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Dear Colleagues,

The Chamber of Mining, Metallurgical and Geological Engineers
of the Union of the Chambers of the Cyprus Turkish Engineers and
Architects decided to revise and reorganize the publicity of this

journal.

From this issue of the journal will be under the supervision
of a board, distinguished members of which are selected among dif-
ferent well known universities of the subject.

You now have in your hand an issue with higher quality of
material and a new cover. I believe that you will find the scientific
level of the contents higher and more interesting than before as a
result of selected subjects from among those with letter quality. The
new dimension of the journal echieved as a result of the contemporary
approaches and the unexhausted efforts will help to produce scienti-
fic answers to the geological questions that exist in Cyprus, Middle
East and Mediterranean.

On behalf of the members of the Union, I want to take this
opportunity to thank and wish success to all who contributed in all
ways to make this issue organized, supervised, published and dist-.
ributed.

Bektas GUZE

President
Union of the Chambers of the Cyprus
Turkish Engineers and Architects






TO THE READERS

GEOSOUND/YERBILIMCININ SESt (No's 14 and 15) The Union of the Chambers
of Cyprus Turkish Engineers and Architects, Bulletin is publised in English,
French and Deutsch and Turkish.

Yerbilimcinin Sesi/Geosound is publised by financial contribution of the
adverts provided by certain estab]iéhments menaging the activities related
to earthsciences.

The first article " The use of Computer Programs in the Calculation of

Cation Numbers.and Various Geochemical Parameters prepeared by M.Sezai
Kirikoglu and Selahattin tlktac consists of the evoluation of the micro-
probe results, especially in the calculation of the cati:n numbers and various
geochemical parameters for mineral groups. It also includes silicates and
chromium spinels,preparation of computer programs for analysis respectively.

The next article the "Tectonic Setting of The Porhyry and Massive Sul-
phide Deposits of the Circum Black Sea " prepeared by Sener Usiimezsoy explains
the orogenic evolution of orogen, ophiclitic,magmatic arc and suture baced
on the investigation, and the relation between massive sulphide deposits and
tectonism has been determined. The C]assification of porphyry type deposits
based on tectonism has been made.

The third article the " Kita ve Okyanus Kabuklari Ozerinde Gelisen Cokelme
Ortamlari ve Fasiyesleri/ Depositional Environments and Their Facies Devo-
loping on Oceanic and Continental Crusts " prepeared by Sungu L. Gokcen,Ni-
zamettin Kazanci and Ergiin Gokten states a role of importance of the environ-
ments such as oceanic or continental basement.

The Jast article the "Geothermal Activity in Turkey " done by Cavit Demir-
kol will be most useful for Turkey because of problems of energy.

For togetherness in the forthcoming Geosound's....

Sincerely Yours
Mr. Halil I.ERDIM
Chief Editor
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THE USE OF COMPUTER PROGRAMS IN THE CALCULATION OF CATION
NUMBERS AND VARIOUS GEOCHEMICAL PARAMETERS

M.SEZAt KIRIKOGLU SELAHATTIN fLKTAC
tstanbul Technical University System Computer
Macka,lstanbul-Turkey Kad1koy,lstanbul-Turkey

Abstract: Chemical analysis of various minerals is performed
satisfactonly by the electron microprobe. Computer programs are
necessary in the evaluation of the microprobe results, especially
in the calculation of the cation numbers and various geochemical
parameters for the mineral- groups. This paper explains the use of
a such computer program has been prepared for chromite.

1. INTRODUCTION

Siljcates are the major rock forming minerals. The study of
the chemical composition of the silicates is jmportant in various
fields of earth sciences such as mineralogy, petrography, petrology,
mineral deposits and geochemistry. First of all the mineral, whose
composition is known, can be characterized most correctly. This is
specially true for mineral groups such as plagioclase feldspars,
amphibole and pyroxene, where the classification of the mineral is
by its composition. The chemical composition of the minerals is also
important in geochemistry in providing clues to the genesis of the
rock. Similar studies on ore minerals have provided information of
the genesis of the host rock, and the ore, and on the mechanizm of
the emplacement of the ore.
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With the help of the microprobe the chemical composition of
the minerals can be determined quickly and accurately. Suitable
corrections must be applied to the rough probe results to obtains
meaningfull mineral compositions. The first think to do is to
determine the cation numbers. Only after this recalculation special

parameters can be calculated for the minerals.

The recalculation of the cation numbers and determination of
geochemical parameters by hand is long winded. In this study computer
programs for such calculations (Appendix 1 and 2) prepared by the
authors for the silicate minerals and chromium spinels will be
discussed and examples will be presented. The microprobe analyses
used in the examples are taken from Kirikedlu (1983 and 1987).

Computer programs for drawing diagrams from the cation numbers
and from other geochemical parameters are outside the scopé of this

paper.

2. SILICATES and CHROMIUM SPINELS

One of the principal aims of geochemistry is the meaningfull
representation of the compositions of the silicate minerals which
arc the main constituents of thc rocks. The calculation of the cation
numbers and subsequently the Or (orthoclase), Ab (albite) and An
(anorthite} values from the oxide analysis of feldspars, allows us
to name the feldspar minerals. For example a feldspar with the formula
of OrGAby]An23 clearly belongs to the plagioclase group and is an
oligoclase.

Similarly the calculation of Ca, Mg and Fe + Mn percentages
from the oxide analysis of pyroxenes will allow us to correctly
identify the particular pyroxene mineral. For example a pyroxene of
composition CangQBIFEZU is a clinopyroxene and ca: be categorised
as augite. On the other hand a pyroxene of composition CagMQSSFe3G
is an orthopyroxene (Deer et al 1967).
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One can increase the number of such examples. For example the
calculation of the cation numbers from the serpantine analysis allows
use to correlate Fe and Mg in the mineral structure. Furthermore such
an analysis enables us to calculate the H20+ released during the
serpentinization process.

Another case where the use of computer programs is inescapable
is the evaluation of the amphibole microprobe analysis. The
calculation of the cation numbers from the amphibole oxide analysis
requires longwinded calculations and is left out of the present study.
This topic is treated by Kirikoglu (1983).

The determination of the mineral chemistry of the
chromium-spinels is important as it provides data on the
physicochemical conditions of the formation of the ultrabasic rocks.
Chromium-spinels are very stable minerals and stand even extreme
conditions of alterations. In many cases they represent the only
original minerals from the primary rock.

The element percentages of the chromium-spinels reflect the
conditions of the formations and therefore provide clues to the
genesis of the rock. Chromium analysis are best done by micruprobe.
The calculations of the cation numbers and various geochemical
parameters involves computers programs using as raw data the elemental
oxide values. Chromites with known cation numbers can be classified
in the suitable diagrams and the composition of the magnetite rims
around chromite and its relation to the chromite core can be evé]uated
(Kir1kodlu, 1986). In addition the calculated chromite analysis can
be compared in composition and genetically with chromites from other
deposits of the world.

3. THE PREPARATION OF COMPUTER PROGRAMS

The preparation of computer programs for the calculation of the
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cation numbers and various geochemical parameters for feldspar,
pyroxene, serpentine and chromium-spinels are discussed below.

The preparatory calculations for computer input are the same
for all the discussed mineral groups except the chromium-spinels
(Table 1). The first input data Tor the program is the major element

Tuble 1
Colculstion of the cation numbers from the silicute
anslysis. As en example the cation number of feldspar is cal-
culatad on the basis of %2 oxygen atoms.

Oxide Weight ¥ Mol.Wt. Wt/Mol.Wt.

510, 61.373 60.085 1.0214 x 2 = 2.0429
Ti0, 0.000 79.899 0.0000 x 2 = 0.0000
21,05 24.062 101.960 0.2360 x 3 = 0.7080
Fe0 0.290 71.846 0.0040 0.0040
Mgo 0.000 40.304 0.0000 0.0000
Ca0 4.810 56.079 0.0858 0.0858
Na,0 8.122 61.979 0.1310 0.1310
K20 1.167 94.203 0.0124 0.0124
MnO 0.0%4 70.937 0.0005 0.0605
Tatal 99.859 2.9846

The calculation is dona on the basia of 32 oxygen atoma

2.9846 : 32 = 0.0933 and 1 : 0.0934 = 10.7217
si 1.0214 x 10.7217 = 10.9511
T4 ¢.0000 x 10.7217 = 0.0000
Al 2 x 0.2360 x 10.7217 = 5.0606
] 0.0040 x 10.7217 = 0.0429
Mg 0.0000 x 10.7217 = ©-0000
Ca 0.0858 x 10.7217 = 0.9199
Na 2 x 0.1310 x 10.7217 = 2.8091
K 2 x 0.0124 x 10.7217 = . 0.2659
¥n 0.0005 x 10.7217 = 0.0054
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oxide data for the silicates. These are 5i0,, Ti0,, A]203, FeO (total
iron), Mg0, Ca0, Na20, K20 and Mn0 weight percentages. From these
values the elemental percentages of Si, Ti, Al, Fe, Mg, Ca, Na, K
and Mn are calculated by the computer.

The second inpul data for the program are the wolecular oxide
constants for the respective elements. The program calculates at this
stage the % weight/molecular weight ratios and adds up the ratios
for each element (Table 1).

Until this stage the process is the same for feldspar, pyroxene
and serpentine, at the next stage a specific number of oxygen atoms
for each wmineral group is included in the program. The numbér of
oxygen is 32 for same feldspars, 6 for pyroxenes and 9 for serpentine.
The division of the number of oxygen atoms by the % weight/molecular
weight ratios and reciprocating the resultant number constitutes the
next stage. The resultant number is taken as a constant for the next
process. Table 1 shows examples of such a process for 32 oxygens.
This constant, when multiplied by the oxide analysis of the element,
will g%ve the cation number of this element.

With the calculation of the cation numbers, a major part of
the calculations are completed. The «calculations which follow
essentially the same part for the mineral groups, are different for
the calculations of the geochemical parameters. These are discussed
separately below.

3.1. Feldspars

Feldspar minerals which can be grouped under alkali feldspar
and plagioclase are named according to their Or, Ab and An
percentages. The cation numbers, calculated as discussed above, for
K (Or), Na (Ab) and Ca (An) are taken together as 100 % and each is
recalculated (Table 2). Table 3 shows the calculation of the cation
numbers and Or-Ab-An triangular diagram and the feldspar is thus named
(Figure 1). '

5
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Tabl

e 2

Calculation of Or-Ab-An values

for feldspers from the cation numbers.

Cations Cation nuwmbers Or-Ab-An values
K 0.2659 Or 6.65
Na 2.8091 Ab 70.32
Ca 0.9199 An 23.03%

Total 3.9949 Total 100.00
Table 3

Cation numbers

end Or-Ab-An

parameters calculstion from the feldsper anualyais.

Sample Nr 1 2 3 4 5
8102 65.93 64 .02 65.50 60.64 59.67
’I‘102 0.25 0.00 0.01 0.03 0.00
81,05 18.41 18.75  20.68 25.24 25.44
re0 3.27 0.21 0.36 0.27 0.27
Fg O 0.03 0.02 0.01 0.00 0.00
Ce0 0.05 0.00 0.89 4.88 T-35
Na,G 1.56 5.17 7.85 3.22 7.58
KZO 11.72 9.92 5.11 Y412 G.55
MnC 0.05 0.00 0.00 0.02 0.01
Totel 101.33 98.09 100.41  101.42  100.87
Tha calculation is done on the bssis of 32 oxygen atoms.
si 11.94 11.86 11.66 10.72 10.60
Ti 0.03 0.00 0.00 0.00 0.00
Al 5.93 4.09 4.34 5.26 5.33
Fa 0.50 0.03 0.05 0.04 0.94'
Mg 0.02 0.01 0.00 0.00 0.00
Ca 0.01 0.00 0.17 0.92 1.40
Na 0.55 1.86 2.71 3.16 2.61
K 2.71 2.34 1.16 0.25 Q.12
Mn G.01 0.00 0.00 d.00 0.00
or 82.90 55.80  2B.75 5.83  2.99
Ab 16.80 44.20  67.04 12.85 63.18
An 0.30 Q.00 4.21 21.32 33.83%
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Table 4
Caleulation of the pyroxene cation numbers.

Oxide Welght % Mol.Wt. Wt/ Mol.Wt.
Si02 54.191 60.085 0.901¢ »x 2 = 1.8038
T102 0.169 79 .899 0.0021 x 2 = 0.0042
Algﬂa 0.964 101.960 0.0085 x 3 = 0.0284
Fel 3.661 71.846 0.0510 0.0510
Mz G 16.262 40.304 0.4035% 0.4035
Ce0 24.736 56.079 0.4411 0.4411
NEZG 0.351 61.979 0.0057 0.0057
KEO 0.000 84 .203 0.0000 0.0000
¥n0 0.128 T0.957 0.0018 0.0018
Total 100.461 - 2.7395

Tne calculation is done on the basis of 6 oxygen atoms.

2.7395 : 6 = 0.4566 and 1: 0.4566 = 2.1902
si 0.9019 x 2.1902 = 1.9753
b 0.0021 x 2.1902 = 0.0046
Al 2 x 0.0095 x 2.1902 = . 0.0416
Fs 0.0510 x 2.1902 = 01117
Mg 0.4035 x 2.1902 . 0.8837
Ce 0.4411 x 2.1902 = 0.9661
Na 2 x 0.0057 x 2.1902 = 0.0250
K 2 x 0.0000 x 2.1902 = 0.0000
Mn £.0018 x 2.1902 = 0.003%
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up and recalculated to 100 % (Table 4 and 5). Table 6 shows the
results of this calculation using the computer program in the appendix
1.

Table 5
Calculation of the Ca, Mg and Fe + Mn percentages in pyroxene.

Cations Cation numbers Ca-Mg-Fe-Mn values
Ca 0.9661 49.16
Mg 0.8837 44 .96
Fe 0.1117 5.68
Mn. 0.0039 0.20
Total 1.9654 100.00

1
Ab N4 Vi 3P V4 Vi X i Y] An
ALBITE GLIGOCLASE ANDESINE LABRADORITE BYTOWNITE ANORTHITE
P L A G 1 0 CL A SES

Fig.1: Or-Ab-An triongular diagram for feldspars (Troger1969)
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The alkali feldspars are orthoclase of a mean composition of
Ablﬁ_BA"UJOTSZ.Q’ sanidin of Ab44.2An00r55_8 and anorthoclase Ab67.0‘

Any 20728.8°
feldspars ranges between An21 3 and An33 8 Plagioclase is also rich

The anorthite content of the analysed plagioclase

in albite (up to Ab73). Thus the analysed plagioclase can be named
as oligoclase and andesine (Figure 1).

