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Mineral Res. Expl. Bull., 120, 1-35,1998

AN APPROACH TO THE ORIGIN OF KESİKKÖPRÜ (BALA-ANKARA) IRON DEPOSIT

Bilgin DOĞAN*; Taner ÜNLÜ** and İ. Sönmez SAYILI**

ABSTRACT.- This study discusses the ore geology and origin of the Kesikköprü (Bala- Ankara) iron deposit. The basement
composed of gneiss, schist, and quartzites of Paleozoic- Mesozoic Kırşehir massive is overlain by sedimentary and volcanic-
volcaniclastic rocks that consist of spilitic basalt, basaltic tuff, diabase dikes, cherty limestone, radiolarite, and mudstone-
limestone lenses which are transitional with an ophiolitic melange made of crystallized limestone blocks and ultramafic-mafic
rocks in a basin that was formed during the upper Cretaceous time. Rocks of the basin are cut by granitoids such as granite,
granodiorite, and porphyries of Maastrichtian-Paleocene age. These units are unconformably covered by Eocene Çayraz
formation consisting of sandy, clayey, fosiliferous limestone, Miocene-Pliocene (?) İncik formation composing of siltstone,
claystone, anhydrite-gypsum alternations, and sandstones with limestone and fosiliferous limestone blocks, volcanic rocks made
of rhyolite and tuffs, Pliocene-Quaternary Kızılırmak formation consisting of gravel, sand and mud deposits, and finally post-
tectonic basin sediments of Quaternary alluvium. Possible lithologies for source and country rocks of mineralization are examined
under two main groups as ultramafic rocks consisting of crystallized limestone blocks, peridotite, pyroxenite, and serpentinites
and mafic rocks consisting of gabbro and diabases while in more detail, they are investigated as serpentinites and mafic rocks
subjected to hydrothermal alteration. The association among olivine, pyroxene, and plagioclase minerals is distinctive in field,
thin section, and XRD studies. Petrographic works conducted on mafic and ultramafic rocks yield occurrences unique to
ultramafic cumulates. Ore samples, in the order of abundance, consist mainly of magnetite and lesser amounts of pyrite,
chalcopyrite, chromite, siderite, ankerite, and trace amounts of pentlandite, pyrrhotite, gersdorffite, ilmenite, and sphene. In
addition, olivine, pyroxene, tremolite, and actinolite also accompany the ore and calcite and dolomite are also observed in crack
and fracture fillings. Geochemical studies performed on the ore samples indicate that granitic fluids have no direct effect in the
ore formation. The processes of granitic intrusions associated with hydrothermal convection cell affect the mafic rocks and shape
the hydrothermal alteration modes formed by "skarn type minerals" and fels-like textures". Expelling of iron element as a result
of serpentinization of ferromagnesian minerals within the ultramafic rocks, such as olivine and pyroxene, is the primary source
of iron. Their secondary enrichment by the granitic intrusions indicates another important stage in the formation of Kesikköprü
iron deposit. Present study favors the idea that Kesikköprü iron deposit is similar to the Divriği type deposit, in other words, as
also stated by previous works, iron was derived directly from the granitic rocks.

INTRODUCTION

This study discusses the formation of Kesikköprü
(Bala-Ankara) iron deposit located in the Bala town of
the city of Ankara designated in Kırşehir J30 b-3 quad-
rangle.

The basement in the vicinity of study area compri-
sed by rock assemblages of Kırşehir massive is over-
lain by the upper Cretaceous ophiolitic complex toget-
her with sedimentary and volcanic-volcaniclastic rocks
and by a sedimentary cover of Tertiary age.

