonite. - Rarely, two different modifications oflimonite is observed together with each other. Goethite modifica-
tion is much more than lepidocrosite modification. Three types of limonite are found at the veins of Deliklikaya Tepe. One of
them is limonite pseudomorph of sulphidic ore mineral such as pyrite, chalcopyrite and arsenopyrite. Limonite, in addition
to, forms veinlets filling cracks and open spaces. Limonite veins are generally scattered in the rock. Another kind of limonite
colors the clayey and scricitic parts of ore bearing quartz veins.

Malachite. - Malachite is rarely or in trace amounts observed at the cracks and spaces of some samples. Malachite is
generally associated with covellite and limonite. It forms small and partly idiomorph crystals at the spaces of rocks.

Scorodite. - Very small amount of scorodite is found partly as pscudomorph after arsenopyrite and partly as cracks
and open space fillings. Some arsenopyrite relicts are observed in scorodites formed as pscudomorphs after arscnopyrites.
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Copper-vitriol. - Trace amount of copper-vitriol is observed at cracks and open spaces of rocks associated with clay
minerals. They form as micro crystal associations.

CHEMICAL ANALYSES

Two kinds of samples have been collected for the mineralogical investigations and chemical analyses from the ore
veins of Deliklikaya Tepe. Detailed mineralogical investigations were performed on the polished sections of the samples and
no gold was found. For the chemical analyses of gold, two different type of samples were taken from the ore of Deliklikaya
Tepe and similar veins. Based on his experience, Ali Kiipeli, the geologist of Yurttaglar Company, compiled some samples
from limonite and gold rich parts of veins. The MTA crew tried to collect the representative channel samples from the same
veins. Gold and silver analyses were performed partly in MTA General Directorate Laboratory and partly in Geological Sur-
vey Laboratory in Ottawa, Canada and Dhahran University Laboratory in Saudi Arabia using the methods of AAS and ICP.
At the same time, optic spectrographic semi quantitative analyses of As, Sb, Cu, Zn, Ni, Co, Bi and Te were carried out on
the same samples. The analytical results are given in Table 1. As it is clearly seen from this table, apart from one sample, all
samples from Deliklikaya Tepe and similar veins contain relatively low gold values. With these grades, the veins of Delikli-
kaya Tepe are economically unimportant.

DISCUSSION AND CONCLUSIONS

Intrusive rock provided SiO, rich solutions that consequently brought about gold bearing ore veins of Kisecik has the
composition of amphibole bearing quartz-diorite. Tekeli and Erendil (1986), described this rock as isotropic gabbro. An in-
tense hydrothermal alteration developed mainly in the form of silicification and chloritization as a result of intrusion amphi-
bole bearing quartz-diorite into metadiabase. The alteration which decreases in intensity from the contact of these rocks
downward is also reported by Tekeli and Erendil (1986). It is due perhaps that these researchers located a plagiogranite, re-
sulted from solutions of last differentiation products, at the contact of amphibole bearing quartz-diorite with metadiabase in
their columnar section, since they did not assume that gabbro could generate such kind of alteration. However, such a plagio-
granite does not occur in the Kisecik gold field. In this case, here we favor a more acidic source rock as amphibole bearing
quartz-diorite for the hydrothermal alteration rather than isotropic gabbro.

The contact of amphibole bearing quarlz-diorite, metadiabase xenoliths in amphibole bearing quartz-diorite and met-
agabbro concretions show various degrees of actinolitization-tremolitization, epidotization and biotitization. In addition, am-
phibole bearing quartz-diorite is scapolitized, metadiabase phlogopitized, and gabbro steatized and serpentinized. All these
changes are the products of a contact metamorphism at epidote-amphibolite facies which caused by intrusion of amphibole
bearing quartz-diorite into metadiabase. The contact metamorphism at the contact of amphibole bearing quartz-diorite with
metadiabase decrease downward in intensity and grades into regional metamorphism of green schist facies characterized by
silicification, chloritization, carbonatization and sericitization. Some of quartz, calcite and dolomite observed resulted from
hydrothermal alteration of metadiabase and some too is highly likely formed from solution left over after crystallization of
amphibole bearing quartz-diorite. Magnetite, magnetite portion of ilmeno-magnetite and Fe-compound of ilmenite were
leached in the areas of intense hydrothermal alteration. This "Fe" was possibly employed in the composition of mainly sul-
phide minerals and rarely of Fe-bearing minerals.

Prismatic magnetites (mushketovites) are observed as hematite pseudomorphs along the lower parts of Kiziltepe ore
vein. According to Ramdohr (1975), this type of magnetite occurs only in contact type mineralizations.

Three different mineral groups with respect to their origins are defined in the Kisecik gold bearing ore veins. Trace
amount of ilmeno-magnetite, ilmenite, rutile, anatase, sphene and chromite were derived from diabase and were subjected to
hydrothermal alterations. Arsenopyrite, pyrite, chalcopyrite, sphalerite, pyrotite loellingite, valleriite, cubanite, native gold,
tellurobismuthile, tellurobismuthite-hessite solid solution mineral, galenite, cinnabar, neodigenite, magnetite, some hematite,
some marcasite, quartz, calcite, dolomite, siderite, ankerite, muscovite and sericite which form the Kisecik ore are all pri-
mary minerals and arc resulted from hydrothermal solutions. The surficial weathering of these minerals brought about secon-
dary minerals such as limonite, scorodite, chalcocite, covellite, malachite, azurite, tenorite and copper-vitriol.
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Cubanite andvalleriiteamong primary minerals arc the minerals of good geologic thermometer. According to Bor-
chert (1934), cubanite exsolutions in chalcopyrite and sphalerite occur at temperatures between 300° and 350°C; valleriite,
on the other hand, at 200°-300°C. Chalcopyrite and sphalerite hosting these minerals and native gold contemporaneous with
chalcopyrite are formed at these temperatures. Sphalerite starlets and olcandar-leaf twinning in chalcopyrilc suggest that ore
is formed by high-temperature solutions (Ramdohr. 1975). The reason that sphalerite shows dark brown-reddish internal re-
flection is because this mineral contains high amount of FeS in its, crystal lattice. This is only possible at higher temperatures
according to Ramdohr (1975). Nevertheless, as is the case for Kisecik mineralization, adequate FeS should be available dur-
ing the crystallization of sphalerite.

As is well-known, ophiolitic rocks, from the point of geochemistry, are enriched with respect to Cr, Pt, Ni, Co, Cu,
Fe, Ti and V, but devoid of As (Schnciderhohn, 1958; Turekian and Wedepohl, 1961; Turekian, 1972).Cu-mineralization is,
similary, depleted in As (Cagatay, 1968; 1977; Cagatay et al., 1982). However, Kisecik ore veins are enriched in As. This, in
turn, brings about arscnopyrite and its origin as a subject of discussion. On the other hand, Cu-mineralizations related to
magmatic activities created by crustal meltings comprise con. iderable amount of As-minerals (Altun, 1984). Therefore, the
authors consider amphibole bearing quartz-diorite which mobilized the ore as a product of crustal melting out of ophiolites
and a rock which intruded in ophiolites. Amphibole bearingquartz-dioriteis highly likely a product of a magmatic activity
connected to the geological events developed subsequent toophiolite emplacement.

Kisecik gold bearing ore veins arc classified into two very distinct groups in this study. These are "Kiziltepe and sim-
ilar ones" and "Deliklikaya Tepe and similar ones". The most significant veins of gold deposits are the currently mined
southeastern-veins (Fig. 2). Although gold content locally occurs at high amounts in the massive ores of the veins (Tables 1
and 6). The average gold content of samples collected at various elevations of the veins is generally below 5 ppm. The aver-
age gold and silver contents of a representative sample pooled from the sample loaded to a truck for ore dressing tests at the
Department of Mineral Analyses and Technology of MTA arc 4.7 ppm and 8 ppm respectively (Ulu, E. personnel communi-
cations). The analytical results of selected 2300 ton massive ore, shipped to Kiitahya-Giimiiskoy facilities of Etibank for gold
extraction tests and was also analysed for its gold content, revealed 4 ppm Au on the average (Personnel of Yurttaglar Com-
pany and of KiUahya-Giimiis.koy facilities Personnel communications). 3 kg gold, with almost complete fineness was yielded
from 2300 ton ore at Kiitahya-Gilimiigkoy facilities (Newspapers and TV-news). This amount of gold out of 2300 ton ore cor-
responds to a gold grade of 1.3 ppm. Deliklikaya Tepe and similar ore veins are rather poor for gold (Table 1).

Most of the Kisecik gold bearing ore veins terminate at the contact of amphibole bearing quartz-diorite with meladia-
base. Among these arc also included the most important Kiziltepe veins which arc currently being mined. Field observations
do not testify any significant thicknesses and continuation for these veins. Deliklikaya Tepe veins contain ores with non eco-
nomical grades at their known portions. Due to inadequate reserves and low grades Kisecik gold bearing veins are consi-
dered to form a small, insignificant deposit; even an occurrence rather than a deposit.
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PLATES



PLATE-I

Fig. 1 - Objective: 5X, Ocular: 10X, + N
Highly sericitized plagioclases (dark gray-black) of amphibole bearing quartz-diorite. Amphiboles have cleavages quartz (in the mid-
dle) is white.

Fig. 2 - Objective: 5X. Ocular: 10X, // N
Clinopyroxenes of intersertal textured diabases are replaced by phlogopite (gray). Plagioclase (labrodor) laths (white), opague min-
erds (black).

Fig. 3 - Objective: 5X, Ocular: 10X.+N
Highly actinolitized-tremolitized (laths) meta gabbro.
Plagioclases (labrodor) are white.

Fig. 4 - Objective: 32X, Ocular: 10X, in ail
Hegzagonal lamellae of pyrotite are totaly replaced by pyrite (pseudomorph). Quartz as gangue mineral is black.

Fig. 5 - Objective: 32X, Ocular: 10X, in ail
Sphderite exsolution dtarlets in chalcopyrite.

Fig. 6 - Objective: 32X. Ocular: 10X, in oil
Chalcopyrite (white) exsolutions in sphalerite are concordant to the zoned structure of sphalerite. Gangue minerals and spaces
(black).

Fig. 7 - Objective: 32X, Ocular: 10X, in ail
Big chacopyrite exsolutions in sphalerite contain second generation vallehite. Spaces (black).

Fig. 8 - Objective: 32X, Ocular: 10X, in ail
Cubanite (gray) lamelae in chacopyrite (light gray).
Spaces and gangue mineras (black).
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PLATE-II

Fig. 1 - Objective: 32X, Ocular: 10X, in ail
Native gold (white and scratched); at the contact of chacopyrite (gray) replacing arsenopyrite (light gray and high relief). Gangue
minerals and spaces (black).

Fig. 2 - Objective: 32X, Ocular: 10X, in ail
Native gold (white) in cataclastic arsenopyrite. Cracks are filled by chalcopyrite. Spaces (black).

Fig. 3 - Objective: 32X, Ocular: 10X, in ail
Native gold (white) at the contact of chal coyprite (stracthed) and quartz (black). Sphalerite (gray), spaces (black).

Fig. 4 - Objective: 32X, Ocular: 10X, in il
Native gold (white) at sphalerite (dark gray) contact in chalcopyrite (stratched at one edge). Gangue minerals and spaces (black).

Fig. 5 - Objective: 32X, Ocular: 10X, in all
Native gold (white) in chalcopyrite (gray) vein cutting arsenopyrite (light gray). Gangue minerals and spaces (black).

Fig. 6 - Objective: 32X, Ocular: 10X, in all
Native gold (white); in chalcopyrite (gray) vein cutting arsenopyrite (light gray), at the contact between chalcopyrite-arsenopyrite
and in chacopyrite. Gangue minerals and spaces (black).

Fig. 7 - Objectiver 32X, Ocular: 10X, in ail
Concentric, radial-spheluric textured hematite spheres in dolomite (black).

