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Dear Colleagues,

In this issue of our bulletin, besides the other articies, you will
Find a master thesis prepared by Menmet Mecdet under the control of his
supervisor Asist Prof.Dr.Mesut ANIL. This thesis supportec by the Post-
graduate School of Science Project by Scientific Rssearch Fourmdation of
Cukurova University is the outcome of throughout study, which was car-
ried out as a metaliogenical and geological investigation of manganese
occurrences observed around the Balalan and Ziyamet villages placed in
Karpas Peninsula of Turkish Republic of Northern Cyprus. At the same
time, being the most current study in the Tield of geology tock place
in North Cyrus, it will be useful scientific reference resource for furt-
her studie on related subjects.

Evary day our publication is becoming more interesting and to have
higher quality. We wish to take new supports from our coltleguss in Tur-
kish Republic of Northern Cyprus.

We want to thank all people whose have assistances for our new issue
and wait for their future supports.

Bektas GUZE
President
Union o7 the Chamber of the Cyprus
Turkish Engineers and Arciitects



To the Readers,

We are together again our new issue(16) that we know as a mission To
trzin to you new develcpments in earthsciences in spite of some Finan-
cial troubles of our chamber.

The importance of the energy, raw materials and technology which are
the main movements for the developing countiries to become more develop-
ment, became more understanding today. The developments of the energy
and technology manufacturing and together with them is are mission of
the earth scientists to determine new metalic and raw materials presen-
ting for the human usage.

In the Tirst article "The Geological and Metailogenicel Study of Man-
ganese Occurences in Karpas Peninsula(T.R.N.C.)"o7 Mehmat MNecdet and Mie-
sut An1l points out the importance of this kind of mineralizations and
the possibilities of enrichment of ancient deposits.

The next articie "Paleozoic-Mesozoic Stratigraphy of Feke-Fekedag
(Adana) Area(tastern Taurus)'prepared by Cengiz Yetis explains a series
of rock units largely from Paleozoic to Tertiary.

The third article "The Geomechanics Classification(RMR System) of ths
Zabuk Quartzites around Sir Damsite " prepared by Cavit Demirkol states
that the structural discontinuites of the Tow grade Cambrian aged rocks
and the rock mass classes of the Zabuk Quartzites.

The last article "Etude Géologique et Gitologique du District Poly-
metaT]ique(Pb-Zn-Cu-Ag) de la Région de Kalkim-Handeresi-Karaaydin(Presau'
ile de Biga-Turgquie)" prepared by Mesut Anil describes the some minera-
lization properties of the study area.

Yours sincerely
01gun USTON
Editor
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THE GEOLOGICAL AND METALLOGENICAL STUDY

OF MANGANESE OCCURENCES IN KARPAS PENINSULA
TURKISH REPUBLIC OF NORTHERN CYPRUS(X)

Mehmet NECDET Mesut ANIL

T.C.M.M.M.G.E. Departement of Geology

Lefkosa/NORTHERN CYPRUS Cukurova University
Adana/TURKEY

SUMMARY

In this study manganese occurences having voicanic and sedimentary ori-
gin around the villages of Ziyamet and Balalar and the geology of Mehmet-
cik and Ziyamet Areas were investigated on the border of T.R.N.C.(Turkisn
Republic of Northern Cyprus).

Hilarion Limestone(Jurassic), Lapithos Formation(Upper Cretaceous).Pil-
low Lavas(Paleocens), Kyvthrea Formation(Middle Miocenz). Pakhna Formation
(Middle Miocene),Nicosia Formation(Lower Pliocene), Beach Deposits and Al-
Tuvium which derived from these different Tithological units at the begin-
ning of Pleistocene, were observed in the area under investigation.

The structural geology of the study region is related o the tectonics
of Kyrenia Range and also the authoctonous units have NE-SW trend.

The pillow lavas pliaced north of Balalan have spilitic and spilitic be-
salt characters. Manganese deposits which are found along a discontinous
zone in pillow lavas have Pyrolusite, Psilomelane and Polyanite.

The sedimantary manganese occurences are found as nine separate levels
among marl,chalk and limestones of Pakhna formation outcropping in the
south of Ziyamet. A lot of microfossils were identified and the spaces of
microfossils filled with Psilomelane.

(x) This study was supported in the Postgraduate School of Science Project

by the Scientific Research Found of Qukurova University



MANGANESE OCCURENCES IN KARPAS PENINSULA

The gypsum depositions situated in the southern district of study area
and copper mineralizations located in the westhern front of pillow lavas
are of interest.

UZET

Bu calismada K.K.T.C.(Kuzey Kibris Tiirk Cumhuriyeti) sinirlari jcinde-
ki Karpas Yarimadisinin Ziyamet ve Balalan kdyleri cevresindeksi volkanik
ve sedimanter tlirdeki manganez zuhurlari ile Mehmetcik-Ziyamet alaninin
Jjeolojisi 1nce1enmistir .

Inceleme alan1 icinde gbzlenen birimler; Hilarion Kirectasi(Jura),.Lapta
Formasyonu(Ust Kretase), Yastik Lav]ar1(Pa1eosen) Degirmenlik Formasyonu
(Orta Miyosen),Pahna Formasyonu(Orta Miyosen),Lefkosa Formasyonu (A1t P14-
yosen) ile Pleistosen'den itibaren bu birimlerin asinmasindan tlireyen plaj
cokelleri ve aliivyondur.

Inceleme alaninin yapisal jeolojisi Girne s1radag]ar1n1n tektonizmas
ile i1gili olup,otokton birimler KD-GB uzanimlidirlar.

Balalan'in kuzeyindeki sp111t1k bazalt ve spilitik karakterli yastik
laviari icinde yer alan volkanik kokenli zuhur sireksizlik zonu icinde
yerlesmis olup, piroliizit,pisilomelan ve polianit icerir.

Ziyamet'in giineyinde Pahna formasyonuna ait marn,tebesir ve kirectasla-
r1 arasinda 9 seviye halinde gozlenen sedimanter manganez zuhurlarina ait
orneklerde mikrofosller gbzlenmis olup,pisilomelan mikrofosil bos1uk1ar1n1
doldurmus durumdadir.

Inceleme alaminin giineyindeki Jips yataklanmasi ile lavlarin batisinda-
ki bakir cevherlesmeleri de ilginctir.

1.INTRODUCTION

Cyprus has been interesting to many earth scientists regarding the evo-
lution of geology. The previous investigations on the Cyprus geology have
been started in the middle of 19 th century. Bergeat(1),Gaudry(2), reali-
zed some studies in English and French succesively. Paleontological obser-
vation were studied in English by Bate(3) and other investigations were
done by Reed(4).

Cyprus geological map of 1/250 000 scale was published by Browne and
Mc Ginty(5). After that time, many geologists(supported by the aid prog-
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NECDET AND ANIL

ramme for developing countries of United Nations) cameto island to study
their own subjects about general geology and mineral oppurtinities. Up to
the middle of 1970's.earth scientits from the U.S.A. and other European
countries conducted excursions to the island.

Two geological associations can be observed on the island arrnpwddn~ =~
these studies. The first one, which is ni=7z3 in Northern Cyprus, is Kyre-
nia Range and its surrounding geological units. Another one is Troodos Mas-
«if which contain volcanic and piutonic rocks placed at the southern Cyp-
rus and its authoctoncus and allochtonous units.

Some foreign geologists carried out many investigations dealing with the
geology and mineral resources ir Karpas Peninsula at the beginning of 13960's.
Saucier(6) recorded small barite mineralization having the probable nydro-
thermal origin and forming small pockets which developed along the fracture
zones. In addition to thase, Horowitz and Supkow(7) studied eastern part
of the area and Tound chalky manganese around Derince village, which is
another part of the Ziyamet manganese occurences. They stated that manganese
grade into these stratiform deposits reaches to 25 percent. Gypsum depositi-
ons comprising a large area at the southern district of the peninsula were

Balalan

Gelintik

Ziyame t

s

//,/

MEDITERRANEAN SEA]

. Kumyal:
Manmatcik

Figure 1. Location map of study area.



MANGANESE OCCURENCES IN KARPAS PENINSULZ

recorded by Saucier and Major(8) during their investigation period. Du-
ring this investigation, a copper mineralization orginated and placéd in-
pillow lavas was also determined in the western part of Balalan.

A small manganese mineralizations observed in pillow lavas exposed 1n
the nortwest of Balalan and northern part of the study area(figure 1) were.=
firstly determined in 1950. Manganese occurences hav1nu sedimantary ori-
gine which is the subject of this M.Sc. Thesis were firstly determined as ~ M
nine separate levels Ziyamet by-Cyprus Mines Company(C.M.C.) and Saucier
and Major (8) carried out a detail study in this region and pointed out
these occurences. Cyprus Mines Company carried out enrichment experiments
on these low grade ores in 1963 but gave poor results. Then DaTkilaglar(9)
from M.T.A. realized some enrichment experiment§ on the samples picked up
from these occurences. According to these test result, magnetic seperation
method became succesful and it was possible to obtain manganese concentra-
tion having 40 percent grade.

Baroz(10) realized some investigations on pillow lavas occur in the stu-
dy area and parallel to the volcanic rocks of Kyrenia Range. He indicated
these alcaline type rocks beloging to the Paleocene volcanism different
from the Maestrichtien volcanism having calcalcaline products in the west-
ern district,out of study area.

2.LITHOSTRATIGRAPHIC UNITS OF STUDY AREA

The Mesozoic,Tertiary and Quaternary formations outcrop in the study
area(figure 2). These units are composed of limestone,chalk,sandstone,
marl-chalk-Timestone alternation and marl-calcarenites.

2.1.Hilarion Limestone

It outcrops about 2 km western part of Balalan being 200-250 m wide in
the study area(figure 2). These-limestones having the character of compact
and breccia texture which is determined by sharp relief from light white -
to dark gray and include karstic caves.

It was placed over the Kythrea flysch as blocks when it was broken off
from original unit of Kyrenia Range situated in the study area. These rocks
outcropping widely along the summit of Kyrenia were aged as Jurassic by
Henson et al.(11). ’
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2.2.Lapithos Formation

The Lapithos formation crops out in the eastern part of Balalan and
northern coast in the study area. The Lapithos is made up predominantly
of highly sheared and crushed white chalks with subordinate beds of com-
pact limestones and chert. These chalks are often situated as relatively
thin slices along the thrust planes, and normally have tectonic contact
as thrust with Kythrea beds,

The general trend of formation is N 70%E (figure 2) and it is not pos-
sible to estimate the thickness of formation because of formation because
of being highly sheared and crushed. The estimated age of formation is
given as Upper Cretaceous by Henson et al. (11).

2.3.Kythrea Formation

This formation is observed as commonly and crops out in the southern
and northern flanks of Kyrenia Range. In the study area the formation is
composed of marls around Mehmetc¢ik, hard and thick beds of sandstones in
the east of Balalan, marl and sandstones in the south and tuffs between
the lava contact.

Any turbiditic marks have not been observed in the study area, and
the general trend of formation is NE-SW and the dips are generally bet-
ween 300—600, sometimes approximately 80° to NW. The Kythrea contact bet-
ween Nicosia and Pakhna is unconformable, The estimated thickness of the
formation is more than 2000 m,

The paleontological examinations according to Mac Fadyen (13 ) and
‘Weiler (14) are as below; Elgbigerﬁna, Glohigerinita, ﬂggﬁigerina, Orbu-

1ina, Sphaerordinellopsis, Operculina sp., Borelis sp., Quingueloculina

and Globigerina sp. which all belong long to Middle Miccene.

Some thin section examinations on these rocks are given as follows;

. Sandstone consists of microcrystaline and rarely policrystaline gquartz
as 25-40 percent and feldspars, which are Ortose and Plagioclases com-
posed of Albite and 0ligoclase. Plagioclases are generally undestroyed
and grain sizes smaller than 0,2 mm due to 15-20 percent of rock con-
tent. Carbonated rock fragments (5-10 %), Pyroxene (2-5 %), serpertini-
sized ophiolite and opaque minerals were also examined (Plate 1, figu-
re 1).

. Limestone consists of areat amounts of sparitic cement and a little
amount of micritic cement. Most of the grains are intraclasts with
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quartz and a 1ittle amount of extraclasts are found. The Borelis 3p.
was also examined (Plate 1, figure 2),

. Mar] named as Biolutite by Weiler (14) was examined as micritic matrix
which contains Globigerinoides and Pteropoda in clayish bands and tran-
sits to greywacke.

. Tuff consists of small amounts of quartz and big and zoned Plagicclases
in a vitreous matrix. Flowing marks and many different kinds of wicro-
Jites, subparallel to these, and volcanic rock fragments having vari-
ous texture were obviously observed too (Plate 1, figure 3).

For paleogeography, many authors (11,13,14,15,16 ) studied on Kythrea
flysch and according to these authors opinion Kythrea flysch basin was &
narrow sea trough and filled by turbidites. During the period of Oligoce-
ne-Miocene the sea was not too deep, the Ceyhan River delta, which is the
source of turbidites, carried wildflaysch to both flanks of Kyreniz Range
and created the basement of Kythrenia flysch basin. Emery et al. {17)
explained the relations between Clicia trough and Kythrea basin which
placed between Cyprus and Turkey. The evolution of Kythrea formatien and
the relations between Kythrea and Adana basins were given in figurs 3.

According to the recent studies on the geological and tectonical evo-
Jution of Eastern Mediterranean, Eastern Mediterraean tectonism ares very
complex than the other Mediterranean Basins (18). The eastern mediterra-
nean is marked by continental collision between Anatolia and Africa-Ara-
bja. Allochtonous ophiolites in Cyprus in Cyprus and southeastern Turkey
(Troodos-Kizil Dag-Kevan nappe, Biju-Duval et al.(19) are interpreted as
obducted oczanic material from the Mesozoic oceanic area which was crea-
ted between Africa-Arabia and Aegean-Anatolia (figure 4). Neogene infil-
1ing especially the salt layer is very thick. It has been affected by
recent compressibna] tectonics until recent times (Misis-Kyrenia Ranges,
South Cyprus-Florence Rise overthrust).

2.4.Pakhna Formation

This formation which contains sedimentary manganese occurences is made
up of gypsum, marl, chalk having manganese, chalk and Timestones.

Pakhna formation outcropping in the middie part of the study area has
an unconformity contact with Kythrea formation. The gypsum series which
are found as blocks in formation and are partly covered by the overlain
younger sediments. Chalks including manganese layers having 10 to 15 cm

7
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Figure 3.The evolution of Kythrea formation (on the top section)
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schematic and hypothetic sections(14,20).



NECDET AND ANIL

thickness are located in the upper parts of marls which are included by
the. formation and its contact with upper most Nicosia formation is uncon-
. formable.

“in this formation observed as marl, chalk and limestones approximately

" .1 km southern at Ziyamet includes nine manganese levels which have 15-80

cm thfckness.
The gypsum deposits crops out in the southern district, in some places
deposits are covered by younger sediments.
The symmetry axial plane of Pakhna formation which displays an apen
’ asymmétrica1 syncline structure is parallel to the trend of Karpas Penin-
sula. According to the previous paleontological examinations on chalks
and marls of formation and then they gave Middle Miocene from; Orbulina
Universa d'Orbigny 1833, Orbulina bilobata (d'Orbigny) 1846, Globerotalia
g.flScitula (Brady) 1882, Globigerinoides trilobus (Reuss) 1850 and also

Tawyrus

Seismic reflectors
Evaporites
Salt layers
Uncontformity
Basement

<@ Main volconoes
ﬂ 11 Magmatism

-== (Qphiolites

== Melange

Orogenic belt

= Moin overthrusts
 Mut plateay

Figure 4.Interpretative geological cross-section through the Cyprus arc
(from Biji-Duval and Montadert(21). Upper section:Florence Rise
and Antalya Basin; Lower section: Cyprus and Cilicia Basin. Oghi-
olites and tectonic melanges of Cretaceous age in black.
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examinations of chalk included by manganese levels, due to Globigerina

yenezuelena Hedberg, 1937; Globorotaliz obesa Bo1l1i, 1957, Globigerina

sps,. Orbulina sp. and Globigerina sp.
The microscopic observations based on marl and chalk samples gave fol-

Towing resultis;

. Marl, 5-8 percent Globigerina, opaque (manganese) minerals and carbo-
nate as cement material are observed. The chemical analysis done by Be-
roz (22) and Fluoresence method of X-rays indicate that these marls
have strongly stable chemical composition.

. Chalk, 10 percent fossil remnants 3-5 percent opaque minerals and spa-
ritization around microfossils are observed in this lithology having
micritic cement (Plate 1, figure 4).

2.5.Necosia Formation

This formation which is observed widely in study area, covers the ol-
dest units and crops out in the north of Balalan as overlying pillow la-
vas, thick cover Ziyamet, Gelincik, Boltasli and in the north of Kumyall
around Menmetcik. Nicosia formation dip towards shore in the northern
part of the study area are composed of calcarenite and marl layers.

