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RELATIONSHIP BETWEEN MAGNESIAN SKARNS AND IRON ORE
DEPOSITS AT DEREKOY, NW TURKEY

DEREKOY’DE DEMIR YATAKLARI VE MAGNEZYUMLU SKARNLAR
ARASINDAKI ILISKI, K-B TURKIYE

Sinan ONGEN
L. U. Misthendislik Fakiiltesi Jeoloji Mithendisligi Botiimii, 34850 Aveilar - ISTANBUL

0Z: Bu calismada, granitoid sokulumlari ile ilgili bir ok cevher zuburlarmin bulundugu Istranca masifinin iginde yer alan de-
mir zuhuru ile magnezyumlu skam ofusumunun iligkisi orlaya konukmaya ¢aligiimustir. Secilen epizonal Derekoy pliitonu, orta-
iist Jura karbonat serisi igine sokularak kontak metamorfik ve metasomatik olaylara neden olmustur. Genelde monzonit-granodi-
orit olan bilegim kenar zonlarda daha mafik bir karakter kazanmig ve hatta dolotaglar dziimlenmesi sonucu kentallenit gibi ender
kayaglar endoskarnda yer almigim. Magnezyumiu eksoskarna bagli olarak Cakmakbayir, Beyendik Tepe de dnce magnetil sonra-
da kalkopirit cevherlesmesini gormekteyiz. Derekdy pliitonunun syenitik bilesimli geng Tasiyesi iist Jura Kapaklr dolotaglarim
omuzlamug kaldirmig, gegirimsiz yiiksek CQ, atmosferinde 800°C’ye varabilen 1silarda super 151i1lmis magmanin uzuan siiren et-

kistylede Domuzhayir dokanaginda fassait ve periklas gibi ender magnezyumlu yitksek 15t minerallerinin kristallenmesi saglan-
nugt.

ABSTRACT : In this study we examine relationships between granitoid intrusions magnesian skarn formalionsfiron ore deposits
of the Istranca massif. Epizonal Derckéy pluion carried contact metamorphic and metasomatic events in middle-upper Jurassic
formations. Mainly monzonitic-granodioritic rocks cceur in the pluton but at the periphery morc mafic apperance were recogni-
zed. Even in the endoskarn we determined rare rocks like keniallenite wich has his origin from the assimilation of doiomites. Mag-
netite and late chalcophyrite ore mineralization crop out in the Cakmakbayir-Beyendik Tepe exoskarn. Late syenitic facies of the
pluton upwelded the upper Jurassic aged Kapakit dolomite formation; in this unpermeable section, with high CO, partial activity

and long dated high contact zone temperaturc as high as 800°C, we found rare magnesian minerals like fassait and periclase at
Domuzbayir contact area.

INTRODUCTION Commion zonation can be shown as follows:
The most remarkable features in the formation of fassail caicite
skarns are the association between magnesian skarns |t ctinopyroxene ||+ forsterite || +
. graniteid |j + spinel + forsterite || dolostone
and the magmatic phase, and the development of the bitownite + spinel +
normal Ca-skarns under postmagmatic conditions (Zha- forsterize spine]

rikov, 1968; Einaudi et al., 1981). Theese assemblages

typically contain combinations of Ca-Fe-Al garnet,
pyroxene, wollastonite, vesuvianite in calcic (limestone)
hosts; and forsterite, diopside, monticellite, magnetite,
tremolite, chlorite in magnesian (dolostone) hosts. Whe-
re hydrous skarn and replacement assemblages are supe-
rimposed on anhydrous skarns, the high-temperature
phases typically are replaced by lower temperature equ-
ivalenis partly or completely.

Magnesian skarns occur at the contact aureole of
magmas or cooling igneous bodies, because of silica-
rich magma interactions with rocks that are undersatura-
ted with respect to silica but rich in magnesia.

At high skarn temperature in postmagmatic envi-
ronment, we belive that a poor alumina mobility and of
alkali-rich minerals development were formed. Com-
mon mineral assemblage is fassaite, orthopyroxene,
anorthite, spinel, forsterite, phlogopite, pargasite, humi-
te, Mg-borates and scapolite.

At lower hydrothermal conditions, the post skarn
alteration is represented by formation of serpentine, talc
and tremolite. Main ore formation is magnetite. At shal-
low depth (I-3km), around epizonal intrusicns, because
of low COy fugacity and elevaled magma temperatures,
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a perickase marble is also observed in the contact meta-
motphic zone.

Our previous studies on contact metamorp-
hism/metasomatism have focused generally calcic (li-
mestone) skarns in NW-Anatolia (Ongen, 1981, 1983,
1992) where magnesian skams are absent. Dolostones of
Jurassic age vastly crop out near Derekdy, close to the
Bulgarian frontier (Aydin, 1974; Usiimezsoy, 1982;
Yurtsever et al., 1983). It is regarded to this type of skarn
formation as the main reason of the relatinships betwe-
en dolostone metasomatism and iron ore formation.