Fig. 8 - Objective: 32X, Ocular: 10X, in il
Mushketovites (dark gray) are highly replaced by martitized hematite (gray). Pyrite (white), gangue minerals and spaces (black).
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ECONOMIC POTENTIAL OF RESIDUAL DEPOSITS IN PENEPLANATED AREAS IN TURKEY

Kenan TUFEKCI *

ABSTRACT.- Peneplain is a geomorphological unit which is formed in the final stage of the fluvial denudational cycle. The developed
peneplains on the bedrocks of containing iron, olivine, pyroxene, feldspar or fcldspalhoids comprise lateritic ore deposits. Besides the bed-
rock, the formation of this residual deposits arc due to both tropical climate and nonactive tectonic conditions. Today, actual lateritizations
has been going on in the climatic bells where tropical climate conditions are dominant in the world. But it isn't impossible to bring up that
the lateritization has been lasting under actual climatic influences in Turkey. Paleoclimatological conditions in the geological past arc impor-
tant for Turkey. For this reason, especially, the cycles of Upper Cretaceous and Lower to Middle Miocene in Turkey are suitable climatic cy-
cles to lateritizations in Turkey, the relics of the oldest relief forms pertaining to Upper Cretaceous and the relics of "Anatolian Peneplain”
pertaining to the denudational cycle of the Lower to Middle Miocene may be very interesting for residual ore deposits. When Turkey's tec-
tonic evolution is appraised from this view point: while the Pontides, the Anatolides and Tauridcs in places appear to be the suitable belts,
but not the Border Folds region. As a result, it isn't impossible to have enough knowledge about the residual deposits and their peneplanation
cycles from the present surveys in Turkey. Consequently, the evolution of the residual deposits isn't known with details yet. For this reason,
the prospection of the deposits must be planned by amulti-disciplinerprogramme. Geomorphologically, the extend of the deposits must be
mapped and their relations with the geomorphologic units must be explained.

INTRODUCTION

It is a fact which has been slated al many panels on carlhsciences that the future of a country's industry could be se-
cured by providing its required raw material and energy domestically. For this purpose, new natural resource exploration
methods and theses are being developed and exploration process is now considered as an interdisciplinary program. That lat-
critic ore deposits which are the object of this research have not been explored in detail in Turkey, except the Caldag (nickel)
and Seydisehir (aluminum) areas, makes the prospection of ore deposits more interesting.

Besides the characteristics of bedrock, the factors such as climate, topographic features, and geomorphologic evolu-
tion have also an imporiant effect on the formation of the residual ore deposits. The bedrocks containing iron, olivine, pyrox-
ene, feldspar and feldspalhoid minerals are gradually turned into the residual ore deposits by simultaneous formation of pene-
plancs and a thick leaching zone forms in the peneplanes in tropical climates. However, change in climate or the end of
tectonic stability during the peneplanation may change the position of the formed or yet-to-be formed residual ore deposits.

In this paper, the residual ore deposits are investigated geomorphologically and the morphogenetic and morpho-
climalic factors affecting the formation of these deposits in Turkey are also reviewed.

CONCEPT OK PENEPLANE AND THE CHARACTERISTICS OK RESIDUAL ORE DEPOSITS FORMING IN
PENEPLANES

In order to form residual ore deposits in an area, addition to tropical climate, a period of tectonic stability, that is, a
peneplane formation period is required. Therefore, first of all the concept of peneplane and the characteristics of peneplanes
should be briefly considered. The term "Peneplain” was first used by Davis in 1889 referring to a nearly fcaturless, gently un-
dulating land surface of considerable area, which presumably has been produced in the penultimate stage of a humid fluvial
geomorphic cycle (Ering 1982). According to Davis, flat areas which are gently undulating and spread over considerable ar-
eas are produced as a result of millions of year-long erosion of internally weakened formations (Fig. 1). Peneplane is such
that the original topographic relief has been eroded down, the intensity of mass movements is lesser, the streams carry small-
er quantity of materials and slow down due to the small quantity of strcamload. These gcomorphologic units, known also as
Truncated Plane", are distinguished from denudational planes by their greater size (Ardos. 1971). The residual ore deposits
form in this geomorphologie unit, the characteristics of which is briefly discussed above,

Peneplanes may be subjected to tectonic deformation during/after formation. Tectonic movements may rip these
units by hundreds of meter deep trenches and cause the laterite deposit, which are in the peneplane, to be eroded and rede-

* Maden Tetkik ve Arama Genel Midiirligi. Jeoloji Etiitleri Dairesi, Ankara-Turkey.
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posited in various environments. It has been determined that today some of the ancient peneplanes have been folded or de-
pressed, some of them have been eroded down to the sealevel and some others have been fossilized by younger sediments
which cover them. For instance, the bauxite deposits in Arkansas formed in pre-Eocene peneplanes and are locally blanketed
by the Tertiary claystones and sandstones (Ozkogak, 1980). The bauxite deposits in Sarkikaraagac-Yalvag, Aksehir, on the
other hand, formed in diabase and were fossilized by the overlying Upper Jurasic limestones (Ozkogak, 1980). As a result of
erosion of the sediments covering these fossilized peneplanes, the ancient surfaces can be determined as exhumed surfaces.

Lithology of the rock in which peneplane developes is also important. Although these deposits form in different type
of hostrocks in humid climates, for residual iron deposits, especially the ultra-basic rocks with low aluminum content for
nickel deposits, dunite, peridotite and pyroxenile, and for the residual bauxite deposits, feldspar or feldspathoid bearing rocks
arc important (Ozkogak, 1973, 1980; Cornwall, 1973). The examples to this type of deposits are those; after the sub-oceanic
basalt-andesile flow in the Late Oligocene or the Early Miocene in New Caledonia there occured great peridotite emplace-
ment. This ultrabasic massif, dominated by harzburgite, was uplifted above the sea level and peneplanated, over 50 m thick
iron laterite blanket formed in it in a tropical climate (Ozkocak, 1980). In the above-mentioned climate, the peneplanes form-
ing in dunites, peridotites and pyroxenite are also suitable for the formation of the residual nickel deposits. Vinogradov
(1956) estimated that the average nickel content of these rocks is 0.1-0.3 %. Whereas Golightly (1979) listed the factors ne-
cessary for the formation of the residual nickel containing deposits as follows: 1- Mineralogy and tectonic emplacement of
peridotite;2- Climate; 3- Topographic relief; 4- Geomorphologic background. It is a fact that economic residual deposits can
be mined in the peridotitic areas which were peneplanated in tropical climates. However, it is necessary to assert that there
have been periods oflaterite forming conditions in geologic times similar to the actual laterite forming conditions. This type
of a period occured in Turkey as well as in the other parts of the world during the Middle Tertiary and Upper Cretaceous. Al-
though the hostrocks vary in type in the formation of the residual bauxite deposits the peneplanes forming in feldspar and
feldsparrichrocks are especially suitable.

The relationship between the bauxite residual deposits and hostrocks can be shown on several examples around the
world: The deposits forming in nepheline syenites arc found in Arkansas, Brazil, Guinca and Los Islands; the deposits form-
ing in basalts and dolerites (diabases) are in India, Germany, Scotland, Guinea and Cameroon; the deposits forming in meta-
morphic schists arc in Guyana Ghana, Guinea and Ivory Costs; the deposits forming in sandstones are in Nigeria. Bauxite de-
posits forming in carbonaceous rocks are found commonly in Spain, France, Italy, Grece, Yugoslavia and Turkey, that is,
around the Mediterranean Sea (Ozkocak, 1980).

As can be seen, the formation of the residual deposits is related not only with hostrock but also with the peneplana-
tion processes. Another effect is suitable climate which produces leaching zone in the peneplanes.

RELATIONSHIP BETWEEN THE RESIDUAL DEPOSITS AND CLIMATE

Another factor I mentioned above for forming residual deposits is climate. These deposits form in the morphoclima-
tic regions which have tropical climate. Persons (1970) showed the relationship between temperature and precipitation for la-
tcrite formation on a plot (Fig. 2). It is seen on the plot that the average temperature and rainfall for the formation of laterite
deposits vary between 18.3-30.0 degree centigrade and 50.8-228.6 centimeter, respectively. According to Golightly (1979)
annual rainfall is 159-300 cm.

The formation of the laterite deposits still continues in the tropical and subtropical areas, such as Solomon Islands,
Philippines, Cuba, Venezuella, Puerto Rico, Dominica, New Caledonia, Australia, India, Brazil, Guatemala, Indonesia,
which have economic residual deposits.

The current climate types in Turkey, some of which are the Mediterranean, Black Sea, and continental climates, are
not suitable for the formation of the residual deposits. The average temperatures in the sectors with these climates are as
such: The average annual temperature from the Mediterranean cost to the Urfa district 18°-19°C, around the Agcan cost 15°-
18°C, along the Marmara Sea and the Black Sea 13°-15°C and in the central Anatolia, 11°-13°C. On the other hand, the
highest amount of annual rainfall is in the eastern Black Sea region (higher than 2 m). In the western Black Sea region and
the western Mediterranean region and around the Hatay district, the annual rainfall is 1 -2 m; in the Aegean and Marmara re-
gions and in most of the eastern Anatolia, the annual rainfall is 0.5-1 m.
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The average temperatures and rainfall in Turkey are lower than the temperatures and rainfall given in Persons (1970).
Therefore an actual laterite deposit formation seems not possible in Turkey.

Kurter (1979), who distinguished four effective chemical weathering types in Turkey by using climatic data, pointed
out that the eastern Black Sea region has the most intensive chemical weathering. Although the rainfall is quite high in this
region temperature is not as high as the tropical regions. Kurter (1970) stated that no part of Turkey has humid tropical con-
ditions. As a result of this, today's climatic conditions have not allowed any lalerite formations in Turkey.

However, besides the actual laterite belt. Riddle Oregon, USA, which formed in laterized plato remnants and the Ar-
kansas bauxite, which formed in a pre-Eocene peneplane and fossilized under the Tertiary sediments (Ozkocak, 1980) are the
evidences showing that the necessary climatic conditions were dominant to form residual deposits in North America in the
past as it is the case with the actual residual deposits to form residual deposits. In the Mediterranean basin, on the other hand,
the nickel laterites in Yugoslavia and Grece have been fossilized by the Cretaceous limestones or Tertiary sediments (Go-
lightly, 1979). In Turkey. 50 m thicklateritic nickel deposits in Caldag, Turgutlu (Yildiz, 1977, 1981), the lateritic belt in ser-
pentinitcs around Sivrihisar (Boyali, 1984; Boyali and Kog, 1986), the lateritic nickel deposits in Orhaneli, Bursa, although
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not very typical (Wilson, 1976), various iron laterites in Erzincan, Sivas, Malatya, Hatay and Ankara (Ozkogak, 1973), the
nickel laterite in Frankenstein (Silesia), the allochtonous bauxite deposits in northern Urals, USSR, are the evidences indicat-
ing that suitable climatic conditions were also dominant in Asia, Europe and Anatolia in the past as in the North America

As shown by the examples around the world, it is necessary to know Turkey's paleoclimatic characteristics in order
to shed a light on the laterite forming conditions in Turkey. According to the characteristics which have been determined by
various authors, while the tropical climate was dominant during the Cretaceous period in the Early Paeocene the climate was
warm around the world but later the temperature dropped gradually. In the Eocene, contrary to the Paeocene, the climatic
conditions were more evident and around the poles the climate was similar to the temperate climates of today. However, both
climate and temperature were higher than the current temperatures of the temperate climates. In the Oligocene, finally, the
winters were cooler and the difference between rainy and dry seasons was more evident. The Early and Middle Miocene
were periods when a warm humid climate was effective in Turkey for a long time and aso an "Anatolian Peneplane’ devel-
oped in this climatic condition. Contrary to the arid and semi-arid climate in the Upper Miocene, in the Pliocene, a humid-
warm climate was effective. During the Early Pleistocene epoch, warm climate withlower humidity was interrupted by short
cooler-and-rainy periods.

Consequently, the paleoclimatic data indicate that warm-humid (tropical) climates during the Cretaceous period (spe-
cifically the Upper Cretaceous) and the Early-Middle Miocene were the right conditions to form residual deposits in Turkey.

RELATIONSHIP BETWEEN THE TECTONICS AND THE RESIDUAL DEPOSITS IN TURKEY

A relationship between the tectonic activity and the formation of residual deposits in aregion should be expected. It
is possible to assert that residual deposits form in the rocks in suitable climatic conditions when these rocks are uplifted
above the scalevel by tectonic movements. Therefore it is necessary to review briefly the tectonic evolution of Turkey. As it
is known, studies have been done for along time in order to distinguish the tectonic units and determine the tectonic evolu-
tion in Turkey (Ketin, 1966). According to the tectonic units of Anatolia which was established by Ketin (1966, 1983), the
oldest mountains, the Caledonian and Hercinian massifs, which are located in the Pontides were like islands in the Tethis Sea
while the other regions of Anatolia were mostly under the scalevel at the beginning of the Mesozoic Era. The Anatolides de-
veloped at the end of the Cretaceous period and were the second in the tectonic evolution. The Torides developed at the end
of the Oligocene. The Margin Folds, on the other hand, completed their evolution from the Late Miocene to the Early Plio-
cene. Therefore it can be asserted that the tectonic-orogenic development in Anatolia was from north to south, and the Pon-
tides, Anatolides, Torides and the Margin Folds developed as mountain bells in this order (Ketin, 1966, 1977, 1983).