Marl, which is 1ight yellow, white and gray coloured, dispiays a con-
tact towards bioclostical limestones created by Upper Pliocene regression
and is observed as thick cover approximately 4 km south of Balalan around
Ziyamet. Saucier (6) named as Athalasa formation for this various litho-
logy. ‘

Calcarenites are composed of sequence of beds having 10-20 cm thick-
ness and towards the top silts and marls are placed.

Nicosia formation having 60 cm thickness was aged as Lower P1iocene by
Lymbourides (23).

In the examination of samples belonging to that unit with high clay
content, it is composed mostlyof crystallized extraction limestone frag-
ments, 50-60 percent sedimentary rock fragments and 20 percent microlitic
basic lava fragments a little amount cement made up clayish micrite.

2.6. Caliches

These are generally observed as pockets, soft white coloured and
partly chalky in Nicosia formation. Following a wet period, arid was ef-
fective in the region during Holocene, carbonaceous solutions increased

10
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towards the surface and they precipitated over the surface. They are
signs for arid climate, and cause to hardnesses of contained rock.

These formations are observed near Ziyamet, the main road between
Kumyali-Ziyamet and around Mehmetcik in Nicosia.

2.7 .Beach Sediments

In the southern district of study area, beach sediments were origina-
ted by the weathering of calcarenite and marl Nicosia formation., There
are also pebbles which were carried from inner basins to the coast by
small streams.

Volcanic pebbles originated from the weathering of pillow lavas as
well as sands originated from the weathering of Nicosia are observed in
the northern coast.

2.8.A1Tuvium

It is composed of clay and silt sized material accumulation over lo-
wer levels and derived from the formations placed in the study area as
a result of weathering after Pleistocene.

3.STRUCTURAL GEOLOGY

The structural geology of the study area is related with tectonism of
Kyrenia Range and Moore (24) pointed out that it developed towards the
end of Miocene. Henson et al. (11) determined that younger tectonic move-
ments destroyed the older tectonical marks.

The units observed mostly having general trend N 75%E are due to con-
firm similarity of these ideas. Examples may be given for this case as,
the fault which divides pillow lavas into two parts shows broken and
crushed 1lithology which have conformable elongation with that trend, of
Lapithos formation and serpentinite pebbles occured from a fault open-
ning which observed at the bottom elevations of lavas.

The observation of tectonic marks are prevented by the Tertiary aged
units because of their easily erroded 1ithology. The gypsum depositions
placed over the Pakhna formation and being spread out towards the south
verifies that this formation is a synclinal dipping to the south.

11
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4.VOLCANIC ROCKS

The volcanic rocks are commonly pillow lavas having spilitic and spi-

Titic basalt characters. The pillow lavas north of Balalan occur as

4x1,5 km area and characteristic pillow structure (Plate 1, figure 5).

Volcanic breccias were observed in the SW of Balalan between the lavas

and Kythrea contact.

Some examinations of thin sections on these rocks are concluded zs
follows;

. Spilitic Basalt, contains high percent Plagioclase displays microlitic
texture Pyroxene, a few Olivines, sedondary caleite and spherolitic
Zeolite were also observed (Plate 1, figure 6).

. Spilite, consists of high percent Plagioclase which has microlitic tex-
ture. The spaces among the Plagioclases are filled by calcite. Calcites
are observed as synthetic twins and sometimes deltoitic. In addition to
euhedral Olivine in the form of small grains distributed irregularly,
subhedral Amphibole, Clorite and opaque minerals were also observed.

. Volcanic breccia, consists of ophiolitic gravels which were cemented by
volcanic material. Serpentinisized ophiolitic fragments, spherolitic
Zeolite, calcite filied the spaces, Plagioclases as phenocrystalls and
small amounts of opaque minerals were observed too.

. Scarn, contains quartz and opague minerals. Quartzes give as grift
appearence and the spaces among the quartzes were filled by magnetite. -

The stratigraphical section of study area is given in figure 5.

4.1.The Geochemistry of Volcanic Rocks
The chemical analysis results on basalts, spilites and spilitic

basalts of study area were given in table 1. According to the analysis

results, the geochemical characters of the volcanic rocks are given as
follows;

. The criteria of Irvine and Baragar (26) in N320 KEG - f(5102) diagramme
gives alcaline character (figure 6).

. In K20 - S-]O2 diagramme (figure 7} (Mg0 content is very low and K20/Na20
--- s generally lower than 0.58. This point gives us to compare the
basalts between the shoshonitic series) the basalts have similar cha-
racters with shoshonitic series of island arc and the active continen-
tal margin.

12
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10 alcaline region from the lower part

of caolcalcaline  region.

1. Sochonitic series
3 2. &Anc type sochonific series

3. Persian sochonitic series

L. Suaru (New Guinea) Mountain

sochonitic series.

40 50 60 Si0s

Figure 6.The distribution of Paleocene volcanics in alcalins diagramme(the

points of 5-10 were taken from Baroz) (10).

. To the Green (27) diagramme (Tigure 8) the rogks present similar cha-
racters to the alcaline basalts and to the margin of the calcoalcaline
series.

In Church (28) diagramme (figure 9) results are placed in basalt part
or its vicinities.

According to the Gottini (29) diagramme (figure 10) these volcanic
rocks have Simatic origin.

5.MINERALIZATIONS IN THE STUDY AREA

The main mineraiizations in the study- area are manganese occurences
having volcanic and sedimentary origins,the agypsum depositions displaying
lateral continuity and a small amount of copper mineralization.

5.1.The Balalan Manganese Occurence
This occurence belonging to the volcanic origin was determined in
1950's and then Saucier and Major (8) emphasized too. Some exploration

rips were done on this occurence and then small tonages of ores were
picked up.
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Brute datas

Sample no.
Elements 1 2 3 4 5 6 7 8 9 10
510, 37.00 35.80 33.46 36.71 31.60 36.90 35.00 38.50 36.80 37.70
A1, 12.50 13.80 12.70 14.60 13.80 15.80 16.00 14.85 16.40 15.60
Fe,05 - == == - 8.59 10.84 8.99 8.40 9.75 10.07
Fe.0 00 B8.15 7.98 8.16 -- - S OB e e

23
Fel

8
0.85 0.91 0.87 0.93 -- -~ -- - -- --
MnO 0.19 0.26 0,22 0.7 0.19 0,14 0,13 0,28 0,13 0,12
Mg0 3.00 3.17 3.91 3.63 5.64 3,55 3.33 4.65 2.82 2.7]
Ca0l 17.40 18.61 19.0m 17,59 19.37 15,10 13.50 16.54 11.98 15.76
Na20 1.25 1.33 1,87 2.01 2.02 2.93 2.83 1.67 3.04 2.93
K20 3.50 3.49 3.40 3.61 1.18 1.11 2.36 3.31 2.18 1.40
0.50 1.05 1.61 1.49 1.47 1.55 1.65 1.39 1.71 1.40
Volatiles 15.00 13.43 14.97 11,10 16.15 11.22 15,98 10.65 14.57 12.65

T'iO2
Total 99.11 99.37 99.93 99.90 100.01 99,14 99,77 100.18 99.38 100.34

Recalculed datas

[ Sample no

Elements 1 2 3 4 5 6 7 8 9 10

5102 43.99 41,52 41.65 41.34 42.98 45.46 46.66 46.84 47.39 47.42
A1203 14.86 16.09 14,94 16.44 18,77 19.46 21.33 18.07 21.12 19.70
Fe203 9.51 9,50 9.39 9.18 4.n4 3.74 4.19 3.52 4.12 3.67
Fed 1.01 1,06 1.02 1.04 6,87 8.65 7.01 6.03 7.59 8.14
Mn0 0.22 0.34 0.25 0,99 0.25 0,17 0.17 0.24 0.16 0.15
Mg0 3.56 3,69 4,60 4,08 7.67 4.37 4,44 5,65 3.63 23.42
Cal 20.60 21.70 22.37 19,80 13.05 11.25 7.07 11.85 7.05 10.13
N320 1.48 1.55 2.20 2.26 2.74 3.61 3.77 1.9 3.91 3.70
K20 4.6 4.07 4,00 4.06 1.60 1.3 3.14 4.02 2.80 1.77
T1‘02 0.59 1.22 1.89 1.67 1.99 1.91 2.20 1,69 2.20 1.77
Analysis : The first 4 columns from M.T.A Laboratories, Ankara. 5 to 10 columns

from C.P.P.G Nancy, France of Baroz (1977).

Table 1 : The chemical analysis results of Paleocene volcanic rocks of study
area (from Necdet, 1988)
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Figure 7. The state of Paleocene volcanic series in K20—Si02 diagrarme (points
from 5 to 10 taken from Baroz) (10).
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Figure 8. The state of volcanic belonging to the study area in
the Green(27) diagrarme.
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Figure 9.The Church classification of wvolcanic in study area.
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Figure 10.The state of basaltes belonging to the studv area in

the diagramme of Gottini(29).
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rurence consiste of cempact manganese and on the surface zones

hav  too muca fractu es which were fil%ed by calcite veins.

ATter picrinc tre oves from tns suyrzce mineralization which sinks
down towarc: the pgsc, iney were iefi because of some political and eco-
nomical reasons.

Some polished section examinations on the samples from this occurence
were given below;

. Pyrolusite; it was observed as many and generally small crystalls. Mic-
rocrystaline calcite having subhedral and euhedral shapes filled the
spaces among the Pyrolusite crystalls. The Pyrolusite crystalis some
times display excellent cleavage (Plate 2, figure 1).

. Psilomelane, It displays relatively less and small grains accumulations.
The rich part of Psilomelane made of grain accumulations have cataclas-
tic structure locally and these cracks were filled by calcite and more
enrichment Psilomelane crystalls (Plate 2, figure 2).

. Polyanite. It is observed among the Pyrolusite and have euhedral and
subhedral crystalls (Plate 2, figure 3).

. Limonite; It is observed as stains of serisite of secondary minerals.

Calcite is the one of the gangue minerals present large grain crys-
talls and sonetimes thin grain form. Quartz is Tound between calcite
veins. As the same time, a little amount clay and serisite were observed.

5.2.The Ziyamet Sedimentary Manganese Occurences

Brown and black manganese occurences are found in marl, chalk and iime-
stones of Pakhna formation placed in the southern of Ziyamet. These occu-
rences were determined by C.M.C. (Cyprus Mines Company) in 1950's and
Saucier and Major (8) emphasized too (Plate 2, figure 4).

In the field observations, nine levels of manganese occurences having
varies thicknesses from 15 cm to 1 m were determined among the marl,
chalk and limestones of Pakhna formation (figure 11). The gypsum bands
pbserved on the marly manganese beds (Plate 2, figure 5). The crystalliza-
tijon direction of the gypsum is the opposite of bedding surface (figure
12). '

The marly bands don't have regular manganese bands and this is an evi-
dence of the manganese bearing solutions didn't come regularly to the
sedimentation environment (25). Some polished section examinations of
these occurences are given as follows;

18
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Figure 1ll.The vertical and horizontal sections of sedimentary manganese occu-

rences as nine levels south of Zivamet (from Necdet) {(25).
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Psilomelane is observed commonly and stains calcite and clay minerals.
It sometimes displays concentric shell and botryoidal growings and has
matted surface. Spaces and microfossil remmants were observed in some
sections. These microfossils are sometimes found as together and some-
times one by one. The shells of microfossils were made of generally cal-
cite, but insides were composed of Psiiomelane (Plate 2, figure 6).
It wasn't possible to make good polished-sections from the ore samp-
les so that it wasn't identified other manganese minerals, except Psilo-

melane.

5.3.The Results of Chemical Analysis of Manganese Occurences

The results of chemical analysis of volcanic and sedimentary manganese
occurences were given in table 2. It is seen from the table 2, the man-
ganese grade of sedimentary occurences is Tow. The Balalan occurence gave
good results for grade but it has very limited extent.

The appearant reserve of sedimentary occurences is 500.000 m3 and it
is possible to enrichment of this Tow grabe ores because of 1ts economic
importance. The first enrichment experiments on these ores were done by
C.M.C. in 1963, but gave poor results, In 1983 some manganese ore samp-
les picked up from Ziyamet mineralization area were sent to the Central
Laboratories of M.T.A. and they were realized floating-sinking and den-
citv oyneriments tn determine their sensibilities to the gravimetric

MANGANESE OCCURENCES IN KARPAS PENINSULA

the crack zones, after‘that changed into high grade manganese such as

- Pyrolusite, Psilomelane and Polyanite under the effect of surficial
weathering conditions. This mineralization which has no any relation-
ship with any sedimentary units as the same time in this region related
to the tectonic of Kyrenia-Misis complex.

. Ziyamet sedimentary manganese occurences, which have very different
existing mechanism from Balalan, are located as nine levels in marl,
chalk and limestones which their thicknesses varies from 1 to 23 m.
T?is is due to the solutions including manganese precipitation to en-
vironment irregularly. After the examinations of thin and polished sec-
tion of samples picked from these occurences up, many microfossils were
examined such as Orbulina sp., Globigerina sps. ect. This is an evidi-
ence to explain of the sedimentary origin. The source of these occuren-
ces is the basaltic volcanics including a volcanic origin occurence and
the manganese, which is the product of superficial weathering of volca-
nic rocks, was transported into the basin and deposited as layers hav-
ing different thicknesses in the shallow segments. The manganese occu-
rence (North of Balalan) is an indication for enrichment of manganese
content of these volcanics.
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Figure 1

Figure 2 :

Figure 3 :

Figure 4 :

Figure 5 :

Figure 6 :

PLATE 1

Microphoto, P.L., Thin section from sandstone, Quartz (Q),
Plagioclase (P1), Calcite (C) were cemented by micrite.

Microphoto, P.L., Borelis sp. is observed in the limestones
of Kythrea formation, Sparitic cement (CS) is high percent
and a Tittle micritic cement (Cm) is observed too.

Microphoto,p.L., Flowing marks in tuffs. Microliths in a
vitreous matrix display subparallel to the flowing direction.

Microphoto,P.L,, Manganese minerals display a dendritic
spreading in chalks,

Typical pillow lavas (Tpl) at eastren entrance of Balalan.
The Tight colour unit at the lower part is tuff of Kythrea
formation (Tk).

Microphoto,P.L., Spilitic basalt. Gaseous spaces were filled
by big and synthetic texture of Calcite (C). Plagioclase (P1)
microliths and opaque minerals are observed in matrix too.
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Figure
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Figure
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PLATE II

Microphoto,R.L., Small and destroyed Pyrolusites, big and
subhedral Pyrolusites (Pi) were also observed from Balalan
manganese occurence. The gangue is only calcite.

Microphoto,R.L., Primary and secondary Psilomelane crystalls.
Primary one (Ps) looks Tike a woif eaten speciality and the
secondary one (Ps) gives a more rich content of manganese.
The fractures wers 7illed by calcite.

Microphoto,R.L., Eunedral and subhedral Polyanite (Po) cry-
stalls from Balalan manganese occurence. The 1ittle crystalls
are Pyrolusite (P1) and the gangue is calcite.

The ore remmants from previous operations in Ziyamet minera-
Tization area.

The gypsum seguence (Gyp) of upper and lower part of marly

manganese in Ziyamet sedimentary mineralization area. The
thickness of gypsum bands changes between 2 and 4 cm.

Microphoto, R.L., Psilomelane (Ps) which filled the fossil
remains of sedimentary manganese ores.
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PALEOZOIC-MESOZOIC STRATIGRAPHY OF THE FEKE-FEKEDAS (ADANA) AREA
(EASTERN TAURUS)

Cengiz YETIS
Faculty of Engineering and Architecture, Cukurova University Adana-TURKEY

ABSTRACT: Paleozoic-Mesozoic stratigraphy was described from Cambrian
to Jurassic in a lithostratigraphic sence in the Feke~Fekedad area situa-
ted in the Eastern Taurus Belt of the Taurus range. Investigated area
comprises a series of rock units largely from Paleozoic to Tertiary.
Cambrian to Jurassic sequence belongs to autochthonous platform carbona-
tes and clastics, and allocthonous ophiolithic suite does not outcrop
at the Feke area. The Paleozoic succession comprises the following:Camb-
rian carbonates of Dedirmentasi; Ordovician shale of Armutludere; Lower
Silurian conglomerate-sandstone of Halityaylasi and shale of Puscutepe;
Lower Devonian sandstone-carbonate of Yukariyayla, Middle Devonian dolo-
mite of Safaktepe, Upper Devonian quartzite-carbonate alternations of
Gumiisali (Kizkapan and Cikak members) and Upper Permian shale interbedded
limestone of Yigilitepe formations. Mesozoic is represented by Jurassic
Timestone-dolomite alternations of Demirkazik formation. Similar to the
Adana basin Tertiary succession of the Feke-Fekedad area begins with
019gocene-Lower Miocene aged terrestrial Gildirli formation.