Some of studies on the lithostratigraphy of the Kır-
şehir massive and its vicinity are of Ketin (1963), Nor-
man (1972), Çapan and Buket (1975), GöncüoğIu
(1977), Tülümen (1980), Erkan (1981), Erkan and Ata-
man (1981), Seymen (1982), Bayhan (1986), Önen

and Ünan (1988), Erler et al., (1989-1991), and Erler
and Bayhan (1995) while some of studies on tectonics
are of Bailey and Mc Callien (1950), Egeran and Lahn
(1951), Ketin (1955), Seymen (1982), and Akıman et
al., (1993). The main studies on the general geology
and ore geology of the Kesikköprü area are of Brennich
(1960), Kraeff (1962), Boroviczeny (1964a, b, c, d),
Yaz and Sözen (1965, 1967), Sözen (1970), Sungurlu
(1970), Öztürk et al., (1983), Öztürk and Öztürk (1983),
Bayhan (1984), Bilgin et al., (1986), Kara and Dönmez
(1990), and Wondemagegnehu (1990).

Iron deposits in the Kesikköprü area have been
worked since 1960's. However, the studies could not
go in detail on the origin of the ore. Although there are
no sufficient information on the origin, considering the
its close relation to the crystallized limestones, the idea
that mineralization is a metasomatic type was widely
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accepted by most of the workers while the type of the
country rock is still controversial among the workers.
Some of the authors suggest that rocks associated
with the mineralization are basic in composition while
some set forth granitic rocks and propose a skarn type
mineralization with an epigenetic character formed as
a result of interaction between limestones and iron-rich
solutions derived from granitic rocks.

Source of iron element in the Kesikköprü iron depo-
sit is the fatal importance of the controversy on the ori-
gin of mineralization. It is the aim of present study to
introduce a new aspect to such controversy.

GEOLOGY OF THE STUDY AREA

Geology of five different fields covering an area of
about 225 km2 was revised on 1/25.000 scaled geology
maps (Fig. 1). Studies in the field no. I were directed to
intense sampling and revision of geological maps whi-
le works in other fields were carried out by sampling
and revision of geological maps based on the setting of
stratigraphy. Geology of the areas out of the study fi-
elds was taken from the studies of Bilgin et al., (1986)
and Dönmez (1990). Field no. I in which Kesikköprü
iron deposit is located comprises 100 km2 part of the
Kırşehir J 30 b1, b2, b3, and b4 quadrangles (Fig. 2).

Within the ophiolitic complex exposing around the
study area, are the sedimentary and volcanic-volcanic-
lastic rocks being transitional with the melange, crystal-
lized limestones, and ultramafic-mafic rocks, all intru-
ded by granitoids and blanketed by a sedimentary co-
ver alternated with volcanic fragments. A total of 300
thin sections was prepared, 250 samples from above
mentioned lithologies and 50 from pit samples, for mi-
neralogic-petrographic examinations. In addition, a
number of 50 samples was subjected to XRD studies.
The results are summarized as follow.

Crystallized limestones

Crystallized limestones are exposed in Kartalkaya
ridge and arotind Bolkardağı northeast of field no. I and
in a narrow part of field no. II to the northwest and nort-
heast and southeast sections of field no. V.

Crystallized limestones are composed of gray, yel-
lowish beige, white colored, fractured, thick bedded,
sugar-textured, coarsely crystalline carbonaceous
rocks alternated with dolomitic levels comprising the
topographic heights with no vegetation cover.

Petrographic examinations reveal the presence of
medium-coarse to very coarse grained, equigranular
recyrstallized calcites also showing sutured pressure
twinnings accompanied by fine to medium grained,
partly euhedral dolomite occurrences.

Crystallized limestones in the area are observed as
blocks within the upper Cretaceous ultramafic-mafic
rocks and unconformably covered by Pliocene-Quater-
nary sedimentary rocks. They are intruded by granitic
rocks giving rise to formation of skarn occurrences at
the contacts.

The age of crystallized Iimestones, in a broad ran-
ge, is suggested to be Paleozoic-Mesozoic by previous
workers (Öztürk et al., 1983; Bilgin et al., 1986; Kara
and Dönmez, 1990).

Ultramafic-mafic rocks

Ultramafic-mafic rocks are exposed south of Kesik-
köprü plateau, around Bolkardağı and southeast of
Kartalkaya ridge in the field no. I, in between Kalemka-
mış hill at northwest and Uzunmezarın hill mideast of
the field no. II, and central parts of the field no. Ill along
an east-west direction.