As the briefly-reviewed tectonic evolution is assesed regarding the residual deposits it can be asserted that the Pon-
lides, Anatolides and Torides might have been affected by the tropical conditions during the Cretaceous and the Early-
Middle Miocene whereas the Margin Folds arc not promising for the development of laterite deposits.

RELATIONSHIP BETWEEN THE EROSION-DEPOSITION PERIOD AND THE RESIDUAL DEPOSITS IN
TURKEY

Some regions of Anatolia were uplifted above thescal evel by the tectonic movements that took place from the Upper
Cretaceous to the Eocene (Ketin, 1959), however, the actual morphology of Turkey began to form in the Oligocene and
completed during the Neogene and Quaternary by internal and external forces (Erol, 1980). However, this process was inter-
rupted by the general tectonic movement and a silence period and also by the changes in the climate. In accordance with
this, a geomorphologic evolution occured as erosion and deposition periods lasting from the Late Oligocene to the Pleisto-
cene. According to the principles suggested by Erol (1980, 1983) and the results of the geomorphological studies conducted
in the framework of these principles, the erosion-deposition periods that took place in Turkey can be briefly determined as
follows:

The oldest geomorphologic remnants belonging to the Upper Cretaceous (DF system).
The Upper Oligocene crosional surfaces (DO systems).

The Lower-Middle Miocene period (D | systems).
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The Upper Miocene period (D II systems).

The Pliocene period (D III systems).

The Lowermost Pleistocene period (D IV systems).
The Lower and Upper Pleistocene period.

The Holocene period.

Among these periods, the oldest geomorphologic remnants of the Upper Cretaceous and the crosional surfaces of the
Miocene arc significant for the formation of residual deposits. The north and northwest Anatolian mountain ranges were like
islands in the Tethis Sea even in Mesozoic, and then, they were raised totally above the scalevel by the tectonic movements
in the Oligocene to form that part of Anatolia where the oldest geomorphologic units may be found. The central Anatolian
mountain chain, which was subjected to the first intensive orogenic movement at the end of the Cretaceous period and was
raised above the scalevel at the end of the Eocene, is an orogenig belt in which relatively younger old-geomorphologic rem-
nants may be found. However, since these units have continuously been eroded since their forming, it is not very probable
that these old remnants be preserved. But still, the remnants of the former erosion surfaces in the Cretaceous period have
been detected as fossils and some smaller parts of these remnants crop out in some areas where the covering rocks were erod-
ed away (Erol, 1980).

On the other hand, a new erosion-deposition period started over Anatolia by a scries of tectonic movements at the
end of the Oligocene and a peneplanc called the Anatolian Peneplanc developed under tropical conditions of this periods.
Thus the existence of the remnants of this peneplane has been proven by the geomorphologic studies conducted in various
parts of the country (Bilgin, 1969; Atalay, 1977, 1978, 1983; Erol, 1980. 1981, 1983; Kozan et al., 1982; Ozgiir, 1983; Du-
rukal et al., 1984, 1985; Tonbul, 1986; Tiifekgi, 1987). This erosion-deposition period regarding the laterite deposit is impor-
tant for Turkey. In this period, the Anatolian Peneplane, which developed under the tropical conditions, was eroded almost
down to the scalevel. It is then, possible to assert that a deep leaching zone in this peneplane formed during the crosional pe-
riod.

As a result, as the erosion-deposition periods are reviewed in respect to the residual deposits in Turkey, the erosion
surfaces of the Lower-Middle Miocene (D I systems in Erol, 1980) which started to develope first in Anatolia under the trop-
ical conditions in the Lower-Middle Miocene and were affected by neotectonic movements are significant regarding the for-
mation of the residual deposits. Furthermore, the old geomorphologic remnants of the Upper Cretaceous (DF systems) which
arc detected as fossils arc also promising in regard to the residual deposits.

RESULTS

The residual deposits form by peneplanation of the hostrocks containing iron, olivine, pyroxene, feldspar or feldspa-
thoid under the tropical conditions, and by formation of a deep leaching zone in the forming peneplane. This leaching zone is
closely related with tectonic stability. In the case that tectonism starts to activate, the residual deposits arc totally or partially
eroded and redeposiled in known depression areas to form secondary (allochthonous) deposits. In the world and also in Tur-
key, the Upper Cretaceous and Lower-Middle Miocene had suitable conditions for the formation of residual deposits. Today,
while laterization continues in the tropical bell, actuallaterization does not occur in Turkey, for Turkey has no more tropical
conditions. On the other hand, the formation of these deposits is also related with tectonic evolution of Turkey. Therefore
certain parts of the Pontides where the first and intense orogenic movements occured should be expected to have laterizated
under the tropical conditions in the Cretaceous period. During the Lower-Middle Miocene this belt also had the similar cli-
matic conditions. Although the Anatolides and Torides may also be thought to have been affected by the tropical conditions
in the Cretaceous period the important role was of the conditions in the Lower-Middle Miocene. The Margin Folds, which
were affected by intense orogenic events at the end of the Miocene are not promising for the formation of laterile deposits. In
the formation of these deposits; hostrock; climate; topographic features; geomorphologic evolution have significant role.
However, there has not been enough information collected in the studies on laterile deposits in Turkey regarding the relation-
ship between the residual deposits and the peneplanation periods and thus the evolution that these deposits have gone
through is not known in detail. Therefore, besides the already available methods, the geomorphologic methods should also be
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considered, the evolution and relations with the geomorphologic systems should be determined, and the distribution of these
deposits should be mapped. It is clear that this type of studies will contribute to the prospection of the primary, secondary
and fossil laterite deposits.
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PETROGRAPHICAL STUDY OF THE ZINC-LEAD DEPOSITS IN THEBOLKARDAG (ULUKISLA-NIGDE)DISTRICT
Sedat TEM UR***

ABSTRACT— In the studied area, the ore are presented both by primary mineralizations which are composed of sulphide minerals and by
secondary mineralizations which are composed of oxide and carbonate minerals. In the primary mineralizations the main minerals are pyrite,
sphalerite and galena. Also there are pirrotite, arscnopyrite, chalcopyrite, argantite, pyrargirite, magnetite, fahlore, geocronite, freislebenite.
boumonite, marcasite, boulangerile, meneginite,skutlerudite, molybdenite, electrum, native Au and native Ag in minor ratios. In primary
ore, the common gangue minerals are quartz, calcite and dolomite. In minor ratios, there are barite, siderite, seriate, biotite, muscovite and
chlorite. The secondary minerals are smitsonite, anglesite, seruscite, hematite, lepidocrocite, amorph iron hydroxide, gothite, malachite,
azurite, hemimorphide and hydrozincite. The main mineralization which occurs within some representative minerals has been realized in
four period. These periods can be distinguished by the definitetexturaland structural features such as exsolution, inclusion, idiomorphism,
slit, metasomatose or by the appearance and absence of some minerals.



PETROLOGYOFTHEPLIOCENEVOLCANTCSAROUNDMUSSE,ANATOLIA

Ahmet TURKECAN*

ABSTRACT— This study has been carried out in the Mus region in southeast Anatolia. It covers particularly the petrography and geochem-
istry of the Pliocene aged volcanics in the region. In general volcanics are observed as plateau lavas having all properties of alkaline volcan-
ism. Sometimes peralkaline and tholeiitic volcanism can also be observes together with these alkaline volcanics. The major and trace ele-
ments of the volcanics show that they are indicative of an intracontinent. The radiometric datings showed that the volcanism which gave the
first products of neomagmatism started in the Early Pliocene.
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SHOSHONITIC, MONZONITIC PLUTON NEAR MURMANO, EASTERN CENTRAL TURKEY -
A PRELIMINARY NOTE

H.P. ZECK* and Taner UNLU**

ABSTRACT— The major and trace element composition of three series of samples from the Murmano pluton (Divrigi-Sivas), eastern cen-
tral Turkey, has been investigated in this study. Element distribution patterns as shown in variation diagrams favour the hypothesis that the
pluton has a composite character, consisting of a number of intrusive bodies, representing separate magma batches. Earlier geochronological
investigations suggest that the Murmano pluton postdates the ophiolite obduction in the area. Mineralogical criteria and the chemical data
presented here indicate that the rocks are I-type plutonic rocks which have many characteristics of the calc-alkaline rock series for which
current classification diagrams indicate an active subduction zone setting. High total alkalies versus SiO,, K,O versus SiO,, K,0/Na,O, Rb,
Ba, Al and Fe,0,/FeO, and low TiO, suggest that the pluton has a shoshonitic character.

INTRODUCTION

The Murmano pluton intrudes the ophiolites of the Inner Tauride suture zone, located between the Kirsehir and Tau-
ride blocks (Fig. 1), and postdates the ophiolite obduction (Zeck and Unlii, 1988a; 1988b). The pluton bears a composite

A N

LATE JURASSIC~ EARLY CRETACEQUS
iZMiR INNER TAURIDE SE

Fig. 1 - Geological sketch map showing the distribution of ophiolite complexes in Turkey. The cross section oulines the proposed plate
tectonic moded for the Late Jurassic-Early Cretaceous {Sengdr and Yilmaz, 1981; Goriir et al., 1984; Robertson and Dixon, 1984).
Circle indicates location of the ares investigated.

*  Geological Institute, University of Copenhagen, Denmark.

**  Ankara Universitesi, Fen Fakiiltesi, Jeoloji Miihendisligi Boliimii, Ankara- Turkey.
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character and at least two magma batches are thought to be involved. In a Nicolaysen diagram these magma batches define
parallel isochrons which indicate an intrusion age of 110+5 Ma (Zeck and Unlii, 1987). The initial ’Sr/*Sr ratios for these
two isochrons are 0.7069 and 0.7059, respectively, suggesting that two different magmatic sub-systems were involved. An
origin of these two magmas by fractional crystallization of the same starting magma seems unrealistic in view of the large
difference in initial "Sr/*Sr ratio between the two magmas. More feasible models for the origin of these magmas are, for
example, different degrees of crustal assimilation by the same starting magma, mixing of two magmas in different propor-
tions, various proportions of restite/melt mixing in an anatectic setting and anatexis of different source rock complexes. All
these models except the last would be expected to give rather simple variation diagrams determined by mixing lines between
two compositions.

The present paper focusses on the major and trace element geochemistry of the pluton and the interpretations in Zeck
and Unlii (1987,1988a, 1988b) are verified. The data obtained are used to characterize the plate tectonic setting of the rocks.
Chemical variations between the various sub-areas of the pluton are discussed with the aim to further constrain the choice of
possible petrogenetic models for the pluton.

GEOLOGICAL SETTING, FIELD RELATIONS AND PETROGRAPHY

The inner Tauride suture zone within which the Murmano pluton is located is characterized by the occurrence of
many ophiolite complexes (Fig. 1). The geological map of the area NNW of the town of Divrigi which contains the Murma-
no pluton was made by Kosal (1973). The ophiolite complex in the area studied appears dismembered, consisting mainly of
serpentinites. The Murmano pluton is intrusive into the serpentinites (Zeck and Unlii, 1988a; 1988b).

The Murmano pluton typically consists of massive rocks. An obscure flow foliation has only been observed locally.
Interpenetrative foliation or lineations of metamorphic-tectonic origin are absent. Modal compositions vary from quartz sye-
nitic through monzonitic to dioritic (plutonic rock classification and nomenclature is according to Streckeisen, 1976). Mon-
zonite is the predominant rock type in the composite pluton. Some petrography is given here; for more details see Zeck and
Unlii(1987).

The diorites occur mainly in the SW part of the pluton. The rocks are coarse-to medium-grained. Light grey, euhe-
dral-subhedral, 0.5-2 cm. large crystals of plagioclase dominate the hand specimen. Thin sections demonstrate the otherwise
obscure mega-crystic nature of the rocks and the presence of a flow foliation, both mainly supported by the plagioclase crys-
tals set in a mm-sized matrix consisting of plagioclase, biotite an clinopyroxene. Plagioclase typically has a composition of
Ang ,, K-feldspar is absent or forms a few rare crystals in the matrix. Biotite forms independent crystals within the plagio-
clase framework, but also forms crystals surrounding, and probably grown on, crystals of clinopyroxene and opaque materi-
al, and, together with amphibole these replace the clinopyroxene to some extent. The colour index is 30-40. LT alteration
products amount to 1-2 vol % of the rocks.

The monzonites are medium-to coarse-grained, have a massive structure and a greyish appearance, somewhat lighter
in colour than the diorites. Many of them have clinopyroxene and biotite as major mafic minerals, amphibole being present
as minor replacements of clinopyroxene. In others, hornblende (-like amphibole) is the dominant mineral, most sections en-
closing remnants of clinopyroxene. In many samples titanite is a rather important mafic mineral (1-2 vol %), rather than an
accessory. K-feldspar is perthitic and forms up to 2 cm. large poikilitic crystals enclosing all other components, namely
smaller euhedral plagioclase crystals. Plagioclase also forms larger, 1-2 cm. large crystals. LT alteration products form up to
c.l vol % of the rocks.