FEKE-FEKEDAS (ADANA) DOLAYININ PALEOZOYIK-MESOZOYIK STRAT1GRAFiSt
(DOGU TOROSLAR)

UZET: Bu incelemede Toros kusadinin, Dodu Toros kesiminde yer alan
Feke-Fekedad alaninin Kambriyen'den Jurasik'e litostratigrafik ayirima
dayal1r Paleozoyik-Mesozoyik stratigrafisi aciklanmistir. Inceleme alans
Paleozoyik'ten Tersiyer'e kadar uzanan yas aralijinda kaya birimleri
kapsar. Kambriyen-Jurassik istifi platform karbonatlari ile kirintili-
lardan olusma otokton istife aittir. A1Tokt0n,ofiyo1it dizisi kayac¢lar
Feke-Fekedad alaninda yiizeylemezler. Paleozoyik istifi karbonatlardan
ibaret Kambriyen yasli Dedirmentasi; Ordovisiyen yasli seylden olusma
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Armutludere; Alt Silliriyen yasli konglomera-kumtasindan ibaret Halityay-
las1 ve seylden olusma Puscutepe; Alt Devoniyen yasl1 kumtasi-karbonat
ardalanmasindan ibaret Yukariyayla, Orta Devoniyen yasl1 dolomitik Sa-
faktepe, Ost Devoniyen yasli kuvarsit-karbonat ardalanmasindan clusma
Giimiisali (Kizkapan ve (Cikak Uyeleri) ve Ost Permiyen yasli seyl arakat-
manl1 kirectasindan olusan Y1§i11tepe formasyonlari olusturur. Mesozoyik
kirectasi-dolomit ardalanmasindan olusan Jurasik yasl1 Demirkazik formas-
yonu ile temsil edilir. Feke-Fekedad alaninin Tersiyer istifi Adana base-
nine benzer sekiide 0ligosen-Alt Miyosen yasli Gildirli formasyonu ile
baslar.

1. INTRODUCTION

The aim of this study is to summarize the Paleozoic-Mesozoic stratig-
raphy and to establish representative stratigraphic columns for the Eas-
tern Taurus belt in the Feke-Fekedaj area. For this reason previous stu-
dies looked over and Feke-Fekedag area-was mapped to a scale of 1/25 009.
The Feke area is situated 125 kilometres to the Northeast of the Adana
province. The Eastern Taurus Belt forms an important link in the southern
sector of the Alpine-Mediterranean mountain chain in Turkey which belongs
to the Quther Taurus Belt (Fig.1).

The geologic investigation on the the Eastern Taurus Belt began with
the works of Blumenthal (1). He reported Devonian aged units,overlain
by Cretaceous units with a great stratigraphic gap in the Fekedad area.
Abdisselamoglu (2,3) defined 1ithologies of Silurian aged sandstone;cong-
lomerate, schist; Devonian aged nodular limestone with Orthoceras and
sandy schist; Permian aged limestone in the Fekedag area. Demirtasli (4)
described main lithostratigraphic units of the Eastern Taurus Belt of
the Pinarbasi, Sariz, Magara area. Uzgil et al.(5,6) described Emirgazi
formation at the base of Dedirmentasi formation and applied Tremadosien
Arenigien (Ordovician) age to the Demirtasli's Armutludere formation in
the Tufanbeyli area. On the other hand, the Uzgiil 's (7) Geyikdagt unit
of the Tufanbeyli region is mainly compatible with the lithostratigraphic
units of the Feke-Fekeda§ area. Demirtasli (8) studied .Paleozoic stratig-
raphy and Variscan events of the Taurus Belt. Geologic mapping were'accom-
plished by Ayhan (9), tplik¢i and Ayhan (10) for the area of Kozan, Feke,
Sgimbey1i, and by Metin (11), Metin et al. (12) for the Tufanbeyl1i ,Sar1z,
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Goksun, Saimbeyli, Develi area (13) summarized Ordovician to Neagene
stratigraphy of the Samibeyli area using Démirtasf1's (4) and Ozgll's (6)
basic 1Tthostrat1graphic definitions. The Upper Permian foraminiferal
biostratigraphy of the Taurus Belt was given by Altiner (14) fram Antalya
to Hakkari. Tekeli et al. (15) examined in Upper Devonian-Early Senonian
aged Par-autochthonous platform carbonate deposition of the Aladag moun-
tain, and Uzglil and Tursucu (16) divided Triassic-Cretaceous aged Munzur
1imestone into 6 limestone members of the Eastern Taurides. Demirtasii

et al.(17) described Permian-Late Cretaceous agéd slate intercalated with
s1ightly metamorphosed 1imestone in the Inner Taurus Belt, and manmetha-
morphic units of Permian-Cretaceous aged at the Bolkar Mountains of the
outher Taurus Belt. Finally, Metin et al.(18) prepared geologic map of
the ETbistdn-I 22 quadrange with explanations bésed‘on the works of
Demirtasli (4), Uzgil et al.(6) Metin et al. (12).

ADANA
.HERSIN

"Istanbul
*AN

TUR K
Antalya

MEDITE RRANEAN

MEDITERRANEAN

Figure 1. Principal Tectonic Belts of the Southern Turkey and location
map of the study area,

3



STRATIGRAPHY OF THE FEKE-FEKEDAG

[7%]
[p%]

c 7 i
2 L
El | » =bi=| & L. 1 T H O L 0O 6 Y
. = ] 1] [21] e - =4
=| =1 -= o |EZ| 2| ©
ol 21 % S |sat == ;
Slalw I =R Not to scale
Quaternary o | R Alluvium=Slope waste
u|lYl Z ~ B Limestone
| = o I 1 :
Slawl|z = oo F A0 M 77 A Dolomite
21E|8 ENSITE D
wls| 8 = - . Limestone
i -
=z =la |
= = =|c .
= | S22 | =8 Limestone
Q| = £ x V| = S S
=le|B35l|=
= = £EZ ~©
oy Eoi” i
% ¥ Quartzite interbedded i‘
s ~
=] = —~ . - :
ol B2 ] e Limestone—Dolonite
&= oOX|
wi U e
= P fou) = & 4% 4=
B = i L 4 : " - - -
= SE| | Ty Limestone—interbaded Quarzice
= T % e B N
< pr———
= (1} L 4
= a _._.__......:b
== g | nletb/——= .
g O ey Dolomite
= g o oA i i L
ol| = = ,
= | | 2 :
= g Shale-Siltstone interbedded
= = > | W
> v — - ;
= 5 | o) & - Limestone
s = e
2 ==
e
g —
wl ) %D Siltstone interbeded Shale
S =2
2 |V e
= &
p=J
e & e
— w =,
| = ] Sandstone
S| e =
-~ o=
4 =) =
- = | 3
w = Conglomerate
E]
<| =z &
=T [«T}
(=] E o Shale-Siltstone
1NEHE
& =
S <
= 9
= = . .
= g =) Delomite-Limestone
[~a] e
5= = =
<< w
= ]
Figure 2. Generalized stratigraphic section of the Feke-Fekeda? (Adana)

area.



2. STRATIGRAPHY

Cambrian to Jurassic sequence of the autochthonous platform carbonates
ang ciaétics of the Feke-Fekedad area comprises 9 formations and 2 members
in a regional scale (Fig.2). These are Cambrian aged Dedirmentasi.Ordovi-
cian zged Armutludere, Lower Silurian aged Halityaylasi and Puscuzzne
shale, Desnonian aced Yukar1yay1a,-5afaktepe, Giimusali (Kizkapan and (ikak
members), Uppet Pefmian aged Yi1g11l1tepe and Jurassic aged Demirkazik for-
mations. Main sedimentary breaks were determinad bztween Ordavicizn-Silu-
rian, Devonian-Upper Permian, and Permian-Jurassic.

UNITS BED CONTACT = Trough Cross Beding

Jd Demirkazik formation ~~ Sharp/Erosive or Irregular ZZEZ Low Angle Cross Bedding

Py Yigiitepe formafion ——— Sharp Planar FeO Ilronstone Lenszand Nodule
Dg Gimisali formation — —==Gradationgl # _Pyrif_a

Dgk Kizkopan member BEDDING A Cherf

Dgc Cikok member E==— Laminated ' m Micaceous Detritus

Ds Safaktepe formation - Poorly Laminated M HF\gnerire

Dy Yokarwyaylo fermation [ Unlaminated gJoTA _

$p  Pusgutepe shale =" Disturbed Lominated ® Gosiropod

Sh  Halityaylas: formation SEDIMENTARY STRUCTURES - FEATURES g Bivalve

Oc  Armutludere formation ~—— Erosion Surface V-= Verticol /Horizental Burrows

Kd Degirmentas: farmation Flat Lamination ®  Coral

Figure 3. Key to symbols of the measured sections.

2.1. Degirmentas1 Formation (Kd)

This formation was named by Demirtasli (4) and mainly composed of rec-
rystallized limestone and shale with nodular Timestone interbeds towards
the top. In the investigated area it crops out at the western side of the
Feke-Cardak tepe trends and northeastern side of the Feke cduntr_y~

Dedirmentast formation is represented by dark grey to white recrystalli-
zed limestone-dolomite, thick bedded. sometimes laminated and unfossili-
ferous. It is composed of nodular T1imestone interbedded yellowish green-
brown thinly bedded, micaceous siltstone and dark grey fissile shale
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a]ternation at the top,

The lower boundary of the Dedirmentasy formation is not observed in
the investigated area. Around the Topakkaya Tepe contact zone of the
De§irmentasy and Armut?udere formations, approximately N-E trending fauit
was ﬁoted. Similar tectonic basal contact relation was also seen at the
northeastern side of the Feke county. Normally Degirmentasi: formation
concordantly passes to Armutludere formation. Northwestern side of the
Feke, a fhickness of 191 metres was measured along the Goksu river and
it may be much more thicker at the western outcrop. Demirtasit (4) des-
cribed a thickness of 280 metres for this formation.

No fossil observed in Dedirmentas: formation around the Feke area.
Demirtasli (8) reported some trilobites from the upper level of the for-
mation, and Metin et-a].(18} noticed scme of coral detritus in the limss~
tone levels, using the regional correlation Latest Cambrian age was pro-
posed by Demift3511 (4, 8) and Middle Cambrian age by Hetin et al.(18).

2.2.Armutludere Formation (0a)

This formation was named by Demirtasl: (4) at the Sariz area and it
mainly consists of shale and siltstone alternation in the type locality.
The main outcrop of the Armutludere formation is found along the Feke-
Cardak trend, and a smaller one crops out at southern side of the Caltepe.

At the Feke area, carbonates of Dedirmentasi formation transits to
shale=-siltstone alternation of Armutludere formation with a nodular tran-
sition zone. In the this zone gréy recrystallfzed 1imestone, green{sh
grey fissile siltstone and reddish pink disturbed Taminated mudstone are
very characteristic. Towards to top 2-4 cm thick roughly nodular, light
green Timestone interbedded pale green-pink sandy siltstone is found.

" This level transits to very fine quartzose sandstone interbeded greenish
grey shale, which contains abundant micaceous detritus. Finally, at the
top dark grey-brown, fissile, in some place laminated, abundant micaceous
silty shale and shale are dominant. In thin section fine sandy siltstone
comprises subrounded quértz (60 %), Micas (10 %), and cubic opac minerals
(15 %) in dron-rich serisitic matrix.

Armutludere formation has a tectonic contact relation with the Degir-
mentas1 formation around Asmaca Cayl and Devonian aged rock units at eastern
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side of the Cardak Tepe. This formation conformably overlays the Degirmen-
tas1 formation‘with a nodular transition zone at southefn side of the
Caltepe. The thickness of the Armutludere formation could not be measured
in the field. A thickness of 1150 metres was determined by Demirtasli (8)
and 1100 metres by Metin et al (18). '

Few graptolites were observed at the lTower section of the formation.
Demirtasly (8) reported some gtaptol1tes (D]dymograptus sp. Tetragraptus
sp.), Trilobites (Aéaphids and Symphysurus), Delerorthis sp.,Orthis sp.
in the siltstone of Sariz area. On the dther hand; Macropyge taurina sp.
hov was determined by Dean, W.T., and Didymdgraptus extensus (Hall),
Didymograptus nicholsonj Lapwoth, Didymograptus cf. nitidus (Hall),
Didymograptus aff. deflexus Elles and Wood by Rickards R.B.,at Eastern
Taurus zone of Sariz-Tufanbeyli area (as cited Uzqiil et al. 5). The Fos—
5115, indicate deposition during Ordovician for the Armutludere formation.

2.3. Halityaylas1 Fotmation {Sh)

This formation was named by Demirtasl1 (4) and composed mainly of thick
bedded cong1omerate and feldpathic sandstone at the Sariz area.

Halityaylas1 formation has a very restr1cted outcrop at the eastern
side of the Fekedag. At this type 1oca11ty, format1on begins with a cong-
lomerate, but the basal level of the formation could not be seen due to
folding and faulting (Figure 4,5). YeJ]dw to buff coloured conglomerate
to pebbly sandstone is unsdrted; thick beds have subrounded quartz,.quart—
zite, shale and heavy mineral grains of 4-5 cm long. Conglomeratic basal
level of the formation transits to sandstone with decreasing grain size.
Pale green sand§tone (1ithic graywacke) poorly sorted; and lamfnated
contains medium to thick sand Qrains being ﬁain]y'composed of quartz
(55 %) , rock fragments (10 %), fe1dspars (5 %), micaceous detritus % 2
(Plate 1/A). Sing1e and composed p1utoﬁic vein type quartz gréins has
straight to slightly ondulose extinction, and contain scarce vacuols and
microlits. The grains indicate a granitic source rock for the unit.

The 1ower boundary of the Halityaylasi format1on was not observed in
the Feke area, but in the region it unconformab]y overlays Ordovician
aged Armutludere formation (10).0n the other hand,Hantyay1aé1 formation
transits to Puécutepe shale at the top (Fig;4,5). For the Halityaylasa
formation a thickness of 110 metres Demirtasli (8) and 110-160 metres
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Figure 4: A sketch section showing contact relations of the differen-
tiated Tithostratigraphic units from Fekedad to Hovdu

Metin et al. (18) were proposed in the Eastern Taurus Belt. In this study
an observable thickness of 6 metres was measured for the Halityaylasi
formation. No fossils were observed in the Halityay1a51 formation.Accor-
ding to the close contact relation of the Ordovician aged Armutludere
formation at the base, and Lower Si]urian aged Puscutepe shale at the
top, Lower Silurian age was applied to the Halityaylasi formation. Basal
section of the Halityallasi formation indicates a stratigréphic gap bet-
ween Ordovician and Lower Silurian time Period. |

2.4. Puscutepe Formation (Sp)

This formation was named by Demirtasli (4) in the Eastern Taurus Belt
and mainly composed of shale at thertype locality. With the close contact
relation of the Halityaylas: formation it has a unique outcrop at eastern
side of the Fekedag. This area forms the type locality and type section
for the formation to a regiona1 scale.

The Puscutepe shale mainly consists of alternations of shale ,siltstone
and minor amounts of carbonate interbeds in the Feke area. Green=dark
green shale is thick bedded, fissile and contain quartz grains with small
amounts micaceous detritus, and at the basal level fine sandstone inter-
beds are common. Dark-gray-black carbonaceous shale, on the other hand,
is thin-bedded, laminated, fissile and at the upper level iimestone interbeds
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125t )

“Figuri 5: Gedik measured section. Sh:Halityaylas: formation, Sp: Puscu-
tepe shale, Dy: Yukat1yayla formation.

are found. This formation transits to Yukariyayla formation with increa-
sing carbonate amounts to the top (Fig. 4,5),

Puscutepe shale has a transitional contac relation with the Halityay-
las1 formation at the base; and Yukariyayla fdrmation of Late Silurian-
Early Devonian at the top (Fig.4). In this study a thickness of 36 metres
was measured for the Puscutepe shale, For the Eastern Taurus Belt a th{ck-

ness of 120 metres by Demirtasii (8), and 60-120 mefres by Metin et al,
(18) were proposed.

Graptolites and a few trilobite fragment were observed in the Puscutepe
shale. For this formation Demirtasli (8) reported Monograptus spiralis,
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Monograptus convolutus, Monograptus denticulatus: on the other hand Monog-
raptus spiralis (Geinitz), Monograptus lebiferus (M’'Coy), Monograptus

halli (Barrande), Monograptus convolutus (Hisinger),Monograptus denticu-

latus TGrnquist, Monograptus decipiens, Tornquist were determinated by
Kalliodiu, A.as cited in Uzgiil (6). These fossil determinations indicate
a deposition of the Puscutepe shale during the Early Silurian.

On the Fekedag area first transgressive unit begins with conglomeratic
Halityaylasi formation and marine facies of this transgressive cyclie is
represented by Puscutepe shale.

2.5. Yukariyayla Formation Qy)

This formation was named by Demirtasly (4) and consist of black shale
and dark grey Timestone alternations in the Pinarbasi-Sariz area. On the
other hand, Uzgil et al.(8) differentiated Lower Devoriian aged Ayitepesi
formation of clayey limestone interbedded sandstone-mudstone alternations
at the Tufanbeyli area. In this study Uzgll et al.'s Ayitepesi formation
is studied as Yukariyayla formation.

The type locality of the formation is found eastern side of the Fekedag.
In the type section it begins with a transitional contact relation on the
Puscutepe shale; by contrast it is disconformably overlain by Upper Permian
aged Y1g111tepe formatioﬁ. Other outcrops are found western side of the
Fekedag and along the Goksu river.