3.2. Pyroxene

The Ca, Mg and Fe + Mn cation numbers of the pyroxenes are added

Ca Ca

Fe+Mn

s

NKLINOPYROXENE FEELD |[[l|ORTHOPYROENE FIELD

Mg

Fig.2: Ca-Mg-Fe+Mn triangular  diagram for pyroxenes.
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Table 6
Cetion numbers and Cae-Mg-Fe-Mn

peramaters cslculated from the pyroxenc unalysis.

Sample KNr 1 2 3 4 5
510, 48.68 49.58 50.02 50.61 49.89
0, 0.41 0.24 0.24 G.13 0.23
Al,04 1.46 1.16 1.04 0.93 2571
Fe0D 26.46 29.15 20.16 18.68 16.98
¥g0 2.25 3.87 5.69 6.67 8.00
Cs0 14.07 16.65 18.37 19.47 21.06
Hu,0 5.61 4.43 5.80 3.25 1.70
K,0 0.00 0.04 0.00 0.00 0.00

~ FnD 1.31 1.67 1.37 1.38 0.55
Totsl 100.25 100.79 100.69 101.12  101.12

The celculstion is

done on the besia of 6

oxygen etoms.

2.42

si 1.978 1.980 1.973 1.974 1.922
Ti 0.012 0.007 0.007 0.004 0.007
Al 0.070 0.055 0.048 0.043 0.123
Fe 0.699 0.773 0.665 0.609 0.547
Mg 0.137 0.231 0.335 0.388 0.460
Ca 0.612 0.712 0.777 0.814 0.869-
Na 0.441 0.343 0.291 0.246 0.127
K 0.000 0.002 0.000 0.000 0.000
Hn 0.045 0.056 0.046 0.045 0.018
Cau 36.15 40.16 42.62 43.86  45.88
Hg B.09 13.03 18.38 20.91 24.29
Fe 53.10 43.60 36.48 32.B1 28.88
Mn 2.66 3.21 2.52 0.95

These values

are inserted in the Ca-Mg-Fe triangular diagram

and the pyroxene is thus named (Figure 2).

The results of the

10

calculations indicate that the pyroxenes
are clinopyroxene and the Ca-Mg-Fe percentages

do not

show much
variation (between Ca49Mg45F96 and Ca36MggFe56).; Pyroxene  of this
composition named as augite (Figure 2).
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3.3. Serpentine

The geochemical parameter required in the serpentine, whose
cation number 1is calculated as in pyroxene and feldspar, is the
100 Mg / Mg + Fe ratio (Table 7).

Teble 7
Calculation of the serpentine cation numbers
snd 100 Mg/Mg+Fe parameters.

Oxide Weight % Fol.Wt. Wt/Mol.Wt.

810, 44.301 60.085 0.7373 x 2 = 1.4746
A1,0, 1.067 101.960 0.0105 x 3 = 0.0314
FeO 4.029 71.846 0.0561 = 0.0561
Mg0 4$6.337 40.304 0.9016 = 0.9016
Ca0 0.284 56.079 0.0051 0.0051
Cr,Cs 0.826 152.020 0.0054 x 3 = 0.0162
Totsl 86.927 2.4862

The calculation is done on the basis of 9 oxygen atams.

2.4B62 : 9 = 0.2762 und 1 : 0.2762 = 3.6200
si 0.7373 x 3.62 = 2.66590
Al 2 x 0.0105 x 3.62 & 0.0760
Fe 0.0561 x 3.62 = 0.2031
Mg 0.9016 x 3.62 = 3.26%8
Ca 0.0051 x 3.62 = 0.0165
Cr 2 x 0.0054 x 3.62 = 0.0391
100 100 x 3.2638

e = = 94.11
Mg + Fe 3.2638 + 0.2031

Table 8 shows the cation numbers and the 100 Mg / Mg + Fe ratios
for the serpentine calculated by the computer program.

11
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Tuble 8
Celculated cetion numhers and parameters for serpantine.

Sample Nr 1 2 ] 4 5
sto, 414 .30 40.03 42.68 41.78 42.16
A1,0, 1.07 0.06 1.03 1.60 0.95
Fe0 4.03% 10.15 3.99 3.55 3.67
kg0 36.34 35.14 35.96 36,00  36.15
ca0 0.28 0.60 0.13 0.01 0.00
Cr,0, 0.83 0.01 0.78 0.77 0.55
Totul 86.85 85.99 B4.57 83.71 83.48

The calculation is done ‘on the basis of 9 oxygen atoms.

si 2,67 2.54 2.65 2.61 2.64
Al 0.08 0.00 0.08 0.12 0.07
Fe 0.20 . 0.54 0.21 0.19 0.19
Mg 3.26 5433 3.32 3.36 3.38
Cca 0.02 0.04 0.01 0.00 0.00
cr 0.04 0.00 0.04 0.04 0.03
20 94.22  B6.05  94.05  94.65  94.68

Hg + Fe

The Fe0 content of the serpentine varies between 3.55 % and
10.15 % and the FeD / Mg0 ratio is'greater than one.

This indicates that the iron released by the alteration of the
olivin is only partly accepted by the antigorite and the rest is

included in the sulphide and oxide phases in the rock.

3.4. Chromium Spinels

The calculation of the cation numbers and geochemical parameters
from the oxide analysis of the chromium spinels is discussed in detail
below.

12
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The account is an illustration of the method described .by Ageed
(1979) for the calculation of jonic content of chromite unit cells

and end-members from their analysis.
STEP 1: Calculation of ionic content of chromite unit cells.

Assuming a unit cell content of 8 (RO . R203) for the spinel
structure, the number of atoms of each metal present in the unit cell
can be calculated. The calculation can be made as follows:

a) Molecular ratios of the oxides are obtained by dividing the
percentage of each oxide by its molecular weight.

b) The ratio RO to R203 is then calculated after subtracting
ilmenite and the silicate impurities.

Note: In samples having a ratio of RO to R203 appreciably

Jess than 1, oxidation of ferrous to ferric oxide may be assumed,

and the analysis are to be recalculated to agree with the spinel

fomula.

¢) The molecular ratios are then recalculated to atoms per unit
cell, assuming 8 bivalent and 16 trivalent metal ions as -given by
Bragg (1966}).

The above steps were followed for the calculation of the ionic
content of the OkcukBy chromite {Kirikogdlu, 1983; sample 33, table
11) as given below:

Wt MWt. M.ratios atoms/unit cell

cr0, 48.44 152.02  0.3187 cr 9.83
M0, 18.58 101.94  0.1822 AT 5.68
Fe0; 2.00 159.68  _0.0125 Fe*  _0.39
0.5134 16.00
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_Wt% _Mut. M.ratios atoms/unit cell
Fe0 22.89 71.84 0.3174 Fe?t  4.96
R 40.32 0.1906 Mg 2.98
Mn0 0.30 70.93 0.0042 Mn 0.06
Ca0 0.00 56.08 0.0000 Ca 0.00

0.5122 " 8.00

_Wi% _MWt. M.ratios
Ti0, 0.09 79.90 0.0012
si0,, 0.01 60.06 0.0001

RO _ 05122 _
R0,  0.5134

STEP 2: Expression of the analysis in terms of end-members.
End-member formulae per unit cell are calculated by
the following equations:

Spinel (MgA1,0,) =A1 /2
Magnesiochromite (MgCrzﬂa) =Mg - Al /2

Ferrochromite (FeCer4) = (Cr + A1) / 2 - Mg

Magnetite (FeFeZD4} = (Fe2+ + Mg) - (Cr + A1) / 2 = Fe3+ / 2

where cach of the elements is given in atoms per unit cell.

To calculate the weight percentages of end-members, the fomulas
per unit cell are multiplied by the wmolecular weights of the
end-members and recalculated to 100 per cent.

As an example, the end-members of sample 33 -given above- are

calculated below:

14
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Formulas/unit cell Formula MWt/unit cell Wt%

Spinel 2.84 403 25.97
Magnesiochromite 0.20 38 2.45
Ferrochromite 4.76 1066 68.68
Magnetite 0.20 45 2.90
1552 100.00

15

Teble 9

Various geochemical psrancters snd cotion numbers

calculated from the microprobe snslysis of chromium

spinels using computer programs (' analyzed, " calculated).
Sample Nr 1 2 3 4 5
red! 27.30  37.12 26.22 29.38 14.35
FeO" 23.00 22.53 23.04 25.73 11.15
Fe,05" 5.43 14.65 2.29 5.71 6.44 .
Cr203 47.94 41.14 48.59 49.72 58.85
A1203 15.87 13.98 17.97 13.17 8.87
Mg0 7.20 7.90 7.64 5.21 14.48
Mn0 0.46 0.33 0.41 0.32 0.00
Ti0, 0.09 0.07 0.07 0.11 0.19
Ce0 0.00 0.00 0.00 0.00 0.00
5190, 0.02 0.00 0.00 0.03 0.02
Total 98.88 99.94  100.90 97.94 96.76

The calculation is done on the basis of 32 oxygen atoms.
cr 9.99 8.67 10.02 10.63 12.04
Al 4.93 4.39 5-53 4.20 2.71
pet? 1.08  2.94 0.45 1.17 1.25
rot? 5.06 5.02 4.93 5.62 2.41
Mg 2.84 2.90 2.91 2.10 5.59
Mn 0.10 0.08 0.10 0.08 0.00
Ti 0.02 0.02 0.02 0.02 0.04
Cr/fe 1.51 1.01 1.70 1.42 3.06
RD/]’\‘ZO.5 1.00 1.00 1.00 1.00 0.99
Mg0/RO 36.63 37.20  3B.28 27.20 69.83
H5A1204 22.18 19.54 25.24 18.40 12.39
Mglr,0, 5-T7 9.46 3.79 0.93 52.52
l-‘e-Cr‘,_O‘1 64.13 49.72 67.63 72.35 25.74
Fele,0, 7.92 21.28 3.34 8.32 9.35
TLFGZD4 0.25 a.25 a.25 0.25 0.50
X A1204 30.74 27.37 34.48 26.18 16.85
X °r2°4 62.28 54.05 62.41 66.27 74 .88 )
X F0204 6.73 18.33 2.80 7.30 71T

X = (Mg, Mn. Fe)
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Table 9 shows the results of this calculation using the computer
program in the appendix 2. The resultant values are plotted in the

[ A S T S S A A R A ey S
triangular diagram and the chromite is thus named (Figure 3).
Al
FerdeCra Al
312
E1ES
o
wn
2(3
m|Z
i
Fe 05 Cr
Fe'{Cr- Al FesCre Al

Fig. 3: The clossification of the chromium-spinels in the Haslom et al(1976) triangular
diagram.

4. RESULTS

This paper discusses the use of computer programs in the
evaluation of the analytical results. The program and the guide lines
for the preparation of the program for the calculation of cation
numbers and geochemical parameters for feldspar, pyroxene and
serpentine and chromium spinel are presented. The mineral analysis
data used as examples 1in the program are the silicates from the
Karaburunsivri tepe phonolite, the serpentine and chromium spinels
from the Okcukdy metaophiolite. 5
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THE TECTONIC SETTING OF THE
PORPHYRY AND MASSIVE SULPHIDE
DEPOSITS OF THE CIRCUM BLACK SEA

Sener USOMEZSOY (x)
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ABSTRACT

Reinterpretation of the orogenic evolution of Circum Black Sea Suture
belt lead us to classification of the massive sulphide debbsits and porphry
type mineralization based on the tectonic setting. Fore Range massive
sulphide deposits of Devonian age in the Great Caucasian orogen beit is
considered back arc opening related massive sulphide deposits. Formation
of the Kiire massive sulphide of Tower Jurassic age in the Northern Pontian
belt, Southern Slope polly metallic stratiform deposits of Liassic age and
polly metallic stratiform deposits of the late Triassic age in Strandja
belt is suggested as related to the early stage rifting of the opening
of the Cimmerian basin. Timok - Srednegora - Eastern Pontian, Somekheto -
Karabakh polly metallic massive sulphide deposits of late Cretaceous age
is considered extensional arc or inter arc basin related massive sulphide
deposits. Formation of the Southern Anatolian Massive sulphide deposits
of Eocene age is accepted as related to the early stage volcanic of the
Maden basin which is opened by the strike slup events. On the other hand
the other massive sulphide deposits in the Southern Anatolian copper
deposit belt must be related to the oceanic spreading basalts.

Porphyry type deposits are divided, into three type, compresional arc
related, extensional arc related and post collisional arc related porphyry
copper deposits. Banat (Southern Carpathian) Timok, Srednogora Strandja
porphry Cu-Mo deposits of late Cretacaus age are related to the compressional

(%) I.U. Mihendislik Fakiiltesi, Jeoloji Boliimii, ISTANBUL
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arc intrusions. Pampak - Zangezurian Stokwork - Skarntype Cu-Mo and W
deposits Paleocene to Oligocene age are formed related to the multi-
rifted extensional arc intrusions. Serbo Macedonian porphry Cu deposits
and Kerman region porphyry Cu deposits were formed related to the post
collisional magmatic arc plutons.

1. INTRODUCTION

Metallogenic analyses of the massive sulphide and porphry deposits
of the Alpine folded belts that extending from Carpathian to Zagros belts
was held by the Tvalchrelidze (1) on the base of secondary geosynclinal
concept. Jankovic (2) had put forward the concept of the Tethyan Eurosian
metallogenic belt that was developed as a consequence of the closure of
Tethyan ocean by the northward dipping subduction beneath the Trans
Eurasia margin. Alpine metallogenic evolution of the Northeastern Medi-
terranean region was discussed by Jankovic (3) in the light of the Tethyan
evolution of the Alpine system (4), General features of the Porphyry
copper and massive sulphide deposits of the North Eastern Mediterranean
region has been descripted by Jankovic (5). Evolution of the Caucasian )
metallogenic belt (6,7,8) and of the Eastern Black Sea (9,10) metallogenic
belt have been interpreted base on the plate tectonic evolutionary model
of Caucasian - Pontian belt of Adamia et al. (11). The geological and
minerological details of the Srednogoran (12,13,14) Timok (15) and Banat
(16,17,18) regions porphry copper and massive sulphide deposits of
Carpathian-Balkan-Alpine belt have been introduced. Sillitoe (19) have
interpreted the Carpathian-Balkan porphry copper deposits in the
Cordillerean perspective base on the Burcfiel (20) model's on the
evolution Carpathian-Balkan orocline.