GEOLOGY

~ Istranca Group rocks crop out near Bulgarian
frontier, Permo-triassic and Jurassic detritic and carbo-
nate units of about 1200 in thickness expand in NW-SE
direction (Fig.1). This group overly tecfonically the
polymetamorphic basement and the metagranite of
Karklareli Nappe of paleozoic age.

We distinguished the stratigraphy (Fig.2} as;

Kocabayir Formation (Ptrk) crops out south of
Derekdy and forms a broad synclinal with its axe in the
direction N75W. Mostly detritic sediments from conglo-
merates to quarlzites constitues lower parts of the forma-
tion.

Mahya Formation (Trm) reposes normally on El-
mactk Quartzite and is made of calcschists, graphitic
slates and metapelites with well developed phyllitic fo-
fiation. Theese fine grained rocks were highly deformed
at pluton contacts. Sometimes, limestone horizons appe-
ar in the upper section,

Dolapdere Formation (Jd) is made almost of car-
bonate rocks which overty normally the metapelites. So-
me crinoids, in black limestone unit of Cukurpinar, gave
a Jurassic age. Under microscope, we observed calcite
grains in an argillaceous cement. Upper levels of this
formation is composed of white dolomitic marbles of
Keltepe unit and pure yellowish dolostones of Kapaklt
unit, Microscope studies show well developed polygo-
nal calcite outlines in a mozaic texture whereas dolomi-
te has serrated grain boundries. Dolostone outcrops oc-
cur in the southern pluton but the main dolostone body
is situated to the north, Detailed mapping revealed small
dolostone outcrops in the intrusion body and vice versa
(Fig.1).

Age datations were carried out on plutonic rocks:
during Upper Cretaceous-Paleocene Demirkdy, Karaca-
dag, Derckoy plutons and some subvolcanic stocks we-
re intruded in Istranca Group rock series (Tokel and Ay-

kol, 1987). Aydin (1982) determined a K/Ar age for the
Derekiy Pluton as 83.1 Ma,

DEREKQY PLUTON

With its very irregular geometry; many golfs,
enclave segregation, mulliple dayk system and its diffe-
rent petrographic facies; gabbro, granodiorite, monzoni-
te, syenite, porphyr; Derekdy Pluton gathers ali aspects
of epizonal emplacement of a felsic magma (Fig.1).

Main rock type is granodiorite (eastwards) and
monzonite (westwards) but to the north late syenite int-
rusion has sharp contacts with all facies. At contacts
with country rocks, locally, secondary facies like gabb-
ro has been developed (Table.1).

Granodiorite: Grey coloured coarse grained rock
has a continuous contact zone with monzonite to the
west; many outcrops may be observed along the road
Derekdy-Bulgaria. Under microscope we observed xe-
nomorphic orthoclase, idiomorphic plagioclase {andesi-
ne-oligoclase), green idiomorphic amphibole, biotite
and quartz.

Magnesian hornblende has some pyroxene relicts
at crystai center. Magnetite is the main opaque mineral
phase. Near the contacts quartz dioritic composition do-
minates with diopside, bitownit and epidote.

Monzonite (BT-2) : This felsic rock has progres-
siv contact with granodiorite; but to the north of the plu-
ton, all contacts with syenite are sharp. Main difference
in the field is the alkali feldspar content and some abun-
dance of amphibole. Under microscope, monzonite be-
ars zonal arrangement of small plagioclase in orthociase
megacrysts, plagioclase with a normal zoning (Ansg-

Any,) but Orgy at rim, actinolitic hornblende, small

crystals of clinopyroxene, red-brown biotites, epidote
with allanite center.

Microdioritic enclaves are generally concentra-
ted near the contacls. Quartz, plagioclase and amphibo-
[e are the main constituents. Some biotite enrichment at
enclave border is evident. On the other side, monzonite
contains pyroxene, plagioclase and poecilitic orthoclase.

Syenite (D-1}: Northern section of Derekdy Plu-
ton has a syenitic composition. Rose coloured rock con-
tain centimeter sized megacrysts of alkali feldspar. We
can cross the sharp contact between monzonite and sye-
nite on the road (Fig.1). Syenite is evidently the youn-
gest intrusive phase and its push-aside/lifting features on
the Kapakl dolostone is very clear. Syenite has a very
heterogenous grain size. Megacrysts of alkali feldspar
are around 3 cm. Amphibole and biotite form small gro-
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Sekil 1. Derckay pliitonu ¢evresinin jeolojisi (Yurtsever ev dig., 1985 basitlestirilmig). A Cakmakbayr ve Beyendik Tepe, B
Damuzbayir1.