In the Feke-Fekedaj area, the Yukariyayla formation begins with nodu-
lar Timestone-shale alternations on the Puscutepe shale and it is followed
by alternations of limestone-sandstone, shale at the top (Fig. 5). Shale
and fine sandstone interbeded siltstone is dark grey, brownish grey,black
parallel-cross laminated, fissile and silty levels comprises micaceous
detritus and 1imonite. These fine detritus of the Yukarijyayla formation
transit to siltstone interbedded dark grey, medium to thick bedded nodu-
lar limestone which contains abundant Orthoceras sp.. One of limestone
sample is described in thin section as sandy biomicrite with magnetite
(Plate I/2). Which contain Orthoceras and undetermined forams (30 %),.
fine sand and silt grains sized quartz (5 %), eqdigranu1ar sparry calcite
filled veins and pore spaces, well developed stylolite and euhedral magne-
tite (10 %). At the upper level of the formation dark grey-black carbonate
were determined as boundstone. biomicrite and micritic Timestone which are
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dark grey, medium to thick bedded, sometimes laminated, and contains a
different kind of coral, brachiopoda, with magnetite, pyrite, Fine sand-

stone interbeds are greenish gray, parallel-cross laminated containing
abundant brachiopoda.

Yukariyayla formation has a transitional contact relation on the Silu-
rian aged Puscuteﬁe shale and is'conformab1y overlain by the Middle Devo-
nian aged Safaktepe formation at eastern side of the Fekedaj. It is dis-
conformably overlain bj the Upper Permian aged Y13111tepe Timestone. Ba-
sal section of this unit was not seen at eastern side of Feke and Western
side of Fekedad due to faulting. A thickness of 104 metres was measured
in the Gedik section (Fig.5). Demirtasl: (4) was proposed a thickness
of 400 metres. Metin et al. (18) 800 metres with Ayitepesi formation,
iplikei and Ayhan (10) more than 1000 metres.

Yukariyayla formation contains abundant Cephalopoda (Orthoceras sp.),
Coral (ﬁisphy11um sp.) brachiopoda, bryozoé etc. In a regional scale,
Demirtasl1 (4) and Metin et al.(18) proposed Late Silurian-Early Devonian
in an age for the formation according to the Orthoceraé sp. determination.
vzgul et a].'(G) proposed Lower Devonian age for the Ayitepesi formation
according to the following fossils: AcrOSpirifef sp., spirifer cf.undiferus
Roemér (Determination by Salanci, A.). These fossils indicate a deposition
during Early Devonian.

2.6. Safaktepe Formation (Ds)

This formation was named by Demirtasly (4) and mainly made up by ar-
gillaceous limestone, siltstone and'calcareous mudstone at the Sariz area.
In the Eastern Taurus Belt Metin et al. (18) used "Safaktepe limestone"
for the dolomite interbedded limestone. iplikci and Ayhan (10) used dolo-
mitic limestone for this formation.

Main outcrop of the Safaktepe formation is found at the southern flank
of the Fekedég; another outcrop is located at the northeastern side of the
Kazanci extending parallel to the Goksu river. In thé Fekeda§ area Safak-
tepe formation consists of light grey to dark grey, medium=thick bedded
dolomite, dolomitic micrite and mudstone which contains sparse brachiopoda.
In thin section medium crystalline dolomite of sutured mosaic fabric (19)
comprises stylolite, sparse calcite, fossils, iron oxide and clay envelope
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are developed around the\veathEﬁed crystal boundaries (Table I1/3).

Safaktepe formation conformably overlays the Yukariyayla formation
at the base and transits to Glmisali fdrmation Cikak and Kizkapan mem-
bers at the top between Fekedag and Feke area (Fig.6.,7). Around Kazanca
area it is overlain conformably by Cikak member of Glmiisali formation
and has a tectonic contact relation with the Upper Permian aged Y1§111-
tepe formation (Fig.4).

Safaktepe formation Cikak member éKIzkapan member

Gumisali formation

Not to scale

Figuri 6: A sketth section showing contact relation of safaktepe formation
and Cikak-Kizkapan members of Gimiisali formations.

Thickness of the formation could not be measured in the study area.
A thickness of 600 metres by iplikci and Ayhan (10), 1000 metres by
Demirtasls (8) and 1000-2000 metres by Metin et al. (18) were proposed.
In the study area Safaktepe formation contains small amounts of undeter-
minable brachiopoda.

On the other hand, coral (Amphipora ramosa and Thamnophyllum sp.) were
reported by Demirtaslr (18); stramatoporoid, brachiopoda and coral by
Metin et al. (18). In addition Coenites sp. and ThamnophyTlum trigemme
were determined by Kiragli, C. as cited Uzgiil et al. (6).These fossils
indicate a deposition during Middle Devonian.

2.7. Gimiisali Formation (Dg)
This formation was named by Demirtasli (4) and it consists mainly of
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quartzitic sandstone, siltstone, shale and Timestone alternations. These
differentiation are used by Uzgiil et al, (6) and Metin et al.(18} in the
same sense for the Eastern Taurus Belt.

In this study Demirtasli's (4) Glimusali formation was differentiated
into two main members: quartzite rich basal section of the forhation
was investigated as (ikak member, and carbonate rich upper Tevel as Kiz-
kapan member (Fig.2, 7). '

2.7.1. Cikak Member (Dgc)

Cikak member of the Gimisali formation crops out bet#een Fekedag-Caltepe
and Kazanci1-Kdleli irend, Type locality and type section of the member
are found southern flank of the Fekedad. In the Cikak measured section
Cikak member of the Giimlisali formation begins with & Tight grey quartzite
which is Tissile, thick bedded and fine quartz grained. This level tran-
sits to greenish gray siltstone and dark grey limestone. Upper section
of the member guartzite is dominant with small do]omitic-]1méstone,siltﬁ
stone interbéds (Fig. 6, 7). Light yellow-white quartiite, medium to thick
bedded, fine quartz grained, fissile fine siltstone-medium dolomitic 1i-
mestone interbedded, éparse cross bedded and contain small amount of ma=-
fic minerals. Dark grey dolomitic Timestone is medium bedded and lamina-
ted. In fhih sections medium cryistalline dolomites and sparse sandy dolo-
mites were determined. Crystal boundaries of dolomite indicétes signs of
weathering and iron rich clayey envéldpe, and stylolite were also found.
Sandy dolomite comprises very fine single to composite subrounded sand
grains of quartz (2 %) which have ondulose extinction, and are found
along the stylolitic ways. Some pore spaces are filled with coarse spary
calcite cement. For the SiO2 distribution of the unit 3 samples rich in
guartzite were collected from this member. XRD analysis showad 72 %,

100 %, 70 % Si0,.

Cikak member of the Gimiisali -formation conformably overlays dolomitic
Safaktepe formation at the base both at the southern side of the Fekedad
and around Kazanci area (Fig. 6). On the other hand, it transits to Kiz-
kapan member at the top around southern side of the Fekedag. By contrast,
it has tectonic contact relations with the Ordovician aged Armutludere
formation and Upper Permian aged Y1gi111tepe formation in the Feke area.

For the Cikak member of the Glmiisali formation a thickness of 184 metres
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1007

Dgc |

Figure 7: Cikak measured section. Ds: Safaktepe formation, Dgc: Gikak
member, Dgk: Kizkapan member,

was measured, A thickness of 450 metres was propnsed by 1plikci and Ayhan
(10) for the whole unit. No fossils were found in the quartzitic levels;
by contrast, dolomitic Timestone and sandy levels have some brach1opoda
etc. N1th the close contact relatuon of the Kizkapan member this unit
must be deposited durnng Upper Devonian,
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2.7.2, Kizkapan 'fember (Dgk)

This member was named by the author, and crope out approximately at
the midpoint df the Feke-Fekedad trend, Kizkapan member ié composed of
dark grey, medium to thick bedded doiomites with sparsé sandy dolomitic
Timestone horizons including thin sandstone intepbedé. In thin sections
dolomite sample has silt to very fine sand grains of angular, ondulose
extinction of composite'quartz (3 %), opaque minerals (1 %), and very
fine dolomite crystals; veins are filled with equigranu1ar sparry'c61cite‘

Kizkapan member has a transitjonal contact relation with the Cikak mem-
ber at the base. It conformab]y overlays the Safaktepe formation at the
western side of the GBksu river (Fig.s). The apparent thickness of the
Kizkapan member was measured to be 172 metres at the Feke area.
Demirtasil (4) reported some Disphyllum caespitosum,Cyrtosipirifer sp.,
Hexagonaria sp., Cytotefrorhynchus gr. arpaensis. in the Sariz area.
Disphyllum minus (Roemer), Disphyllum goldfussi (Geinitz), Hexagonaria
darwini (French), Alveolites suborbicularis Lamarck, Atrypa reticularis
Linné, Fenestella sp., Thamnopora sp., Spinocyrtia sp., Spinatrypa sp..,
Productella subaculata (Murchison). Crytospirifer cf.vernuelli (Murchison)
Cyrtospirifer cf. brodi (Wenjukoff), Rhynchonella cuboidas (Souerbj),
Spirifer aff. boucardi (Murchison), Camaratocechia sp. were determined by
Kiragli, C., Baydar;M., and Sallanci, A. as cited in Uzgul (6) and Metin
et'a1. (18) in the Tufanbeyli and Saimbeyli area. These fossils indicate
deposition during Upper Devonian. ' o

2.8. Yig111tepe Formation (Py)

This formation was named by Demirtasli (4) as a "Y1§111tepe limestone"
but later "Yi§111tepe formation" applied to this unit by Uzgil et al.(6),
Tutkun (14), Metin et al.(18). In the reference section it consist of
black shale interbedded dark grey 1ime§tnnéy

Y1§111tepe formation crops out around Fekedaj area, along the Goksu
river and Kizilgukur Tepe in the Feke area. None of these outcrops form
a type section for the unit. Tectonic contact relations and trumcations
by the Jurassic tfansgression of the unit prevént formation of a charac-
teristic section. A reference section may be seen along the Goksu river.

Y1§111tepe formation mainly consists of dark gray-black. medium to
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thick bedded Timestone which contains 20-30 centimetres thick carbona-
ceous Tissile black shale interbeds at the basal section around the Goksy
river. This shale interbeds were not seen in the other outcrops. Limesto-
ne Jayers contain abundani Hizzia which is a very useful criterium for
determination of the Permian unit (Plate I/4). At the NW of Pinarbasy,
Upper Permian unit begins with clastics at the base (a) and succeeded

by a limestone unit subdivided by Altiner (14) into two members a jower
carbonate unit (b) and upper carbonate unit (c). Similarly Upper Permian
limestone is extremely rich in dasycladacean (Mizzia) and gymnocodiacean
aigae. In thin sections biomicrite and fossiliferous micrite are deter-
mined. Biomicrite, contairn Mizzia and other bioclast (20-50 %), intra-
clast (1-10 %), opaque minerails (1-2 %) in a micritic matrix (Table 1/4).
Fossils are coated with a micritic envelope and pore spaces sometimes
filled with equigranular spary calcite. In some sample spary calcite
Tilling veins and stylolite is observed. Fossiliferouz micrite contains
bioclast (10 %) mainly being Mizzia in a micritic matrix. Sparse silty
detritus with stylolite, spary calcite filling veins and iamiﬁaﬁcnare
also Tound.

Permian aged Y1§111tepe formation disconformably overlays Devonian
aged Yukariyayla and Safaktepé formations, and is disconformably overlain
by the Jurassic aged Demirkazik fdrmation at the Fekeda§ area {Fig. 4),
By contrast, at the other outcrops it has a tectonic contact relations
with the other formations. Truncations and tectonic contact ré1at10ns
prevent measufﬁng-the real thickness of the formation in the Feke area.
Demirtas]1 (8) proposed 800 metres, iplikci and Ayhan (10) 200 metres,
Tutkun (13) 300-350 metres, Metin et al. (18) 650 metres a thickness
Tor the Yig111tepe formétion.

Yig111tepe formation contains the following fossils in the limestone
levels (determined by Altiner, D., M.E.T.U): Hemigordius aff. ovatus,

Hemigordius irregulariformis, Hemigordius bronnimanni, Hemigordius sp.,

Agathammina pusilla, Agathammina sp., Pseudovermiporella nipponica,

Permocalculus fragilis, Permocalculus ‘sp,, Gymnocodium sp., Mizzia

velebitana, Pachyphloia ovata, Pachyphloia schwageri, Globivalvulina

decrouezae, Globivalvulina sp.,Globivalvulina vonderschm?tfi,Parag1obi-

valvulina sp., Stafella sp., Neoendothyra reicheli, Angelina alpinotaurica,

Lunucammina postcarbonica, Lunucammina Sp.., Fusulinacea,Stafella sphaerica

Dunbarula sp., Pseudolangelle fragi]is, Pseudokahlerina sp.. Dagmarita
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chanakchiensis,Permocalculus fragilis,Climacammina sp.,Fondinz permica,
Ungdarella, Gymnocodium belleraphontis.

These fossil community indicates a deposition during Upper Permian
(Murghabian-Dorashamian). Devonian aged lithostratigraphic units are
overlain disconformably by shallow marine-subtidal deposits of Yi1gilitepe
formation in the Fekeda§ area. On the other hand Carboniferous despositis
have not been definsd so for at the investigated area. Theretore,another
important stratigraphic gap is Tound bestween Upper Devonian-Upper Permian
time period.

2.9. Demirkazik Formation (Jd)

Upper Triassic-Cretaceous aged carbonates was named by author as Demir-
kaz1k formation in the eastern territories of the Ecemis Fault Zone (20,
21). In this study, this definition is applied to limestone-dolomite al-
ternation of Jurassic carbonates of Feke-Fekedaj area.

Demirkaz1k formesion typically crops out in the Fekedad and ai ihe
eastern side of the Goksu river. Southwestern flank of the fekedad Torms
type locality and Fekedad measured section {s the type section for the
formation (Fig.8-8). .

In the Fekedaj area Demirkazik formation disconformably overlays
Devonian aged Yukariyayla and paraconformably overlays Upper Permian
aged Y1§111tepe formation (Fig.4). Contact relation between Yukariyayla
formation and Demirkazik formation is very clear in the southwestern
flank of the Fekedad.This vrelation could not be seen easily bewween car-
bonates of Upper Permian aged Y1§11itepe and Jurassic aged Demirkazik
formations in the southeastern flank of the Fekedad. There is a weathered
surface between them which could be diffucultly seen in some places. On
the southwestern 7lank of the Fekedad. Demirkazik formation begins with
a fossiliferous dolomitic micrite on the limestone, siltstone, sandstone
alternations of Lower Devonian aged Yukariyayla formation (Fig.8). First
324 metres of the Demirkazik Tormation consists mainly of 1imestone which
includes algal biomicrite, biomicrite, and sparse dolomitic fossiliferous
micrite. Following 172 metres mainly comprises-dolomite and dolemitic
micrite. Upper level is mainly composed of limestone which includes sparse
fossi1iferous-micrite, biomicrite, algal biomicrite and snall amount of
dolomitic micrite. At the top of the succession dolomite is dominant.
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In hand specimen mictitic Timestone is 1ight'gray—beige medium-thick
bedded, sparse fossiliferous, and it comprises calcite veins and chert
in some levels. On the o{her hand white to beige, roughly laminzted do-
lomite is generally thick bedded, medium to thick crystalline, porous
(mouldic and intercrystalline), in some places dolomite sand was formed
by the weathering of dolomite. Fossiliferous dolomitic micrite zontains
medium to thick crystalline dolomite (15 %) and bioclast (10 %) in a mic-
rite matrix, and veins filled with thin sparicalcite are common. Biomic--
rites of the Tower section of the formation contain fossils (25-45 %) .
which have micrite envelope and most of them filled with equigranular
spary calcite (P]ate 1/6). Sparse dolomitic fossiliterous micrite coﬁp-
rise exceptionally fine-medium dolomite crystals (5 %)= Fine,-medium to
thick cristalline sometimes well zoned sieve mosaic fabric of dolomite
and f1oéting thomb fabric of dolomitic micrite (19) has-Spary calcite
Fi1led veins and intercrystalline, ﬁntracrysta111ne, vuagy fype o7 poro-
sity (7, 15 %,Table Ii/T, 3, 4), Uppetﬁost limestone unit of micrite:""_m
biomicrite always contains Clypeina Jurassica, pelloids, stviolites etc.
(P1ate‘I/5)‘ Bjoclasts have micrite envelope and veins and fossils in
sight filled with spary ca1cite; Uppermost sjeve mosaic Fabric of dolo-
mite is medium to thiék cryista11ine,.we11'£oned and porous-iniercrys- '
talline porosity (Plate 11/2). | '

Devonian unit is disconfarmab1y and Permian unit of Fekedad area
paraconformab]y over1a1n by the Jurass1c aged Dﬂﬂarkaz1k .ormau1on
(Fig. 4). On the other hand, at the eastern side of the Goksu river,
Dem1rkaz1k rornatwon has a tectonic contact re1ab10n with the Perm1an-
Devonian units at the west; by contrast it is d1sconformab1y over1a1n
by the Tertiary succession of the Adana basin at the east.