Within the coarse-to medium-grained, typically plutonic rocks which make up the bulk of the Murmano pluton, fine-
grained, in part porphyritic rocks were found which in many cases form dykes with sharp contacts towards the plutonic
rocks; in some cases the field relations are somewhat uncertain. Many of these fine-grained rocks show the same mineralogi-
cal relations as the plutonic rocks, indicating close genetic relations. Some others show a somewhat different mineralogy,
suggesting more complex genetic relations towards the monzonites-diorites.

The fine-grained rocks with a similar mineralogy as the monzonites-diorites comprise micro diorites, micro syenites,
and micro quartz syenites. Most rocks are porphyritic with a (very) fine-grained groundmass (f = 50-400 m m.) and pheno-



i'able 1- Chemileal composition, major and trace efements, of a sulle of rocks from the Murmano pluton,

l AREA "A" l AREA "C" I ' AREA "B'- I
| JAN | O I o |

% 85Z126 0952127 852128 857129 852130 852131 852132 852134 852138 852137 852138 652139 852140 852142 852143 BSZ150 B85Z151 852152 852153 857154 852155 B52156 852157 852158 852159

Si0, 52.72 51.55 47.45 60.73 56.44 66.33 60.19 63.01 63.06 63.66 62.65 64.51 64.19 6034 5958 6423 5959 60.07 59.91 50.99 68.00 59.69 60.20 §9.68 58.01

Tio, 1.05 0.71 0.99 0.52 0.76 0.42 0.80 0.58 0.58 0.54 0.55 0.52 0.52 0.79 0.85 0.54 1.07 0.98 0.82 1.00 0.35 0.99 0.95 1.10 1.07
ALO, 18.92 16.43 18.44 17.04 18.66 15.96 17.41 16,73 17.01 16.51 16.84 16.80 186.67 17.00 17.08 1860 1757 1795 18.17 18.71 15.86 17.60 17.40 17.1 17.57
Fe,0, 1.88 1.28 2.83 0.34 0.78 0.36 0.47 1.23 1.21 1.59 1.65 1.38 1.38 1.01 1.70 1.33 225 0.40 1.82 0.44 0.80 1.99 1.81 052 2.20
FeO 442 332 5.09 0.52 1.22 039 1.0 237 248 217 233 226 214 3.63 34 1.80 258 1.22 21¢ 2% 0.85 205 2.04 1.29 2.64
MnO 0.11 0.10 0.14 0.03 0.04 0.02 0.05 0.06 0.06 0.07 0.06 0.66 0.66 0.09 0.09 0.08 0.06 0,05 0.04 0.06 0.02 0.04 0.05 0.05 0.05
MgO 3.66 6.06 6.88 1.56 3.52 0.76 2.33 1.67 1.67 1.58 1.70 1.49 1.51 2.18 236 1.58 1.97 1.9 1.47 4.70 0.50 1.85 1.84 2,03 2.08
Cal 7.40 13.88 11.29 420 8.19 234 6.12 3N 373 3.39 3.63 .27 346 429 472 355 420 8.29 4.04 13.90 224 459 4,44 6.48 4.69
Na,O 4.40 3.19 2.9 254 6.22 4.15 450 462 458 442 4.67 4.56 455 457 438 447 480 5.08 5.23 $.07 417 5.02 4.9 4.97 5.02
KO 3.28 1.49 2.09 2.90 1.01 7.09 581 479 461 4.7 4.4 4.74 457 4,65 4.66 4N 5.09 497 4.90 0.78 6.39 4,87 5.09 4.90 4.91
PO, 0.46 0.69 0.45 0.20 0.26 0.21 0.3 0.24 0.25 0.23 0.24 0.22 0.23 0.30 0.34 0.23 0.34 0.33 0.27 0.33 0.16 0.35 0.33 0.37 0.36
LOI 1.03 0.98 1.18 2.08 246 1.16 0.57 0.67 0.69 0.47 0.66 0.57 0.54 0.72 0.60 0.46 0.49 0.38 0.44 289 0.23 0.41 0.36 0.33 0.51
TOT 99.33 99.66 99.79 99.63 99,56 99.19 99.61 99.68 99.91 99.34 9939 10098 10042 99.55 9968 9964 10001 99.63 99.10 99.26 89.57 99.55 99.42 99.41 100.09
m
.ER%_ 97 43 108 286 a 208 141 189 171 73 157 193 177 160 184 159 154 117 134 29 189 133 143 134 141
Ba 1200 541 1636 1536 248 1042 1107 972 970 886 944 837 920 1053 Ho1 929 1355 1188 1296 122 757 1349 1408 1266 1237
Pb 8 7 1 1 S 5 7 8 9 5 7 8 7 5 6 5 1 9 7 34 8 3 8 6 7
Sr 555 678 966 242 425 185 346 340 351 323 337 332 334 338 390 328 352 as2 37 ar2 207 356 363 375 364
La 32 51 20 36 19 26 38 57 39 4 42 41 49 a2 61 39 N 57 52 23 63 40 1 47 48
Ce 61 70 43 43 4 41 66 66 67 64 73 67 84 60 n 64 58 92 59 47 és 81 68 Al 61
Nd 27 35 20 21 22 18 29 27 34 28 29 27 25 29 34 28 27 33 28 24 28 29 3 29 0
Y 23 30 19 25 23 24 27 24 33 26 23 2 25 24 30 25 27 29 25 25 28 30 29 30 28
Th B 8 4 26 23 24 15 20 20 24 21 23 23 14 22 21 21 23 16 12 43 23 2 18 17
Zr 115 103 57 22 208 190 204 200 183 218 200 206 216 266 289 200 22 238 189 146 282 223 202 239 237
Nb 24 9.8 20 27 32 23 25 P4 29 2e 25 27 28 27 28 25 29 27 30 15 a0 29 28 30 30
Zn 72 # 7% 1 7 1 6 12 17 14 18 14 11 19 24 6 8 17 11 107 1 3 9 2 9
Cu 16 5 24 2 8 3 4 2 4 2 2 2 2 2 2 2 2 3 12 22 2 2 2 2 2
Co 47 50 42 34 23 51 42 52 50 66 &0 68 73 64 57 68 43 75 60 48 96 58 54 58 83
Ni ag 59 114 32 30 18 30 17 22 17 15 i7 18 23 25 16 14 14 14 9 14 18 15 18 13
Sc¢ 11 26 19 5 L} 4 7 8 8 7 9 7 6 8 8 8 10 7 8 13 5 9 10 7 9
v 130 k4l 230 30 43 25 65 56 56 50 83 48 49 80 B2 $1 82 84 64 126 18 81 7 80 85
Cr 75 154 288 13 10 9 31 20 21 18 21 17 17 35 3 19 17 14 13 22 1 18 18 20 19
Ga 19 13 15 17 12 17 17 15 19 20 15 16 17 17 16 18 18 17 18 18 16 19 16 19 19
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crysts of plagiodase, K-feldspar and amphibole, which latter may have replaced earlier magmatic clinopyroxene. LT dtera
tion products are more abundant than in the monzonites-diorites, amounting to ¢.3-5 vol %. Some more even-grained micro
quartz syenites occur and these are very similar to the monzonites.

Of the rocks with deviating mineralogy, two types were recognized. Micro-dioritic rocks with kersantitic character,
showing grain sizes of 0.1-3 mm, consst mainly of plagioclase, clinopyroxene, biotite and opaque material. Some alivine oc-
curs and the colour index is c. 45, mainly due to c. 25 vol % of biotite. The ateration products amount to c. 2 vol % of the
rock. Scapolite-rich rocks were found in clear cut, 0.5-1 m wide dyke bodies. The rocks consst of ¢. 50 vol % of scapalite,
forming a poikiloblastic matrix enclosing al other components of the rock (clinopyroxene, 30-35 vol %, plagiodase, ¢. 15
vol %, titanite, amphibole, bictite, carbonate, and chlorite). The rocks are interpreted as sub-volcanic dykes, the glassy or
very fine-grained groundmass of which has been completely replaced by scapolite (Zeck and Unl i, 1987).

GEOCHEMISTRY

Magjor element analyses were made by X-ray fluorescence analysis of glass discs prepared with a sodium tetraboraie
flux, except for Naand Mg which were analysed by atomic absorption and voltiles which were obtained aslass on ignition.

Trace elements were analysed directly on pressed powder pellets by X-ray fluorescence using a Philips PW 1400 and
the techniques of Norrish and Chappell (1977). Results were corrected for background interference from tube and sample
spectra lines, and for matrix variation (using the major element composition). USGS Standards (G-2, GSP-1, AGV-1, W-,
BCR-1, PCC-1) were used for caibration (Gladney et d., 1983).

The results of the andlyses are presented in Table 1, and anumber of variation diagrams. Figs. 3-11.
INTERPRETATION AND DISCUSSIONS

A crucid element in the interpretation of the Rb-Sr isotopic systematics of the pluton is the observed composite char-
acter of the intrusive body (Zeckrand Unlii, 1987). This suggestion was based on the study of Rb-Sr isotopic relaions in two
restricted aress, 3-4 km apart (Fig. 2). In the present paper anew series of samples is introduced, consisting of 9 samples col-
lected dong the main road, c. 2-3 km SE of the village of Murmano. The areaiin the south-western part of the body will be
referred to asarea"A", that in the southern part as area"B" and thenew areadong theroad asarea"C".

A number of sdected chemical components have been plotted for these three sample series. In the sdlection of these
components emphasis has been placed on relatively immobile components. The distribution of these components may be ex-
pected to give an indication of the original, magmatic relations within the intrusive body. These components will not have
been affected, or only to alimited degree, by the post magmatic aterations which were observed in the rocks.

Two major components, TiO, and MgO, were plotted in Harker diagrams. The two diagrams (Fig. 3ab) show rather
different relations. TiO, shows a separate trend and distribution for area A compared to the other two aress. Areas B and C
show the same trend, but the distribution along the trend is different. Considering that the rocks of these two sample series
show avery similar mineralogy, indicating a similar level of differentiation, this suggests that dso these two sample series
may represent different magmatic material. Note the position of sample 852154, a heavily scapolitized rock (Zeck and Unli,
1987). Apparently the scapolitization processinvolved a Considerableloss of SIO..

MgO shows awell defined common trend for all three sample series. This diagram on its own merit could explain the
rocks in the pluton as members of the same differentiation series. The difference between the three series hereis mainly one
of different distribution along the same trend. The position of the scapolitized sample may suggest that a considerable in-
crease in the MgO percentage has taken place, combined with a S O, decrease.

Sr shows arather well defined trend (Fig. 3c), when the scapolitized sample is disregarded. In detail, the three areas
might possbly define three paralle trends, with C defining the highest, B the intermediate and A the lowest in the S-S O,
diagram. Scapolitization seemsnot to affect the Sr content.
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Fig. 2 - Geological map of the area containing the Murmano p|l:.liﬂ'l. Kogal (1573).

Y shows rather complex relations (Fig. 3d). The samples from area A show adistribution which is different from that
from the other two aress. Areas B and C show similar patterns. Scapolitization seems to involve adecrease in Y content. The
relations for Zr (Fig. 3¢) and Nb (Fig. 3f) conform to those for Y.

Ni and Sc show very similar behaviour (Figs. 3g, h). Area A shows clear differences from the other two aress. Aress
B and C show considerable similarity. Scapolitization seems hardly to affect Ni and may involve a dlight increese in Sc com-
bined with a decrease in SO2.

K/Rb ratio distribution versus SO, (Fig. 4) shows clear differences between the three areas. The Scapolitization
seams to involve a decresse of K/Rb combined with a decrease in SO2.

Rb/Sr relations (Fig. 5) show systematic differences between the three aress. Scapolitization resulted in a strong
Rb depletion, whereas Sr seems hardly affected (Fig. 3c).
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The geochemica relations discussed above seem to indicate that there is a clear difference between area A on the
one hand and B and C on the other. The differences between B and C are less well defined, but in some of the diagrams,
for example K/RDb, differences are suggested. The conclusion on the basis of the available data therefore would be that the
hypothesis, that the Murmano pluton consists of a number of separate intrusive pheses which represent different batches
of magma, is confirmed by the major and trace element geochemistry.