Figure 1, Geological map around Dereky pluton (simplified from Yurtscver et al., 1985), A. Cakmakbayir and Beyendik Tepe
areas, B. Domuzbayin area.
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Upper Cretaceous-  Derekoy Pluton (g=gabbro, s=syeniye,
palcacene gd=granodiorite, m=monzonite, dp=diorite porphry)
T
Jd Dolapdere Formation
upper fdk Kapakh Dolostone
| Jurassic  middte Jdkt Keltepe dolomitic Marble
lower Jde Cukurpinar Calcschist
Trm Mahya Formation
£ Trias Trmt Tastepe impure limestone
; Trmb Balaban graphitic Slate
| i Trmtd Terzidere Metapelite
M
| Permo- Kocabayir Formation
| Trias Pirk Elmacik Quartzite
I
Pre-permian Pzk Kirklareli Metagranite
Pzt Fatmakaya Gneiss

Sekil 2. Derekoy yoresinin genellestirilmiy stratigrafik kesiti (Aydin, 1974; Yurtsever ve dig., 1985).
Figure 2. Stratigraphic column concerning Derckdy area {(Aydin, 1974; Yurlsever et ai., 1985).

ups. Under microscope, orthoclase (zoning Orgy-Orgy)

envelopes the other constituents of the rock. Plagioclase
inclusions are seen in zonal arrangements. Very fine film
perthite is a common feature. At the contact with orthoc-
lase, quartz exhibits hexagonal outlines. Amphibole is a
actinolitic homnblende altered to chlorite. Idionorphic
sphene crystals are disseminated.

CONTACT AUREOLE

Magnesian skarns and hornfels were developed
at the contacts of Keltepe dolomitic marble unit and of
Kapakli dolostone. Three different profiles across the
aureole will be studied (Fig.T at A and at B, Table.2):

At A
- monzonite / dotomitic marble (BT series)
- monzonite / dolostone (BT'1 series)

At B:

- syenite [ dolostone (D éeries)

Jurassic carbonate formations were cutted by
monzonite resulting in many isochemical and metaso-
matic reactions, more importantly Fe/Cu mineralizati-
ons. On the other side, syenite intrusion, probably of lac-

colite form, lifts dolostone cover creating a high-tempe-
rature contact aurcole.

BT profile at A: monzonite / dolomitic limestone

Monzonite (BT-2) : Sample from near contact is
a felsic rock with orthoclase megacrysts (2 cm). X-ray
and optical examinations reveal monoclinic structure,
Chemical composition gives between albite and orthoc-
las (OrgnAbyg). Other features are Carlsbad twin, apati-

te and opaque mineral inclusions and myrmekite rims,
Idiomorphic plagioclase shows normal zoning but the
Or value (Or g.¢) is very characteristic in terms of

subvolcanic conditions. Red-brown biotite is partially
altered in chlorite; its TiO4 content (5%) is similar to

contact metamorphic biotites. Other constituents are fi-
ne actinolite and minutious gquartz grains. Many fissures
are filled with dolomite.

Within 10 meters along dolomitic marble contact
we observe mafic erclaves which also show metasoma-
tic alteration.This is fine grained diorite or gabbro (ah-
sence of alkali feldspar). Plagioclase shows two habits:
xenomorphic crystals with patchy core and labrador/bi-
townit composition, idiomorphic late crystals have an
anorthite jump between core and rim (Angz-—> Angy).

i
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Fablo 2. Derekdy bélgesindeki magmatik ve metamorfik kayaglarmn kimyasal analizleri. Magmatik kayaglara ait CIPW norm
hesaplanda eklenmigtir.
Table 2. Chemical analyses of magmatic and metamorphic rocks at Derckdy area. Also CIPW norm results from magmatic
rocks are shown.