Metallogenic evolution and tectonic setting of the Circum Black Sea
massive sulphide and porphry deposits will be reinterpreted in the
context of the orogenic evolutionary models of the author (21).
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OROGEN BELTS

Hercynian orogen belts are divided into the northern and the southern
branches. The northern branches extends along the Balkanide and Great
Caucasian belt. The southern branch extends along the Serbo Macedonian,
Southern Pontian and Transcaucasian belt. Staraplanina Hercynian orogen
belt take place between Moesian Platform on the north and Rhodope massif
in the south. Great Caucasian Hercynian orogen belt lies adjacent the
southern peripheries of the Scythian platform (22). The southern Hercynian
belt wrapped around the southern margin of the Rhodope-Pontide-Trans-
caucasian belt. Serbo Macedonian Hercynian orogen belt extends Rhodope
massif and Pelagonian massif. Southern Pontian Hercynian orogen belt is
overlain by the Permo Carboniferous deposits. Southern Pontian Hercynian
orogen belt was succeeded by the early Triassic collisional orogeny belt
which 1ie between Menderes massif and Pontian block (23).

Cimmerian orogen belt located in the northern and the southern peri-
pheries of the Black Sea. The northern Dobruca-Crimean and Great Caucasian
Cimmerian belt is overlain by the late Jurassic deposits (24). The southern
Cimmerian orogen belt extends from Circum Rhodope, Strandja to Kiire orogen
belt (25,26,27,28).

Alpine orogen belts consist of mainly four branches which are encountered
at the East Anatolian accretionary belt. Vardar-Izmir-Ankara-Erzincan branch
which is Tocated between Rhodope Pontide block and Apullian-Anatolian plat-
form. Sevan-Akera Quradagh branch extends between Transcaucasian and North-
wetern Iran platform (29) Bitlis orogen belt 1lie between Anatolian and
Arabian platform (30). Southern continuation of the Bitlis belt extends
to the Zagros orogen belt (See Fig. 1).

OPHIOLITIC BELTS

Continental accretion belts of the Circum Black Sea region are constituted
by the oceanic assemblages which include ophiolite complex, subduction complex,
pelagic deposits or rift related tholeitic volcanic (Fig. 2).
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Fig. 1.- Orogenic belts and continental fragments of the Circum Black
Sea orogenic belts, 1. Gondwanaland 2. Laurasia, 3. Gondwanian
frapments, 4. Laurasian fragments, 5. Hercynian orogen belt,

6. Late Hercynian-Eocimmerian orogen belts, 7. Non collisional
Cimmerian orogen belts, 8. Collisional Cimmerian orogen belts,
9. Alpine orogen belts, 10. Laramian orogen belts. AF. Arabian
platform M.p. Meosian platform, SCP. Sythian platform, APP.
Apullian platform, AP. Anatolian platform, NWI, Northwest

Iran platform, R. Rodep block, T. Thracian, block, . Pontian
block, TC. TransCaucasian block, SP. Stara Planina, MC, Main
Caucasian range, SM. Serbo Maccdonian, SWP. South west Tont ian
AK. Artvin Karvabakh, Ta. Talesh, CR. Circum Rhodope, ST. Skar-
Strandja, Kii. Kure, CRM, Crimcan, 5S. Southern Slope, Ke. Keban,
$57. Scnandaj Sirjan, V. Vardar,:TAZ. lzmir-Ankara Zone,

SA. Sevan-Akera, QR. Quradaph, EP. Eas Anatolian prism,

Z. Zagros, G. Guleman, M. Henderes massif, i Kirgchir massif,
MU. Munzur platform, Ti. Timok, SG. Srednopora, EP. Fastern
Pontian, B. Baskul.
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Stara Planina Hercynian orogen belt includes [Ciabase Phillitoid complex
which consist of tholeitic volcanics and flysh of Early to Mid Paleozoic
age (31). Main range magmatic arc belt is bounded by the Fore range ophi-
olites of Mid Paleozoic age in the north and root zone ophiolite in the
south (22). Diabase phillitoid complex of Mid Paleozoic age extends along
the Kriastide belt which delineate the boundry of the Rhodope massif and
Serbo Macedonian zone, Serbo-Macedonian zone includes dismembered ophi-
olites of late Paleozoic age.

Southwestern Pontian belt ophiolite bearing subduction complex of
Pre Permian age extends along the Ezine-Mudanya-Elmacik ophiolite belts
age of the SW Pontian accretionary belt are reprsenet the obducted oceanic
crust of the Paleo Tethyan. Elekdag (27) and Tokat massif (34) ophiolitic
belts of the Southern Pontian belt extends to the Transcaucasian ophiolite
belt of pre Liassic age (35). Southern Pontian and Transcaucasian ophiolite
belts are the Western continuation of the Masshat-Talesh ophiolite belts
of pre late Triassic.

Circum Rhodope orogen belt includes pelagic deposits of Liassic age
and ophiolite bodies of jurassic age (32). Bazalitic meta volcanic of
Sivriler formation of Jurassic Age of the Istranca orogen belt (26) and
Kire basalts and Akgdl flysh of Liassic age of the Nortlicrn Pontian beilt
(36) represents the intra siallic Cimmerian Basin (28) Tauridian flysh
of late Triassic age of Crimean belt and Sleyt basalt association of
Liassic age of the Southern slope of Great Caucasian (24) are also product
of the Cimmerian basin. Widespread ophiolite complex of the Neo Tethyan
extends from Vardar zone to izmir-Ankara zone which includes late Creta-
ceaus ophiolitic melange and obducted ordered ophiolites nappes. Tokat-
Erzincan ophiolite belts are eastern continuation of the Izmir-Ankara
zone. Sevan-Akera-Quaradagh ophiolite belt of the Minor Caucasian (29,37)
are the eastern most extension of the Northern branches of Neo Tethyan.
Southern ophiolite belt of NeoTethyan extends from Kizildag to Guleman
ophiolite complex which were obducted over the Arabian foreland along
the Bitlis belt. Maden complex comprising the tholeitic volcanics inter-
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jayered with the deep sea deposits on the Bitlis belt in the SE Anatoiia,
represents the product of the strike slip related rift basin of Eocene
age Winen upeocu T01lowing the collision of the Keban-Malatya and Bitlis-
Pdtlirge belts.

MAGMATIC ARC BELTS

Hercynian magmatic arc can be divided into the Northern and the Southern
belts. The MNorthern Hercynian magmatic arc extends azlong the Stara Planina
zone of the Great Caucasian belts which are consist of calcalkaline
batholites of Devonian-Early Carbonifercus age (22,38) (Fig. 2). The
southern Hercynian magmatic arc extends along the Serbo Macedonian,
Southern Pontian and Transcaucasian belt and represented by the root
zone batholites of the arc massif of Pre Permian age (22.32,35). The
Southern Hercynian magmatic arc batholifes were overlain by the deposits
of Permian age.

Calcalkaline batholite of late Jurassic age of the Circum Rhodope (32),
Strandja (26), Kire (39), and Southern slope (11) belts are represent
the magmatic arc that are the product of the A type subduction of Mid
Jurassic age (28).

NeoTethyan magmatic arc belts may be divided intc the Norhernmost,
the Northern and the Southern belts. The Northernmost arc beit proliong
from Banat, Timok, Srednogora, Strandja, Eastern Black Sea to Transcaucasian
belt. Timok-Srednogora arc belt consist of volcano-Sedimentary complex of
late Cretaceaus age (40). Srednegora volcanic belt extends to the North-
western Pontian volcano-sedimentary belt of late Cretaccous age. The
fastern Black Sea (10) and Transcaucasian (11) volcanic belt of late
Cretaceaus age are the Easternmost extension of the Northern most volcanic
arc belt of NeoTethyan. The extensicnal magmatic arc belt of the Northern
most belt was transformed to compressional arc belt during the latest
Cretaceaus time and Volcano sedimentary complex of the extensional arc
belt was intruded by the calcalkaline batholites (10,26,41).
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Timok-Srednogora-Northwestern Pontian magmatic arc was shifted to the
Southern margin of the Rhodope-Fontide belt. Serbo Macedonian, South
Pontian arc belt comprises calcalkaline volcanics and plutonics of
Paleocen-Eocene age (32,42). Th- Northern magmatic arc extends along
thesoutheastern Pontian-Miskano-Zongezurian belt which are consist of
alkaline volcanics and plutonics of paleocene age (29,43). Yiksekova
volcano plutonic complex of the Bitlis belt (30) represents the continental
margin or island arc belt which are product of the southern NeoTethyan.

SUTURE BELTS

Hercynian suture belt extend along the Stara Planina zone of Balkanide
whre Rhodope massif fused to the Moesian platform (43). Main range Island
arc of Devonian age of the Great Caucasian belt accreted to the Scythian
platform along the Main Range Hercynian suture belt (22). Serbo Macedonian
jsland arc complex is jammed between Pelogonian Massif and Rheodope Massif
during the Late Hcrynian suturing events. SW Pontian Hercynian Island arc
complex fused to the Pontian block during the Late Carboniferous time.
Menderes massif collided to Pontian block along the SH Pontian orogen
belt (23). Early Triassic suture belt Central Iran platform attached to
the Turan Platform along the Mashat-Talesh suture belt of Early Triassic
age (21).

Cimmerian suture belts extends along the southern and northern cost
of the Black Sea. Southern Cimmerian suture prolong from Circum Rhodope-
Strandja loopped belt, to Kire orogen belt. The Northern Cimmerian suture
extends along the Dobruca, Crimean and Southern slope of Great Caucasian
belt (28).

Alpine suture belts linked at the Fast Anatolian accretionary belt.
Apullian-Anatolian platform fused to Rhodope-Pontide belt along the
Vardar-Izmir-Ankara-Erzincan alpine suture belt. Sevan-Akera-Quaradagh
Alpine suture extend between Transcaucasian block and NW Iran platform.
Bitlis suture belt takes place at the north of the Bitlis-Pdtirge belt
of Arabian platform and Keban belt of the Anatolian Block. Bitlis suture
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belt extends to the Zagros suture belt where Arabian platform collided to
the Iran platform (Fig. 3) (21).

METALLOGENIC BELTS

Orogenic analysis of the Circum Black Sea orogen belts lead us to class-
ification metallogenic belts based on the tectonic setting (Fig. 3).

Massive sulphide deposits of the Circum Black Sea may be divided into
five tectonic settings. These are back arc, extentional arc, intra sialic
rifting, strike slip rifting and oceanic spreading.

Back arc related massive sulphide deposits are represent by Fore Range
massive sulphide deposits of Devonian age (Table II) which were formed
related to the bimodal basic volcanics of Devonian age (6,7,8).

Extentional arc related massive sulphide is the most important deposits
of the Circum Black Sea region. Timok, Srednogora, Eastern Black Sea and
Transcaucasian belt massive sulphide deposits are well present arc related
deposits (Table III). Eastern Black Sea massive sulphide deposits are
mainly composed of polymetallic deposits which related to the upper
dasitic series of late Creteacous age. They are genetically related to
the dasitic domes and located in to dasitc pyroclastic rocks of the
Srednegora extentional arc (13,14). Bor deposits in the Timok region.
Consist of polymettalic stratiform deposits in the andesitic pyroclastic
rocks (15). Somhek-Karabakh polymettalic massive sulphide deposits are
located in the calcalkaline volcanics of Lower Jurassic and Upper Creta-
ceaous age (6).

Southern Slope stratiform type deposits of Liassic age is typical strati-
form type deposits of Liassic age is typical stratiform deposits, related
to the bimodal rift volcanic of the opening of the intra sialic basin.
Southern Slope stratiform type deposits were located in the Liassic flysch
deposits and basaltic volcanics (6,7,8) (Table I). Kure massive sulphide
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Fig. 3.~ Suture belts and type of the mineral deposit of the Circum

Wlack Sea oropen belts. 1. Stora Planina-Main Range liercynian
suture, 2, Serbo Maccdonian-Southern Pontian-Artvin Karabakh-
Talesh Paleo Tethyan suture, 3. Circum Rhodope-Skar Strandja
Kure=Crimean-Southemn Slope Cimncrian lut.ure,r 4. Vardar-lzmir-
Ankara-Tokat-Erzincan; Sevan-Ake ra-Quradagh; Guleman-Ispendere
Gilkksun; Zogros Neo Tethysn suture, 5. Foreland thrusts bele,

6. Back arc spreading related masgive sulphide copper deposits
vl the Fore Range belt of Creat Caucas ian, 7. Stratabound Pb=2Zn-
Ba deposics of the Tauride belt, 8. Rift “related polly
metallic stratiform sulphide deposits of strandja, Southemn
Slope velt, 9, Ocesnic spreading related massive sulphide copper
deposits of the Kure, Guleman belt, 10. Extensional arc related
polly metallic missive sulphide deposits of the Timok-5rednogoro-
Fastern Pontian-Transcaucasian arc, 11, Compress ional arc
related porphry Cu-Mo deposits of the Banat, Timok, Svednogoro
and Scrandja belr. 12, Mulei rifted arc related stokwork type.
M deposits of thePampak-Zangczurian, Azarbayjan-South Eastern
Pontinn belt, 13. Post Colllsional subduction related porphyry
Copper deposits of the Serbo Maccdonian and Kerman belc. 14.
Post collisional magmetic arc related vein and skamn type Pb=%n
deposits of the SW pontian belt and Rhodopa mossive, 15. Strike

slip events related massive sulphide deposits of Siire
Madenkdy.
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TABLE 1
Rift related mineral deposits
Tectonic Setting Age Association Type of Deposits Example
Intra continen- | Permian | Dolomitic Statabound Alanya, Gozipasa
tal rift Triassic | limestone Pb-Zn-Ba [ Karalar, Gimisdere)
Anamur {Ortakonus )
Keban
Rift Late Tholei tic Polymetallic Great Caucasion
Triassic | volcanics, Cu-Pb-2n Southern Slope
Liassic | Shales (Kizildere, Fizilichay,
Katsdak , Katekh,
Strandja [Gramitokova )
Strike Slip Eocene | Tholeitic Pyritic Southern Analolian
Ritt velcanics, massive copper belt, Maden
Shales sulphide (Ergani), Madenkoy (Siirt)
TABLE I, Rift related mineral deposits,

TABLE II
Oceanic spreading related Massive sulphide deposits
Teclonic setting Age Association Type of Deposils Examples
Morginal basin | Md Devonian | Tholeirtic Pyritic Great Coucasion Fore Range
Spreading basalts , Mossive [ Beskess, Bykovskoe , Urupi,
llysch Sulphide Khudes Skalistoe)
Oceanic Liassic Tholeiitic Pyritic Pontian [Kure)
Spreading Bosalls Massive
Flysch Sulphide
Oceanic Lale Jurgssic | Tholeitic Pyritic Southeastern
Spreading Basalts Massive Anatolian (Ergani)
Pelagic Clay Sulphide

TABLE II. Oceanic spreading related massive sulphide deposits.
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sulphide deposit which Tocated above the basaltic pillow lave and overlain
by the black sleyt of Liassic age (Table II) (36).