The geochemical character of the intrusion as a whole gives valuable information about its plate tectonic setting.
Fig. 6 shows the distribution of 25 samples plotted in the AFM diagram. The pattern is indicative for a cac-akaine ser-

FQ.O. + Fe O

Tholeiite Series

Caic -alkaline Series

M ")

Mg0

ﬂ..o + K0
Fig. 6 - AMF disgram. Dividing Line after Irvine and Baragar (1971). Signawres as in Fig.3.

ies related to lithosphere subduction (Irvine and Baragar, 1971). Figs. 7a and b support the non-tholeiitic, cac-adkaine na
ture of the pluton. Earlier investigations (Bayhan, 1980; Bayhan and Baysa, 1982) have indeed classfied the Dumluca
pluton. which is located only c¢.1.5 km SW of the Murmano pluton, as calc-akaine. However, a number of discrimination
diagram plots and other geochemica criteria seem to indicate a shoshonitic character for the Murmano pluton studied
here. The (Na,O+K,0) versus SO, diagram (Irvine and Baragar. 1971; Morrison, 1980), see Fig. 8, suggests a shoshoni-
tic or akaline rather than a calc-akaline nature. The K,O versus SO, diagram (Peccerillo and Taylor, 1976; Morrison,
1980; Rickwood. 1989). s Fig. 9. suggests a shoshonitic rather than a calc-alkaline character. The MgO versus FeO* di-
agram, see Fig. 10, suggests a shoshonitic rather than a calc-akaline or akaline nature for the rock complex. It is noted
that this latter diagram demonstrates that the Murmano rock series is decidedly poorer in FeO* than the rocks compiled by
Morrison (1980).

The mgjority of the samples have a SO, content within the range for andesites. With some reservations for the
plutonic character of the Murmano rock series, we could therefore apply the criteria given by Bailey (1981) to discrimi-
nate between three erogenic settings: oceanic idand arc, continental idand arc and andean. Eleven of our samples (Table
1) have a SO, content between 59.00 and 62.00, which represents the andesite screening window preferred by Bailey
(1981). For these samples K,;O/Na,O ranges from 094 to 1.06 (not counting two outliers at 1.29 and 3.90) with a mean
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value of 1.(X). which conforms to the value given for shoshonitic andesites. Rb content is high (ranging from 117 to 184
ppm. with a mean value of 144 ppm). and also Ba content is high (ranging from 1053 to 1536, with a mean value of 1263
ppm). which aso is in agreement with a shoshonitic character. Sr on the other hand is rather lower (range 338-390, mean
358 ppm). than suggested by Bailey (1981).

A continental island arc setting is suggested by 1) P/La values ranging from 23 to 48, with a mean value of 33, 2) K/
La values ranging from 634 to 1363, with a mean of 975, and 3) Zr/Y values ranging from 6.97 to 11.08, with a mean of
8.39. Th contents ranging from 14 to 26, with a mean of 20 ppm. and Ni contents ranging from 13 to 32. with a mean of 20
ppm favour an Andean or continental island arc setting, in that order. La/Y values ranging from 1.15 to 208. with a mean
value of 1.58 favour an oceanic or continental island arc environment, in that order. It may be concluded that the trace cle-
ment content seems to favour a continental island arc setting.

Also for granitic rocks geochemical distribution diagrams have been calibrated in order to discriminate between
rocks from different geotectonic settings, e.g.. Didier and Lameyre (1969), Chappell and White (1974), Pitcher (1983) and
Pearce el al (1984). The diagrams given by Pearce et al. (1984) employ Y. Nb. Rb and SiO, contents to discriminate be-
tween granitic rocks from within plate settings (WPG), ocean ridge settings (ORG) collision settings (COLG) and volcanic
arcs (VAG). The Murniano plutonic rocks consistently plot in the VAG field (Fig. 11a-d). in agreement with the continental
island are setting suggested above.

Another system of discriminating between different granitic rock types on the basis of their plate tectonic setting,
employs 5 different, types of granitic material. The M-type includes the rare plagiogranites of oceanic island arcs. The
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lo-type (Cordilleran type) is transitiona to the M-type and comprises the voluminous gabbro/quartzdiorite/tonalite assem-
blage of active continental plate edges. Thel.,-type (Caledonian type) is different from the Cordilleran type; it represents the
granodiorite/granile series of post-orogenic uplift regimes. Clearly separate is the S-type series which incorporates the pera-
luminous granite assemblage of eucratonic and continental-collision fold belts. Also rather well defined is the so-cdled A-
type (Loiselle and Wones. 1979). which comprises the alcalic granites of both the stabilized fold belts and rifting systems of
cratonic aress.

A number of chemical andmineralogical criteriahave been put forward to differentiate between the various types of
granitic rocks. A major mineralogical criterion is given by the nature of the mafic minerals. In the Murmano pluton, clino-
pyroxene, hornblende andbictitcearethe major mafic minerals. Thisis common in M-and |-series, and seems to rule out the
S-and A-types, which show muscovitc, brown-red biotite, garnet and cordierite, and green hiotite, alkali amphiboles and py-
roxenes, respectively. The widespread occurrence oftitanitefavours the I-type over M-typeand | ..-type .

Isotope geochemistry data, such as the initial ¥Sr/®Sr ratio can aso be used to characterize the plate tectonic setting.
Initial ¥Sr/%Sr ratios for the Murmano pluton are between 0.7059 and 0.7069. These values seem to rule out an M-
typification for which values < 0.704 are given. For |- and |-types, values of <0.706, and 0.705< <0.709 are given, re-
spectively (Pitcher, 1983). The Murmano values seems to fit the 1, range best.

It is of specid interest to note that on the basis of a global compilation, porphyry Cu and Mo mineralisations are
connected to this type of granitic rocks. However, in the case of the granitic rocks in the Inner Tauride suture zone, this
seems not to have been redlized. A specia investigation to ascertain this agpect seems warranted.
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CONCLUSIONS

The concluson of the present investigation is that the Murmano pluton is a composte pluton of predominantly
monzonitic character. Current literature classifies the closely related Dumluca pluton, located only 15 km from the Mur-
mano pluton, as calc-adkaline (Bayhan, 1980; Bayhan and Baysal, 1982). A large number of geochemicd classification di-
agrams suggest a shoshonitic character for the Murmano pluton.

Geochemical plate tectonic discrimination diagrams and other geochemical and minerdogical criteria suggest that
the magmatic material from the Murmano pluton has an |I-type character and was formed in a continental idand arc envi-
ronment, in connection with an active subduction zone. The geological information (Zeck and Unlii, 1988 1988h) sug-
gedts that the subduction took place in the same genera period, during which the ophiolite complexes were obducted. As
aresult the subduction related magmeas intruded into the obducted ophiolite series.
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PETROLOGY OF AKCATAS GRANITE (NEVSEHIR) IN THE MIDDLE ANATOLIAN MASSIVE
S.Nihal AYDIN**

ABSTRACT— Akgatas granite is located in the northwest of Nevsehir. Granites, orthodase granites, orthoclase granite with oligoclase, gra-
nodiorites, quartzdiorites, diorite (albitized), syenites, monzonites, quartzmonzonite, monzodiorite and altered plutonic rocks (granites and/
or orthoclase granites) are identified in pluton. The enclaves are sparsely observed in granites and granodiorites. Abyssal rocks are deter-
mined as granite aplite, granite porphyre, diorite porphyrite (albitized). Field and microscobik studies show that magma has become differ-
entiated twice, has generally assimilated the pieces of adjacent sedimentary rocks, intruded not deeper than the top level of the mesozone,
genesis of enclaves are identical with plutonic rocks and hydrothermal stage was effective.
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THE DISCUSSION OF SCHRODINGER WAVE EQUATION ON THE CONCEPT OF POINT MASS
PAIRS

Sirrt KAVLAKOGLU *

ABSTRACT— As it is known, the light emission has both of wave and quantum nature. Because of the latter, it can be handled as a point
mass in the case of necessity. The wave properties of the light are investigated by Maxwell wave equations and the point mass properties by
Schrodinger wave equation. The purpose of the paper is to show that these two properties of the light can be treated by a single equation sys-
tem. To realize this aim, "Extended Maxwell Equation System" is proposed and it is shown that, this system, under acceptable limitations,
comprises both electromagnetic wave equations and the scalar wave equation from which Schrédinger wave equation can be derived. Thus it
is revealed that the symetry which is present between electric field vector and magnetic field vector in the "Extended Maxwell Equation Sys-
tem", also exists between wave front surface normals of y and ¢ of two scalar Schrédinger wave eguation. Since, the coefficients of
Schrodinger wave equation pair can be different, it is possible to assume the existence of two different mass points, associated to these two
wave front surface which arc perpendicular to each other.

INTRODUCTION

Maxwell equation system provides most effective means to investigate the electromagnetic fields (Straton, 1941).
The investigation of the electromagnetic wave properties of the light could be done with these equations (Bateman, 1955).

But, the direct investigation of the "light-quantum" properties of the light cannot be done with Maxwell equation sys-
tems. Only, after introducing the concepts of singular points, singular curves, the investigation of the electron model of the
light is done with Maxwell equation systems (Bateman, 1955).

As it is known, "pointmass-wave" properties of the light are investigated by using Schrddinger "wave-equation"
(Sommerfeld. 1928).

Events of the light comprise of "pointmass-wave" events as well as electromagnetic wave events. Therefore, it is
thought to be interesting to investigate all the events of light within the framework of one equation system. Maxwell equa-
tion system is considered a good approach to realise this aim.

As the first step, it has been shown that Maxwell equation system's can be extented by using Helmholtz theorem
(Phillips, 1933). Secondly, it has been shown that scalar wave function of the extension term, satisfies Schrodinger wave
equation. Since the coefficients of Schrédinger equation pair can have different values, there must be two point mass, differ-
ing from each other, connected to two orthogonal surfaces. Therefore, in any light emission event, point mass pair concept
has to be a concept which should be considered seriously.

Thus, it has become possible to investigate an electromagnetic wave event together with the associated pointmass-
wave event by using proposed extented Maxwell equation system. In this way , it has been proved triadl Maxwell symetry be-
tween electric field intensity vector and magnetic field intensity vector exist, aso, exists between the wave surface normals
of y and ¢ ofthe scalar wave equations of the system.

Therefore a concept of seperate pointmassrelatedto the two orthogonal surface,y and ¢ may be accepted.
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THEORY
EXTENDED MAXWELL EQUATION SYSTEM

Maxwell equation system (Bateman, 1955) is:

1 oH
VXE=2« — — VH=0
C (1)
1 2B
VXH= — — V.E =0
C 2t
E vector of electric field intensity
H : vector of magnetic field intensity
C velocity of light
t time

E and H are assumed as

E=Ey(x,y.2)c 1O @)
H=H,(x y. 2)ec 10t

Here, (w) is angular velocity, (x,y,z) are cartesion coordinates. According to Hclmoltz theorem, a vector F can be ex
pressed as the sum of one selonoidal and one irrotalional vectors as:

F=-W+ UXA ' (3)
Scalar () and vectorial (A) functions arc the functions of time as.

W=, (xy. 2)c o A=A, (x, v ?.)\':i(""l

Mathematically, according to the Helmoltztheorem, the following equation of

1 oE
—_— e =VXH
C ot

can be written as

1 JE
— — =~VyVXH 4)
C
OrF 4%
1 9 C
— —(E-i — Vy) = VXH 5
C ot W

Let's assume

C
$5=E-i— W
w



SCHRODINGER WAVE EQUATION

Under this situation, a modified, mathematically extented for of Maxwell equation system (1) is defined as

1 &H
VX8 =-—= - V.H=0

C at {6)
1 a8

VXH = — — Vs =¢

C o
In the paper, the Equation system (6) is called "Extented Maxwell Equalion System”.

PHYSICAL MEANING MAXWELL EQUATION SYSTEM

The following wave equations, can be written easily, from equations (6), as

1 ¥
VS -t
C at
@
1 PH
V2H - — — =0
c? a2
From them
@l
V25, +—— $o=0 (8)
C 2
@?
V2Hy+—— Hy=0 %
c?
differential equations can be wntien.
Since
C
So=Ey- i— V¥,
w

(Eq. ¥, arc recl), and substituting it in (8), it is got

C o? o?
V2 (Eg- i—Vyp) + — | V2Vt — V] =0
o c? c?

By scparating reel and imaginary terms in this equation the following differential equation is got.

, 02 C ) I':'..'2
VE"*FI Eg-i— [V3(Vyy ey Vy) =0 (10)
0

To find the solution, these are writlen as

w?

V2E,+— E,=0
CZ
mz

L Vyy+ -E—ZV‘PO= o

are writien,
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Therefore the solution of the equation system (6), is reduced to the solution of the following three differential equa-

tions.
mz
ViE+ — E=0 a1
Cz
mz
VIH+ — =0 an
C2
mz
V(W) + — Vg =0 (13)
CZ

Equation (13) is the part of the "Extented Maxwell Equation Eystem".