BT-2 D-1 BT-3 BT1-A BT4 BT-5 BT-7 BT1-A* BTIi-G BT-12 D-2 D-3
810, 5657  61.02 57.72 4158 38.24 4799 430 3513 3248 0.11 4508 035
TiO; 0.65 0.48 034 043 006 0.10 0.09 0.38 0.32
ALO5; 1873 17.62 16.18 823 479 4.37 2.13 5.95 144 0.04 963  0.22
Fe,04 4.35 3.96 1.72  17.14 2347 618 095  23.08 1555 0.08 .12 018
MnO 0.08 0.07 007 039 0.68 0.53 0.02 0.52 0.12 008  0.02
MgO 1.33 1.53 2.65 1648 178 10.17 18.12 1898 3605 20.10 15.84 25.68
Ca0 3.31 292 6.93  9.07 2910 2173 3285 8.29 190 3222 21.83 3394
Na,0 4.34 4.27 3.02 0.08 0.10 0.20
K,O 6.22 6.49 8.16 283 0.04 0.04 0.28 2.80 0.33
H,O* 0.88 0.65 2,53 269 167 745  40.66 3.44 46.05 4382 3952
P,O¢ 0.52 0.30 032 014 035 0.06 0.05 0.33 0.02
Total  100.18 9931 59,84 9898 100.15 9930 9945 99.00 8685 9875 99.25 99.93
CO, 0.79 6.01 41.11 47.50 . 30.75
Ba 716 714 819 175 10 0 20 42 10 64 10
Cr 9 12 15 94 20 72 22 70 8 10 13
Ca 58 49 38 30033 4993 34 27 5000 10 10 12
Ni 9 10 20 85 31 24 20 38 8 43 14
Rb 267 322 345 340 10 10 i5 477 10 26 10
Sr 600 520 508 148 13 254 218 19 189 33 95
Zr 286 282 205 35 42 20 45 10 10
Cl 3730 56
Ap 1.14 0.66 069  0.28 Rock names
1l 1.23 091 1.01 074 BT-2: MONZONITE
Mt 1.13 1.03 0.44 4,64 D-1: SYENITE
Or 36.65 38.24 4735 15006 BT-3:  SCAPOLITE ENDOSKARN
Ab 36.63  36.04 16.52 BT-4:  ANDRADITE SKARN
An 12.99 9.72 6.38 1270 BT-5: DIOPSIDE SKARN
Di 2.34 18.16  23.26 BT7: IMPURE MARBLE
Hy 8.27 6.94 BT1-A: OLIVINE MONZONITE - ENDOSKARN
Ol 38.50 BT1-A% OLIVINE EXOSKARN
Ne 4.64 BT-1G: OLIVINE EXOSKARN + MAGNETITE
C 0.17 BT-12: DOLOMITIC MARBLE
Q 0.65 2.38 D-2: MAGNESIAN HORNFELS
Wo 1.94 D-3: BRUCITE MARBLE
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This feature is the result of carbonate rock assimilation.
Clinopyroxene is altered in actinolite + magnetite. But
the crystallization of hyperstene (EngsFs3gWogs) shows

silica saturation before metasomatism. This enclave
must have a quartz dioritic composition.

Scapolite bearing endoskarn (BT-3): this is a
porphyric rock where all plagioclases are altered in sca-
polite {mei = 24%), calcite and epidote (Ps=24%), Fine

Tablo 1. Derekoy pliitonik fasiyeslerinin modal analizi.
Table I. Modal compositions of Derekéy pluton facies.

sample BT-1 BT-1A BT-2 D-1
Quartz 11.9 0.4 12.6
Al feld 1.5 2011 42.6 36.3
Plagioclase 68.5 38.2 386 358
Biotite 133 52 7.7 5.1
Hornblende 1.5 04 6.8
Pyroxene 0.6 259
Olivine 7.0
Chlorite 04 0.5
Acces.min 2.3 3.6 37 33
Rock name | Diorite Olivine  Monzo Syenile
monzo nite

grained matrix is made of orthoclase (Orgq) and diopsi-
de (Hdyg 25). This alteration is the result of gazeous and
hydrous activities involving CI, CO; and H,0. Shay

(1975) described similar mineral assemblage of endos-
karn between monzonite and dolostone. Scapolite (mari-
alite) formed after reactions involving Ca, Mg and Si.
Chlorine analysed from Derekoy sample (3730ppm)and
scapolite is comparable to observations of Shay. Scapo-
lite is formed from the following reaction:
3 CaA1251203 + CElC03-—-> Ca4AIGSi6024 + CO3

Calcite

Anorthite Scapolite

If marialite forms the temperature must be higher.

Prograde skarn reactions

The exoskarn is about 30 metres thick. We distin-
guished two skarn formations:

a. Garnet exoskarn (BT-4): This massiv skamn is
made of gammet and thin layers of diopside (Fig. 3A).
Garnet is izofropic at contact {(Adgs) with diopside inc-

lusions. The rim is nearly andradite (Adgs) and free of

inclusions. At this stage of metasomatism we observe

magnetite | crystaltization within the pyroxene layers. It
has a poecilitic appearence with very small diopsides.
Late garnet Il grows in geods with well developed dode-
cahedrens, Its composition is seems to be pure andradi-
te (Adyqg.g5) the rim is anizotropic (Adys). Clinopyro-

xene is pure diopside (EnggFsgyWoyg). This late garnet

is accompanied by magnetite 11 and chalcopyrite (>
5000 ppm Cu in total rock analysis). Some alumina-ser-
pentine minerals are the alteration products of the pyro-
xene.

b. Pyroxene exoskarn (BT-5): This exoskarn is
developed near dolomitic marble exibiting a simple pa-
ragenesis, Coarse idioblastic crystals of pyroxene
(Eng7Fsy, Wosy) are partially altered into actinolite. La-

te stage cryslallization includes epidote (Ps=24%), qu-
artz, calcite and stilbite. No metallic phase occurs in this
skara.