In the rekedad section a thickness of 754 metres was weasured for the
Demirkazik Tormation. Fossil contents of the Dem1rkaz1k Tormat,on are
presen;ed in F1g 8 (determinations by Altiner, D.M.E.T.U. ), These Tos-
sils indicate that lower limestone unit was dénosited during Dogger and
Upper leval Malm, Therefore, Mesozoic succession of the reke-Fekedad
area must have been dep051ted during Jurass1c. Basal level of the Shallow
marine-subtidal character of Demirkazik Formation also indicate an im-
portant 5trat1graph1c gap between Upper Devonjan-Jurassic time perwod
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3. RESULTS

Paleozoic to Mesozoic (Cambrian to Jurassic) succession of the Eastern
Taurus Belt of the Feke-Fekedaé area was presented by 9 formations and '
2 members. Carbonifereous deposits were not detected. Main'sedimentary
breaks were shown to be between Drdov{cian-SiTurian Devonian-Upper -
Permian and Perm1an =Jurassic. Upper Devonian aged Cikak members of the
Glimilisali format1on was distinguished by high 5102 content. Re]ated fossil
determinations (by A1t1ner, D.) indicated Murghabian-Dorashamian (Upper
Permian) age for Yi131litepe formation and Dogger-Malm (Jurassic) for
Demirkaz1k formation. . '
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PLATE I

. Lithic graywacke (Halityaylas1 formation): quartz (55 %}, rock Frag-
ment (10 %), feldspar (5 %) and sparse micaceous detritus. ¥ nicols,
X 40.

. Sandy biomicrite with magnetite (Yukariyaylia fotmation). X nicols,
X 100.

. Dolomite (Safaktepe formation):sutured mosaic fauric. ¥ nicol X 40,

. Biomicrite with Mizzia (Yi@rittepe formation): ahur: . t dasycladacean
and gymnocodian algae in a micritic matrix. Para,i:: iight, = 40,

-

. Biomicrite with Clypeina Jurassica (Demifkaz1k Tormation) parallel
light, X 40. (Fig. 8, number 15).

. Biomicrite with Clypeina Jurassica (Demirkaz1k formation}: more than
45 % bioclasts in a micritic matrix. Parallel light, X 40, (Fig.8,
number 4),






PLATE II

1. Doiomitic micrite (Demirkazik formation): Floating rhomb fabric.
X nicols, X 40 (Fig. 8, number 7)., '

2. Dolomite (Demirkazik formation): Sieve mosaic Tabric of dolomite zre
well zoned. X nicols, X 40 (Fig.8, number 16).

3.4. Dolomite (Demirkazik formation): Sieve mosaic fzbric of zoned dalomi-:
with intercrystalline, intracrystalline and vuggy type of porosity,
X nicols, X 40 (Fig. &, number 9).

5. Sandy biomicrite (Miocene): containing echinids and algae in a szndy
micrite matrix. Parallel light, X 40.

6. Sandy algal biomicrite (Miocene): Abundant forams and algae (40 %}
in a sandy micrite matrix. Parallel Tight, X 40,



PLATE 11
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THE GEOMECHANICS CLASSIFICATION (RMR SYSTEM) OF THE
ZABUK QUARTZITES AROUND THE SIR DAMSITE

Cavit DEMIRKOL

Faculty of Engineering and Architecture, Cukurova University Adana-TURKEY

SUMMARY : The aim of. this study is to establish the Geomechanics ¢lassi-
fication (RMR System) of the Zabuk Quartzite formation on which the Sir
dam will be constructed. The structural discontinuities of the low grade
metamorphic quartzose sandstone-quartzite of Cambrian age are well ex-
posed on the abutments and in the explatory adits. Rock mass classes of
the Zabuk Quartzites which were determined by the "basic rock mass rat-
ings" vary from "class II-good rock" to "class I1I11-fair rock".

SIR BARAJ YERI DOLAYINDAK! ZABUK KUVARSITININ JEOMEKANIK SINIFLANDIRIL-
MAST (RMR SISTEM1)

UZET: Bu calismanin gayesi, lizerinde Sir baraji'nin yapilacad1 Zabuk
kuvarsitinin jeomekanik siniflandirilmasinin (RMR sistemi) yapilmasidir.
Barajin temelinin oturacadi ve arastirma galerilerinin izerinde yer al-
d131 kesimde yapisal diizensizliklerin bulundugu Kambriyen yasli, diisiik
metamorfik kuvarsli kum tasi-kuvarsit yizlekleri yaygin olarak bulunmak-
tadir. Temel kaya kiitle siniflamasina gore Zabuk kuvarsiti "Simif II-iyi
kayadan "sinif III-oldukca iyi kaya" ya dodru bir dedisim gostermektedir.

INTRODUCTION

The Sir Dam is planed to be a 115 m high thin double curvature arch
dam. In order to establish the geotechnical problems of the Sir Damsite,
27 coreborings (LS-101-RSI-127) for a total length of 3702 m and 9 explo-
ratory adits for a total length of 718 m were performed by E.I.E during
the Preliminary investigations, Feasibility and Final project phases.

Mew additional drilling programme (RSI-128, 132) is in progress for the
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diversion tunnel (DT-1, 2) and for the right bank curtain geometry, The

plans are also made to drill holes in the river for determining rocks

&tability (Figure 1,2).
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Figure 1: Location map of the study area

The new drillings are carried out by E.I.E. "Electrical Power Resources

Survey and Development Administration”.

The Geomechanical classification (Bieniawski, 1976, 1983) is based

on the following parameters; strength of intact rock material, drill

core quality "R.Q.D", spacing of discontinuities, condition of discon-

tinuities, ground water conditions and orientation of discontinuites.
The input data for these parameters were obtained from the exploratory

53



-23Ts swed TS 343 30 dew TeoTbOT10®D'Z aanbTJd

DEMIRKOL

M .
14D
S A
mS v.-w.-._ﬂ" " fi =z w
A 1, 621158\ o A%
a * * 92i-1 r Az 5
w . :
R AR (3 0 wwu%m \a
) VY . (219 N
| % f .W_ AN sh-Isuds-Is _mmw
] \ sesy oS ARG P
b % &
TI0H TN¥0 03INID \ AN 1 3
u [FE] - , AN
Y
(1834491) 30H TNH0 ’ s i \ ~
E .o %.p_..,w@., N 4,, ! /\\\
Ly AMOLvd0Tax3 [ midd] 4\/L > N _E.Esﬁ&_wma- G
0 Sg, - / (1} (L]’ - It / U-I1sH
odgaw diwis [ ] G S B o
HvLYE dVSN i I elb: 2 iy
L1IVLNGD I - | _ CENL HVHAZD "aewéﬂmﬁmh ]
) v : 08NN SE~ N 10)]
1Nv4 40 di0 ONY 3HIYLS E . ST ™ (Moot s !
. B3 oe [ e
1nvd 3543AY H ///I./ / Z0L-¥1 ___ _\T 12L-IS7
N ,W/ m o ! 200151 .y &
3 ol 4 ? =
ST08WAS SR\t ST oo\ f N s
//ﬁ ~ L3 \ ’ -.I.an 0, 29
3Liz1uvd ngvz [ 2| g Ao N\ ST
@ % ! /IF \\ 71
o -J\\..\\ 7
NolvWyod dnisos [ %5 | [B SN
o OpIs1S .\\\L\wﬁ:zzmw&
wiany Fee] |§ R e R
i E =] 1 23 mw £
Hsvm 3d01s [ ¢%0%v] |2 2 \/\/__ 2538
E 4 . R ]
o gm,f.irll\llll.,mm A
NOTLVNV1dX3 3

54



GEOMECHANICS  CLASSIFICATICN OF TiFE ZABUK QUARTZITES

adits, by using 598 survey stations for the discontinuity planes and 1428
survey stations for the determination of R,0,D, Thic subsurface data was
also supplemented by the field observations, The detaijed geological sec~
tions of adits made by experienced engineer ceclicgists (E.I.E) become
very helpful for this investigations. The density percentages of the to-
tal 5590 pnints were calculated by the IBM center of £.1.E and the labor-
atory tests on the samples taken from the fault-zone were also carried
out by E.I.E.

GENERAL GEOLOGY

The Ceyhan-Berke-Sir Dam project area is situated to the northwest
part of the Amancs Mountains occupying the folded border region of the
Arabian Platform. The Amanos range includes an autochtonous sequence
ranging in age from Cambrian to Cretacenus. The ophiol te nappes must
have been emplaced during the late Campanian and the 23, 1. “aastrichtian,
and their overburden range in age from the Upper “aastri:ncian to Eocene
and to Miocene.

| The Amanos Mountains range forms an anticlinorium trending in the
NE-SW direction. While the eastern part of the range is bordered with
the regional scale fault system, the imbricated structures associated
with ophiolite nappes are dominant in the western part.

DAMSITE GEOLOGY

There are two formations observed in the dam site:
1. Zabuk quartzite (+£z)

The dam is to be found on slightly metamorphosed, gray-pink, cross
bedded quartzose sandstone-quartzite of Cambrian. The quartzite cropps
out on both banks of Ceyhan river, and is limited by Sir Koprii reverse
fault at 130 meters upstream from the dam axis. The rock mass is pink
on fresh parts, light grey-white, greenish to pinkish, yellowish on
weathered parts, mostly fine to medium, occasionally coarse grained
(conglomeratic), medium to thick quartz veined, closely jointed, minor
scale faulted, occasionally quartz-rich phyllite and mica-schist inter-
calation containing and intack rock is very strong,

In thin section quartzite has well interlocked, equi-dimentional
quartz crystals bounded with a matrix composed of sericite probably ori-
ginated from clayey matrix of the original rock. Few amount of feldspar
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(microcline albite) and opaque minerals present and quartz crysials show
an orientation giving a weak schistosity to the rock (2,4).

2.Sosink formation (4so)

Sosink formation is made of siltstone, sandstone and shales, and
is more than 150 m thick in the dam site area. The formation comprises
MmONoOTonous, grey or green grey shales with occassional siltstones, all
of which weather to a distincly Tight yellow-brown colour. The shales
often contain detrital mica but are practically devoid of sandstone in-
tercalations, in sharp contrast te the quartzitic strata of the under-
lying unit (2,5). The rocks are often strongly cleaved. Although ex-
posures are both numerous and large, fossils are very rare,

The general dip of the beds, though variable, is %o the west south-
west at about 40°. The weathered shale beds of Sosink formation dip
gently southwest. The boundary between the Sosink formation and Zabuk
quartzite is not normal because of the presence of the Sirkdprii reverse
fault.

STRUCTURAL DISCONTINUITIES

The most important major fracture is the Sir Koprii high angle-re-
verse fault which diagonally crosses the river about 60 m upstream (U/S)
of the cofferdam. This EME-WSW striking fault is also noted from study
of the old exploratory core-boring (RSI-110, RSI-112, RST-119). A new
exploratory drill hole (RSI-128) is being drilled to exnlore the fault
plane developed between Zabuk quartzite (£s) the transition zone and So-
sink formation (£so) has the dip varying from 70° to 90° (Figure 2,3}
Table 1,2).

The other minor-scale discontinuities such as bedding planes, fault
and normal faults are well exposed in the abutments and exploratory adits.
The bedding faults which are formed when the beds sTipped relative to
one another during folding dip an average at 40° towards upstream in the
vicinity of dam axis and their strikes make the angles of 40° to 60°
with the Ceyhan river (Figure 4,5). The normal faults can be classified
as two sets according to their trends in the abutments (Figure 2). The
first set trends in the E-W direction across the valley and dips towards
upstream (65°-85°) and dowstream (55°-85°). The second set trends in the
NE-SW direction dips towards upstream (500-750) and dowstream (650—850).
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Stereograms of both fault planes measured in the adits have the same
orientations to each other (Figure 4,5), Both types of faults consist of
fault gauge and crushed-foliated rock material with occassional quartz
veinlets. '

The closely spaced joint sets are also well developed and well ex-
posed in the abutments and exploratory adits. Figure 3 and Table 1 and
2 show the orientations of joint sets in detail. The above mentioned
fault classification can also be roughly applied for the joint set orien-
tations.

The strongly marked bedding plane is an important weakness plane in
the rock mass at the Sir Dam site. The strikes of beds make an agle of
40° to 60° with the river direction and cross the damsite diagonally.
Bedding planes dipping upstream and towards the right bank (NW) and
their dip vary from 30° to 700. Near the Sir Koprii reverse fault becomes
more steeper and even overturned,

GEOMECHANICS CLASSIFICATION (RMR SYSTEM) OF THE ZABUK QUARTZITE

The Geomechanics Classification (RMR System) is based on the fol-
Towing six parameters (Table III);

1. Strength of intact rock material (point load strength index or uni-
axial compressive strength),

2. Drill core quality (ROD),

3. Spacing of discontinuities (ISRM recommendation),

4. Condition of discontinuities (roughness, persistence, seperation,
weathering, infilling),

5. Ground water conditions,

6. Orientation of discontinuities.

These six major geotechnical parameters constitute the basic in-
put parameters. For each parameter, five ratings were considered, Impor-
tance ratings are allocated to each parameter and the total rating for
rock mass clases are specified. The basic in-situ Rock Mass Rating (RMR)
values determine five rock mass classes: I (very good rock), II (good
rock), III (fair rock), IV (poor rock) and V (very poor rock). The mean-
ings of rock mass clases cover average stand up time for tunnels, Fric-
tion angle and cohesion of th2 rock mass, and modules of deformability
(6,7).
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In order to apply the Geomechanics Classification, to the Sir Dam
site identify the structural regions within the rock mass, Since the
rock type and spacing and condition of major discontinuities are more
or less uniform, a single structural region has been considered for the
Sir Dam. The exploratory adits excaveted at different levels could also
be accepted as a sub-structural region, in application of the geomec-
hanical classification to the Sir Dam.

After identifying the structural region, the first step is to estab-
Tish the sum of all the ratings obtained from each five parameters. This
will give the "Basic rock mass rating”. The second step is to make rat-
ing adjustment according to the orientations of the discontinuities.
This step is seperated, because the influences of discontinuity orienta-

“tions depend upon the selection of the engineering application, e.q.
foundation slope stability, tunnel excavation. The adjustment for discon-
tinuity orientation yields the final (adjusted) rating.

The reference tables (6,7) for the adjustment of distontinuity are
as follows;

Reference table 1. The effect of discontinuity strike and dip orienta-
tion in tunnelling (Bieniawski, 1976, 1983).

Strike perpendicular to tunnel axis Strike parallel

Drive with dip Drive against dip to tunnel axis
Dip Dip Dip Dip Dip Dip
45°-90° 20°-90° 45%-90° 20%-45° | 45%-90° | 20°-45°
Very Favourable Fair Unfavou- Very Fair
Favourable rable Unfavou-
rable

Dip 0°-20°

Unfavourable, irrespective of strike
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Reference table 2, Assessment of discontinuity orientation fayourability
upon stability of dam foundation (Bieniawski, 1976;

1983)
Dip Dip 10°-30° Dip Dip
0°-10° Dip Direction 30°-60° 60°-30°
Upstream Downstream
Very favourable | Unfavourable Fair Favourable Very unfavou-
rable

Note:

This table is based on experience and on consideration of stress dist-
ributions in foundation rock masses as well as on an assumption that
in a dam structure both the arch and the gravity effects are present.

The initial in-situ state of stress is not considered here as in dam
foundations in situ stresses are mainly important when considering
grouting, drainage curtains and the excavation sequence of the foun-
dations. For this last aspect recent evidence shows that high hori-

zontal stresses may be expected in near surface rock masses.

This table is tentative only and represents simplifications of a

problem which is justified for rock mass classification purposes only.

Reference table 3. Rating adjustment for discontinuity orientations

. {Bieniawski, 1976)

Strike and dip Very Favourable | Fair | Unfavourable | Very 1
orientations of favourable Unfavor~ -
discontinuties rable
Tunnels 0 -2 -5 -10 ~12
Ratings|Foundations 0 -2 -7 =15 -25
Slopes 0 =5 =25 =50 - =60
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The present study is mainly concerned with the determination of "Ba-
sic rock mass rating” for the Sir Dam site, The estimated parameters are
summarized bellow;

1. Strength of Intact Rock Material

The matrix of quartzite is hard and strong. The quartz grains are
well interlocked. Average result of compressive strength tests for 4 spe-
cimens is 1155 kg/cm2 (tested at the METU "Middle East Technical Univer-
sity" Ankara). The artifical aggregate samples taken from left bank near
by U/S cofferdam which were tested at the DSI "State Hydraulic Works"
gave the following results: 1095, 1195, 1250, 1405 and 1410 kg/cmz.

These values were also supported by sclerometer readings (petite-sismique
. Survey-Dr.B.Schneider). These results correspond to the range of value
"100-250 MPa" giving a rating of 12 (Table III) for the left and right
bank. The percentage of mica-schist having the low value of compressive
strength represents 3 % to 5 % within the quartzite mass.

2. Drill Core Ouality (RQD)

Rock quality designation R Q D is a quantitative index based an modi-
fied core-recorvery (NX size) percentage in which all the sound core
pieces over 100 mm long are counted as recovery and are expressed as a
percentage of the length drilled (7).