Ultramafic-mafic rocks in the field no. I are gray,
light gray, greenish, and earth brown colored and com-
posed of pyroxenite, gabbro, and diorite type rocks that
are detected to be altered where the color gets lighter
while those of field no. II are dark gray, green colored,
densely fractured and consist of serpentinite, perido-
tite, pyroxenite, and gabbro-diorite type rocks with a
magnetic susceptibility even determined by a hand
magnet. Ultramafic-mafic rocks in the field no. Ill are
light green, green, dark green and black colored, den-
sely fractured and fissured. Magnetic susceptibility is
distinctive in places. They comprise serpentinite, peri-
dotite, and pyroxenite around the Set hill while they
consist of peridotite and gabbroic type rocks in the vi-
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cinity of Hirfanlı dam axle, Karapınar Beli hill, and Hir-
fanlar village. Ultramafic-mafic rocks are cut by granitic
rocks and fractured and subjected to the hydrothermal
alteration.

As a result of petrographic examinations, ultramafic
rocks are grouped as peridotites (intensely alteration of
serpentinites to dunite and Iherzolite), pyroxenites (cli-
nopyroxenite, olivine, and websterite), and serpentini-
tes while mafic rocks are grouped as mafic plutonic
rocks (gabbro and diorite) and mafic sub-plutonic rocks
(diabase and diorite porphyry).

Since it is intruded by granitic rocks, the basement
of ultramafic-mafic rocks cannot be observed in the
study area. Studies conducted out of the area indicate
that the contact between lithologies unique to meta-
morphic basement of the Kırşehir massive and ultra-
mafic-mafic rocks is tectonic one (Seymen, 1982). The
upper contact of ultramafic-mafic rocks in the area is
covered with young terrestrial deposits while that out of
the study area is blanketed by marine sediments (Bil-
gin et al., 1986; Kara and Dönmez, 1990).

According to Seymen (1982) and Bayhan (1986),
the age of ultramafic-mafic rocks is Jurassic-Campani-
an while Bilgin et al., (1986) and Kara and Dönmez
(1990) suggest upper Cretaceous and Cenomanian-
Santonian (?) ages, respectively, for the unit.

Ultramafic-mafic rocks seem to be correlated with
the Ankara melange (Bailey and Mc Callien, 1950).

Sedimentary and volcanic-volcaniclastic rocks

Volcanosedimentary rocks in the field no. IV are wi-
dely exposed in the area between P6hrenk, Yenimer-
dan, Efendiköy, and Kasımağa villages while they are
cropped out Salik hill, west of Deve hill, and around the
Halildede in the field no. V.

Sedimentary and volcanic-volcaniclastic rocks ap-
pear in beige, white, gray, light gray, greenish, and
earth brown colors. In some places, due to the effect of
iron-rich fluids and oxidation, red color becomes domi-
nant. Sedimentary rocks with volcanic intercalations
show a regular sequence. The unit appears to be a vol-

canosedimentary assemblage consisting of spilitic ba-
salt, basaltic tuff, diabase dikes, cherty limestones, ra-
diolarite and mudstone-limestone band and lenses.

As a result of petrographic examinations, sedimen-
tary and volcanic-volcaniclastic rocks are grouped as
basalt, spilitic basalt, radiolarite and pelagic limestone.

Its basement cannot be observed in the area. They
are cut by granitic rocks and unconformably covered
with young volcanic and sedimentary rocks.

Bilgin et al., (1986) were named the unit as the Ka-
sımağa formation with an age of upper Cretaceous and
suggested that Kasımağa village is the type location.

Granitic, rocks

Granitic rocks are found around the Kesikköprü
town, east of the Kesikköprü plateau, around the
Camiisagir village and Maden hill in the field no. I,
north, south, and east of the field no. II, around the
Tavşancıl hill north-northeastern part of the field no. Ill
and Ziyaret hill at southwest, and finally northeastern
section of the field no. V.