Because of (11) and (12) equations, (1) and (6) equations systems have all the properties of the electromagnetic wave
propagation. Additionally, (6) equation system contains a scalar ({) function.
To reveal the properties of (V), (13) differential equation is written as:

2
()

V(Viy+ — gy )=0
C2

From this,

o?

Vigs — g =1
CZ

{ 1) is an integration constant.

The latier equation can alsa be wrilten as:

Vzw(i--L-)wo (14)
c? v

Let's assume 120 and,

(1)2 ! (r)z
c? v a? (15

(16)
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"a" is the phase velocity and because of (15), it is the function of posilion,
W C
Letspot — = k,— =n andk=lpn
a a
Here, (k) is wave number, (n) is the refraciive index of the space.
Then, the equation (16) becomes as,
VZy +nlkly=0 an
To investigaic the propertics (n?), Jet's assume
y=B ek T

where (B) and (T) arc the luncuions of (x,y,2) cariesian coordinates. In this case
ar |2 ar |2 ar
(-BT ) + ('g_) + (

2
— ) =ar
This is Hamillon dilferential equation (Sommerfeld, 1928).

Here AT, = n?
On the other hand, AT, is
ATI = 2m| c-U(x.y.2)|
Here, m, point mass; ¢, energy constant and U is potential energy.
‘Then differential equation becomes,
V2 + 2m (e-U) k2 y=0

or

Viy +2m(c-U)( n )zw =0
h

where (h) is Planck's constant (Sommerfeld, 1928). This is the well-known Schrédinger's wave eguation.
As, it has been shown, the () function in the equation (6) justifies Schrédinger wave equation.

Therefore, it becomes possible to investigate all the light events comprising of wave, pointmass-wave characteristics
of thelight, by using "Extended M axwell Equation System".

1 dH
On the other hand, if the similar operations are done in the — — field, one wave front () function orthogonal

C &
to wave front function () will be specified. Consequently, it will be possible to infer the presence of two different mass
points associated with these functions.

Manuxcript received May 11, 1990



64 Sirrt KAVLAKOGLU

REFERENCES

Bateman, H.,1955, The Mathematical Analysis of Electrical and Optical Wave-Motion: Cambridge University Press.
Phillips, H.B., 1933. Vector Analysis: Cambridge.
Sommerfeld, A., 1928, Wave Mechanics: E.P. Button and Company Inc., New-York.

Straton, J.A., 1941, Elektromagnetik theory: McGraw-Hill Book Company, Inc., New York.



REMOVALOF ELECTROMAGNETIC COUPLING EFFECT FROM IPPHASE DATA
ilyas CAGLAR***

ABSTRACT— Since the electromagnetic (EM) coupling effect causes spurious anomalies on induced polarization (IP) pseudo-section phase
data collected over metallic sulphide mineralization area, it is difficult to evaluate and to interpret as truely of these data. Coupling removal
process by dividing (DAKG) IP pseudo-section data has been developed for to remove this effect on raw phase data. In this process theoreti-
cal earth model considered as has continuously varying conductivity. Apparent resistivity and EM coupling computations have been made
by using mathematical expressions based on this earth model. DAKG process is applied to the real IP phase field data given by recent works
in which used the "Quadratic Extrapolation" (QE) and "Complex Resistivity Interactive” (CRI) techniques. The extension of mineralization
zone, is described as agrees with the results of QE and CRI techniques by interpreting of pseudo-section decoupled phase data obtained from
DAKG process. Hence, it is seen that the DAKG was an useful process like QE and CRI on removing of EM coupling.
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CIDEINA, A NEW FORAMINIFERAL GENUS FROM THE MAASTRICHTIAN LIMESTONE OF
THE CIDE REGION (NORTH TURKEY)

Erciiment SIREL*

ABSTRACT. - In 1973,a discoidal foraminifera was described and figured as Cuvillierina sézerii by the present author from the Maastrich-
tian of Cide region, NE of Zonguldak, Northern Turkey. In this paper, Cuvillierina sozerii is reviewed on well preserved and abundant ma-
terials of this species from the type locality. In the light of the obtained new generic features, C. sézerii is transfered to the genus Cideina n.
gen., as well as the complex rotaliid genus Cideina with orbitoidal character is described, figured and discussed. Key words: Systematic, Fo-
raminifera (Lepidorbitoididae), Maastrichtian, Turkey (Cide, NE of Zonguldak).

INTRODUCTION

In this paper, the stratigraphy of the Cide region (Fig. 1,2) and the description of Cideina n. gen. (type species Cuvil-
lierina sozerii Sirel, 1973) from the same area have been presented.

The first paleontological study on the larger Upper Cretaceous foraminiferas was carried out by Ami (1932) from the
Eregli region, SW of Zonguldak, W Black Sea. A new species of Siderolites as Siderolites heracleae was reported by Ami
from the Kepeskoy tepe, 6 km. east of Eregli, of the Upper Turonian to Middle Campanian. However, Ami's species could be
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Fig. 1 - Geological map of Cide region (mapped by §.Uysal; B.Erdogan and F.5aroflu).
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Fig.2- The section measured from the 1ype locality of the Cideing n.gen.

identical with Pseudosiderolites vidali ( Douville). Unfortunately, it was not reported any paleontological study on the larger
foraminiferas of the investigated area until 1973. In 1973, the discoidal foraminifera from the Maastrichtian of the Cide re-
gion was described and figured as Cuvillierina sozerii by Sirel and this species is retained in genus Cuvillierina on the basis
of its coiling and external omemantation. The recent study on-this discoidal complex foraminifera from the specimens col-
lected from the same locality following second visit by the author, have shown that observed new remarkable orbitoidal char-
acters are present. In the light of the new diagnostic characters, Cuvillierina sozerii was transfered to the genus Cideina n.

gen..
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Due to the hardness of the studied samples. It was not possible to obtain free individuals. The present study is based
only on selected random thin sections.

All the thin sections bearing this new foraminiferal genus figured in this paper are deposited at the Museum d' His-
toire naturelle, Geneva, Switzerland.

STRATIGRAPHY

A project on the Northern Anatolian Fault zone was carried out during 1970-71 by the Geological Mapping Depart-
ment of the Mineral Research and Exploration Institute of Turkey. The geological map (1:50 000 scale) of the Cide-
Kurucas.ile region was made and the several new lithostratigraphic units were established by Akyol et al. (1974) from the
West Black Sea region. Mesozoic-Tertiary biostratigraphy of the Cide area was investigated as a part of this project by the
present author (Sirel, 1973).

In the Cide region, the following lithostratigraphic units of the Aptian-Albian, Coniacian-Santonian, Campanian-
Maastrichtian, Maasthchtian-Danian, Paleocene (Thanetian-Ilerdian?) and Eocene (Cuisian) ages crop out (Fig.l). They
were named by Akyol et al (1974).

Ulus formation (CS)

This formation is composed of siltstone, alternating sandy shale, rare sandy limestone intercalations near basal parts;
alternation of calcareous claystone and sandstone is dominant between Kurucasile and Cide town. It is very thick, about 3000
m in places. It contains Hypacanthoplites aff. jacobi (Collet), Procheloniceras cf. amadei ( Hohenegger). Aptian-Albian ages
are designated by this fauna.

Kurucasile formation

This unit is most widespread in the Black Sea region and composed of the following seven members: Caydere clayey
limestone member, Baldiran tuffite member, Songet limestone member, Unaz limestone member, YenicekOy tuffit member,
Cambu agglomerate-lava Member and Kumbos Tuffite-calcareous shale member. The following two members of the Kuru-
cas.ile Fm. crop out in the Cide region.

Yenicekoy tuffite member (CTSL). Basaltic tuffalternating with tuffite, both gray-green to brown-green; rare interca-
lations of thinly bedded, light purple, pink, silicified limestone. Thickness varies very much, 780 m. thickness measured. The
unit contains Dicarinella concavata (Brotzen), Marginotruncana coranata (Bolli) designate Coniacian- Santonian.

Unaz limestone member (CL)._ This member composed of clayey limestone, mostly pink, rarely green thin bedded,
rare intercalations of tuffite and sandstone, avarage thickness of the member is 140 m. From the lower part of the member
the following foraminiferas have been obtained indicating Campanian age: Globolruncanita elevata (Brotzen) and Globot-
runcana linneiana (d'Otbigny). The upper part of the unit yielded the following globotruncanid species indicating Campani-
an-Maastrichtian: Globotruncana area (Cushman) and Globolruncana rozetta (Carsey).

Hisarkoy formation (CLT)

The unit is composed of light gray limestone, thick bedded; green and dark red siltstone, thin bedded tuffit intercala-
tions mainly in the upper part; to the eastern part; pebbly appearance due to the large-sized intraclasts; chert nodules in the
upper part. The examined limestone with new genus Cideina described in this paper yielded the following associations of the
foraminifcral species indicating an Upper Maastrichtian age: Siderolites calcitrapoides Lamarck, Sirtina orbitoidiformis
Bronnimann & Wirz, Omphalocyclus macroporus (Lamarck), Hellenocyclina beotica Reichel, Lepidorbitoides sp., Orbi-
toides sp., Navarella sp., Globotruncanita stuarti (De Lapparent), Rosita contusa (Cushman). The formation continues up-
ward conformably with clayey limestone beds containing primitive globorotaliid species : Morozovella pseudobulloides
(Plummer), Globigerina triloculinoides Plummer. According to these foraminiferal species, Danian age has been assumed
for the Upper part of the Hisarkoy formation.
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Akgliney formation (PL)

The formation is composed of thinly bedded clayey limestone intercalations; Planirotalites pseudomenardii (Bolli),
Morozovella cf. angulata (White), Cuvillierina sireli Inan, Miscellanea sp., designate Thanetian age. The following forami-
niferal species have been found in the upper part of the formation: Nummulites sp., Discocyclina sp., according to these spe-
cies, Ilerdian? age has been assumed for the upper part of the unit. This unit overlies uncomformably Hisarkdy formation.

Cide formation (ELS, EC, ET, ECL)

This unit is composed of limestone, shale, claystone, tuffit and limy claystone; Nummulites burdigalensis (de la
Hame), Discocyclina sp. indicate Cuisian age for the unit.

SYSTEMATIC DESCRIPTION

Order . Foraminiferida Eichwald, 1830
Superfamily . Orbitoidacea Schwager, 18/6
Family . Lepidorbitoididae Vaughan, 1933
Genus . Cideina n.gen.

Type species 1 Cuvillierina. sozerii Sirel, 1973

Derivation of name: Cide, a town in the west Black Sea region, N Turkey.

Diagnosis : Test large, discoidal to low conical with broadly rounded peripheral margin, small sized spherical proto-
conch followed by few whorls of trochospirally arranged small chambers of early stage, later nearly planispiral and involute
with rapidly expanding whorl, test wall calcareous, finely perforate of radially fibrous calcite during the early ontogeny, be-
ing calcareous, coarsely perforate in the late ontogeny; weakly thickened pillars extending from the early chambers to the
umbilical side of the test, between pillars there appear to be thin umbilical vertical canals; the dorsal side covered by four,
may be more, layers of lateral chambers interspersed by relatively thin pillars, lateral chambers connect with each other by
primitive stolons; septal flap well developed and enclosing intraseptal canals, divergent canals and vacuoles present over
chambers of outer whorl, dimorphism not observed.

Cideina soezerii (Sirel), 1973
(Plate I, fig. 1-12, Plate 11, fig. 1-9)
1973 Cuvillierina sézerii Sirel, p. 69, Plate 1, fig. 1-6; Plate II, fig. 1-4.
Holotype: Nearly axial section (89-09), illustrated by Plate I, fig. 9.
Depository: Holotype and figured types are deposited at the Museum d'Histoire Naturelle, Geneva, Switzerland.
Material: 52 specimens in random sections, exclusively from the type locality.
Type locality: Cide town, NE of Zonguldak, N Turkey.
Type level: Upper Maastrichtian.
DESCRIPTION

Test is free, discoidal, to low conical; periphery is broadly rounded; the central part of the discoidal shell is slightly
inflated compared to the periphery of the test (Plate I, fig. 1, 2, 5, 6, 8, 9). The test wall is calcareous, finely perforated of ra-
dially fibrous calcite in early stage, becoming calcareous, coarsely perforated with large vacuoles in the last spiral (Plate I,
fig. 1,2, 5, 6, 8, 9,11; Plate n, fig. 1, 5, 7, 8). The superficial sections clearly shows that both sides of the shell are covered
by reticulate ornemantations related to divergent canals (Plate [; fig. 12).