Dolomitic marble (BT-6, BT-7): We observe al-
ternating layers of polygonal calcite with phlogopite +
Mg-chlorite and dolomitic horizons with olivine(Fogg),

Mg-chlorite, clintonite and chalcopyrite (Fig.3B). Fine
dyke systems cut the dolomite horizons, and they were
filied by late stage postskarn solutions, Vein filling mi-
nerals are: Ti-clinohumite, Mg-spinel, diopside and
chalcopyrite. Clinchumit is a late phase, developed by
the action of 1, O:

4 Forsterite -+ Dolomite + H,O --> Clinohumite -+
calcite + COy

Oflivine is formed at lower temperatures:

Tremolite + 11 Dolomite > 8 Forsterite + 13 calcite +
9 CO, + HyO

Phase relationships after Rice (1977a) and Ho-
ver-Grapath et al. (1983) shown on the diagram (Fig.4)
with lower fugacity of (OH, F) and important oxydation
{chalcopyrite appears) may underiine following condiii-
ons: 550-600°C, XCO4 < 0.2. Calcits in dolomitic marb-

le has a MgO content of 2.91-2.8%.

BT1 profile at A: monzonite / dolostone

Endoskar_n (olivine monzonite=kentallenite;
MacKenzie et al., 1982; BT1-A) : This rare and strong-
ly silica undersaturated rock (8109=39.61%) is rich in
magnesia and alkali. Subidiomorphie olivine (Fos) is
observed under microscope and calculated in the CIPW
norm. Jt is pastially aitered in lizardite and bowlingite.

The most spectacular aspect is a corona reaction rim aro-
und olivine crystals where orthopyroxene seperates it
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Sekil 3. Derekoy skarnlan silikat ve cevher mineral parajenezi.

A. Piroksen-granath eksoskarn (gar=granat, di=diopsid, mt=magnetit)

B. Dolomit mermeti ile dolomitik mermer arasindaki metasomatik damar dolgusu

C. Filogopit ile magnett beraberlifi. Magnezyumlu skam bozalma zonunda magnetit olugumu. Magnetit ile

forsterit arasinda dogrudan dokanak bulunmaz

Figure 3.  Silicate and metallic mineral paragenesis of Derekdy skarns :

A. Pyroxene garnet exoskarn (gar=garnct, di=diopside,

B. Metasomatic dayk filling between dolomilic marbie

C. Magnctite crystallization with phlogopite. Magnetite crystallization in the altered section of magnesian skam. No

direct contact between magnetite and forsterite.

ny=magnetite)

and dolomite marble.
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[ Upper Cretaceous- Derekdy Pluton (g=gabbro, s=syeniye,
palcocene gd=granadiorite, m=monzonite, dp=diorite porphry)
T
Jd Dolapdere Formation
upper Jdk Kapakh Dolostone
Jurassic  middle Jdkt Keltepe dolomitic Marble
lower Idc Cukurpmar Calcschist
I Trm Mahya Formation
| Trias Trmt Tastepe mopure limestone
Trmb Balaban graphitic Slate
Trmtd Terzidere Metapelite
TN
Permao- : Kocabayir Formation
| Trias " Pirk Elmacik Quartzite
T
Pre-permian Pzk Krirklareli Metagranite
i Pzf Fatmakaya Gneiss

Sekil 4.

Ca0-MgO-8i0,-Hy0-CO, (Bowman and Essene, 1982) sisteminde T-CO, diagramu faz iliskileri. Periklin-tbrusit ge-

riye reaksiyonu 0.1 XCQ2 egrisinin sof tarafindadir, (Bu=brusit, Ce=kalsit, Do=dolomit, Di=diopsid, Fo=forsterit,

Pe=periklin, Qu=kuars, Te=talk, Tr=tremolit).
Figure 4.

T-CO2 diagram showing phase relationship in the system Ca0-Mg0-5i0y-Hy0-CO, (Bowman and Essene, 1982).

Retrograde reaction pericline--->brucite is on the left side where fess than 0.1 XCO, is attained (Bu=brucite, Ce=cal-

cite, Do=dolomite, Di=diopside, Fo=forsterite, Pe=pericline, Qu=quartz, Tc=talc, Tr=tremolite).

from plagioclase (Fig. 5). We analysed this zone as:
Chrysolite --- clinoenstatite --- diopside --- andesine.

Similar textures are known from magmatic
crystallization but they have always a spinel reaction rim
which signs excess of magnesia. Another explication is
ferrous nature of otivine. Diopside is formed from Ca
transport in the opposite direction.