They comprise high elevations and rugged terrains
in the area. They appear as fractured and fissured and
in white, gray, pink gray, and red colors. In hand samp-
les, they are medium grained and display dark and light
color tones but mostly dominated by pink and gray co-
lors. It is partly disintegrated and subjected to areniti-
zation.

As a result of petrographic examinations, granitic
rocks are combined into three groups as granite, gra-
nodiorite, and granodiorite porphyry which show a
compositional change in a narrow range.

Granitic rocks are intruded into crystallized limesto-
nes and ultramafic-mafic rock's and intensely altered
them. They are unconformably overlain by marine and
terrestrial sedimentary rocks of Eocene and Pliocene-
Quaternary age.

Considering the radiometric determinations, the
ages of some granitic rocks exposing in the region are
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proposed to be 54 Ma-Eocene (Ayan, 1963), 71 Ma-
upper Cretaceous (Ataman, 1972), and 110 Ma-lower
Cretaceous (Güleç, 1994). Based on the observations
performed around the study area, different ages were

also suggested: Paleocene-Eocene (Öztürk et al.,
1983), upper Maastrichtian-Eocene (Bilgin et al.,
1986), pre-Maastrichtian or Santonian-Campanian (?)

(Kara and Dönmez, 1990). Since granitic rocks are un-

conformably covered by Eocene units and since they

cut the upper Cretaceous units together with conside-
ration of findings of other workers (Bilgin et al., 1986),

their age is assigned to be Maastrichtian-Paleocene.

Some of granitic rocks exposing in Central Anatolia
are named as Baranadağ massive (Ayan, 1963), Cefa-
lıkdağ granodiorite (Ataman, 1972), Karacaali pluton
(Norman, 1972), Üçkapılı granodiorite (GöncüoğIu,
1977), Baranadağ and Buzlukdağ plutons (Seymen,

1982), Çelebi Intrusion (Bayhan, 1986), Ortaköy grani-
toid (Atabey et al., 1987), and Baranadağ granitoid
(Kara and Dönmez, 1990). Since granitic rocks obser-

ved in the field no. I have not been named previously

and widely exposed around the Kesikköprü town, in the
present study, they are called as the Kesikköprü grani-

toid.

Skarn occurrences

They are found on the contacts of limestone-grani-

tic rocks in the area between Kartalkaya, Bolkardağı,

Maden hill, and Kesikköprü plateau and appear as
tightly massive blocks.

As a result of petrographic examinations, fine to

medium grained, fels-textured rocks of monomineralic
composition were determined, such as epidote-fels,

vesuvian-fels, garnet-fels, and diopside-fels consisting

of epidote, vesuvian, garnet, and diopside minerals.

Sedimentary rocks

Sedimentary rocks are exposed in wide areas bet-
ween Dumbullu ridge and Pur hill at north, south, and
western parts of the field no. I, a limited area at north-
western part of the field no. II, around the Hirfanlı dam
lake in the field no. Ill, south and east of the field no.

IV, south and west of the field no. V, and outside of the
study area.

Sedimentary rocks of the Çayraz, İncik, and Kızılır-
mak formations are cropped out in the field no. I while
sedimentary rocks of only the Kızılırmak formation are
exposed in the field nos. II, III, IV, and V.

Çayraz formation.- It is exposed in a limited area
around the Kesikköprü town in the field no. I.

The unit is composed of reddish beige colored, cla-
yey, sandy, abundantly Nummulites sp.-bearing limes-
tones that are observed as blocks in places.

It unconformably overlies the Kesikköprü granitoid
while its upper contact is unconformably overlain by
the Kızılırmak formation.

Considering the findings of previous workers (Bilgin
et al., 1986), age of the Çayraz formation is accepted
to be Eocene.

Lithologies with similar features are also named as
Çayraz formation by Schmidt (1960) and Bilgin et al.,
(1986).

İncik formation.- Sedimentary rocks exposing in the
area between Dümbüllü ridge and Pur hill west of the
field no. I comprise lacustrine and fluvial facies.