Cyprus type massive sulphide deposits are represented by Ergani Maden
massive sulphide copper deposits which is located above the spilitic
pillow lavg of the Guleman ophiclite of Jurassic age (44) (Table II).
Southern Anatolian massive sulphide deposits related to the basaltic
volcanism of Eocene age are represent strike slip events related riftin
stage deposits. Siirt Maden massive sulphide deposit located above the
spilitic lave and overlaid by the black shale of Eocene age (45)(Table I).

Stratabound type carbonate hosted lead Zinc-barite deposits of the
Tauride belt are located in the shallow water carboniate deposits of
Paleozoic and Triassic age (46) which are deposited in the Tauride rift
of Permian Triassic age (Table I).

Compressional magmatic arc related porphyry type deposits extends from
Banat, Timok, Srednogora, to Strandja belt (Table IV). Porphry Cu-Mo
deposit, in the Banat region are related to the magmatic, plutons of
paleocene age which are located in the SE trending lineaments. Skarn
type Cu mineralization accompained to the porphry Cu-Mo deposits in the
Banat region (17). Bor porphry copper deposits are overlain by the massive
sulphide deposits. Porphyry type mineralization Tocated in the shallow
level porphry stocks bellow the main massive sulphide deposit. Majdenpeck
porphry Cu deposit formed in the deep steated granodioritic intrusion (15).

Medet and Assrail deposits in the Panagjuriste ore region in Srednogora
bet represents the porphyry type Cu deposits. Medet porphyry deposits is
formed in the deep seated granodioritic plutons. Whereas Assrail deposit
is located in the shallw porphry stock (13,14). Stockwork type ikiztepeler
molybdenite deposits in the Strandja region is formed in the Potassic
alteration zone in the granitic plutons (26).

Stockwork type molybdenite deposits in the Pampak-Zangezurian zone
of the Minor Caucasian are formed related to the monzonitic plutons of
Paleocene to oligocene age which were emplaced in the extentional magmatic
arc belt (1,6) (Table III).
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TABLE I
Extensional arc and back arc rift related mineral deposits
Teclonic selting Age Association Type of Deposits Examples
Extensional arc | Late Jurassic | Differenticted | Massive Sulphide | Timok (Bor, Lipa . Krassen)
Late Creta = tholeiitic Pyntic Cu Penogyuristhe { Radtko, Elshitsa,
ceous volcanics Polymetallic Krosen)} Burgas [Chelopech)
Pb-Zn-Cu E Pontide (Murgul, Tunca, Kutlu-
Pb-2Zn -Cu-Bao lar, Kolarak, Modenkoy, Lahanas
Kuvarshan ) Somekheto-Karabakh
{Alaverdy, Shamly, Kafan, Keda -
bek . Akhtala)
Back arc rifting | Eocene Calcalkaline | Porphyry Pontide Merziton (Bakir¢ay)
Oligocene alkaline Stockwork Artvin {Balaili , Ulutas) Pambak,
subvolcanic | Cu - Mo Zangezurian [ Kadjaran,Agarok,
stock Skarn type Dastakert, Ankaven,Aygedson )
Cu-Mo-W Quradagh { Qurachilar, Qaraderek }

TABLE 1V

Back arc thrusting related porphyry

type deposits

Tectonic selting Age Association Type of Deposits Examples
Banat, Westem Belt [ Maldova, Nova,
Stina pari, Sosca Montana, Ciclova,
Back arc thrust |Palea- | Calc alkaline | Porphyry Cu Oravita Maidan) Centrol Belt ( Lopus-
magmalic belt [cene batholite Porphyry Cu-Mo | Nic Nosaval,Purcaru, Lilieci, Cofu ,
stock Asculila, Bozavig ) Eastern Belt

(Mracania) Bor [Mojdanpek, Veliki
krivelj, Valjo str, Dumitri Potala, Mali
krivelj, Cerova) Srednagora | Medet ,
Vligjkov vrh, Assarel ,Tcar,Asen,Pa -
telova) Strandja, Demirkoy [ ikiztepe)
Somaekheto - Karabakh [Mamuli, Spok,
Tekhut )

TABLE III. Illustration of the extensional arc and kack arc rift related
mineral deposits, based on age, association, type of deposits
and examples,

TABLE IV, Illustration of the oceanic spreading related massive sulphide
deposits, kased on age, assaciation, type of deposits and

examples,
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TABLE ¥
Post collisional subduclion related deposits
Teclonic selling Age Assoclation | Type of Deposils Examples
Forelond lhrusting | Eocene - | Colcalkaling Serbomocedonsan, Zehtova | Bucim,
reloled magmatic | Oligocene Subvolconics | Porphyry Cu Borov Do) E Chelkidi { Skouries ,
belt ) Slock,dyke Fisko Aldtine, Dilgja ) Krousia (Vatl |,
Otigocene- Jerokario, Ponto Kerossie) Kerman
Migcariw {Sor Chesmeh, Lorhan, Bande Manzor)

Rhodope, Osogova | Gyveshava, Rouen)
Cenliral Rhodope | Madon, Nedelino, Da-
vid Kova Loke) Skor [Ustrem,Lessova)
Foreland thrusling | Oligocene-| Colcalkaline Vein-replocemant Serbo Mocedonia, Kopoanik (| Trepca,

related magmatic | Miocene | Subvolconcs skarn Pb-Zn- | Belo Brdo, Nova Brdo,Tonjevo,Alvalica,
bell Pluton,stcok,| 2Cu t Sb Kiznica, Calija) Lece | Lece, Djavoljo
dome Voras) Zeletlova |Dobrova) Macedonia

{ Sose Toroniko, Zlelovska, Rijeko) E
Chealekidiki [ Stratonik) W Egean
{Louran) Biga peninsula { Balys, Arap-
ucon dere, Honderesl, Altinotuk ) Dur -
sunbey (Goch kéyu) lvrindi, Simav

Porphry copper deposits in the Serbomacedonian zone are located in the
Bucim and Eastern Chalkidiki region. Serbomacedonian type porphyry copper
deposits occured related to the subvolcanic pérphry stock of 0ligocene age
(47). Sarchesme porphry copper deposits occured in the subvolcanic stock
of Tertjary age in the Kerman region-(48). Serbomacedonian and Kerman
region porphyry deposits are formed in the post collisional magmatic arc
(Table V). '

EVOLUTION

Hercynian orogeny belt is recorded along the southern peripheries of
the Moesian-Scythian platform. The Balkan Caucasian arc-trench system and
the back arc basin was accreted to the Moesian-Scythian platform by the
elimination of the Hercynian ocean (22,43). The Rhodope-Pontide-Trans-
caucasian block was fused to Moesian platform along.the Sataraplannina
collisional belt. Hercynian ocean was reduced to the Svanetia remnant
bain. The Fore Range massive sulphide Cu deposits were generated concerning
of the opening of the Fore Range back arc basin (Fig. 4 a) (6,8).

The western continuation of Mashhad-Talesh Paleo Tethyan suture belt
located along the Artvin-Karabakh variscan-Eocimerian, cordillerian orogeny
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belt (35,49) and the Southern Pontian-Serbo Macedonian Variscan Eocimmerian
collisional orogen belts (23,32) which were produced by continental fusion
Apullian-Anatolian, Central Iran platform to Rhodope-Pontide-Transcaucasian
belt (21). By the disappearing of Paleo Tethyan. Sevan-Akera ocean were
inheried from Paleo Tethys (49). Tauride rift trough and Zagros ocean were
generated during the closure of Paleo Tethyan. Stratabound type Pb-Zn-Ba
deposits were formed in the Tauride rift trough (46) (Fig. 4b).

Cimmerian ocean was opened during the late Triassic time along the
Svanetia remnant basin related with the Atlantic opening, following the
terminally closure of Paleo Tethyan (Fig. 4c). Circum Rhodope-Eastern
Thracian-Strandja-Kire-Crimean-Southern Slope Cimmerian orogen belts (28)
were developed by the conseguence of closure of Cimmerian Ocean during the
late Jurassic collisional type Cimmerian orogen (21,28).

Finally Axios-Thracian-Pontian-Transcaucasian Stripe was welded to
Rhodope Main range belt. Kire (36), Southern slope (6,8) Strandja Massive
Sulphide deposits were generated rift related basic volcanics or oceanic
splites of Cimmerian ocean (Fig. 4c).

Vardar ocean was proionged to the eastward and Izmir-Ankara-Erzincan
branch was generated. Guleman ocean was opened between Keban and Bitlis
belt (Yazgan, 1983). Subsequently Neo Tethys was procceded to expand during
the late jurassic-late cretaceous time, South Anatolian massive sulphide
Copper deposits of late jurassic age were generated during the spreading
of the Guleman ocean (44) (Fig. 4d).

The Timok-Srednegora-Northern Pontian-Transcaucasian extensional arc,
or the back arc rift (10,11,41). were generated as a consequence of the
closure of the Vardar-Izmir-Ankara-Erzincan and the Sevan-Akera-Quaradagh
branches of the Neo Tethys during the Upper Cretaceaus time. The Extensional
arc, or the back arc system was transformed to compressional thrust magmatic
belt during the Laramian orogenesis. The massive sulphide Cu, Cu-Pb-Zn
deposits were generated relating with the extensional arc volcanics of
Upper Cretaceaus age (Fig. 4e). On the other hand the porphry Cu deposits
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Fig. A b: Closure of Palec Tethysn by the Morthward dipping subductlon

beneath the Rhodope-Pontide Trenscaucasian b-lt:ldrlrtlns ol
the Iran platform and rifting of Anatclian. Apullian platform
from the northern margin of Africa as a consequence of closure
of Paleo Tethya; Conatruction of the Southern Pontlan=-Artvin

Karabakh arc=trench system; ond lormation of the atratubound
type FPb-Zn-lin depositas of the Tauride belt related to the

wvpening of the Taurlde rift. Tn the Late Carboniferous Late
Trisasic time interval.
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Fig. 4 c: Opening of the Circum Rhodope-Strandja-Klre-Crimean southern

slope Cimmerian basin fTollowing the teraminully closing of
Paleo Tethyan by the collislon of the Apulllan-Anatolian
platform to the Rhodope-Pontide belt; and formation of the
Southern Slope- KUre and Strandjs beltg stratiform._ nolly
metallic sulphide and piritic masaive sulphide deposits, In

the Late Triasslc Late Juraasic time interval.
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were formed concerning of the thrust-magmatic belt plutons of Paleocene
age (Fig. 4f).

The Sevan-Akera-Quaradagh branch western part of the Vardar ocean were
closured during the Laramian orogenesis. The Miskhan-Zangezurian belt was
fused to Transcaucasian block (11) and the Apulian platform was welded to
Rhodope block (20).

The Zagros ocean was consumed by northward dipping the subduction under-
neath the Sanandaj-Sirjan belt of the Centrai Iran platform. Consequently
the Upper continental margin arc of Upper Cretaceaus age was constructed
over the Sanandaj-Sirjan belt (51).

The Guleman ocean was closured as a consequence of the northward dipping
subduction beneath the Keban belt, and was terminally closed by the
continental collision of Keban and Bitlis belt during the latest Cretaceaus
time (39). The Yiiksekova magmatic arc was jammed between the Keban and the
Bitlis belt. The Neo Tethys was reduced to simple V shape following the
disappearing of branches. Closure of Neo Tethys was proceeded by the north-
ward dipping subduction underneath the Rhodope-Pontide-Central Iran belt(29).
The Southern Rhodope-Southern Pontian-Miskhan Zangezurian-Northern Azarbayjan
continental margin arc and the Black Sea-Adjora Triallet-Southern Caspian
marginal Sea were generated behind the continental margin arc belt during
the Paleocene time. The Miskhan-Zangezurian, the Northern Azarbayjan stock-
work type Cu-Mo-W deposits were formed (Fig. 49g) 1in subduction related
plutons of Eocene-0Tigocene age.