Since the borecore was not available, the RQD has been determined
from the joint measurements in the exploratory tunnels, and the number
of joints per meter for each joint set is taken for RQD calculations.The
following relation was used to convert the joint frequency to RQD for
the case of clay-free rock masses (8).

R,Q.D = 115 - 3.3 Jv
Jv -~ Total number of joints per m3
R.Q.D = 100 for Jv "4,5"

During the determination of RQD in the adits, total number of joints
per m3 (Jv) was calculated for each meter of the left and right wall se-
parately. Then the average value of RQD was obtained from the mean of
these two values.
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A_CLASSFICATION PARAMETERS AND THEIR RATINGS

PARAMETER RANGES OF VALUES |
SHeT™ Bomatothoo| >0 MPL [ 4-10MPy | 24 MRy | 1—2 My |
1 il |epeessive | >250MPa | 00-250MPa | 50-0vPa sasfrs 13
Rating 15 12 7 IR
7 |Orill_core gquality RaD 90 Yo~ W% T5% —90%] 50%—15% < 5%
Bn\‘ﬁﬁ'}q tinuit > 220(F‘H 06 217 Z 20?-6&')3"\6-_ (?m
Spacing of discontinuites m - i b
el YT 70 S '
‘ s Pough mrks s rf'g:n?ug 31.'.-%2*:2'5”"9“ Sof 90“90)5,;
iti iscantinuiti i ion < tmm ation G Seperati
g, |Condition of disc nl%"mu&u: &W< mﬂ mﬂrﬁk ;:m ::
¢ wall _rodk. wal rack
Kating 30 25 , 0
Inflow per 1 0 025 =125
nnel lengt _None isﬂ‘n@s /min g’fres/min OFl?i'rres/min
Ground M\;sure
5| water Ry P 60-01 | 01-02 >03
nci
[orera conditionlex pietely dry R Domp OR et GR Flowing
Rating I 10 7 0
B_ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 — 81 80 —61 60 — 41 - < 20
Class No. 1 11 11 v
Description Very gocd rock] Good rock | Fair rock Very poor
C_MEANINGS OF ROCK MASS CLASSES
Class No. 1 11 III v ‘
Average stand up time 10, Yoars © months Tweok o —J0 minufes |
Cohesion _of the rock mass] 450“31( o | 535"—““:.63% "'zmouo—;-looEll K100 R0 kE <100%kPa
Friction ongle of the rock mass | > 4,5° 35245° 252.35° < < 15° |
odulus of deformability Z54000Mpa {54000 ~5600 Mpa [S5600—180Mpa <1800Mpa
Table &
SHEAR STRENGTH OF ROCK (J.L.SERAFIM and J.P. PEREIRA, 1983 )
Point L oo or this low ran
Strength (0010 | > 0MR | 4-OMR | 24 mp e
t rock| niaxial . 525 [1-5 [<1
'?ngﬂrgr{gf sompressive | > 250MP | 100—250MP, | 50-100Mp N
Rati 15 1 yi 2 1 0
mﬁm_‘:u_gm > S WP [ 75= T FePPal e Le MR = TR
Eriction angle of roc m > {50 L5°-E5T LR = <33%
Table §
SHEAR STRENGTH OF DISCONTINUITES (L SERAFM and J.P PEREIRA,1983)
Mery rough Slightty rough thﬂv rough Ptdu:m "~ [Goft guuge>5mm
Not continuaus  |surfaces surfaces or thick
Condtion of |No speration tion <1 mm|Seperalion < 1mm |Gouge< 5 mm thiddSep aration  5mm
discontinuitias {(nwoathered ightly weatherahHighy weathored fg, Continu qus
d rock.|wall rock. wall rock.
Ground waterT gmaifing 30 75 Z0 g
Completely dry] 15 45° 35° 25° 10°
amp 10 L3° ° 23° < 10°
t L1° 31% 21° < 10°
ripping 4 3ge 290 190 <10°
Flowing 0 37° 27° 172 < 10°

Table 3,4 and 5.Geomechanics classification
strength of rock material (Table L),

(Table 5) .
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The divisions of Rock Quality Designation (R,Q,D)} and their rating
(RMR-System) are as follows (Bieniawski, 1976} 1983)

Descriptioh RQD Rating
Very good quality 90 % - 100 % 20
Good quality 75 % - 90 % 17
Fair quality 50 % - 75 % 13
Poor quality 25 % - 50 % 8
Very poor quality < 25 % 3

The dominant ROD values in the adits have been taken into considera-
tion for the "basic rock mass classes" (Table VII)., At the dam axis,
high percentage of RQD distribution is within the range of 50 % - 75 %
which gives the rating of 13 (Table VI). The higher RQD values (75 % -
90 % and 100 = 17 and 20 ratings) were only observed at the left bank
adits LA-104 and LA-108. The lower values of RQD (25 % - 50 % = rating 8)
are dominant in the right bank adits RA-109.

The RQD values of down stream (D/S) exploratory holes indicate that
very poor to poor quality rock form a band of appropiate 15 m thick at
left abutment and 20-25 m thick at right abutment, near surface. Beneath
this zone, there is 30 m thick zone formed from fair to good quality
rock. Towards the depth, poor quality rock bands are found again. But
the number of the holes at the abutments are not quite sufficient in or-
der to get more clear picture.

3. Spacing of Discontinuities

Four kinds of discontinuity planes were distinquished at the site.
These are bedding planes, joints, bedding faults, and normal faults. The
data on these discontinuities were obtained from the field surveys on
the abutments and in the adits, not from borehole log, Spacing of discon-
tinuities represent the average perpendicular distances between adjacent
discontinuities. The following ISRM terminology are used (Bieniawski,
1976).

Description Spacing
Very wide spacing > 2000 mm
Wide spacing 600 - 2000 mm
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z ; RATINGS ( RMR—SYSTEM)
= ADIT
o) NO. LENGTH 8 13 17 20
e ‘ o */a /o o,
LA 102 114 m. 5 81 14 -
4
é LA—104 114 m. 2 15 48 35
+ | LA—108 50 m. 4 90 6 -
V]
-
LA—108 50 m. 5 54 L0 —
RA —101 126 m. 24 70 6 ==
x | RA—i03 89 m. 34 66 — —
@
RA—105 60 m. e 87 13 —
E =
2| RA-I07 55 m. 62 38 i e
RA—109 50 m. 58 o = =
x E '
=4
& g LA—102 114 m. 5 81 14 —
-8
;]
2% LA—104
= Z LA—106 214 m. 3 42 36 19
-S| LA—108
3
< &| RA—I01
@@ 225 m. 28 66 4 -
§ RA—103
[+
x 1:; RA—105
o 9| RA—107 165 m. 38 57 5 —
@© g
o« 8| RA—09
Table 6.Drill core quality(ROD) results of the adits and percentages
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Moderate spacing 200 = 600 mm
Close spacing 60 - 200 mm
Very close spacing < 60 mm

The spacing division, the frequency and the percentage in terms of
the total number of the joints measured at each 1 meter of the survey-
station in the adits, are as follows:

Spacing (mm)

Adit Survey-station 200-600 60-200 60

No {Number) (Number) % (Number) % (Number) %
LA-102 65 3 0.5 484 96 18 3.5
LA-104 92 3 0.5 577 88.5 71 1
LA-106 92 - - 749 98 17 2
LA-108 80 - - 607 78 167 22
RA-101 35 - - 276 76.5 85 23.5
RA-103 68 - - 330 43 436 57
RA-105 66 - - 246 30.5 559 9.5
RA-107 52 - - 119 24 375 76
RA-109 48 - - 127 21,5 466 78.5
Total 598 6 0.1 3515 61.7 2194 38.1

In the dam axis, while the closely spaced joints (60-200 mm) are
more dominant (78 % - 98 %) at the left abutment, very closely spaced
joints (60 mm) are more freguent at the right abutment.

The spacing of bedding faults and normal faults generally vary from
0.6 m to 3 m or more, but an average 0.6 m to 2 m in the adits. The
thickness of bedding is also changing in general, between 15-30 cm and
50-150 cm. By taking into consideration the physical properties of the
discontinuities, the combined spacing value of the bedding and normal
faults are considered for the RMR system, Ratings varying between, 15
and 20, have been estimated for the basic rock mass class.

4. Condition of Discontinuities

This parameter includes roughness, persistence (continuity), separa-
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tion and wall rock condition of the discontinuities, The terms roughness
refer to large or small scale undulated surfaces and smooth to slickensi-
ded surfaces. Persistence (continujty) is the discontinuity trace length
as observed in an outcrop. Separation (aperture) is the perpendicular
distance between adjacent rock walls of an open discontinuity in which
the intervening space is air, water or partly filled with occasionally
washed away infilling material. Well rock condition is the weathering
grade of rock material on the adjacent rock wall of an open or partly
filled discontinuity.

The following ISRM suggested divisions are used.

Persistence (continuity)

Very Tow <lm
Low 1-3m
Medium 3-10m
High 10 -20 m
Very high >20m

The term of "continuous" for the exploratory adit in 2 m diameters
to a discontinuity having in excess of 1.5 m or more measured along
strike or dip of the plane.

Separation (aperture)

Very tight < 0.1 mm
Tight 0.1-0.5 mm
Moderately open  0.5-2.5 mm
Open 2.5-10 mm
Very wide >10 mm

The persistence of the joint sets in the adits are generally limited
by the existence of the faults. The dominant sets which are also well
expressed in the abutments show high to very high persistence. The space
of more than ninety percent of the joints vary from 0.1 mm to 0.1-0.5 mm
(very tigh to tight). They are mostly represented by slightly rough to
rough and rarely smooth to slickensided surfaces. Joint wall rocks are
generally unweathered to s1ightly weathered.

The normal faults and especially the bedding faults are well devel-
oped within the Zabuk quartzites. Their continuous outcrops are strongly
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expressed on the abutments and in the adits, Roughness of the fault
planes varies between s1ightly rough-rough surfaces and slickensided sur-
faces.,

The following table shows the separation divisions of the faults
which were surveyed at the dam axis-adits:

Adit Separation 1 - 5 mm Separation 5 mm
No Bedding fault Fault Bedding fault Fault Total
LA-104 9 - 24 21 54
LA-106 2 ] 18 7 28
LA-108 7 1 18 11 37
18 2 &0 39 119
RA-105 2 1 3 14
RA-107 1 1 & g 15
RA-109 3 5 4 11 23
6 7 16 23 52

As seen from the table, both types of faults with the separation
division of over 5 mm are more accentuated at left and right abutments.

The fault wall rocks are mostly slightly and occasionally moderately
weathered (LA-104 "A", LA-106), This description of weathering grade only
concerns the fault walls starting from the boundary of fault zone mate-
rial which is included in the foliated part of the rock.

4,1, Infilling (Fault zone material)

The infilling material of the bedding fault zone is mainly originated
from the mica~-schist intercalations. During the tectonic movements, the
thin mica-schist intercalations within the resistant quartzite layers
were subjected to high compression and shear stresses. The present clayey
gouge material is formed as a result of weathering and decomposition of
these crushed and re-foliated schistose rocks. Most of the bedding fault
zones are bearing greyish green coloured thin mica-schists (occasionally
chlorite-talc schist) and weakly schistone quartzite-schist layers (9).
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According to the hydrometer and sievye analysis of the fault zone-
samples, the amount of the particles in clay=size range varies from only
9 % to 18 %. The standart Atterberg 1imit tests could not be made. As
the samples taken from different adits show "non-plastic" properties.

One test which was carried out on the material passing N0.200 sieve gave
the following Atterberg 1imit values; LL = 22.5 %,PL = 15.7 %,PI = 6.8 %.
These values indicate a very low plastic property.

Mineralogic determination and X-Ray diffraction analysis reveals
that the clay minerals are composed of i11ites and kaolinites. Their per-
cantages vary from 35 % to 55 %. The other important component are quartz
(35 % to 55 %), feldspar (5 % to 10 %), and calcite (5 % to 15 %, in
only two samples). The accessory minerals are zircon, rutile, pyroxene
apatite and leucoxene.

Kaolinites are very stable clays owing to their tight inexpandible
structure resisting the introduction of water. The kaolinites are also
low to moderately plastic and they have higher coefficient of internal
friction than other clay minerals. The minerals of the "il1lites" have a
more Timited hydration capacity less expansive properties and high inter-
nal friction in comparison with the "montmorillonite" clays which are
matter of engineering concern.

The general and common description of the fault zone-materials is as
follows; the greyish green to occassionally brownish coloured filling
materials are mostly damp without free water and occasionally wet with
drops of water (at the lower level adits of the dam axis), and are com-
posed of gravel-sand size to silt-clay size particles (gravel-sand size
particles are predominant, 58 %-80 %); mostly 1 mm to 20 mm thick-fault
gouge zone is irreqularly, penatrated into the crushed and foliated rock
materials and the width of the zones varies between 20 mm and 200 mm
(max.1000 mm)., Crushed and foliated schistose rocks in the fault zones
are moderately to occasionally highly weathered, in general associated
with thin to thick (max.15 cm) quartz veinlets which are parallel to the
fault planes.

The normal faults and especially the bedding faults which contain
continuous infilling material from the river level up to the dam-crest
level, are of the most important weakness planes for the engineering .
structures. Therefore, a rating of 10 was chosen for the basic rock mass
classification of discontinuities by taking into consideration their most
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convenient characteristics among the ranges of values (Table 1II),

5. Ground Water Condition

Ground water has important effect on the behaviour of fractured rock
mass. In the quartzites, water seepage through partially open disconti-
nuities is the result of secondary permeability of the rock mass.

At the Sir Damsite; the observations of ground water table were car-
ried out in the borehelos numbered LS-101, LS-102, LS-103 (left bank) and
RS-105, RS-109, RS-117 (right bank), by comparing the elevations with the
gauge stations which were installed at the left bank D/S of the old col-
lapsed bridge between the years 1972 and 1976 (Figure 2). The furthest
distances between the observation holes and the river are 160 m at the
left bank and 110 m at the right bank. The water table which has a Tow
hydraulic gradient is higher than the river level in both abutments.

The Timited exposures of the quartzites give a = .77 quantity of
ground water which is observed in the lower adits level of the right
abutment (RA-101 and RA-105). During the field inspection of the adits
in October 1985, the following flow measurements were made) 15 Tt/min
(RA-101) and 2 Tt/min (RA-105). A1l of the other adits were damp. These
values give the ratings as 10 and 7 for groundwater condition of the adit
RA-101.

6. Orientation of Discontinuities

Discontinuity surveys were carried out in adits at 598 stations to
collect the geotechnical and statistical data for the analysis of joints
and faults planes. The declination angle between true north and magnetic
north was 6° for the Sir Dam area in 1985 and the annual rate of change
is 3% eastward. In Figure 3,4 and 5, the discontinuity planes were plot-
ted with the reference of true north. The density percentages of the
poles (5715 measurements for joints and 275 measurements for faults)

- were calculated at "E.1.E, IBM center-IBM system 34-Program 1CTEN".
These percentages were plotted on the polar equal area net and the con-
tour diagrams were prepared by using "Dimitrejevic counter" (9). Since
the poles are not counted more than once as for the Schmidt method, they
do not violete probability theory and they show the real percentages.
The equatorial equi-interval projection "Kawraiski" net was used for the
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stereograms (Figure 4,5),
The orientations of the joint sets surveyed in the dam axis-adits
can be summarized as follows (refer all directions to true north):

Adit Density Angle Dip towdrds
No Order Attitude With River Upstream (U/S) Down-
stream
(D/s)
Smax NaW 800 NE 40 80° -
Submax T N84w 90° 84° - -
LA-106  Submax 2 N7OW 20° NE 70° 80° "
LA-108  submax 3 N18E 750 SE 180 = 18°
LA-104  submax 4 nNeaw 30° su 840 « 300
Submax 5 N36E 50° SE 36° - 50°
Smax N26E 80° SE 26° = 80°
Submax 1 N54W 90° 54° - 90°
RA-105 o bmax 2 Neaw 90° 840 - -
RA-107  submax 3 N6E  90° g° - . -
RA-109 submax 4 Naw  70° su 4° . 70°
Submax 5 N74W 64° Su 74° = 74°
Submax 6 N14W 90° 14° - -

The strikes of bedding fault which are diagonally crossing the dam
axis dip upstream-towards the right abutment at moderate angles. The ori-
entations of bedding and normal faults are given below (refer all direc-
tion to true north, Figure 4,5);

The numbers of the fault measurements are not quite sufficient in
order to prepare accurate contour diagrams, therefore the above mention-
ed orientations show the average strikes and dips.

CONCLUSIONS

The geomechanics classification (Bieniawski) of Zabuk quartzites was
mainly carried out in the 9 exploratory adits. The subsurface data were
also supplemented by the field observations, The "basic total ratings"
of the adits at different levels indicate that the rock mass classes of
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Attitude Angle Dip towards
Bank of the set with river Upstream(U/S) Downstream(D/S)
NSSE  70° NM 86° 70° .
Left  ngaw 80° NE 84° 80° -
(faults)  weer 80° SE 66° _ 66°
N8aw  40° su 84° - 40°
N16E 80° SE 16° . 80°
Bedding f.) N61E  40° Nu g7 40° .
NeE  90° 6° - -
. N76E  80° 76° 80° -
Right  nate 70° W #° 70° .
(faults)  n3ge 9o° 34° - »
N71E 55° SE 71° s 55°
Bedding f.)N41E 40° Nu 41° 40° .

o e e e e By e R AR G e B B N O B B S B

the quartzites vary from "class II-good rock" to "class III-fair rock"
(Table VII).