Formation is composed of red, beige, and greenish
earth brown colored limestone and alternations of
sandstone, siltstone, claystone, and anhydrite-gypsum
that also contain fosiliferous limestone blocks of upper
Cretaceous-Eocene age.

The basement of the İncik formation in the area co-
uld not be detected while its upper contact is unconfor-
mably overlain by the Kızılırmak formation.

Considering the findings of previous workers (Bilgin
et al., 1986), age of the formation is accepted to be Mi-
ocene-Pliocene (?).

Kızılırmak formation.- It is widely cropped out in
the field nos. I, IV, and V while it covers a limited area
in the field nos. II and III.
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Unit is generally observed in beige, grayish beige,
greenish earth brown, and earth brown colors. It cha-
racterizes loosely cemented slope molasse and fluvial
sediment and composed of gravel, sand, and mud ac-
cumulations.

Its lower contact is discordant with the Çayraz and
İncik formation while its upper contact is discordant
with young alluvium deposits.

Based on field observations and findings of previ-
ous workers (Bilgin et al., 1986), age of the Kızılırmak
formation is believed to be Pliocene-Quaternary.

Volcanic rocks

They are exposed in wide areas between Göztepe
and Tütün hill northwest of Kasımağa village and aban-
doned manganese occurrences in the field no. IV.
They are observed to comprise high elevations in the
area.

Volcanic rocks are generally beige, white, gray, and
light gray in color.

Petrographic examinations indicated that volcanic
rocks can be grouped as those intensely silicified in
narrow areas, carbonaceous in places, and the ones
containing high amount of quartz rhyolite-rhyodacite
and tuffs.

Volcanites unconformably cover the volcanosedi-
mentary rocks. Based on the previous works conduc-
ted in the region (Akyürek et al., 1984), their age is ac-
cepted as Miocene.

Alluvium

It is observed along the Kızılırmak River. They are
recent occurrences and composed of the mixture of
gravel, sand, silt, and soil comprising the river and val-
ley beds and flat areas. They also contain the material
of older units.

It unconformably rests above the Kızılırmak forma-
tion and has an age of Quaternary.

RESULTS OF FIELD WORKS

The findings obtained from the field works are given
below:

Crystallized limestones that were included to meta-
morphic basement in previous studies (Öztürk et al.,
1983; Bilgin et al., 1986; Kara and Dönmez, 1990) are
evaluated as the limestone blocks within the ophiolitic
complex (field nos. I and II).

Ultramafic-mafic rocks and such limestone blocks
were mapped together as the ophiolitic complex. Kara-
kaya ultramafite (field no. Ill) described in the study of
Seymen (1982) is included to the ophiolitic complex.

Lithologies of field no. I that were included to the
Kasımağa formation in previous works (Bilgin et al.,
1986) were determined to be the ultramafic-mafic
rocks within the ophiolitic complex which were affected
from the granitic rocks.

Lithologies of the Kasımağa formation (Bilgin et al.,
1986) observed around the Kasımağa village were tra-
ced in that area (field no. IV) and based on their lateral
and vertical transition with the ophiolitic complex out of
the study area (Akyürek et al., 1984), they are believed
to be laterally changing to the complex within the area.

Lithologies to be included to the Eocene Çayraz
formation were determined in the area (field no. I).
Moreover, it is determined in the present study that li-
mestones of the Çayraz formation are technically ex-
posed at the basement of the İncik formation and they
are positioned as blocks within the İncik formation (fi-
eld no. I).

Considering the lateral and vertical transition bet-
ween Miocene-Pliocene (?) volcanic rocks (field no. IV)
and İncik formation out of the study area (Akyürek et
al., 1984), they are believed to be laterally transitional
within the area.

Detail mapping of lithologies of the Kızılırmak for-
mation that comprises most part of the study area, de-
termining of their relation to the İncik formation, and ne-
cessity of differentiation of both formations from each
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other are the purposes of present study. It is believed
that at least, some part of widely exposing lithologies
mapped as Kızılırmak formation may be included to the
İncik formation.