Maden basin of Maestrichtian Mid Eocene age was opened by the strike
slip events on the Bitlis belt during the closure of Erzincan-Zagros ocean
by the northward dipping subduction beneath the Eastern Pontian-Central
Iran platform during the Paleogene time. Southern Anatolian massive sulphide
deposits of Eocene age in the Maden complex (45) were occured related to
the tholelitic basalts of Maden basin which opened as a result of the
strike slip events (Fig. 4f).
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Fig. & l: Closing of the Guleman Ocean Aand Sevan-Akera-Quradagh Ocean
in Pre Haestrlchtion time; Closing of the Timok=-Srednogora-
Northern Pontian-Trana caucaslan {inter arc basin by the
Laramlon compressional events; :mplnceanL of Banat Timok-
SrednogOfn-SLrnndJn Northern Pontian. Tranacaucasian belt
batholit = i and formation of the compressicnal arc related
porphry Cu-Mo depoalts. In the Latest Cretaceous-Paleozens

time interval.
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Fig. 4 g:
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Ceneratlon of the Black Sea, oceanic crust as a back arc
basln related to closure of Erzincan-Zagros Ocean by the
northward dipping subduction beneath the East Pontian. NW
Iran platlform during the Paleogene time; construction of the
extensional arc along the Eastern Pontian-NW Iran belt
{Northern magmatlc arc of the NeoTethyan) and formstion of
the extonaional arc rolated stocktork type Mo depositm— im—the
Eastern Pontian - Pambak - Zangezurian belt: Evolution of the
SW pontlan - Serbo Macedonian magmatic arc (Northern magmatic
arc of Neo Tethyan) as consequence of Hm| continental sub-
duction of Apulkan-Anatolian blocks; Opening of the Haden
basin relutod to the strike-slip events following the Bitlis
suturing and dclpnan.ton of the Southeast Anatollian massive
sulphide depasits in the Maden complex. In the Maestrichian

lute Eovene Lime kntuerval,
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The Apulian-Anatolian block was collided to Rhodope-Western Pontian belt
during the Paleocene-Eocene time. Considerable amount of the lower crust
of the Apulian-Anatolian platform was subducted by the detachment of the
brittle upper crust by the south vergenant foreland thrusting (20). Finnaly
subduction related arc magmatism of Eocene-0Oligocene age were generated (42).
The Serbo Macedonian belt porphry Cu deposits and the Southern Rhodope-
Pontide skarn-vein type Pb,Zn belt were formed related with magmatism rocks
of Eocene-0ligocene age (47).

The Arabian platform was fused to the Central Iran during the latest
Oligocene early Miocene time. The Kerman region continental margin arc was
generated consequence of subduction of the lower crust of the Arabian platform
resulting with Zagros belt thrusting. The Porphry copper deposits of the
Kerman region were orginated from subvolcanic intrusions of Oligocene age
concerning of Subduction of the Tower crust of Arabian platform (48)

(Fig. 4h).
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KITA VE OKYANUS KABUKLARI OZER{NDE GEL!SEN CUKELME ORTAMLARI VE FASIYESLER!
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UZET: Depolanma ve tektonigin iliskileri Oteden beri bilinmekte ise de
bunlarin istiflere ne sekilde yansidigi iizerinde yakin zamaniarda daha cok
durulmada baslanmistir. Uzellikle tektonik kontrollu bir cok havzanin orta-
ya ¢ikarilmas1 istif yorumlanmasina destek sagladigr gibi ortam siniflama-
larinda tektonidin temel dge olarak kabul edilmesini de gerektirmistir. Ki-
ciik boyutlu birikme alanlarinin tortul Gzellikleri benzerse de cok kalin
istiflerin cokelmesinde,istifin olustudu havzalarin kitasal veya okyanusal
kokenli olusunun tnemli roli vardir. Yasli istiflerde bazi &lciitlerle bun-
lary ayirmak mimkindir.

DEPOSITIONAL ENVIRONMENTS AND THEIR FACIES DEVELOPING ON OCEANIC AND CONTI-
NENTAL CRUSTS

ALSTRACT: However the relations between sedimentation and tectonics and
their influences to the lithology were known since very long time,recently
they are made subject in many studies extensively. Today the tectonics es-
pecially is considered as the main element of the classification of deposi-
tional environments and give support to the interpretation of the sequences.
Although the sedimentary characteristics of the small basins are similar,
for the big basins,the main tectonic feature of the environment such as be-
ing on an oceanic or continental basement,plays an important role in the
accumulation and characteristics of very thick sedimentary piles.

GIRLS

Tortul fasiyeslerin gelistigi cokelme ortamlari,birbirlerinden fiziksel,
kimyasal ve biyolojik dzellikleriyle ayrilan yeryiizii parcalari olarak tarif
edilir ve dedisen yerel sartlar alt bolumlerin ayrilmasini gerektirebilir
(1,2). Eu alanlarda depolanma esas olarak su varligi,su derinligi,enerji
cinsi,ortam topografyasi gibi fiziksel,su kimyasi ve canli varliklarin et-
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kisi gibi kimyasal ve biyolojik fakttrlerin kontroli altindadir. Tektonigin
depolanmaya etkisi ise ortamin fiziksel yapisin1 yani geometrisini &egistir-
mekte,ayrica volkanizma olaylarina neden olarak depolanmanin bagli oldugu
kosullari kontrol etmektedir. Bitiin bu etkiler ortamsal gelisimin lic boyut-
lu anlatim1 olan "fasiyes/istif" cesitlenmesinde goriiniir hale gelir. Bu ne-
denle fasiyes tipleri ve istif ile ¢tkel havzalarinin tektonik gelisimleri
arasinda siki bir iliski bulunmaktadir.

Sedimentasyon ve tektonik iliskiler lizerinde yapilan calisma ve yorumla-
r1 plaka/levha tektonigi kurami Oncesi ve sonrasi olmak lizere ayirmak ye-
rinde olur. OUnceki calismalar "jeosenkiinal ve orojenez" fikirleri izerine
kurulmus olup bir cok arastirici tortul istifleri bu temel kavramlar dog-
rultusunda yorumlamislardir (3,4,5,6,7.8). Alp-Himalaya zinciri ve buradaki
olaylarin esas alind1g1 bu kavramlar icerisinde jeosenklinal ve kraton gi-
bi iki temel oge yer alir. Kratonlar kitasal kaynak alanlari,jeosenklinal-
ler ise denizel ve tektonik kontrollu depolanma havzalari olup,kratonlara
yakinlik,volkanizma var11d1 ve denizel havzalarin niteliklerine gbre cesit-
lendikleri ve orojeneze bagl1 olarak iic evreli bir gelisim gosterdikleri
kabul edilir (7,9). Eu evreler sirasiyla:

a) Orojenez Oncesi-Prefilis fasiyesi: Granitik veya metamorfik bir temel

lizerinde,ya da tektonizmadan korunmus bir karbonat platformu izerinde geli-
sen ince taneli derin deniz tortullariyla temsil edilir.

b) Orojenez evresi-Filis fasiyesi: Genelde kumtasi-marn ardalanmasi sek-

lindeki bu fasiyes orojenez sonrasinda,paroksizmadan hemen once gelisir.

c) Orojenez sonrasi-Molas fasiyesi: Orojenez etkisinin zayifladigi,parok-

sizma sonras1 olusan karasal ve s1§ denizel tortullarla belirlenmektedir.

Yeryuvarinin tektonik gatisi1 1960' larin sonlarindan itibaren Gnce Glo-
bal Tektonik,daha sonra 70'1i yi1llarin baslarinda yerine gelistirilen Pla-
ka Tektonigi ile aciklanirken,eski kavramiar da bu yeni teori ic¢inde yerle-
rini bulmuslardir. Jeosenklinal kavrami bu yeni teoride okyanusal havza
olarak ele alinmaktadir. Levha tektonigi icin klasiklesmis yayinlarda (10,
11,12,13,14,15,16) bir yandan levha tektoniginin ilkeleri ortaya konurken
bir yandan da jeosenklinal kavraminin bu kuramdaki yeri ve dzellikleri be-
Tirlenmede calisilmistir. Bugiin depolanma ortamlari kita veya okyanusal
tirden kabuk lizerinde bulunduduna gdre siniflanabilmekte ve havza karakter-
lerinin levha hareketleriyle denetiendigi kabul edilmektedir.

Tortullasma havzalarinin levha liireketleri ve dolayisiyla tektonikten
etkilendikleri dikkate a11nd1g1nda;tcrtul ortam siniflamalarinda bu etki-
nin de diisiinlilmesi gerektigi ortay} ¢ikar. Bu siniflamada temel giig¢liikler-
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den biri hidrodinamik sartlarin degismemesi yiiziinden farkli yerlerdeki de-
polanma havzalarinda benzerli istiflerin meydana gelebilmesidir. Lunun ya-
ninda levha tektonigi kuramiyla birlikte cek-ayir (Pull-apart) gibi yeni
baz1 havza tiplerinin de,tiimiiyle tektonik kontrollu olduklarinin anlasil-
masiyla giindeme gelmeleridir. Bir baska temel qiicliik de levha dinamigi ve
fasiyes olusumunun birbirinden bajimsiz oluslar1 nedeniyle yapilacak tablo-
larda sedimantolojik ve tektonik 6lciitleri bagdastirmadaki giicluktir. Bu
glicliik bzellikle eski istiflerin farkla ortamlara yorulabilmelerinde kendi-
ni gostermektedir. Bu konuda Mitchell ve Reading (17) ve Reading (18) tek-
tonik /fasiyes iliskilerini,Gokgen (19) kita ve okyanus kabuklari lizerinde-
ki cokelme ortamlari ve fasiyeslerini gozden gecirmisler; Miall (20)' da
tortul ortamlar: tektoni@i de dikkate alarak yeniden siniflamistir. Bu ma-
kalede yaklasan ve uzaklasan levha hareketlerine bagli olusan onemli depo-
lanma alanlarindaki istifler ve bunlarin sedimantolojik glciitleri verilme-

ge calisiimstir.
TEKTONt K,ORTAM VE TORTUL 1STIF ILISKILER1

Tektonik,havza ve istif birbirlerini denetieyen ve sebep-sonuc iliskisi
jcindeki lic ayr1 olgudur. Plaka tektonigi bunlarin beraberce degerlendiril-
melerine imkan verir. Birbirine gbre uzaklasan,yaklasan ve yanal olarak ha-
reket eden levhalarin bu hareketlerine bagh olarak,levha i¢lerinde ve ke-
narlarinda depolanma havzalari ortaya ¢ikar. Bu depolanma alanlarimin tzel-
likleri ve depolanan istifler kiigiik geometriler i¢inde benzer olabilirler-
se de,bdlgesel Glcekte asadidaki ana fasiyesleri sunarlar.

1- Uzaklasan levhalar ve bunlara bagh fasiyesler

Deniz tabani yayilmasi veya riftlesme ile tipik bu tir levha hareketleri
gerek okyanusal kabuk,gerekse kitasal kabuk iizerinde kalin istiflerle karak-
terize edilen cesitli depolanma ortamlari: ortaya ¢ikarir.

a) Kita-ici ortam ve karasal fasiyesleri: Kita-i¢i riftlesme olaylarina
bagli olarak gelisen bu tir fasiyesler kalin aliivyal yelpaze ve drgiili akar-
su tortullariyla temsil edilirler. Bu tiir depolanma havzalarina en iyi or-
nekler Dodu Afrika ve Baykal rift vadilerinden verilebilir. Ardalanma goste-
ren bu karasal tortullar grabenin yamaclarindan baslayarak asimetrik konum-
1u olarak izlenirler. Kalinliklarinin tersine yanal devamliliklar fazla
dedildir. Aliivyal yelpazeler faylanma ile derin kanallarla yarilabilir ve
ince tanelilerin egemen oldugu dis yelpazeler gelisebilir (21). Bazan ge-
nis goller olusabilir ve bu gdllerde bazaltik bir temel lizerinde dogrudan
evaporitik kayaclarin yer aldi§1 gozlenebilir. Danakill gukurlugu bu tir
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evaporitik alanlara iyi bir 6rnektir (22). Buradaki evaporitik istifler go-
1iin bosalim olmadigindan denizel kokenliler gibi kirectasi ve dolomitlierie
baslayan donemler gostermezler; tersine monoton ve kalin tuz yataklari ha-
1inde olup kenar bdlgelerde yer alan kirintililara gegis gosterirler.

Kita icinde gelisen havzalar denizel fasiyeslere gecisli istifler de su-
nabilirler. Cunlar kalin olmaktan cok genis yanal yayilima sahip istifler
olup,akarsu ve kiy1 ovasi tortullar: olarak belirirler. Self iizerinde mey-
dana gelen enine yarilmalar,denize yakin ve kiyl bolgelerde allivyal yelpa-
se tortullarinin meydana gelmesine yol acabilmektedir (23,24).

b) Denizel ortamlar ve fasiyesleri: Okyanus kabudu Uzerinde yer almak
suretiyle okyanus ortasi sirtlardan,kita kabugu lizerinde yer almak lizere
Atlantik tipi kita kemarlarina kadar cok genis bir alana dagiliriar (se-
kil 1). Levha hareketlerinin bu tipinde tektonik etkilerin nispeten zay1f
oldugu depolanma alanlar tzellikle 51§ kiya alanlari,self,kita yamaci ve
derin deniz dizlikleridir. Her bdlumiin kendine Ozgii istifleri olmasina kar-
sin kita kenarlarinda depolanma cok kalin ve tipiktir. Karbonat ve kirinti-
11larin bolluguna karsin volkanik katkilar azdir. Cok tipik olan istifler
sunlardir:

Karbonat Kirintilh
Kita diizii: platform kirectaslarm
(self) resifal topluluklar, deltayik istifler
karbonat diizliikleri i
Kita yamaci:kalin yumrulu kirectas- kanyon ve derin deniz kanal dolgu-

(yokus) larm lari,denizalt1 yelpazesinin baz1
) bolumleri,konturitier !

Derin deniz
diiz1Ggii:  karbonat ve kumtasi tirbi- yelpaze istifleri,pelajik tortul-
ditler,pelajik kirectaslari lar,ince taneli tiirbiditler

KITASAL SELF KITASAL YOKSELIM DERiN DENiZ DUZLUGU  OKYANUS ORTASI SIRTI
Transgresif 1§ gtit-. Dig sirt Manganaz nodiilteri Hovuzlanmig tirb.
ety kumigre Konygn tabom Hrbaiter Kenturitler Aolker comur__/Rift vodisi
I 3 S b urbiditier Turbidita =, 11
ey = XNRENZO
S NG ptlestikler Pelee il AL OV, I
NAYAYE ) ‘ﬁi" = —— L , ! l “
W ANAYAY .r AW B i E—=—7F T% ¥ LabuK oskur !