The classificatino does not include the adjustment of discontinuity
orientations for the specific engineering application, e.g. tunnel, base-
ment or slope. The rating adjustments for this kind of specific engineer-
ing problems require more detailed geotechnical study on the considera-
ble large numb&r of vertical and horizontal geological sections.

However, it can be stated that the adjusted rock mass classes of the
Zabuk quartzite would still stay in the "class III-fair rock" range sug-
gesting a friction angle of 25°-35° and deformability modules of 18 000,
5 600 MPa for the rock mass. The direct shear tests on the Zabuk quartz-
. ite samples gave the friction angle on average 38° for the sample with-
out filling and 28° for the samples with fi11ing, On the other hand, a
value of 100 000 kg/cm2 js proposed for the average value of the rock
mass elastic modulus.

The strongly marked stratification keeps its homogeneity in both
abutments in spite of the faults which are diagonally cross the river,
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The sTips of the beds along the fault planes are generally, in minor
scale and the orientations of the beds do not show any important devia-
tion along the both walls of the faults, Therefore, the stratification
which is one of the most important and continuous discontinuity planes
can be accepted as an homogenous structural weakness medium.

On the other hand, the main weak point especially for the left bank
is the bedding faults which are formed when the beds slipped relative to
one another during folding. The continuous outcrops of the well develop-
ed bedding faults are strongly expressed on the abutments and in the
adits. The roughness of the fault planes varies from slightly rough to
rough and occassionally slickensided surfaces within the Timited dis-
tances. It has been observed during the field observations that the bed-
ding fault planes have mostly ondulated surfaces. The amounts of the
relative movements determined by means of the shifted quartz veinlets or
the faults are also of minor importance (in general 5-10 or 30 cm),

According to the statistical analysis results, the separation divi-
sion of over 5 mm for the both types of faults are more accentuated at
left and right abutments. The fault walls beyond the crushed and foli-
ated part of the quartzite are mostly slightly and occassionally mode-
rately weathered.

The continuous infilling materials (fault gouge) which are especially
found in the bedding faults show mostly non-plastic and occossionally
Tow to very Tow plastic properties. The presence of subangular to angular
sand to gravel size (58 % to 80 % of infilling) quartzite and quartz
particles, greatly improves the stregth of these crushed and foliated
fault zones. "Kaolinite" and "I11ite" are the stable clay minerals found
in the fault planes, have relatively high internal friction and 1limited
hydration capacity than other clay minerals,

The thin to thick bedded, jointed, hard and sound quartzite is an
adequate foundation rock for the arch dam. The deep anchoring may be
needed for the stabilization of main dam and upstream cofferdam founda-
tion excavations, owing to the orientations and physical properties of
the weakness planes.
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ETUDE GEOLOGIQUE ET GITOLOGIQUE DU DISTRICT
POLYMETALLIQUE(Pb-Zn-Cu-Ag) DE LA REGION DE KALKIM-HANDERESI-KARAAYDIN
(PRESQU'ILE DE BIGA-TURQUIE)

Mesut ANIL

Faculté de Génie,Département de GEologie,Université de Cukurova-Adana

RESUME

La 1ithologie du secteur de Kalkim-Handeresi-Karaaydin peut etre re-
groupée en quatre types: la série cristalisée de Kazdag,la série de Kala-
bak(gneis) , Tes calcaires du Permien Inférieur avec les formations dét-
ritiques superposées et les roches magmatiques et volcaniques du NEogéne.
La granodiorite de Kalabak d'dge paleozoique et la granodiorite d'Eybek
d'3ge neogéne ont donné najssance aux plusieurs minéralisations de type
du métamorphisme de contact dans la région de Kalkim(Yenice).

Le gisement d'Handeresi et le gisement de Karaaydin(Simli Kursun Ma-
deni) peuvenet etre 1iés d la meme origine. Ils sont sités prés du con-
tact de la granodiorite de Kalabak montrant un aspect aneisique. La para-
gendse de la minéralisation polymetallique du secteur étudié est la sui-
vante: Galéne(trés abondante et souvent en grandes plages, voir parfois
des cubes de dimmension de 1.5 cm), Sphalérite(moins abondante et posté-
rieure @ la galéne), Chalcopyrite(soit sous forme des cristaux sub-auto-
morphes,soit sous forme des inclusions dans Tes sphalérites),Pyrite(rare
et souvent sous forme des cristaux automorphes),Magnetite(subordonnge) . Hé-
matite(plus abondante que 1a magnétite, mais souvent transformée de ce
derniére),Covéllite et Timonite(formées seconderment de 1'altération de
chalcopyrite et pyrite).

On a observé rarement des inclusions d'argentite{(1-5u ) surtout dans
les échantillons provenant de la mine de Karaaydin. Cette observation est
vérifiée par des résultats des analyeses chimiques. Les réserves &stimées
du secteur étudié, sont de 1'ordre de 200.000 t de Pb+Zn,32 t de Cu et une
petite quantité d'Ag.
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UZET

Kalkim-Handeresi-Karaaydin bolgesindeki 1itoloji dort gruba ayrila-
bilir: Kazdag kristalize serisi,Kalabak serisi,detritik formasyonlaria
ortiili Alt Permiyen yasli kirectaslari ve Necjen yasli magmatik-volka-
nik kayaclar. Paleozoyik ve Neojen yasli granodiyoritler Kalkim Bolge-
sinde kontak metamorfik tipde bir ¢ok cevherlesmeye sebeb olmuslardir.

Handeresi ve Karaaydin madenletjni ayni orijine haglamak mimkindiir,
Her ikisi de gnaysik bir ic yap1 gisteren Kalabak granodioritinin kon-
tagina yakin yerlere yeriesmislerdir. Inceleme alaninda goriilen cevher-
lesmenin parajenezi sdyledir: Galen{oldukca fazla ve genel olarak iri
plajlar halinde olup bazen 1.5 cm boyutunda iri kiibik kristaller gdste-
rir),Sfalerit{galenden sonra olusmus olup daha azdir),Kalkopirit(gerek
yari 6zsekilli kristaller ve gerekse sfalerit kristalleri icinde kapa-
nimlar halinde bulunur),Pirit(oldukca az ve daha ek 0z sekilli kristal-
ler icerir),Manyetit(seyrek),Hematit(manyetitten fz2'. ancak onun alte-
rasyonundan olusmustur),Kovelin ve Timonite ikincil nlarak rastianmir.Bun-
lar kalkopirit ve piritin alterasyonu sonucu clusmuslardir.

Cok seyrek olarak Karaaydin Madeninden alinan Grneklerin parlak kesit-
lerinde boyutlari 1-5 u arasinda degisen arjantit kristallerine inkliiz-
yonlar halinde rastlanilmistir. Bu gbzlem kimyasal analizler ile de dog-
rulanmistir.inceleme alaninda 200.000 t Pb+Zn,32 t Cu ve biraz Ag 'lik
bir rezerv tesbit edilmistir.

INTRODUCTION

La région de Kalkim-Handeresi-Karaaydin est situ@e au Nord-Est de Kaz-
dag dans la Presqu'ile de Biga(Figure 1).Cette région constitue un trés
beau spécimen de minéralisation polymétallique Pb-Zn-Cu-Ag essentiellemnt
de type filonien. L'exploitation du Pb-Zn a &té entamée d la fin 19 éme
siécle. Actuellement les gisements d'Handeresi et Karaaydin sont exploités
par deux sociétés privés. Les réserves estimées sont de 1'ordre de 200.000
tonne de Pb+Zn,32 t de Cu et une petite quantité d'Ag.

La Tithologie du secteur &tudié peut etre regroupée en quatre types:
la série cristalisée de Kaidag,]a série de Kalabak(la granodiorite schis-
teuse de Bagirkac),les calcaires du Permien Inférieur avec les formations
détritiques feldspatiques superposées et les roches magmatiques et volca-
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caniques du Néogéne,

Les plus importants travuax effectués dans cette région appartiennet
& Glmis(1),Aslaner(2).Bingt1(3),Day10dlu(4),Bingdl et al,(5),Yicelay(6),
Bing6l (7) » — Am11(8),(agatay(9) ,Cetinkaya et al.(10), Les condions
géologiques favorables et la proximité de villes industrialisées de la
Prisqu'ile de Biga attirent les géologues turcs et étrangers. Depuis
1935(date de la création du M.T.A.),environ 300 études,dont 15 théses,
ont &té réalisées dans toute la région.

La présente &tude a pour but de préciser les relations entre les dif-
férentes formations encaissantes de minéralisations du Pb~Zn<Cu-Ag
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Figure 1.Situation géographique du secteur étudié.
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et d'en étudier la paragenése ainsi que la succession des minéraux cons-
tituants de ce corps minéralisé.

STRATIGRAPHIE

Eu &gard & 1'absence de fossiles dans les roches du secteur, on adop-
tera ici une subdivision lithostratigraphique. Un dge sera proposé pour
les différentes formations par les &tudes effectudes récemment.

Le Paléozoique est représenté essentiellement par des formations mé-
tamorphiques de kalabak. Plus d'un quart du secteur(figure 2) est consti-
tué par ces formations, qui donnent des reliefs assez doux, généralement
couverts de terre végétale et de forets. Cette série a un contact tecto-
niqus avec des roches cristailines de Kazdag et constitue un socle pour
les autres roches. Elle est composée par des schistes chloriteux,sérici-
teux et micacés. Les lentillesde calcaire métamorfique sont intercalées
dans cette série dans laquelle Tes silts de diabas= sont intrusives. On
voit rarement des arkoses dans la série de Kalabak.

L'etude microscopique des schistes permet d‘er distinguer principale-
ment deux types différenta.Ce sont; les schistes chloriteux sériciteux
et les schistes quartzeux et micacés. On renconire rarement un autre type
de schiste micacé dans lequel la proportion du quartz est augmentée.

Les schistes chlcriteux et sériciteux plus fréquents sont caracteri-
sés par le feutrage orienté des lamelles de chlorite et de séricite,ren-
fermant des grains du quartz de différents dimmensions,soit sub-angleux,
soit sub-arrondis. Parfois,des fragements de feldspaths Tes accompagnent.

Les schistes quartieux et micacés présentent des 1its micacés dont
1'épaisseur varie généralement entre 0.2 mm et 3 mm. La structure des
1its quartzeux est granoblastique. Ces 1its ont &té plissotés et étiras
au cours de plusieures phases. Les 1its micac®s sont faits de séririte
et parfois de chlorite et sont rares dans certaines “ames minces.Jlccasio-
nallement, des feldspaths(trés souvent de 1'albite),du zircon,du sphéne
et parfois de 1'épidote accompagnent le quartz et les micas.

Les calcaires métamorphiques sont entiérement recristalisés et ont une
couleur gris clair oubleuatre. ITs ont un aspect massif, un grain fin et
un aspect homogéne. Cette roche est azoique dans le terrain &tudié. Ces
calcaires métamorphiques affleurent sous forme de lentilles dans les for-
mations schisteuses qui ont un aspect doux morphologiquement.

En lame mince, ils ont souvent une texture mozaique ou bien rarement
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microgreunue avec une schistosité 1égerement visible. La roche est essen-
tiellement constituée(plus de 95 %) de calcite. On observe de rares 1its
avec des concentrations de grains de quartz souvent arrondis. On observe
ggalement trés peu de plagioclase oriéntée comme le quartz. On voit sou-
vent des filonnets de calcite qui traversenet la roche. Ces derniers sont
surtout constitués par des gros cristaux & macles polysynthétiques défor-
més.

Le grés et Ta marne du Neogéne, situés au nord,couvrent un tiers du
secteur &tudié. Cette série est composée par des conglomérats, des grés,
des marnes et des silts.Elle est caractérisée par une couleur brun clair.
Ces roches sont généralemement moins consolidées et comportent porfois des
lignites exploitées & Kalkim, a Can, d Gonen etc.

Le Quaternaire et les formations récentes se manifesten par des allu-
vions, des silts et des galets arrondis et par des produits torrentiels
dans les 1its récents et anciens des vallées.

MAGMATISME

L'activité magmatique de l1a région de Kalkim-Handeresi-Karaaydin est
assez variée. On y distingue les roches vertes basiques(les métadiabases),
les intrusions acides(la granodioirte de Kalabak d'dge paleozoique et la
granodiorite d'Eybek d'dge néogéne) et les roches volcaniques.

Les méta-diabases sont plus ou moins abondantes dans la Presqu'ile de
Biga n'affleurent que quelques endroits dans le terrain étudié. Ces dia-
bases ont un éspect massif, un grain trés fin et une couleur vert foncé.
Les minéraux constituants cette roche ne sont pas visibles & 1'oeil nu
mais on observe trés souvent une imprégnation de pyrite. Les minéraux es-
sentiels sont du plagioclase, en cristaux allongés d bords irreguTiérement
lobés. Les phénocristaux ne comportent que des macles simples, de chlorite,
du quartz,du Teucoxéne et des carbonates subordonnés. Une altération est
développée donnant une paragenése spilitique d& la roche.

La granodiorite de Badirkac couvre Te sud du secteur étudié et est o-
rienté de 1'Ouest & 1'Est. A cause d'une forte végétation(foret de spain)
son contact avec les autres roches n'est pas trés visible. Elle est carac-
térisée par une couleur gris brunatre et une couleur sombre, ou gris
blanchatre lorsqu'elle est fortement altérée. Cette granodiorite a subi
un métamorphisme régional comme les autres roches anciennes du secteur.

On observe le quartz,feldspaths et plagioclase & 1'oeil nu. Elle montre
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une schistosité bien visible. La granodiorite de Badirkac est charrige
avec une orientation N 80 W et inclinée 30 SW & Ada Dere(§). -

L'étude microscopique montre 2galement trés visiblement une schisto-
siteé. Dans une texture grenue(rarement écrasée et mylonitigée) on dis-
tingue du quartz,des feldspaths potassiques,rarement du musceovite.d'apa-
tite, du zircon et du sphéne. Le quartz a une granulométrie variable de
quelques microns & 3-4 mm. I1 ne dépasse pas 10 % du volume de ia roche.
Les feldspaths sont moins abondants que les plagiociases qui constituent
60 % de la roche. Au contraire des fé]dspaths, ces derniers sont moins
altérés. Leur granulométrie est variable(maximum 9 wm) et présente des
macles d'albite et de Carlsbad.

Muller et Burgath(11) ont appelé cette roche comme granodiorite trés
altérée et granodiorite cataclastique ou gneis granitique.

La granodiorite d'Eybek(Cinarlihan) n'affleure que sur une petite
surface dans le secteur mais au SE de la région dfilanderesi elle coupe
nettement les formations paléozoiques. Elle contient "ouvent des gros
grains et a une couleur blanchatre et rougeatre. Cette roche est areni-
tisée dans les endroits ouverts. Elle montre parfois une texture porphy-
ique. )

Les plagioclases aitérés, le quartz,l'hornbiende et la biotite com-
posent 1a matrixe dans laquelle on voit de 1'ortoclase automorphe. On
rencontre souvent des filons aplitiques qui traversent la roche. La
granodiorite d'Eybek a &té datée radiologiquement par la methode K/Ar
au Neéogéne(12,13).

Les roches volcaniques du Tertiaire couvrent trois parties dans le
secteur étudié et s'étendent en dehors du terrain &tudié sur plusieurs
centaines de km. L'@tude de terrain de 1'enseﬁble de ces roches volca -
niques dans la Presqu'ile de B{ga montre qu'il ya plusieurs phases d'ac-
tivité volcanique séparées par des périodes calmes(2,8).

Les roches volcaniques du secteur sont composées par des andésites,
des dacites et de tufs. A cause d'une forte végétation'ces roches sont
cartographiées ensembles sur les terrain &tudié. Elles sont caractérisées
par une couleur gris blanchatre et rougeatre de mindraux Terromagnesiens
lorsque la décomposition est pousséé.

La composition minéralogique de ces andésites est assez homogéne et
ne varie qu'en fonction de 1'apparition ou de la dispariticn de pyroxéne
et de.1a biotite. '

Toujours avec une texture porphyrique et rarement microlitique on fi-
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gure des plagjoclases(trés abondants,andésine et souvent fraiches), d'au-
gite(en phénocristaux, souvent sub.automorphes), 1'amphibole(hornblende
résultant de 1'altération d'augite), de biotite(en grandes lamelles corro~
dées,souvent altérée en oxyde de fer) et minéraux accésoires(calcite,
chlorite,épidote ét minéraux opaques).