Dimensions.- Eight typical specimens have the following measurements.
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Tablel
Specimens Shape and Diameter Thickness of Thickness of | Diameter of the | Nwnber of the Number of
diameter of {rmm) central part periphery early stage early stage adult chambers
protoculus (mm) (memt) (mm} chambers
8901 - 3.00 0.60 0.38-0.55 112 - -
8905 - 2.00 0.62 0.42-0.48 0.62 - -
8909 . .67 0.67 0.40-0.50 0.99 - -
§0-11 . - Q.73 - 0.65 - R
8913 S0u 1.80 - - 0.70 24-25 14
89-16 p 3.00 - - 0.72 i) 12
89-17 - 2.05 - - 0.45 - 13
89-18 5 2.09 - - 0.85 2830 -

Internal characters. - In the course of the ontogeny the early involute asymetric spiral (trochospiral coiling) is fol-
lowed by completely planispiral involute, thickened adult spiral with complex structure related to canal system and vacuoles
(Plate I, fig. 1,2, 5, 8, 9,11). The monolocular spheric embryo is enveloped by 23-30 small chambers of the early ontogeny
(Plate I, fig. 1-6, 8-11). The weakly thickened conical pillars are extending from the trochospiral chambers to the surface of
the test indicating the ventral side of the shell; there are thin vertical canals between the pillars (Plate I, fig.1, 3, 9, 11). The
sizes of the trochospiral early chambers gradually increase from the first whorl to the last one (Plate II, fig. 1-8). Later mature
chambers are very different in size and shape; they are arranged in completely planispiral involute thickened last spiral (Plate
I1, fig. 1-8). The last 3-4 adult chambers being very characteristic, become larger and reach to 4-8 times of the sizes of the
early chambers (Plate I1, fig. 1,4, 5, 8). The spiral thickness begins to increase from the first whorl and reaches its maximum
at the last whorl. The thickened last spiral is characterized by the presence of the divergent canals and large vacuoles (Plate I,
fig. 1, 3, 8,10; Plate 11, fig.1, 3, 5). In the first 1-2 whorls of the early stage, the spire interval gradually increase but, at the
last whorl, it suddenly becomes wider as operculinid pattern (Plate 11, fig. 1-8). Some equatorial sections of this form (Plate
11, fig. 1,4-8) suggest the existence of the septal flap in the adult chambers. A similar septal flap can be observed in Daviesi-
na tenuis (Tambareau) (Caus& Hottinger & Tambareau, 1980, fig. A.B.E-G; Plate 1V, fig.3,6). The dorsal side of the test is
covered by four, may be more, layers of lateral chambers interspersed by relatively thin pillars (Plate I, fig.1,3,5-11). This is
a similar corresponding structure in Swtina orbitoidiformis Bronnimann and Wirz, 1952, fig. 4a; the lateral chambers are
connected with each other by the primitive stolons. The early and the adult chambers communications are made by a slit
form intercameral foramen, at the base of the septum (Plate 11, fig. 1,7).

REMARKS

The here described new rotaliid genus with complex structure resembles in some of its internal features orbitoidal fo-
raminiferas: on the dorsal side of Cideina n.gen. occur layers of lateral chambers as known from the typical orbitoids, on the
other hand, the existence of the early spiral stage with umbilical pillars suggests to the typical rotaliid members. Because of
the presence of the rotaliid and orbitoid characters, this new genus has been placed in Lepidorbitoididae Vaughan. However,
it will be suitable to establish the new family within the super family Orbitoidacea for the genera Siwrtina. Cideina even Orbi-
tokathina.
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Rotaliid genus with orbitoidal character, Sirtina was first, described from the Maastrichtian of Iran and Libya by
Bronnimann & Wirz (1962). It is spirally arranged rotaliid form with well developed umbilical pillars. Most remarkable is
the presence of the orbitoidal lateral chambers on the dorsal side of the shell. Sirtina, in which the spire is trochoid in the ear-
ly stage and planispiral-involute in the adult. This new genus resembles Sirtina by its spiral stages and having orbitoidal lat-
eral chambers on the dorsal side. But, Cideina n.gen.clearly differs from Sirtina in having thickened last spiral with the di-
vergent canals and large vacuoles. In addition, the wall of the last spiral in new genus, is built with coarsely perforated
calcite whereas Sirtina has finely perforated calcareous wall.

Lenticular rotaliid genus with orbitoidal character, Arnaudietla was first described by Douville (1907) from the Cam-
panian of France. This monotypic genus has characteristicly two to five spirally arranged primary chambers, well developed
lateral chambers on both sides of the test, no equatorial chambers. Whereas, in the Cideina lateral chambers occur on the dor-
sal side only, and trochospirally arranged primary chambers with pillars arc visible in a short series of 1-2 whorls in the new
genus (Plate I, fig. 1, 2, 8, 9,11).

Cideina n.gen. differs from Cuvillierina Debourle (1955) in possesing lateral orbitoidal chambers on the dorsal side;
in addition, there is superficial differences between the two genera: the external surface of the Cuvillierina is covered by
reticulate ornamentation with chevron pattern whereas, new genus has irregular reticulate ornamentation on the external sur-
face.

The lenticular, bilaterally symmetrical planispiral enrolled genus Pseudosiderolites (type species Siderolites vidali
Douville) was established by Smout (1955). This genus is abundant arround the type locality of Cideina n.gen. and through-
out Black Sea region; it occurs in the neritic limestone and associated with Arnaudiella sp., Orbitoides tissoti Schlumberger
and Helicorbitoides n.sp.. The new genus Cideina is easyly distinguished from the Campanian genus Pseudosiderolites by
having orbitoidal lateral chambers on the dorsal side of the test.

Stratigraphic occurence. Cideina soezerii occurs in light gray hard limestone near the Cidc town (Fig.l). It is associated
with rich foraminiferal species of the Upper Maastrichlian: Siderolites calcilrapoides, Sirtina orbitoidiformis, Omphalocy-
clus macroporus, Hellenocyclina beotica, Lepidorbitoides sp., Navarella sp., Rosila coniusa, Globotruncanita stuarti.

Manuscript received May. 30,1990
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PLATE -1
Cideina soezerii (Sirel)
Maastrichtian

Cidetown, N Turkey
Fig. 1 - Subaxia section (89-01), showing trochospiral stage with pillars and the vacuoles in the last spiral, X29.
Fig. 2 - Axial section (89-02), showing both stage of growth, X26.
Fig. 3 - Subaxia section (89-03), showing layers of lateral chambers on the dorsal side and vacuoles in the last spiral, X31.
Fig. 4 -Oblique section (89-04), inclined to the equatorial plane, X39.
Fig. 5- Subaxial section (89-05) showing both growth stage and lateral chambers, X40.
Fig. 6 - Subaxia section (89-06), X 29.
Fig. 7 - Oblique section (89-07), showing the layers of lateral chambers, X40.
Fig. 8 - Axial section (89-08), slightly oblique, showing both growth stage and lateral chambers, X28.
Fig. 9 - Axial section (89-09) holotype, both growth stage, lateral chambers intersperced thin pillar and vacuoles, X30.
Fig. 10 - Axial section (89-10), slightly oblique, showing lateral chambers intersperced thin pillars, X42.
Fig. 11 - Axial section (89-11), showing involute trochospiral stage with pillars and lateral chambers with basal stolons, X42.

Fig. 12 - Superficial section (89-12), showing irregular reticulate ornemantation and pores, X39.
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PLATE - 11
Cideina soezerii (Sirel)
Maastrichtian
Cide town, N Turkey

Fi

g. 1- Equatorial section (89-13), showing vacuoles in the thickened last spiral, X33.

Fi

g. 2 - Subequatorial section (89-14), slightly oblique, X20.

Fi

g. 3 - Approximately equatorial section (89-15), X25.

Fig. 4 - Equatorial section (89-16), showing "septal flap"in the last spiral, X26.

Q

Fig. 5 - Equatorial section (89-01), showing large vacuoles and "septal flap", X57.

Qa

Fi

ig. 6 - Oblique section (89-13), inclined to equatoria plane, showing "septa flap", X39.

Fi

g. 7 - Equatorial section (89-17), showing "septal flap"in the last spiral, X36.

Fi

g. 8 - Incomplete equatorial section (89-18), X27.

Fig. 9 - Oblique section (89-19), inclined to axial plane, X42.

Q



ErciimentSIRELPLAT




Mineral Res. ExPlate Bull., 112.71-76. 1991

PRESENCE OF NUMMULITES FABIANII (PREVER) GROUP (Nummulites ex gr. fabianii) AND
ASSOCIATED FORAMINIFERS IN THE ELAZIG REGION

Niyazi AVSAR*

ABSTRACT— The presence of Nummulites ex gr. fabianii has been indicated in the Eocene sediments, and the stratigraphy of the region is
briefly given. The rock units of Paleozoic, Mesozoic and Cenozoic ages crop out in the region. The Paleozoic sequence is composed of met-
amorphic rocks. This unit is tectonically underlain by the Mesozoic sequence formed of magmatic rocks. The Paleozoic and Mesozoic rocks
arc unconformably overlain by the sandstone and algal limestones of the Upper Lutetian age. Algal limestone contain genera of the Forami-
nifcra such as Nummulites perforatus (Montfort). Assilina spira (de Roissy), Alveolina fusiformis Sowerby, Alveolina elongata d'Orbigny,
Fabiania cassis (Oppenheim) and Chapmanina gassinensis (Silvestri). The Priabonian sequence conformably overlies the sandstone and al-
gal limestones of the Upper Lutetian age. It is composed of the alternating sandstone and clay and limestones. The Priabonian sequence is
characterized by the species of Foraminifera such as Nummulites fabianii (Prever), Nummulites ex gr. fabianii, Nummulites striatus (Bru-
guicrc), Chapmanina gassinensis ~ (Silvestri), Asterigerina rotula (Kaufmarm), Linderina brugesi Schlumberger, Forupertia magna (Le
Calvez). Halkyardia minima (Liebus) and Praernapydionina huberi Henson. The Upper Miocene sequence unconformably overlies the
limestone of the Phabonian age, and it is composed of volcanic rocks.

INTRODUCTION

The investigated area is located around the Uctepe, Kérpe, Catalharman and Egopkdy 15 km NW of Elazig province
(Eastern Anatolia) (Fig. 1).

The geology of this area was studied by numerous researchers (Ketin, 1946; Tolun, 1955; Kipman, 1976; Tuna,
1979; Naz, 1979; Bingdl, 1984; Turan, 1984; Ozkul, 1982; Asutay, 1985). In the eastern part of studied area, in Palu region,

the presence of the marine Oligocene has been determined by Sirel et al. (1975).

The purpose of this study is to reveal the presence of Nummulites ex gr. fabianii in the Elazig region which is known
all over the world up to now but which could not be included within any group between Nummulites fabianii (Prever) and

Nummulites intermediums (d'Archiac) and to give briefly the stratigraphy and the associated foraminifers of the region.

@ FEMISGEZEK sazgier |

Fig.1- Location map of the study arca.
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STRATIGRAPHY
Paleozoic

The Paleozoic sequence is composed of metamorphic rocks such as crystallized limestone, calcschist, marble, meta-
conglomerate and calcphyllite. These metamorphic sequences are tectonically thrusted over the Mesozoic units, and their pri-
mary relation is not known.

Mesozoic

This sequence is represented by granite, granodiorite, gabbro, diabase, basalt, agglomerate, tuff, volcanic sandstone
and limestone. This magmatic unit is unconformably overlain by the younger sedimentary and volcanic rocks.

Eocene

Upper Lutetian: The Paleozoic and the Mesozoic rocks are unconformably overlain by the Upper Lutetian sediments.
It consists of conglomerates which are various colored, medium to thick bedded sandstone and algal limestones. Algal lime-
stones contain genera of Foraminifera such as Nummulites perforates (Montfort), Assilina spira (de Roissy), Alveolina fusi-
formis Sowerby, Alveolina elongata d'Orbigny, Fabiania cassis (Oppenheim), Chapmanina gassinensis (Silvestri) and Sil-
vestriella tetraedra (Glimbel).

Priabonian: The Priabonian sediments conformably overlie the sandstone and algal limestones of the Upper Lutetian
age. It is composed of the alternating sandstone and clay and limestones which are white yellow and beige colored fossilifer-
ous and regularly bedded. The Priabonian sequence is characterized by the species of Foraminifera such as Nummulitesfabi-
anii  (Prever). Nummulites ex gr. fabianii, Nummulites striatus (Bruguiere), Asterigerina rotula (Kaufmann), FEorupertia
magna (Le Calvez), Halkyardia minima (Liebus), Linderina brugesi Schlumberger and Praerhapydionina huberi Henson.

Miocene

Upper Miocene: This unit unconformably overlies the limestones of the Priabonian age and the older units. It gener-
ally consists of basalt, tuff, agglomerate, limestone and sandstone.

SYSTEMATIC DESCRIPTION

In this chapter, the description of Nummulites ex gr. fabianii which belongs to Nummulites fabianii (Prever) group,
found in the Priabonian and associated foraminifersis given below.