{ \D{'!\“\’ =N R VR 4 L ﬂ' onus9 Nllnh | lllilll“lllill

\ ar b e 4 e p B b AN AT . B (T A £
A4 YAy W) v N \|olka l!, b | | l ||ﬁ|"“?' Mimpestet
(AN AN \&ﬂ,gm |9 Klas— 1

VOUAAY SN NI 2 tikler: Gegip ZoPu

Sekil 1. Uzaklasan levhalar lzerindeki depolanma ortamlar (Reading,1982"'den).
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Genelde self ve kita yamaci tortullari kita kabudu,derin deniz Tstifle-
ri okyanus kabudu iizerinde gelisirler. En Onemli fasiyes ozelligi biiyiik ya-
nal devamlilik ve stratigrafik kalinliklardir. Takonik tip,bu fasiyesler
jcin iyi bir Ornektir (25). Pasif veya Atlantik tip kita kenmarlarinin s1g
denizel veya self bilgelerinde platform tipi karbonatlar tanitman litoloji
olustururlar. Eunun en iyi @rnedi Eernoulli ve Jenkyns (26)'in tanittign
Alpin Akdeniz Jura'sinda gozlenmekte olup,buralarda horst /graben sistemle-
riyle pargalanarak lokal havzalar ve demiza)tu,ylikseltileri meydana gelmis-

WD AEIET By3 up ceapg

PRre-Agrr 1 halanlak.yaygn do TomiETesRETBe TaFiRe oolitler,s1§ ve derin deniz

199 llthnJ pue ¢ Aoy

karbo :ﬁ“f'ﬂﬁ‘ﬁ"fﬁ yanerhugec vglard, pancalamian, Jﬁ, ac}qlmam g1 yerlerde kalin nep-
eg Jo juauwase

sttin dayklari.4ider ﬁ”ﬁttﬁﬁ?f"ﬁzé‘l“l"!k*efm’ru-{%.,z? 28). bu alanlarin kirinti-

URTEWONED gugy

;I:::f{‘%‘j‘ze‘ﬁwinkanbomtly :kadag, E:i:k::‘:dl% :I;a‘izi" ve kalin gel-git istifler
goz1enme|'<"£%'& YYTUTSE U Ussso useotnp ay3 Jo Sursors fjy -3y4

Riftlesmeye badli denizel havzalarin kita yamaci,kita yokusu ve derin
deniz bolimlerinde kirinti11 fasiyesler cok belirgindir. Kita yamaclarinda
rulu kirectaslari tamitmandir (29). Selften derin deniz diizliiklerine ka-

anan ve tirbit akintilarla depolanan derin deniz yelpazeleri iyi bi-

rdir Pasif kita kenarlarina yas'lanan ve binlerce kilometre

2 at1 ve yelpaze th.f' n_genel ozel”hk‘l‘ﬁ oncek1
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metaryalin cesitli dip akintilariyla depolandigim belirtirier. Bu kesimler-
de karbonat cokeli bulunmaz. Manganez nodiilleri de bu alanlar1 tanitan ka-

rakteristik verilerdir.

2- Yaklasan levhalar ve bunlara bagh fasiyesler
Yaklasan levhalar dalma/batma olaylarinin meydana geldigi sinirlarda ve-

ya buralara yakin yerlerde 5zellikleri birbirlerine gore farklilanan

havza-

larin meydana gelmesine yol acarlar. Levhalarin okyanusal ve kitasal kabuk

tasimalari ayrica bu ces1t111ag1 kontrol eder (sekil 2).

Ornedin tortullasma

a YAY GI':'RlSI HA!

KITasal
KABUK

oecls Okt rumvouc on
Z0N

o5

150

EEZ3TORTULLAR -unwnx SOKULUM
EEKiTASAL KABUK 4 VOLKANIZHA

FiLis

Pasifik tipi levha sinirlarin-
HENDEK
¥ OKYANUS]

da,dalma /batmanin meydana gel-
lxnsusu

digi derin bir hendek ile ya-
tik yay gerisindeki ensialik
yay-ard1 havzalarda yodunlasir-
ken,okyanusal tipteki kabuk-
larin karsilasmasiyla bir di-
zi havza ada yaylariyla kont-

rol edilir sekilde ortaya ¢i-

ng11 2. Yaklasan levhalardaki ortamiar

(Toksdz ve Bird,1977'den).

(fosil yitim zonlar1)

arasi,.dadetegi ve cevre havzalarin olusumuna yol acar.

kar. Yitim olayinin sonu olan
kita-kita carpismasi ile mey-

dana gelen kenet kusaklar

genellikle karasal,uzunlamasina geometriye sahip dag-

Yaklasan levha hare-

ketleri ile olusan havzalar cesitliliklerine karsin boyutlari nispeten si-
nirli olup fasiyesleri de yanal devamsizdir. Ofiyolit yerlesimi, volkanizma

ve metamorfizma olaylar1 tortul fasiyeslerle i¢ icedir. lyi bilinen havza

ve fasiyesleri sunlardir:

Kenet kusadi

Okyanusal ve kitasal Okyanusal-okyanusal

(fosil yitim
kusag1)

levha yaklasimi
(yitim zonu)

levha yaklasimi
(yitim zonu)

Havza:

Dadarasi,cevresel
kita duzlukleri

Dagarasi,kiy1l ovasi
kita yamach,dizi ve
hendek

Ensimatik yay-hen-
dek iliskili hav-

r

zalar

Fasiyes:

Aliivyal ve deltayik
istifler,evaporit,
sabka ve molas fasi-
yesleri

Alivyal yelp..akarsu
tortullari,resif,filis
voTkkanik filis

Resif,volkanojenik
filis,pelajik tor-
tullar
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a) Kenet kusaklari (siitiir zonlari): Bu kusaklar fosil yitim zonlarimi
temsil ederler. Fasiyeslerin ¢odunlugu karasal olup ofiyolitik melanj ve
degdisik okyanusal tortullar lizerinde gelisen havzalardir. Buralarda evapo-
rit ve sabka tipi tortullarla molas fasiyesleri tipiktir. Zagros'lar bo-
yunca iran kidrfezi evaporitleri (52,16) ile Himalaya'lar eteklerindeki Si-
walik grubu (53) belirgin Orneklerdir. Bu havzalarda ortaya ¢ikan molas fa-
siyesi ardalanmali depolanmis ve 1-35 m arasinda yukart incelmeli istifler
halinde goriliirler. Carpisma sonrasinda meydana gelen serbestlemeler ve ge-
nisleme tektonigi bir takim grabenlerin ve dag-etedi havzalarin olusmasina
yoT acar. Aliivyal yelpazeler bu havzalarda tipiktir.

) ‘b):Dkyanusal—k1tasal levha yaklasim kusaklari: Pasifik tipi kita kenar-
larinin olusumunu saglayan bu tip levha hareketlerinde,yiton ve listleyen
levhalarda tektonik ve volkanik etkinliklerin yodun oldugu bir dizi depolan-
ma havzas meydana gelir. Bunlar magmatik yay-gerisi karasal veya denizel.
ortamlar,yay-oni karasal fasiyesler,self,kita yamaci ve hendekten olusan
depolanma alanlaridir. Yay-gerisi karasal ortamlardaki tortullar diger yer-
lerdeki benzerlerinden farkli: degildir. Yalnizca buralarda cokga volkanik
katki beklenir. Yay-onii allivyal yelpazelerde volkanik katkilar daha sinir-
11 olup bunlar s1§ denizel fasiyeslere gecerler. Hendekte cogunlukla kita
yamacina paralel gelisen tiirbidit yelpazeleri ofiyolitli melanj olusumlariy-
Ta katkilanir. EBu kesim tortullariy dnemli oranlarda volkanik katki icermez-
ler. Seifte meydana gelebilecek tansiyon etkisi birbirlerinden ayri ve pa-
ralel uzanan alt ¢okelme alanlarinin olusumuna yol agabilir. Easka bir de-
yisle istiflerin yanal devaml111§1 Atlantik tipi kita kenarlarina gore da-
ha sinirlidir. Bu havzalar kara kdkenli malzemenin derinlere ulasmasini -en-
gelleyebilecekleri gibi (54,17) platformun bu sekilde parcalanmasiyla da
derinlere biiylik bloklar aktarilabilir. Yiten levhanin iist lste bindirmeler
halindeki yi1§1sim prizmalarini meydana getirmesi de bu havzalarin tipik G-
zelligidir.

Bu grup i¢inde magmatik yay-gerisi ortamlar Ozel bir yer tutarlar. Yiti-
min kita kenarindan baslayarak yaklasik 250 km kita igerisinde meydana ge-
tirecedi tansiyon etkisi bir takim yay-gerisi havzalarin agilmasini sonug-
lar (55). Bu tiir bolgeler riftlesme merkezinin devamli degismesi yliziinden
zaman icerisinde bir seri havza meydana getirirler. Volkanik katkil1 sedi-
mantasyonla karakterize edilen bu havzalardan her yeni meydana gelen aktif
kita kenarina yakin yer alir (54). Oldukca biyiik kalinliklara ulasan volka-
nik katkili tiirbidit istifleri bu havzalarin Onemli karakterlerindendir
(Gdkten,1986).
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c¢) tki okyanusal kokenli levhanin yaklasmasina bagl havzalar: Bu sekil-

deki havzalar hem yiten hem de iistleyen levhanin okyanusal karakterde oldu-

gu yerlerde meydana gelirler. Mariana ve Kermadec-Tonga hendekleri dolayla-

rinda yer alan havzalar bu tipin Ornekleridir. Hendekte melanj yerlesimi ve

pelajik tortullasma gelisirken yay-arasi ve yay-gerisi kusaklarda yogun vol=
kanik malzeme ile pelajik tortullasma egemendir. Kara kdkenli malzeme akta-

riminin zay1f oldugu bu tip havzalarda volkanik olusumlar {izerinde yiikselen

resifal kirectaslariyla cevrede bunlardan aktarilan karbonat kirintililarin

cokelimlerine de rastlanir.

3- Yanal levha hareketlerine bagli havzalar

Eirbirlerine gdre yanal olarak yer dedistiren levhalara bagli transform
ve dogrultu atimli faylarla boyuna havzalar gelisir. Okyanus tabanlarinda
yer alan bir ¢ok kirik kusagir ile kita kabugunda gelisenlerden Kuzey Anado-
1u ve San Andreas fay zonu cevresindekiler iyi bilinen Grneklerdir. Eu tip
havzalardaki istiflerin genel karakteristikleri btlgesel yanal devamsizlik,
biiyiik kalinliklara ulasan hizli depolanma,sik sik uyumsuzluk yiizeyleriyle
bel1i olan yiikselme ve asinmalar ile metamorfizma ve volkanizmanin yoklugu-
dur (17). Bu havzalardan dodrultu atimli faylanmaya bagli olan cek-ayir
(Pull-apart) ile siradag-havza (Basin and range) tipindekiler genellikle
karasal ortamlar olup istifleri ekseri gdlsel,deltayik ve akarsu tortulla-
rindan kuruludur. Dogrultu atima bagl:r havzalarda allivyal yelpaze ve yelpa-
7e deltalar1 cok tipiktir (Hornelen basin:57,58,59;Hazar go1ii:60,61;Burdur
961U havzasi:62). Dogrultu atimly faylara badli denizel havzalar da bilin-
mektedir ki kiiclik boyutlu olanlarina Jamaika'daki Yallahs havzasi bir Or-
‘nektir (63,64). Kaliforniya kiyilarinin batisinda Pasifik okyznusu icinde
birbirinden adalar olusturan eski tortullarla ayrilmis uzunlamasina havza-
lar da kokensel olarak San Andreas fayina bagli yapisal ozelliklerdir (18).
Tiirbit akintilar,tane akmalari,kayma-oturma yapilari,pelajik ve ince tane-
19 terrijen malzeme ¢okelimi bu havzalari karakterize eden unsurlardir. Ok-
yanus tabanlarinda yer alan ve okyanus ortasi sirtlarini Oteleyen transform
\'faylar da ince ve cok uzun bir takim ¢okelme ortamlaridir. Diyapirik serpan-
tilarinin ince kanallar igerisinde ¢ok uzun mesafelere tasinmasini saglar-
lar (65,66).

GENELLEME

Genel jeoloji calismalarinda ama¢ paleccografya ile evrimi saptamak cl-
dugundan dodru bir yargi ic¢in ¢Okelmenin oldufu havzanin tipini ve onu do-
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guran tektonik mekanizmay: kestirmek gerekir. Bu da istiflerin dodru yorum-
lariyla elde edilebilir. Tektonizma ve sedimantasyon birbirine girmis iki
olgu oldujundan bunlar1 birbirinden ayr: diisiinmek imkansizdir. Eu etkile-
simin giincel havzalardan g¢ikarsanan sonuclari eski havzalarda yapilacak
dogru fasiyes analizlerinin tektonik modeli de ortaya cikarabilecedini gos-
termektedir. Aslinda basen analizlerinin Gnemi de bdyle bir timevarimin sag-
lanmasindan kaynaklanir.

Tektonik kontrolun ne oldugunu ortaya koymak icin fasiyes analizi ve is-
tif dzelliklerinin aciklanmasi gerekir. Ancak ¢ogu zaman eksik veri ve bun-
larin sistematik bicimde toplanmayisi timevarimi giclestirmektedir. Ek tab-
1o 1 ve 2 de iizerinde durulmasi gerekli dzellikler gosterilmege calisilmis-
tir. Gerek kitasal,gerekse okyanusal kabuk iizerinde gelisen istifler igin,
istif geometrisi,yanal ve diisey depolanma Bzellikleri,tipik tortul yapilar,
volkanizma,metamarfizma ve fasiyes cesitliligi en Onemli ayirtman kriterle-
ri olustururlar. Litoloji.renk,mineralojik bilesim,yonli fabrik vb. ortamin
beslenme bicimini ve geometrisini ortaya koyacak verilerdir. Ancak bunlar
ortamlarin konumlarina gore cesitlenebilirler. Eu cesitliligi vurgulamak
icin ayirici kriterler her bir ortam icin var-yok,seyrek,tipik seklinde sim-
gelerle tablo lzerinde isaretlenmistir. Bu ayirici dlgitlerin ve bulunusla-
rinin lokal farkliliklar gdsterebilecedi tabiidir.