Twinned rose, coarse augite is filled with many
inclusions at center (olivine, biotite, magnetite). Al-rich
crystal rim is free of inclusion. Plagioclase is andesine
(Anzy4). Red Ti-rich biotites are growing around ilmeni-
tes which has 5% MgO and 19% MnO. Plagioclase laths
are zoned and show complex twinning. Core compositi-
on is andesine (Angg) but there is a jump in the middie
zone (Angs), the rim is also andesine (Anzg). This com-
mon feature of all plagioclases reflects a magmatic assi-
milation. Megacrysts of alkali feldspar makes 20% vo-
lume of the rock. Its composition is also uncommon:
probably a sanidine {Ory6Aby3An47) and curiousty we

analysed 1% MgO. The silica undersaturated nature is

very evident in the norm calculation: nepheline, olivine
and diopside were calculated instead of hypersthene in
the normal monzonite.

Prograde skarn reactions

Magnesian exoskarn (BT1-A* BTI1-G): makes
very homogenous zone about 10 meters thickness. This
massive olivine skarn bears important magnetite -+ phlo-
gopite crystallization where small olivines altered into
Fe-magnezite and antigorite (Fig.30). Phlogopite is alte-
red into Mg-chlorite. Dolomite is also present. Serpenti-
nie is commonly observed alteration product of forsteri-
te:

2 Forsterite + Calcite + 2 HyO + CO; > Serpentine +
Dolomite

In case fayalitic composition is present, magneti-
te is another product of this reaction (Foy5Fas5 analy-
sed). But BTI-G olivines are nearly pure forsterite
(Fogs). It is very probably that iron is transported from

the magmatic rock. Crystallization of antigorite show
elevated HyO activity during postskarn phase.
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Sekil 5. Endoskarn dokusu.

A. Olivinli monzeonit (kentallenit). Olivin ve piroksen fenokristalleri ikizli plajioklas, biotit ve ortokiastan olugan
daha ufak taneli bir ara madde iginde bulunmaktadir.

B. Qlivin ile plajioklas arasinda ortopiroksen zonu ile belirgin korona dokusu. Ince plajioklas+diopsid ignecikieri
ortopiroksen tanesi iizerinde biiyiimektedir, Ara madde iginde bol apatit. Biotit ile magnrtit iligkis

Figure 5.  Endoskamn texture,

A. Olivine monzonite (kentallenite), Phenocrystals of olivine and pyroxene are in a finer matrix of plagioclase
laths twinned, biotite and orthociasc,

B. Corona texture with reaction rim. orthopyroxene seperaics olivine from plagioclase. Fine needles of plagioclase
+ diopside growing on fine orthopyroxenc. Abundance of apatite in the matrix. Biotite-magnelite relationship.

Dolomite marble (BT-12); The rock is yellow on D profile at B: syenite / dolostone
the field and it is cut by multiple calcite dayks. Under

microscope dolomite is coarse grained with serrated gra- At DOmUZbaS{“‘ area (Fig.1) we observe high-
in boundaries. Calcite exhibits magnesian character in ~ femperature isochemical metamorphismm at the contacts
dolomite cutting veins (2.8% MgO). of syenite / Kapakh dolostone. Probably a laccolite, du-

ring the late stage, syenite intrusion lifted the dolostone
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cover, The main difference is the absence of a skarn pha-
se in this area. The contact metamorphic zone exceeds 5
meter thickness. Stratification of the dolostone is paral-
tel to the intrusive contact. Field study revealed that pink
coloured and very coarse grained syenite, white compact
hornfels zone, grey-black contact dolomitic marble and
white dolostone far from the contact area,

Syenite (D-1): Near the contacts of syenite show
following textural differencies:

- segregation of mafic and accessory phases, We
observe red-brown fine biotite, actinolitic hornblende,
magnetite, allanite, zircon and enrichment of apatite-
sphene. Generaily late crystallization of pyroxene is
mantling amphibole. The reaction:

Cay(M0.g, Fe)sSigO,o(OH), + 3 CaCOy +2 Si0y >

Ca-umphibole calcite  (Quartz

5 Ca(Mg, Fe)Si5O¢ + HyO +3 CO,
Diopsit

Some amphiboles have colorless cummingtonite
at the center (pozitive optic sign). This is a relict associ-
ation of former orthopyroxene phase.

- orthoclase megacrysts (Org|) envelopes other

minerals. Carlsbad twinning, zonal arrangement of pla-
gioclase inclusions (Fras! structure of magmatic crystal-
lization}, film type perthites and myrmekites at mutual
contacts of plagioclase are general features. Some ort-
hoclase {Orgg) have a patchy aspect with antiperthitic
growing.