BASIN EVOLUTION MODEL

Considering the studies conducted so far, evoluti-
on of basin may be schematized as follows:

In the basin evolved during the upper Cretaceous,.
sedimentary and volcanic- volcaniclastic rocks transiti-
onal with the ophiolitic melange were deposited over
the basement consisting of lithologies unique to Kırşe-
hir massive of Paleozoic-Mesozoic age. Basement
rocks are intruded by Maastrichtian-Paleocene granito-
ids. They are unconformably covered with Eocene-Qu-
aternary post-tectonic basin deposits.

BRIEF INFORMATION ABOUT THE DEPOSIT

Kesikköprü iron deposit is located 35 km from the
southern junction of the Ankara-Kaman highway at
100th km.

There are a total of 8 deposits and occurrences in
the region. Of these, Madentepe I, Madentepe II, and
Suluocak deposits are presently operated in field no. I
while Büyükocak, Adilocak, Kartalkaya I, Kartalkaya II,
and Camiisagir pits are already abandoned. Due to
their exploitability and having similar features with ot-
her occurrences, well samples and samples collected
from Madentepe I, Madentepe II, and Suluocak pits will
be examined in detail.

The mineralization in the Kesikköprü iron depo-
sit and occurrences is observed as lenses of different
sizes (- 100 x 20 x 10 m) around or at the contacts bet-
ween crystallized limestone, ultramafic-mafic rocks,
and granitic rocks. Ore minerals are magnetite and les-
ser amount of hematite, limonite and trace amounts of
pyrite. In general, Fe contents 45-65%, SiO2 contents
are 10-15%, and S contents are 1-2%. These ore len-
ses comprise masses ranging from 20 thousand to 5

million tones and have a reserve of about 11 million to-
nes (Öztürk et al., 1983). Faults detected around the
pits are in NW-SE direction and give rise to trans-
portation of ore-bearing fluids.

PETROGRAPHY OF DRILLING SAMPLES

A total of 481 core samples was systematically col-
lected from a number of 10 wells drilled in the Kesik-
köprü iron deposit by MTA in the years between 1977
and 1982. A total of-150 thin sections was systemati-
cally prepared from the Kes-2 well in which ore-country
rock relation is well displayed. As a result of macrosco-
pic and microscopic examinations, it was determined
that the dominant rock type of the drilling with a depth
of 173 m is generally gabbroic type mafic rocks that are
partly subjected to hydrothermal alteration. In addition,
altered ultramafic rocks were also observed.

Mafic rocks

Examination of drilling samples from surface to
depth reveals that in hand specimens to the first 100
m, light and dark colored mineral alternations are repe-
ated in a narrow space and dark gray, gray, and green
colored, partly fine grained materials with a tight appe-
arance are dominated.

Microscopic investigations indicate the presence of
polysynthetic twinnings in subhedral medium, fine,
and very fine grained plagioclases and xenomorphic
medium to fine grained plagioclases. In places, intense
argillization and lesser amounts of serialization are al-
so observed.

Diopside-augite type of clinopyroxenes of medium
to fine grained, getting coarser in places, are also pre-
sent. Fine grains are in euhedral and prismatic shapes
and as the grain size gets coarse, they appear as sub-
hedral and anhedral forms. They seem to be transfor-
med to amphiboles along fracture and margins.

Medium to fine grained, subhedral, anhedral,
platy hastingsite type pleochroic primary amphiboles
are observed in light green and brown colors and ac-
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company the pyroxenes. Moreover, fibrous, radial,
bar-like tremolite type secondary amphiboles formed
as a result of amphibolitization of pyroxenes are widely

detected.

Medium to fine grained, subhedral, anhedral,
disseminated three type opaque occurrences as thin
veinlets are observed along the cleavage traces asso-
ciated with amphibolitization of pyroxenes.

In addition, medium to fine grained, subhedral to
anhedral, zoned, locally radial, green colored pleochro-
ic tourmalines and xenomorphic, stockwork type yello-

wish brown colored, optic, isotropic garnet group mine-
rals, and lesser amounts of fine grained xenomorphic

epidot group minerals are also observed.