Buraya kadar vurgulanmaga calisildigr gibi ortam ile depolanma tiirii ve
bunlarin zaman icerisinde olusturdugu tortul istifler,tektonizmanin kontro-
Tundadir. Tektonik kontrolun tipi ve olusturdugu tortul havzanin Gzellikle-
ri,tortul istiflerden toplanacak sistematik verilerle ortaya koymak mimkindiir,
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GEOTHERMAL ACTIVITY IN TURKEY

Cavit DEMIRKOL

Faculty of Engineering and Architecture, Cukiurova University
Adana-TURKEY

SUMMARY: Turkey is located on the Alpine tectonic belt.
There are many grabens, widespread acidic volcanism, hydro-
thermal alteration zones, fumeroles and a lot of hot springs
with temperatures over lOOOC due to this young tectonic ac-
tivity. The available data indicates that Turkey has an im.
portant geothermal energy potential. The initial geothermal
energy studies were carried out in 1960's by MTA research
groups. The first.economic geothermal field of Turkey was
discovered at Denizli-Kizildere in 1968, In this a geother-
mal power plant of 20.4 MW capacity came in operation in
February 1984. High enthalpy Aydin-Germencik (232OC),Qﬂmkhﬂe-
Tuzla (l74oc) and Kiitahya-Simav (lSSOC) geothermal fields
were discovered in 1982, In addition, some fields at East.
ern Anatolia like Bitlis-Nemrut which were affected by young
volcanism are promising for dry steam production.

Non-electirical wuses of geothermal energy in Turkey
has also begun in 1982, 1In Izmir-Balgova and Afyon geother-
mal fields have been encountered. For this reason down-hole
heat exchanger system was tested in both fields and succes-
full results were obtained. Thus, today the potential of both
fields are being used for domestic heating. Geothermal energy
field studies are in progress in order to explore new high
and low enthalpy fields in addition to the above mentioned
areas. Utilization of geothermal energy is very important
for Turkey since half of the energy consumed in this country comes
from imported petroleum.

TURKIYE'DEKI JEOTERMAL ETKINLIR

OZET: Tlirkiye Alpin tektonik kusagi lizerinde yer almaktadir.
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Bu tektonik kusagdi bajimli olarak birgok graben, genis yayi-
limli asidik volkanizma, hidrotermal ayrigma zonlari, fime-
roller ve 100°c ' nin fizerindeki isida bir ¢ok sicak noktalar
vardir, Belirlenen verilere gore Tiirkiye o6nemli bir jeoter_
mal enerji potansiyeline sahip bulunmaktadir. Tlrkiye'deki
jeotermal enerji ile ilgili galigmalar 1960 yillarinda MTA
arastirma gruplari tarafindan yapilmigtir. Tirkiye'nin ilk
ekonomik jeotermal sahasi 1968'de Denizli_Kizildere'de bu-
lunmustur. Bu jeotermal saha 20.4 MW kapasiteli olup Subat
1984 yilinda liretime baslamigtir. Yiiksek entalpili jeotermal
sahalari 1982'de Aydin-Germencik (232°C), Canakkale.Tuzla
(174%) ve Kiitahya_Simav (158°C) 'de bulunmustur. Bunlaran
yanisira Dodu Anadolu'da geng volkanizmanin etkiledigi kuru
tuhar iiriinii Bitlis_Nemrut gibi jeotermal alanlar saptanmig-

tix.

Elektrik iiretiminde kullanilmayan jeotermal enerji 1982
de liretilmeye baslanmistir, Bu enerjiyle ilgili olarak Izmir-
Balgova ve Afyon jeotermal alanlari belirlenmistir. Bu neden-
le hir iki alanda da kuyu dibi 1s1 de§igtirici sistemi denen-
mig ve bagarili sonuglar elde edilmistir. Bdylece bugiin her
iki alanin potansiyeli binalarin isitiminda kullanima baslan-
mistir. Yukarida bahsedilen bdlgelere ilaveten, yeni yiksek
ve diisiik entalpili alanlara saptamak i¢in jeotermal enerji
alanindaki galismalar siirdiiriilmektedir. Tirkiye 'nin enerji
ihtiyacainin % 50'si ithal petrol ile karsilandi§indan jeoter-
mal enerji kullanimi Tiirkiye ig¢in gok Snemlidir,

INTRODUCTION

Geothermal energy is rather a new concept for Turkey, Be.
sides the continuous increase in demand for energy, the 1lim-
ited fossil energy resources of the country, as coal, oil
and natural gas, have promped the Mineral Research Explora-
tion General Directorate of Turkey (M.T.A), to undertake the
exploration of new energy recources. Geological and geophsical
studies followed the initial research work started in
1962 (1). The first geothermal fluid was discovered in 1963
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by a shallow borehole drilled at Izmir-Balgova but no use

was made out of that 124°C fluid at that time because of rap-
id scaling effect, Due to the prospectoreous results of geo-
logical, geophysical, geomorphological and geochemical works,
test studies and drilling activities at various depths were
carried out in many promising fields, especially in Western

and Central Anatolia,

The first geothermal field, suitable for generation of
electricity . was explored in Denizli-Kizildere, as a result
of the work carried out in cooperation with the United Nations
Development Programme (U N D P). The 20.4 MWe power plant
was installed in this field by Turkish Electricity Authority
and started electricity production in February 1984, Aydin-
Germencik and Ganakkale-Tuzla fields were discovered in 1982,
On the other hand domestic heating via Izmir-Balgova and Afyon
geothermal fields came into application in the same year.

A total of 23523 m shallow gradient holes and 34578 m of
deep boreholes have been drilled since 1962. Geothermal en-
ergy exploration activities are continuous implemented by
MTA.

GEOTHERMAL ENERGY POTENTIAL OF TURKEY

Turkey is located on the Alpine-Himalayan orogenic belt
and has numerous grabens developed under the effect of young
tectonic movements, widespread acidic volcanic activities,
hydrothermal alterations, fumeroles and more than 600 hot
water springs with temperatures exceeding lOOOC' This data
indicates that Turkey is located on a geothermal energy belt
and has an important potential of geothermal energy (Figure
1)

The work done up to date is not sufficient for an exact
evalution and calculation of the net potential of the coun-
try. Depending on the data obtained during the last 20 years,
a potantial of 4500 MW electrical energy can be estimated in
high entalpy fields, In addition to this, 31000 thermal MW

-
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geothermal potential is expected for the direct use of heat
discharge such as domestic and greenhouse heating and indus-
trial uses etc. Furthermore, if the "hot dry rock" projects
which are planned for the coming years give positive results,

the geothermal energy production in Turkey, with no doubt,
will increase.

MAIN HIGH ENTALPY GEOTHERMAL FIELDS
Denizli-Kizildere Geothermal Field

The first economical geothermal field of Turkey was dis-
covered at Denizli-Kizildere field in 1968. This field is
located in Western Anatolia, at the eastern part of the Bii:
yik Menderes Graben which a high geothermal energy potential
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(Figure 2). After geological, geophysical, geochemical sur-
veys and 108 shallow gradient boreholes, implemented by the
inputs of a UNDP project for this field, the first deep well
resulted with the exploration of high temperature geothermal
fluids suitable for electricity production, 17 deep holes
were drilled in the area With a total depth of 9909 m and
two reservolrs were explored, The first reservoir consist

of lacustrine limestone in sedimentary rocks of Hliocene age.
It has a geothermal fluid of 198°c temperature and its depth
is nearly 400 m, The second_reservoir's depth varies between
450-1100 meters and has a temperature of 212°C_ It consists
of Paleozoic marbles, schists and quartzites (2, 3). A total
of approximately 1600 t/hr geothermal fluid is obtained from
six wells in the Kizildere geothermal field (Figure 3). App-
roximately 10-12 percent of the produced fluid consists of
steam, which is being utilized in the generaticn of electri-
city by the Turkish Electricity Company (T E K) ,
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Figure-2 : Black diogrom of the Soraykdy - Buldon areo.( S. Simgek, 1982 )
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Turkey's first commercial geothermal power plant ,installed
in the Denizli-Kizaldere area, started operation on February
11, 1984. Capacity of the plant is 20,4 MWe and its net con-
tribution to an interconnected system is 17.8 MWe (4) . Total
annual production period of the single-flash cycletype power
plant is 7000 hours; maintenance and mechanical cleaning of
wells and of eguipment take approximately 1760 hours per
year_ Cost of electricity produced by the plant is about
0_025-0 030 % / kWh, additional 6 wells will be drilled in
near future for regular utilization. As a result, electric
generation from geothermal energy Seems more advantageous
than electric power produced from fossil fuels (5). A plant
started production of Carbondioxide in 1986 with a capacity
of 120 tons/day in Denizli.

The fluid which is seperated from the steam has a volume
of 1450 t/hr and has a temperature of about 140 C At this
temperature, a small amount of steam can still be obtalned
by means of a second separator. The remaining fluid (100 C)
has a thermal potential of 100 MWt and could be used to
heat greenhouses covering an area of 50 ha (500.000 m ). At
present tests for heating the greenhouses covering 4500 m2
gave satisfactory results. An area of 1 million m2 has been
expropriated by the Ministry of Agriculture and Forestry
(M A F) for the development of greenhouse agriculture, Due
to its chemical properties; the waste geothermal fluid is
also used by Saraykdy Textile Industries for whitening pur-
poses, The whitness and brightness of the textile products
make them a high-demand item in the foreign market. Since
this region has a high potential for tourism, it seems rea-
sonable to develop healt and touristic resorts, These resorts

will also serve as health and recreation centers,

The envisaged utilization of geothermal energy in Denizli-
Kizildere field is given on Figure 3, An appraisal of the
available data (from TEK and MAF) shows that the contribution
from all of the planned programs and from the ones mentloned
above to the economy of the country will be SLgnlflcant Elec-
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tric generation will be worth 45)(109 TL and greenhouse agri-
cultune will be worth lelO9 TL (1984 prices). Should other
utilization be taken into account, the total contribution to

the economy of the country will reach 60:’{109 TL.
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Aydin-Germencik Geothermal Field

This field is located at the western part of the Biyiik
Menderes Graben on the West Anatolia. Geological, geophysical
and geochemical studies have indicated that this field has an
important potential (Figure 4-5). The first exploratory hole
in the area was drilled in 1982. Two reservoirs have been ex_
plored in this field. The first one is in this field in Reo-
gene basal conglomerates, the other one is in metamorphic
rocks containing gneisses, schists, quartzites and marbles
of Poleozoic age. Up to data 8 wells have been drilled with
depths changing between 285.2398 m. The fourth one;_UB.4 well
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Figure: 4 -Geologic map of the Germencik - Omerbeyli Geothermal Field
(S- Simsek, 1984 ) )

(285 m) is one of the shallowest geothermal wells in world.
The temperatures of reservoirs are in between 200°c-231°C. Accord-
ing to shortterm tests, the production rate is changing bet-
ween 130-425 t/hr and the steam ratio is approximately 13-20%
(6). The collected data indicates that the field has important
geothermal potential for production of electricity, disposed
hot water can be used for domestic heating, greenhouse heat-
ing, drying, canning textile industry cooling and for touris-

tic and balneological purposes.

Canakkale-Tuzla Geothermal Field

It is located in Northwestern Anatolia, 80 km south of
Canakkale city and 5 km to the Aegean Sea_' Important and
promising results were obtained from the geological, geophsical,
geochemical studies and gradient drillings in previous years.
The first well of 814 m depth was drilled in 1982, In this
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Figure : 5-Apparent resistivity map of Germencik Geothermal Fislds
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well, steam and hot water mixture was recovered from the first
reservoirs at depths between 333-553 m in volcanic rocks, Pro-
duction rate of the well is measured as 130 t/hr, temperature
173°C and steam ratio is 13 %, Expected second rezervoir of
marbles and metamorphic rocks encountered at 759 m but could
not be tested. Deep drilling operations will be continued to
explore higher temperature reservoirs in the field.This field
is extremely suitable for agricultural uses (heating green-
houses, drying etc.), besides electiricity production., In ad-
dition to this, geothermal fluid can be used for salt produc-
tion because of its chemical properties (Table 1), The waste
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water disposal will not be a problem due to the closeness to

the Aegean Sea.

Table - | - Chemicol composition of hol water coBocted from some geathermal field's in Turkey.

(5. Simgek, E. Samigil ond M.F Akkug. 1981}

CONCENTRATION OF DISCHARGED WATER (in ppm)

NAMES OF a
FIELDS o gEu| 0o
mg - - - - - - 1] )
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AFYON

x
?:;;:ﬂ 8,7 | 124 |i1230 | 380 | 29 |10B | 12 7 | 28| 867| & |74 | 192 ] L8 | 148
|Saferinizr *
iZMiR 75 | 137 [19938|6400| 650 | 595 | 423 | 129 | 17 | 88 | 0O | 323 [1/348 15.4 | 140
First reservoir)
ITuzia *
CANAKKALE 70 | 73 [roomolzzeso| 2125 |2,86 5715 | 101 | 35 | 55 | 00 | 176 |440l T4 | 123

First reservolr )

’ Kizieghal a
AHKARAmm 7.8 105 |2072| 670 | 66 1.3 41 42 83 | 1312 | 00 | 122 | 243 uz

{x Drill - holes )

tzmir-Seferihisar Geothermal Field

This field is located 40 km southwest of the Izmir city.
Geological, geophyical, geochemical studies, gradient and
deep drilling operations conducted in the area indicated that
the field has an important geothermal energy potential suit-
able for electrical energy generation as well as for green-
house heating and building facilities for balneological and
touristic purposes. The first reservoir was encountered .be-
tween 70-720 m at deep drilling operation which reached 1417
m dept, This well was abandoned because of the tecnical dif-
ficulties. In this well, fluid temperature from first reser-
voir is 145°C.

Nemrut-Zilan-Siiphan-Tendiirek Geothermal Fields

These fields are located on the north of Lake Van in East-
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ern Anatolia. Geological and geochemical studies have already
been completed. According to young volcanic activity in the
area and geochemical data, "Dry-Steam"” production is expected
from these fields,

Nevsehir-Acig8l Geothermal Field

It is located in the Central Anatolia, The geological mag-
netic, and geophysical (magnetic gravity and resistivity)
surveys have indicated the presence of an active heat source
composed of young extrusives at a shallcw depth Consé@uently,
studies directed to "Hot-Dry-Rock" project are planned in this

area in the near future.