Pyroxene homfels (D-2): We observe the com-
mon paragenesis of fassaite + Mg-Al spinel, Forsterite is
absent probably because of high temperature or of high-
ly silica undersaturated environment. Under microscope
very fine grained hornfels shows three different habits of
pyroxene: coarser fassaite crystals and finer fassait -+
spinel matrix are seperated by a monomineralic elonga-
ted fassaite band. This mineral is determined by its high
optical dispersion, high Al-content, CaQ around 25%,
Fe,Q5 > FeO, elevated values of Al in tetraedric coordi-

nation. Ivanova-Panayotova (1972) mentioned fassaite
with merwinile from the contact area in Bulgaria. Mer-
winite do not occur in Derekdy but the general descrip-
tion of the zone show some similarities with the Malko
Tamovo zone (=Derekiy Pluton) in Bulgaria, Very rest-
ricted form of metasomatism is the clintonite (Ca-mica)
mantle around spinel. The crystallization of phlogopite
instead of clinochlore explains the presence of potassi-
um. Spinel may form according to the following reacti-
ons:

Mg(OF{)Z + A1203*"> MgA!204 -+ Hzo

Brucite Spinel

MgO + Aly03 > MgAlO,

Periclase Spinel

The second reaction is probably due to the case
of Domuzbayir hornfels. Silica undersaturated nature of
the rock signifies more Al-mobility than Si. Absence of
a tremolite zone and forsterite shows following diopside
reaction under high CO, atmosphere:

Dolomite + 2 Quartz ---> Diopside + 2 CO,

Absence of tremolite zone also indicate minimal
temperature of 500°C, but coexistence of fassaite + Mg-
Al spinel corresponds minimal temperature of 625°C
(2kbar, XCO,=0.1).

Magnesian marble (Predazzite; D-3): this name
is given by Trommsdorf and Schwander (1969). Typical
aspect of the sample is the presence of brucite pseudo-
morphs after periclase and serpentinization of olivine.
The mineral assemblage of periclase + forsterite + calci-
te + dolomite 1s the characteristic of inner zone of con-
tact metamorphism (Fig.6). Brucite may form by the
progressive reaction:

Dolomite + H40---> Brucite + Calcite -+ CO,y

But careful observation under microscope reve-
als that brucite occupies hexagonat outlines of former
periclase. Hence, decomposition reaction of dolomite:

Dolomite ---> Periclase + Calcite + co,

and hydrated retrograde reaction may also pos-
sible:

Periclase -+ H,O ---> Brucite {1)

At Domuzbayir, certainly brucite is formed by
the reaction (1}. This reaction is also confirmed by the
existence of Al-serpentine. Absence of magnelite expla-
ins the high forsterite composition of olivine, Calcite ne-
ar serpentine is magnesian (3% MgCOs) and finely do-

lomite crystals show the retrograde reaction (Turner,
1963):

Calcite + Periclase + CO5 ---> Dolomite + H,0

Calcite-dolomite geothermometry gives 460°C.

TEMPERATURE ESTIMATION - FLUID
COMPOSITION

At Elkhorn contact in Montana, periclase isogra-
de was calculated to be 590-600°C (Bowman and Esse-
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Sekil 6. Brusit mermeri. Periklas psodemerfii geniy il brusis
dolgulu heksagonal alanla temsii editir. Olivin tane-
lerinin serpantinlesmesi.

Fig 6. Brucitc marble. Large hexagounal areas of former pe-
riclase filled with fibrous brucite. Serpantinc after
olivine,

ne, 1982). Formation of periclase + calcite is shown on
the diagram (Fig. 4). Temperature varies with pressure:
G00°C/2kbar, Univariant point of 600°C shows dolomi-
te decomposition and/or retrograde apparition of brucite
at hydrated conditions (XC0,=0.07). The highly CO,-

rich natuzre of the fluid phase in the early metamorphism,
must probably related to the presence of impermeable
carbonate rock cover. Periclase + calcite at high XCO4

conditions forms at 800°C/1 kbar (Pertsev, 1977), Thus,
under such armosphere, magma crystallization tempera-
ture was high and maintained at that level for a long pe-
riod. Syenite magma was highly fluid and superheated.
No chilled zones were found.

MAGNETITE PRECIPITATION AND MAGNESI-
AN SKARN

Triangular Ca-Mg-Fe diagram explained clearly
that in magnesian skarn (dolomite host) the crysyalliza-
tion is favourized threefold in comparison with calcic
skarn (limestone host) environment (Einaudi, 1932a;
Fig.7). Most magnesian minerals do not substitute iron
in their atomic structure. Hence, the iron in solutions are
concentrated during postskarn phase. Microprobe analy-
sis reveal that all silicate minerals near magnetite are
iron-free. On the other side, at lirnestone contacts near
Fe-rich garnet-pyroxene skar, Cu mineralization is mo-
re significant.