Les tufs andésitiques sont souvent caractérisés par une couleur blanw
chatre. Dans une texture pyroclastique on figure du plagioclase,dﬁ quartz
(rare), des anciens pyroxénes, des biotites totalement disparues et les
minéraux argileux de kaolinite et de séricite. On observe presque dans
toutes les lames une petite gquantité des minéraux opaques. '

Les dacites el les bréches dacitiques affleurent dans quelques endroits
dans le secteur étudié mais ils sont abondants dans la Presqu'ile de Bi~
ga. 11 est vraissemblable que ces roches soient postérieures aux andé-
sites qui sont souvent encaissées dans les dacites. Les dacites sont ca-
ractérisées par une couleur claire.

Les plagioclases, le quartz et les ferromagnesiens sont des minéraux
constituants. On figure des microbaguettes de plagioclases ainsi que le
quartz en petite dimmmension etlles chlorites dans la matrice.

Les zones de silicification n'affleurent qu'en quelques endroits.Ces
roches forment une sorte de carapace trés dure et rarement poreuse. Elles
peuvenet etre bleuatres et finement recristalisées, aucun minéral n'étant
visible @ 1'0eil nu. L'étude microscopidue montre la forme des anciens
phénocristaux et des minéraux opaques. On voit quelques phénocristaux de
quartz,de grain irrégulier d'oxyde de fer. La matrice est constituée par
des petits grains du quarfz. Ce type de roches était certainement une aﬁv
désite ou une dacite au départ, mais elle a subi une silicification hydro-
thermale.

Un profil stratigraphigue synthétique du secteur de Kalkim-Handeresi-
Karaaydin est ddnné dans la figure 3.

TECTONIQUE

La plupart des roches du secteur d'Handeresi-Kalkim sont pal&ozoiques
pour cela on observe différentes directions de fracturation et de schisto-
sité, soit a 1'échelle macroscopique, soit @échelle microscopique.

Cette région a subi une forte tectonique autrefois lors de 1'orogenése
Alpine. A cause d'abondantes formations argileuses on voft surtout des
plissements ainsique quelques ditections de fracturation.Les ﬁoches vol-
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Figure 3.Le log stratigraphique synthétique du secteur de Kalkim.
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caniques du tertiaire sont en discordance sur la série de Kalabak.

Les directions de schistosité dans les schistes de Kalabak sont plus
ou moins paralélles & la direction de couches. Les plissements se ren-
contrent souvent oriéntés NE-SW avec une ondulation visible. Les failles
sont surtout orientées N-S. Les fracturations ont joué un role sur les
minéralisations et donné une discontinuité dans le corps minéralisés.

En commen¢an SW du terrain &tudié on observe une charriage orienté
E-W.Cette charriage se poursuie sur une quinzaine de kilométres entre
Tes schistes et les granodiorites.

DESCRIPTION DE MINERALISATION DU SECTEUR ETUDIE

Les gisements d'Handeresi et Karaaydin(Simli Kursun Madeni) sont actu-
ellement exploitables. Le gisement de Karaaydin a été exploité autrefois
par une société miniére francaise et est exploité une centaine de mil-
liers de tonne de mineraj Jjusqu'a 1935. Les informations historiques
sur cette mine et la mine de Balya, comme sur toute les mines de Turquie
en géndrale, sont trés dispersées, car devant 1'@tablissement de Ta Re-
publique Tes exploitations étaient dans des maines étrangéres et les do-
cuments se sont trouvés dispersés et disparues. C'est pourguoi on ne
sajt jamais les chiffres réels pour ces mines.

La mine d'Handeresi a &té découvert par une prospection détaillée par
M.T.A. apartir de 1970.

Mine d'Handeresi

Travaux Miners

Les activités miniéres sont en cours depuis 1980 dans ce secteur. Les
travaux de recherche et d'éxploitation &taient accélérés et plusieurs
dizaines de métre de galéries ont été réalisée dans cette mine(Figure &).
Ces galeries sont effectuées en direction de N-S et NE-SW. Elles ont une
extention horizontale maximume de 200 métres et traversenet plusieurs
poches minéralisées exploitées. L'ensemble de ces travaux a été réalisés
sur plusieurs années. Au début de 1‘'exploitation, i1 y'avait trois galé-
ries principale(figure 5) dont la premiére a &té ouverte au niveau 382.
Elle a une orientation NW-SE et une longueur 150 m. Un deuxiéme &tage
(cote 383) présente la meme diréction ainsi que le troisiéme &tage(cote
384) est plus décalé vers 1'Ouest.
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60182

'Handeresi.

* Figure 4.Plan des travaux de la mine d
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Figure 5.les principaux travaux au début de la découvert de la mine
d'Handeresi.

90



MINERALISATION POLYMETALLIQUE DE LA REGION DE KALKIM

Corps Minéralisés

La mine d'Handeresi exploite un filon situé plus ou moins paraliéle
d la vallee d'Handeresi, connu depuis la découverte de cette zone. Grace
de plusieurs sondages réaiisés sur ce corps on peut suivre facilement
cette zone minéralisée. La puissance reduite de ce filon atteint au mi-
nimum 5 cm au maximum 75 cm. Le filon est encaissé dans le schiste et
Te marbre. Ce schiste montre trés souvent une forte silicification surtout
dans le corps minéralisé d cause d'une altération hydrothermale.

Observation et Etude Macroscopique du Minerai

La minéralisation plombifére-zincifére et cuprifére est visible 3 1'oeil
nu. Elle se présente sous forme de filons,impregnations et veins 1iés aux
zone de cantact.

Le minérai d'Handeresi est riche en galéne présentant souvent en
gros cristaux cubiques. La dimmension des cubes atteint nzrfois 1.5 cm.
La proportion de la blende change beaucoup dépandant de 1. chalcopyrite
et pyrite(Figure 6).

]
|
Z
3
4
5
2cm.
| I

l:Sphalérite 2: Chalcopyrite 3: Pyrite 4: Galéne 5: Quartz

Figure 6. Minerai riche en galéne de la mine @'Handeresi.
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Un autre type de minerai cafactéristique de cette mine est moins riche
en galéne qui se présente 13 en cristaux fins, la pyrite en imregnation
est trés abondante et la chalcopyrite se présente parfois en grandes
plages.La sphalérite est subordonné.le quartz forme la gangue(figure 7).

1:Chalcopyrite 2: Sphalérite 3: Pyrite 4: Quartz 5: Galéne

Figure 7.Minerai de Karaaydin.

Un troisiéme type a &té observé également dans la mine de Karaaydin
caractérisé par un aspect massif. Ce minerai est riche en magnetite et
Timonite par rapport aux précedents.

On peut remarquer quelquefois un type de minéralisation trés riche en
pyrite et chalcopyirite, soit sous forme d'impregnation,soit autour d'un
noveau formé d'un fragement de roche.

Etude Microscopique et Minéralogique de Minerai Provenant des Mines de

Karaaydin et D'Handeresi

La minéralisation se manifeste par une association sulfure mixte et
rarement par une association oxyde.
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. Galéne:

La galéne est souvent abondante et toujours en grandes plages,souvent
pure, mais parfois avec des inclusions de sphalérite. Les cristaux de
galéne sont des automorphes ,sub-automorphas et xenomorfes, Elle est &~
galement parfois sous forme d'inclusion dans 1a sphalérite. Elle con-
ient rarement des inclusions d'argentite .Ce dernier rencontre surtout
dans les échantillons provenant de la mine de Karaaydin.La galéne se
présente parfois une forme de remplissage entre des grenats automorphes
zonés. Elle ramplace des fois les grenats sous la forme de petits cris-
taux.

. Sphalérite:

La sphalérite est généralement se présente des cristaux sub-automorphes.
La dimmension de grain est parfois des t'ordre de 3 mm. Elle se trouve
trés souvent eutour de galéne mais on rencontre on rencontre parfois dos
cristaux isolés. La reflexion interne de ces cristaux montre une couieur
clair cequi signale la pauvreté de FeS. Les crist. .. de sphalérite con-
tiennent trés souvent des inclusions de chalcopyriie en lammelles, fréque-
ment paralléle aux clivage. Elle entoure aussi, comme la galéne, les gre-
nats et remplisse parfois les fractures.

. Chalcopyrite:

La chalcopyrite est plus ou moins abondante surtout dans les achantil-
Tons provenant de la mine d'Handeresi. Elle présente souvent des cris-
taux sub-automorphes.Elle est aussi sous la forme des inclusions dans Ta
sphalérite.La chalcopyrite montre parfois un aspect cataclastique.Elle
est certainement postérieur i la pyrite dont la fracture on voit de 1a
chalcopyrite.Au bord des cristaux de chalcopyrite est détérminé un peu
de covellite et limonite.

. Pyrite:

La pyrite est généralement présentée de peu quantité et souvent sous
la forme des petit cristaux automorphes.Elle est plus ancien minéral dans
1'association sulfure mixte.

. Magnetite:

L magnetite est trés rare. On la rencontre surtout sous la forme des
veinules dans les échantillons de 1a mine de Karaaydin.
. Hématite:

L'hématite est plus abondant que la magnetite. Elle se présente souvent
des lamelles radiales.

. Covellite et limonite:
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A la fin de 1‘'altération de la chalcopyrite et de la pyrite on se forme
ces deux minéraux secondaires. Au contraire & la mine de Karaaydin on les
rencontre trés limité dans la mine d'Handeresi.

. Minéraux de quangue:

Le quartz est plus abondant que ies autres minéraux de gangue. On voit
égalment de calcite et les minéraux du métamorphisme de contact.L'@tude
microscopique des sections polies des é&chantilions provenanant surtout de
1a mine de Karaaydin, on détermine des grenats en trés beaux cristaux zon-
nés automorphes. La diobsite,la chlorite, T'épidote,]'actinote,1a trémo-
lite et la séricite les accompagnent.

La paragenése D'Handeresi et de Karaaydin se présente comme la suivant:

Galéne + Sphalérite + Chalcopyrite + Pyrite % Argentite # Quartz ¥
Calcite (Pour la paragenése sulfure mixte)

Galéne = Sphalérite + Chalcopyrite + Pyrite % Argentite * Magnetite#

Hematite + Quartz ¥ Calcite ¥ Grenats * Diopsite ¥ Actinote * Trémo-
lite ¥ Séricite etc. (Pour la paragenése sulfure + oxyde)

On peut noter que la pyrite est le premier minéral dans 1'associatidn
sulfure mixte. Les grenats se forment en premier sans doute au début de
1a mise en place de 1'intrusion de granodiorite.

Origine de La Minéralisation de La Region Etudié

La minéralisation du secteur étudié se manifeste dans les formations
métamorphiques prés de contact de la granodiorite de Bagirkac. Le corps
minéralisé se trouve 10-250 m de ce contact. La paragenése est typique
de types du métamorphisme de contact(8,9,10,14). Le magma granitique peut
accepter comme la source de cette minéralisation. Lors de la mise en place
de la granodiorite de Bajirkac dans les schistes intercalés avec des Ten-
tilles du calcaire, les fluides magmatiques riche en certain métaﬁx don-
nent cette-minéralisétion. Les lentilles du calcaire et les niveaux riche
en carbonate sont favorables de developper aux corps minéralisés. En ef-
fet 1a métasomatose est facilement developpée surtout aux: niveaux carbo-
natés parall&lement & la schistosité. C'est pourquoi on rencontre les
bandes minéralisées oeilées dans les mines de Karaaydin et d'Handeresi.
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_Etude Chimique et Aspect Economique

On a effectué une série d'analyse pour déterminer la qualité du miné-
rai. On a recherché d'abord 1'argent une vingtain d'échantillons de galéne
pratiquement pure cristalisee en grandes cubes. Les résu]tats de ces ana-

lyeses sont reproduits dans le tableau 1.

1 2 3 4 5 6 7 8 9 10
Ag lo01 620 860 1011 613 785 930 890 1050 1110
epR M 12 13 14 15 16 17 18 19 20

689 790 1034 940 678 1

120 1076 900 870 589

Tableau l.L'argent en trace dans les galénes de la mine de
Karaaydin et d'Handeresi.

Au cours de réalisation un projet commun entre M.T.A. et Une &quipe
d'Allemagne pour rechercher les minéralisations de Pb-Zn-Cu dans la Presqu’

ile de Biga, on a réalisé de millieres d'analyses sur les différentes roches
de la région. Les ré&sultats concernant le secteur &tudi& sont raportées dans

le tableau 2 et 3.

Marbre
Diabase

Hornfels et skarns
Volcaniques
Quartzite
Amphibolite

Granodiorite de Baj.
Granodiorite de Cin.

Lithologie Province Pb In Cu
ppm ppm ppm
Schiste de Kalabak Karaaydin 85-6000 120-2900 95-1000

80-6000 180-7300 50-1400
265-6600 380-5700 70-800
135-3160 215-1450 35-425

35-630 75-500 35-1550

40-2600 95-2570 45-3900

60-1050 55-830 .15-370

10-50 50-295 1-20

45-55000 95-1660035-500

Tableau 2.Dosages de Pb-Zn-Cu en tarces dans les differents roches
de la mine de Karaaydin.Résultats d'aprés de Markvich et

d ' Ha .
4 ude (15)
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Lithologie Provinece Pb “In Cu
ppm ppm Ppm
Schiste de Kalabak Handeresi 85-6000 120-2900 45-1000
Marbre " 80-6000 180-7300 50-1400
Diabase et spilite " 265-6600 380-5700 70-800
Granodiorite de Bagirka¢ " 135-3160 215-1450 35-425
Granodiorite de C1naﬁ]1han " 35-630 75-500 35-1550
Hornfels et skarns " 40-2600 95-2570 45-3900
Volcaniques " 60-1050 55-830 15-370
Quartzite " 10-50 50-235 1-20
Amphibolite " 45-55000 95-1660035-500

Tableau 3.Dosages de Pb-Zn—Cu en traces dans les différentes roches
de la mine d'Handeresi. REsultats d'aprds de Markvich et
Haude(15) .

L'étude Ge ces deux tableaux montre nettement que les dosages du Pb-
Zn-Cu sont supérieur du Clarke. Les formations encaissantes des minérali-

sations polymetalliques du secteur &tudié contiennent une certaine quan-
tité de ces m&taux.

Les tenneurs de minerai d'Handetesi et de Karaaydin sont 1'ordre d'un
aspect économique. Les résultats des analyses chimiques d'une qdinzain
géchantillons provenant de 1a mine d'Handeresi et de Karaaydin sont bortées
dans le tableaux 4. . ‘

No de tranchée Province Ph % In % Cu %
1 Handeresi 18.60 5.61 1.66
2 " 6.56 3.26 0.93
3 n 5.17 3.96 1.02
4 " 30.61 4.27 2.21
5 I 9.27 6.10 1.90
6 " 7.60 2.97 0.70
7 " 21.1 5.28 1.70
8 " 3.47 2.96 0.76
9 " 43.63 7.77 1.90

10 Karaaydin 38.13 8.12 2.21
11 " 17.56 5.11 1.97
12 " 11.87 4.61 2.00
13 " 6.87 3.1 1.32
14 " 3.45 2.10 0.76

Tableau G.Texmeurs de minerai de la mine d'Handeresi et de Karaaydin.
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Les moyenes arithmétiques de ces résultats sont 16.22 Pb, 4.68 7Zn et
1.42 Cu pour la mine d'Handeresi et 15.57 Pb, 4.61 Zn et 1.65 Cu pour la
mine de Karaaydin. On peut noter que au début de 1'expioitation de la mine
d'Handeresi les échantillons systématiques collectés sur 150 tonne de mi-
neraj brut ont donné le résultat suivant: Pb 3.62 % ,Zn 3.11 % et 0.04 %
(12).

Les Réserves

Une dizaine de sondages a été réalisée entre 1970 et 1974 par le M.T.A.
dans ce secteur. L'étude des profils de sondages d'une part,et les travaux
miniers effectués ultérieuremnet de ces sondages d'autre par, donnent beau-
coup facilité pour estimer les réserves du secteur étudié.les réserves és-
timées sont de 1'ordre de 200.000 t de Pb-Zn, 32 t de Cu et une petite
quantité d'Ag.

CONCLUSION

L'istoire géologique des roches métamorphiques est assez complexe. La
série schisteuse de Kalabak est représentée par différents types 1itholo-
giques: schistes chloriteux et sériciteux, schistes micacés et quartzeux.

On y observe,également,en discondance, des lentilles de calcaire métamor-
phique(début du marbre).

L'intrusion granodioritique de Badirka¢ recoupe les schistes et les len-
tilles de calcaire métamorphique. Les minéralisations du Pb-Zn-Cu-Ag du
secteur de Kalkim est type du métamorphisme de contact. La paragenése du
minérai est également vérifiée ce dernier. Lors mise en place de la grano-
diorite de Bagirkag¢ danslla série de'Ka1abak(y compris des lentilles de
calcaire) les fluides magmatiqﬁes riches en certain métaux, donnent nais-
sance aux minéralisations du secteur &tudié. Les lentilles de calcaire et
Tes niveaux riches en carbonate sont plus favorables de developper aux corps
minéralisés.

Pendant 1'orogenése alpine, le secteur a subi intenze fracturation ainsi
que le corps minéralisé est fracturé dans cette époque.Malgré les diuconii-
nuités des corps minéralisés, la mine d'Handeresi et de Karaaydin ont un in-
téret économique et exploitable dans les conditons du pays.
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