MAIN LOW ENTHALPY FIELDS

Non-electrical uses have been continuing in some low enthal-
py °~ geothermal fields in Turkey for 10 years, These fields,
which have low enthalpy and high scaling characteristics, are
being utilized and operated for domestic heating purposes,
Non-électrical uses in different fields may be summerized as
fallows:

Balgova-Izmir Geothermal Field

The first geothermal energy well wés drilled in this field
in 1963 and yielded a mixture of hot water and steam of 124°Cc
temperature at a depth of 40 meters. Because of rapid scaling
problem, the well became in efficient in a short period, thus,
no-use was made at that time (7). The first application of
down-hole heat exchanger system in Turkey took place at this
field in 1982, in order to avoid the scaling. The first well
used for this purpose has a depth of 100 meters and bottom-
hole temperature of 115°c; With this new application; heat
transferred to fresh water circulated through "U" shaped
pipes which are placed in the well (Figure 6). The temperature
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Figure : 6. Down- hole heat exchanger system appliud at Bulgova - izmir und Afyon area (T. Powt, 1984)

of clean circulating water in the system varies in between
50-95°¢C depending on the external effects ard flow wate.Today,
the touristical spa-hotels and its recreational facilities
with 250 room capacity in Balgova are heated by a single well.
Some units of Izmir=Dokuz Eyliil University are also heated by
the other three wells. The total present production potential
is about 4.5X106 Kcal/h by 9 wells drilled up to now in the
field. The economical comparison of geothermal energy to lig-
nite and fuel-oil for Balgova-lIzmir Area is given on Table 2.

studies are continuing to predict the total potential of
the field for the purpose of domestic heating of some parts
of 1fzmir City by geothermal energy. In the mean time the
greenhouses in this district are already planned for heating
with geothermal energy. For the Hotel in Balgova, absorbtion
refrigeration unit cooling by geothermal energy using amonia

is under contruction,
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Table'-2. The economical comparison of geothermal energy to lignite and fuel - oil
for Balkowa (izmir) and Omer - Gecek - {Atyon) area. ( T. Polat, 1884)

- I r e W Db [l - S il | @M w N 3
s |SE|gfE|eFE|§s8| 87 |§§§| g8
s 18%|3fz|-8a|8z8| B2, |81 21,
2 | SElg g |s = 5§ 5= = 5 =g
3 22 2= ] 2 = & a 2 8 o
e ~ -g -~ b 'i -
§ 2 g g
Keal/hour | kg/hour kg /hour fons TL. ond US. § ons TL. ond US. §
14.175. 000 T.L. 58 552.000 T.L.
Bakova
45x 108 1125 469 1350 or 563 or
themiry 8 si629 $ 142527
Omer 21.168 000 TL. 87464 000 TL,
Gecek 2,Bx 105 700 282 2018 or 841 or
KAfyon) § sl629 $ 213327
|- Equivalent Heot Capacities ore consiiersd as below:
Lignite : 4000 Keal/kg and Fuel-0il 9800 Kcal/kg
2- The overage usoge in @ year is considéred aos follows:
In Bolcova-izmir Area: 10 hour/day and 4 Monms.
In Omer- Gacek- Afyon Ama I6 hour/day and 6 Montns

Omer -Gecek-Afyon Geothermal Gield

This is another field where a rapid scaling is in effect,
The temperature of geothermal fluid is around 98°c at the
average depth 120-200 meters. In order to avoid the scaling
effect, lown-hole and well-head heat exchanger systems have
been tested successfully. Down-hole heat exchanger system
is now in use. The temperature of fresh water circulated in
the system varies in the range of 58-95° depending on exter-
nal effects and flow rate., Greenhouses on an area of 2.0X103
sq meters have already been constructed and economically
operated for 3 years and new additionals are planned up to
the total area of lOOXlO3 sq meters. The geothermal energy
is also used at the spa-hotel in the area for heating of
swimming pool and restaurant, and other facilities are plan-
nad to be heated in near future as well. The firld is still
at the stage of development and new additional wells will
be drilled. The total heat potential of 2.8}(106 Kcal/h is
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produced from 3 wells in the field today. The economical
comparison of geothermal energy to lignite and fuel-o0il for
Afyon-Umer- Gecek Area is given on Table 2. In addition to
above mentioned utilization, l.DXlO3 sq meters in Canakkale-
Kestanhol , 6_5)(105 sg meteré in Balikesir-Havran and 3, 0X10
sq meters greerhouses in Denizli-Tekkehamam are being heated
bv this natural source. Balikesir-Gtnen, Afyon-Sandikli and
Eskisehir Spa-hotels are making use of these recourses as
well,

OTHER PROSPECTING GEOTHERMAL AREAS

Main prospecting geothermal areas are; Aydin-Salavatli,
Nevsehir -« Kozakli, Ankara-Kizilcahamam-Ayas-Cubuk, Manisa-
Salihli-Alasehir, Denizli-Tekkehamam-Karahayit-Pamukkale-
Yenice, Kayseri, Izmir.Dikili-Bergama, Balikesir-Sindirgi-
Génen-Havran, Kﬁtahya-simav; Canakkale-Kestanbol, Afyon-
Sandikli and Erzurum-Ilica-Pasinler Geothermal Fields. Geo-

logical, g=zophysical and geochemical surface surveys have

already been completed. Among these, Aydin-Salatli, Izmir-Diki=-
li-Bergama, Kiitahya-Simav, Balikesir-Sindirgi, Canakkale-Hi-
dirlar, Ankara-Kizilcahamam, Bitlis-Nemrut and Erzurum-Ilaica
Geothermal Fields are at the stage of drilling operation, Al-
so, agricultural and space heating uses have already been
successfully operated in Denizli-Kizildere, Izmir-Balgova,
Afyon-Umer-Sandikli, Canakkale-Kestanbol, Balikesir-Gonen-
Havran; Kiitahya-Simav Geothermal Fields,

THE ADVANTAGES OF GEOTHERMAL ENERGY IN TURKEY
There are many advantages of geothermal energy in Turkey
as:

a) Geothermal energy is an important resource in bridging
the gap between the energy supply and demand of Turkey,

b} Cost of geothermal energy both in generation of electri_
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city and heating seems to be cheaper than other resour-

ces,

c) Geothermal energy is one of the renewable energy resour-
ces as solar, hydraulic and wind energy. Therefore ge-
othermal energy plants are uncomparably advantageous
than the plants making use of fossil resources as coal,

oil, natural gas, bituminous shale, nuclear, etc.,

d) The distrubition of geothermal fields in the country,
indicates a camformity to the energy demand in Turkey.
Mainly high enthalpy geothermal fields are located in
West and Northwest Anatolia where is a shortage of e-
lectrical energy. On the other hand in Central and
Eastern Anatolia where energy for heating is a neces-
sity, there are geothermal fields of low enthalpy,suit-
able for heating purposes,

e) National techonology is competent enough for the appli-
cations other than generation of electricity,

f) Geothermal power plants are simpler to construct and
install and this fact necessitates shorter periods than

others to get them into national energy production
network,

CONCLUSION

Geothermal energy is very important for Turkey since short-
ages have increased rapidly and half the energy used in Turkey
is provided by imported petroleum. Electricity production and
heating costs from geothermal énergy seem to be cheaper than
- from other resources, By the construction of integrated faci-
lities in the geothermal fields, geothermal energy will be
the most economic energy source for Turkey.
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HABERLER NEWS

KONGRE CONGRESS
KURULTAY MEETING

K.T.M.M.0.B.'DEN HABERLER

K.T.M.M.0.B.'nin 1987 yilinda yapilan ve yapilmasi diisiinilen etkinlik ve
faaiiyetierini kisaca sOyle dzetlemek miimkiindir.

1. K.T.M.M.0.B."ne badlr 10 oda ve 2 vize biirosunu ayn1 cat1 altinda ba-
rindirmanin giicliigi karsisinda yeni binanin insaat: 1987 y111 basinda
baslamistir. Y11 sonunda bitirilmesi planianan yeni bina ile birlik ve
oda caiismalarini rahatlacak yeni bir mekana kavusabilece§imizi tahmin

etmekteyiz.

2. 2-5.Haziran 1987 tarihierinde bir "Cevre Simpozyumu" diizenlenmistir.
K.K.T.C. Cumhurbaskani S$n.Rauf DENKTAS'in a¢111s konusmasini yaptigi
sempozyumda 30 bildiri sunulup tartisiimistir. Ana kcnularinin;
a) Dogal kaynaklarin korunmasi
b) Mesarya ovasinin ¢ollesmesinin onlenmesi
c) Giizelyurt btlgesi yer alt1 suyundaki tuzlanmanin kontrol altina
alinmas1, olan sempozyumun bildirilerinin bir kitap halinde ya-
yinlanmasi ¢alismalart sirdiiriilmektedir.

3. Maden, Metallurji ve Jeoloji Milhendisleri Odasindan sonra Mimarlar
Odasi, ardindan da Ziraat Mihendisleri Odasinin periyodik olarak yayin-
lanacak yayin organlari ¢ikmaya baslamistir.

4. Diinya konut y111 olarak 1987 yilinin tesbit edildigi bu yilda, bir-
1igimiz 7-11 Aralik 1987 tarihlerinde "Yap1 ve Konut Kongresi® adi al-
tinda bir kongre diizenliyecektir. Yapy malzemeleri, sosyal ve toplu
konut yapimiari ve sehirlesmenin getirdidi sorunlarin tartisilacadi
kongrede ayrica teknik geziler ve film gosterileri de gerceklestirile-
cektir.

5. K.K.T.C. M.M.J.M.0 qle Qukurova Universitesi'Fen Bilimleri Enstitisi
Jeoloji Mihendis1igi Anabilim Dalinda master tezi hazirlayan bir iyemi-
zin Karpas'daki mangan zuhurlarinin tespiti konusunda yaptig calisma-
lar halen devam etmektedir.



42 .TORKIYE JEOLOJD KURULTAYI

42nd Geological Congress of .Turkey/
15-19 Subat 1988/February i5-19,
1988-ANKARA.

Kurultaya son basvuru tgrihi 15 Kasam
1987, Application to attend congress
before: 15 Nov. 1987.

K&ru1tay Yazisma Adresi/For corres-
pondence: 42.Tiirkiye Jeoloji Kurul-
tay1 Yirutme Kurulu Baskanligi P.K.

507 K1z11ay-ANKARA.

pXy

NEOTEKTONIK EGE BASENININ YAPISAL

VE SEDIMANTER EVRIMt

Structural and Sedimentary Evolutions
of the Neotectonic Aegean Basins

5-6 Nisan 1988/April 5-6 1988 INGIL-
TERE/U.K.

Yazisma Adresi/For Correspendence:
Mr.Richard Collier/Dr.Mike Leeder,
Dept.of Eart Sciences, The University

Leeds LS2 9JT,ENGLAND.

PAY

4.ULUSLARARASI KONFERANS SERIS UZAK-
TAN ALGILAMADA OBJELERIN SPEKTRAL
BELIRTILER?

4 th intertanional Colloquium Spect-
rai Signatures of Objects in Remote
Sensing

18-22 Ocak, 1988/Junuary 18-22,1988
Yazivma Adresi/For Correspendence
Colloaue Signatures Spectrales Centre
Paul Langevin, Aussois 73500-Modane

(FRANCE )

w

NATO JEOMAGNETIZMA VE PALEOMAGNETI?-
MA TLERT CALISMA ENSTITOSO

Nato Advanced Study Institute on Geo-
magnetism and Paleomagnetism

7-22 Nisan 1988/April 7-22 1988
Londra (INGILTERE)

Yazisma Adresi/For Correspé%denﬁe:
Anne Colding Dept.of Geophysics and
Flanetary Physics School of Physics

The University Newcastle Upan Tyne

NE 1 7 RA ENGLAND

W
BOKSIT ALOUMINYUM VE ALOMINYUMLU KIL
ICSOBA VI ULUSLARARASI KONGRE
VI.International Congress of ICSOBA
International Committee for the Stu-
dy of bouxsite, alumina and alumi-

nium clay



11-20 May1s, 1988/May 11-20,1988

Yazisma Adresi/For correspendence:
Prof.A.J.Melfi Institute Astronomi-
co e Geofisico Caixa Postal 30.625.

01051 Sao-Paulc, BRAZIL

e

TORKIYE 6.KOMOR KONGRES!

The Sixth Coal Congress of Turkey
23-27 Mayis 1988/May 23-27,1988
(Zongu1dak)

Yazisma Adresi/For correspendence:
TMMOB Maden Mihendisleri Odasi
Zonguldak Subesi,Tiirkiye 6.Komir
Kongresi Yiiriitme Kurulu P.K.41
Zongulaak/The Zonguldak Branch of

the Chamber of Mining Engineers

The Executive Committe's of The Sixth

Coal Congress of Turkey P.K.41
Zonguldak-TURKEY

*

ULUSLARARAST SEDIMANTOLOGLAR BIRL1Gt
ULUSLARARAST SEDIMANTER MEDEN YA-
TAKLARI SIMPOZYUMU

Intertanitonal Association of Sedimen-
tologists International Symposium on

Sedimentology Related to Mineral Depo-

sits

30 Temmuz-4 Adustos 1988/Juli 30-Agust
4, 1588

Yazisma Adresi/For correspendence:
Dr.Wang Shousong IAS Symposium on the
Sedimentology of Mineral Deposits c/o
Institute of Geology.Academia Sinica

B.0.Box 634 Beijing, CHINA

P

BELCIKA SEDIMANTOLOGLAR BIRL1&T 9'NCU
IAS BULGESEL TOPLANTI

The Belgium Sedimentological Group 9th
IAS Regional Meeting Leuven, BELCIKA
12-14 Ey1il1-1988/Septemper 12-14,1988
Yazisma adresi/For correspendence
Secretary: 9th IAS Regionai Meeting

Redingenstraat 16 B-3000 Leuven,BELGIUM

*

ESKT YERLESIM ALANLARININ, ABIDELERIN

VE CALISMALARIN WKCRUNMASINDA MOHENDISLIK
JEOLOJIST SIMPOZYUMU

Engineering Geology as Related to the
study, preservation and protection of
ancient works, monuments and historical
sites

19-23 Ey1u1,1988/September,19-23,1988
Atina,YUNANISTAN

Yazisma Adresi/For correspendence