Some meiallic and silicate phase were observed
on the extension of Derekdy Pluton in Bulgaria, Malko
Tarnovo Pluton. Vassiteff (1978) and Jovchev et al.
(1974) mentioned pure magnetite; and Milev and Bog-
danov (1974) described copper mineralizations in calcic
skarn near Burdsé and Gradishté. Only difference in De-
rekéy is the absence of merwinite and late fudwigite. We
concluded that some contact metasomatic iron deposits
in Turkey (for.ex. Divrigi) should be compared in terms
of their skarn mineralogy and of host rock composition
with this study.

OZET

Zharikov (1968) ve Einaudi ve dig. (1981} gore
skam olusumunun en ifging yan1 magma kristalizasyon
sitrecine paralel magnezyumlu skarnlann ve posunag-
masal evredeki kalsiyumlu skarnfann beraber bulunugu-
dur. Boylece bol sayida skam mineral toplulugu hem
yiiksek 151da hemde diigiik 181 metasomatil siiregte geli-
sir. Silis oram az magnezyumlu yan kayaglara sokulan

magma kayacinin etrafindaki genel fasiyes siralamasi.

agagidaki gibidir:

Fassalt kalcite
klinopiroksen {| + forsteril +
granitoid |} + spinel + forsterit dolotag
bitovnit + spinel +
forsterit spinel

$15 derinliklere sokulan (1-3 km) magma kiitlele-
rinin etrafinda periklas mermerleride gozienir. Kuzey
Ban Tirkiye'de Derckiy yoOresinde Jura yagh Mahya
Formasyonu karbonath kayaglart Ust Kretase - Paleosen
yash granitoid kitleleri (K/ar yag 81.3 My) kesmekte-
dir, Bunlardan biri olan Derekoy Pliitonu saha gdriiniigii
ve fasiyes dagilimina gore oldukga sig bir sokufum (epi-
zon) oldujfu anlagilmaktadir. Granodiorit, monzonit,
syenit bilegimindeki fasiyesler yaninda azda olsa gabro-
lara rastianir. Kontak metamorfizma monzonit/dolomitli
menmer (BT serisi), monzonit/dolotagt (BT1 serisi) ve
syenit/dototagt (D) serisi) arasinda aragtirtnustir, BT se-
risinde monzoniti olugturan minerat dzelliklerine gore
subvolkanik bir karakterde oldugu gézlenmekte ve do-
kanakta skapolitli bir endoskarna déniigmektedir. Eksos-
karn zonunda magnetit + kalkopirithi granat skam yamn-
da steril piroksen skaim ve olivin + klinoklor + filogopit
+ klintonitten olugsan dolomitli mermer gdzlenmektedir.
Bu seviyenin olugum kogullar: 550-600°C, XCOy <

0.2. Ayni monzonitin dolotast dokanaginda (BT1 serisi)
magma kayaca olivinli monzonit (kentallenit) bilegimli
bir endoskarn mineralojisi gostermektedir. Eksoskarn
zonunda tipik bir olivin skam iginde endoskran minera-
lojisi gostermektedir. Eksoskarn zonunda tipik bir olivin




74 5. ONGEN

Caicire
Wallastenmte

\
\ Ca —- Skara

\ A
Andradite

X 0.10% mt

~t,
20-35% mt

Mg - Skarn

7 tac Magnilite

Mg

Sekil 7. 510, H;0, €Oy, O; bulundugunda Ca-Mg-Fe diagramy, Einaudi (1982a).
Fig7. Ca-Mg-Fe diagram from Einaudi (1982a) with the presence of SiOs, HyOQ, COy, 05,

skarn iginde magnetit cevherlesmesi ekonomik boyutla-
ra ulagabilmigtir. Syenit / dolotagi dokanaginda (OD se-
risi} kalin karbonat értiisii altinda 5 m kahnlikta skam
zonunda yiiksek 151 kontak metamorfizmasi parajenezi
saptanmigtir. Fassait+Mg-Al spinelit parajensz en azin-
dan 625°C, XCO, = 0.1, 2 kbar diizeyine erisifdigini

gostermektedir. Ayrica mermer iginde gozlenen brusitler

periklin varfrgim igaret etmektedir. Yiiksek CO; atmos-

ferinde dolomit parcatanmas: ve periklas+kalsit olugu-
mu her zaman 600°C’nin iizerinde olup Pertsev (1977)
tarafindan da 1 kbar basing altinda 800°C degeri veril-
mektedir. Magnezyumiu skarnlarin en Snemii ozelligi,
Ca-Mg-Te diagraminda da goriildii gibi, bunlarda mag-
netit cevherlesmesinin kalsiyumlu skarnlara gére ¢ kat
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fazla olmasidir. Burada demirsiz magnezyumiu minerat
fazlarinin bolca geligmesi rol oynamaktadie. Derekdy
Pliitonunn Bulgaristan’da kalan kesiminde, Malko Tar-
novo’da demir cevheri igletilmektedir.
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