(Plate I, figs. 1-10; Plate 11, figs. 1-9)

Form A: Test small, slightly inflated lenticular, with a rounded margin. The surface is covered by a reticulum gener-
ally arranged in two different ways. Its mesh is rectangular shaped on the margin and near the margin, and it has a reticulum
towards the center of test. Diameter is 4.2-5.1 mm. and its thickness is 2.3-3.2 mm.

In the equatorial section, the dimension of the first chamber is about 263 microns in sphacrical and protococh
288x361 microns, deutroconch 175x350 microns in oval. The spiral lamina is growing progressively until the end of the pe-
nultimate whorl.

Septa are rectilinear, slightly recurved and slightly inclined to the spiral lamina of the previous whorl. The chambers
are subquadrate or slightly longer than higher in the early whorls, but later become decisively rectangular and towards the
last whorls the chambers are 3-4 times longer than higher.

Form B: Test lenticular, with a sharp margin, and it has a slightly swollen in the center. Its diameter is 8-10.6 mm.
and thickness is 1.4-3 mm. In the equatorial section, the first chamber is very small. Other characteristics are the same as the
macrospheric form.
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Distribution and associated foraminifers

The Nummulites ex gr. fabianii is found in the limestone of the Priabonian with Nummulitesfabianii (Prever), Num-
mulites striatus (Bruguiere), Sphaerogypsina globulus (Reuss), Linderina brugesi Schlumberger, Chapmanina gassinensis
(Silvestri), Asterigerina rotula (Kaufmann), Eorupertia magna (Le Calvez), Halkyardia minima (Liebus), Praerhapydionina
huberi Henson, Rotalia sp., Austrolrillina sp., Peneroplis sp., and Planorbulina sp. in the Korpe, Egopkoy and Catalharman
measuredstratigraphicsections (Fig. 2), (Plate I, I1I).
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Fig.2- Biostratigraphic distribwtion of the foraminifcrs in Jimesione in [lang.

In addition, the same fossil is observed around the Baskil region (Turan, 1984; Asutay, 1985) together with the fossil
assemblages: Nummulites fabianii (Prever), Nummulites striatus (Bruguiere), Eorupertia magna (Le Calve?.), Chapmanina
gassinensis (Silvestri), Fabiania cassis (Oppenheim), Halkyardia minima (Liebus), Sphaerogypsina globulus (Reuss), Am-
phistegina sp., Heterostegina sp., and Alveolina sp

Stratigraphic level: Priabonian.
DISCUSSION AND CONCLUSIONS

The nummulites which belong to Nummulites fabianii (Prever) group are different from real Nummulites fabianii
(Prever). Also, these species are diffrerent from Nummulites fichteli Michclotti which arc characteristic of Oligocene. Our
species are found together with the characteristic foraminifers of Eocene; Nummulites fabianii (Prever), Nummulites striatus
(Bruguiere), Halkyardia minima (Liebus), Chapmanina gassinensis (Silvestri), Linderina brugesi Schlumberger, Asterigeri-
na rotula (Kaufmann), Eorupertia magna (Le Calvez) and Sphaerogypsina globulus (Reuss) and that is why there is no
doubt about their age.



Niyazi AV§AR

74

“easw Apmis ay  ucipas aydeaSuris panswaty Sy Jo uoneiatioy Yy

..............

WO e
U0 SPLDS . :
K I
auysauny dpuns L
e
a0 S _ 1 t
wp -
v |
1 ! | _
‘woor
0SS (DM UBA
| |
I I
1 1
I T
1
|
I |
i I
1
] [
|
Fd

adalaioy

¢y

I R
[ T

adaov

maﬂuo

P
4lE
3
3{ 1%
m. -
o —
Hd c U
o i
2 |=1m|*
) 0
g={21 . 1r
cl_ O
th
D m
z[=| |°
3
deBO
cim|~
Fﬂ‘m_S_U_NnU
- O
O
S22 1M m
=3 o)
o 3
3 z.
m
B AR N N7 T
Rl ]e]2]w
w.ﬂ.,%aﬂm
@ w
w (8 3




NUMMULITES FABIANII GROUP IN THE ELAZIG REGION 75

However, paleontologists studied on the nummulites all over the world have indicated their problems about naming
this kind of nummulites.

Boussac (1911) stated that there were transitional nummulites between Nummulites fabianii (Prever) and Nummulites
intermedius (d'Archiac) in Biarritz, and showed evidence revealing that the latter originated from the former. In addition, the
same author pointed out that typical Nummulitesfabianii (Prever) posses a sparse net and more granules, and Nummulites ex
gr. fabianii are not found in the lower part of the Priabonian (Bartonian) and they indicate a variation approaching typical
Nummulites intermedius (d'Archiac).

Flandrin (1938) pointed out that the transitional forms were in the upper part of the Eocene beds, and the lower part
of the Oligocene layers having studied the materials collected from Algeria. The nummulites in the Flandrin's thesis resem-
ble those of the Hoia-Cluj samples.

Grigorian (1961) accepts Nummulites reliatus Roveda as a subspecies. In addition, the same researcher pointed out
that Nummulites fabianii reliatus Roveda indicated a transitional morphology between Nummulites fabianii (Prever) and
Nummulites intermedius (d'Archiac) and was found at the Upper Eocene-Lower Oligocene boundary.

Roveda (1970) indicated that the nummulites are faced with a dangerous inflation as being parallel to the other fo-
raminifcral group as result of the author's comprehensive study. For this reason, Roveda (1970) produced forty-one species,
subspecies and varieties of Nummulites fabianii (Prever) and accepted only five of them.

Bombita (1975) revealed that four laxons of the group followed each other in Transilvania, first of which has a little
primitive character and was found in Lcgia-Cluj Limestones, second of which formed an epibole species in the marls with
Nummulites fabianii (Prever), third of which diminished in the marls bearing Bryozoa, and fourth of which formed a transi-
tional form to Nummulites intermedius (d'Archiac) in Hoia Limestones and described the forms as follows;

1- Having studied the initial form (Plate I, figs. 1-17) from subspecies of Transilvania (Bombita, 1975), it was deter-
mined that the diameters of microspheric forms vary between 7.5-11.5 mm. The superficial net of the test shows transitional
aspects of great nets to irregularly trajectory and broken and elongated meshes disposed, sinuous and granules arranged par-
allel to that of central form of Nummulites fabianii (Prever). In the equatorial section, the spiral lamina is growing progres-
sively until the end of the penultimate whorl, and towards the last whorls of the chambers are longer than higher. The surface
of the macrospheric form is covered by a reticulum. The diameter of the macrospheric form (3.5-4.5) is bigger than the previ-
ous form. The diameter of the macrosphere is approximately 0.35 mm.

2- Nummulites ex gr. fabianii (Plate 11, figs. 1-15; Plate VII, figs. 1-6) are found in the marls with Nummulitesfabia-
nii (Prever) in the epibole zone of the Baci (Cluj) region. The margin of the test at these forms is undulated, and the superfi-
cial net is sinuous, meandriform and of parallel bunched forms containing thin meshes. The diameter of the test is between
12-13.5 mm. The diameter of the macrospheric forms (3-4 mm.) are less than those of the species of Legia Limestones, but
diameter of the macrosphere is slightly larger.

3- Nummulites ex gr. fabianii collected from the Hoia Limestones, cropped out the western part of the Cluj, formed
the transitional form between Nummulites fabianii (Prever) and Nummulites intermedius (d'Archiac) (Plate 1V, figs. 1-19).
The diameters of the microspheric forms of the Hoia arp 5.9-9.3 mm. and generally vary between 7-7.5 mm. The margin of
the test is often undulated and the central part is poorly prominent. In general, the secondary ramification of the superficial
nets is not to be gathered in the nets but turminates in the meshes with or without granules. Unification as being net shaped
can be seen at the polar, zone of the test in a narrow band. However, this unification docs not attain to the fineness revealed
by the Nummulites intermedius (d'Archiac). The meshes of the net are more elongated in radial direction which form a simi-
lar type of Nummulites fabianii (Prever). Despite the fact that the diameter of the macrospheric form is found in the same va-
riability limits in the marl with Nummulitesfabianii (Prever), the diameter of the macrosphere indicated a slightly lessening
magnitude (0.3-0.35 mm.). Most of the macrospheric forms, as seen in Nummulites fabianii (Prever), contain the rectangular
mesh between septa and spiral lamina. In adult forms the lenghts of the final whorls arc more than their heights.
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After having throughly studied all the general characteristics of Nummulites ex gr.fabianii collected from the Elazig
region (Eastern Anatolia), they are found to be within the same limits and to resemble the characteristics of Nummaulites ex

gr.fabianii determined from Baci, Legia and Hoia Limestones in Transilvania.

As pointed out before, a chaotic naming still continues. These nummulites are included in the Nummulites fabianii

(Prever) group in this work because of the rarity of the nummulites.
Manuscript received April 19,1990
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PLATE -I

Nummulites ex gr. fabianii
Fig. 1- Equatorial section, microspheric form (E5-2f), X7.
Fig. 2-Equatorial section, microspheric form (E5/1), X7
Fig. 3- Equatorial section, microspheric form (E5-2i), X7.
Fig. 4- Equatorial section, microspheric form (E5-2h), X7.
Fig. 5- Axial section, microspheric form (E5-2b), X7.
Fig. 6- Equatorial section, microspheric form (E5-1k), X6.
Fig. 7- Equatorial section, microspheric form (E5-2k), X6.
Fig, 8- Axial section, microsphericform (K4-1d), X6.
Fig. 9-Equatorial section, microspheric form (E5-1n), X5.

Fig. 10- Equatoria section, microspheric form (E5-2g), X6.
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Nummulites ex gr. fabianii
1-Equatorial section, macrospheric form (E5-2), X11.
2-Equatorial section, macrospheric form (E5/3), X12.
3-Axial section, macrospheric form (E5-1b), X9.
4- Axial section, macrospheric form (E5-Ic), X9.
5- Equatorial section, macrospheric form (E5/4), X12.
6- Equatorial section, macrospheric form (KT-7/4), X11.
7- Equatorial section, macrospheric form (E5/5), X12.
8- Surface view, macrospheric form (E5/6), X9.
9- Surface view, macrospheric form (E5/8), X8.
Nummulites fabianii (Prever)
10- Equatorial section, macrospheric form (E4/1), X5.
11- Equatorial section, macrospheric form (E4/2), X4.
12- Surfaceview, macrospheric form (K-3), X6.
Nunvnulites striatus (Bruguiere)
13- Surface view, macrospheric form (K4-2/1), X7.
14- Axial section, macrospheric form,(K4-2), X7.
15-Axial section, macrospheric form (K4-2d), X10.

16- Equatorial section, macrospheric form (K4-2/3), X8.
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Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Eorupertia magna (Le Calvez)
1-Equatorial section (Ug-18/1), X28.
2-Axial section (Ug-17), X25.

3- Axia section (Al-7), X16.

Halkyardia minima (Liebus)
4-Axial section (Al-1), X92.

5- Axial section (KT-14/1), X5L1.

Praerhapydionina huberi Henson
6- Vertical section (A1-21/6), X34.
7-Vertical section (Al-21/12), X32.

Chapmanina gassinensis (Silvestri)
8- Vertical section (N-8), X34.

9- Basal section (N-9), X32.

Sohaerogypsina globulus (Reuss)
10- Axial section (KT-15/1), X36.

Asterigerina rotula (Kaufmann)
11- Axial section (KT-14/1), X45.

12- Axial section (KT-14/2), X47.

Rotalia sp.
13-Axial section (KT-15/2), X33.

Austrolrillina  sp.

14- Equatorial section (Al-21/12), X35.

Peneroplis sp.

15- Axial section (Al-21/4), X20.

Linderina brugesi Schlumberger
16- Vertical section (Al-4), X35.

Planorbulina  sp.

17- Axial section (KT-18), X75.
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MACRO AND MICRO FOSSIL FLORA OF SOMA COAL AREA

Yusuf GEMICI****; Erol AKYOL*****; Funda AKGUN***** and Ozcan SECMEN****

ABSTRACT— The macro and micro fossil flora of Soma coal area (West Anatolia) embodying important lignite deposits of Turkey; has
been investigated in this study in all 72 family, genus or species level have been determined from the area. The most distributed species are
Glyptostrobus europaeus (Brong.) Unger, Pinus (cf. P. taedaformis Heer) and Quercus. These specimens point out that this flora belongs to
Middle Miocenes age. It also depicts the presence of a subtropical hot and wet climatic conditions. The most probable vegetation could have
been a marshy forest cover of G. europaeus alongside the lake with a mixed forest of Pinus-Quercus at its margin.
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