A granular texture is detected among the plagiocla-
se and pyroxenes that are the main components of the
rock. However, these two components display a dis-
tinctive banded texture as alternations of plagioclase
and pyroxene in both hand specimens and thin secti-

ons (Plate I, fig. 1). This appearance may indicate the
presence of a complex copsisting of ultramafic and ma-
fic lithologies.

Mafic rocks subjected to hydrothermal alteration

In hand specimens from 100 to 130th meters of co-

re samples, a fractured structure in light gray to white
colors with intense carbonatization and magnetic sus-

ceptibility is distinctive.

The main components of the rock are composed
of two different associations unique to the same rock
that is subjected to hydrothermal alteration also ac-
companying the ore.

Opaque minerals are generally medium to coarse
grained, subhedral to anhedral, subjected to cataclysm

and observed as fractured and fissured and being rep-
laced by hematite along the edges. Lesser amounts of

fine grained, anhedral opaque minerals associated
with carbonates are also detected.

In some of altered mafic rocks accompanying the
ore, carbonate-rich levels are observed derived from
carbonatization of light colored minerals (plagioclase).
While in some samples, dark colored minerals show
amphibolitization, carbonatization, and lesser amount
of chloritization signs. These transformations are de-
tected even only one thin section.

Along the fracture and fissures of medium to fine
grained, anhedral light brown opaque minerals, two
types of carbonates are observed: one is iron-rich an-
kerite type carbonates and another is coarse, medium,
and fine grained, anhedral calcite type carbonates, in
those of coarse to medium grained, pressure twinnings
are also observed. A little amount chlorite filled space
is also detected in the rock.

In other samples showing amphibolitization, carbo-
natization, and little amount of chloritization, a large
amount of pyroxene relicts together with tremolites for-
med a result of amphibolitization of pyroxenes are ob-
served. Tremolites are fine to medium grained, platy,
fibrous, locally radial, chloritized, and intensely carbo-
naceous.

Ultramafic rocks subjected to hydrothermal
alteration

In hand specimens from 130 to 165th meters of co-
re samples, they are observed as light gray to beige
colored, schistose carbonaceous levels.

Completely carbonated serpentines with a distincti-
ve sieve texture, which also locally bear relicts of opa-
que minerals, comprise the main component of the
rock. In the places of intense serpentinization, a signi-
ficant orientation is observed (Plate I,fig. 2).

Two different carbonate types were determined in
the rock. First is fine, medium to coarse grained, sub-
hedral to anhedral calcite type carbonates with widesp-
read pressure twinnings, while the second is fine gra-
ined, anhedral, light brown colored ankerite type car-
bonates particularly accumulated where serpentini-
zation is present.
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Opaque minerals as fine to medium grained, eu-
hedral, subhedral disseminations are detected toget-
her with veins associated with serpentinization (Plate I,
fig. 3). In disseminated opaque minerals, silicate mine-
rals are observed along cleavage traces and fractures
(Plate I, fig. 4).

Samples from 165 to 173rd meters of well are com-
posed of light green-beige colored, fine grained rocks
of tight appearance and mostly resemble hydrother-
mally altered mafic rocks. These levels in previous stu-
dies are evaluated as "skarn occurrences" and/or fels
(Öztürk et al., 1983). In these levels, medium to coar-
se grained, euhedral to subhedral, locally anisotropic
lamellae-bearing, optically isotropic garnet type mine-
rals and light green colored, fine to medium grained,
subhedral, fibrous, pleochroic epidot group minerals
together with lesser amounts of fine grained euhedral
to subhedral, prismatic pyroxenes also observed. In
addition, within the pores of the rock, green colored,
pleochroic possibly iron-rich chlorites together with qu-
artz are also detected.

ORE MINERALOGY

As a result of petrographic examinations of the sur-
ficial and drilling samples collected around the Kesik-
köprü iron deposit, a total of 29 polished sections was
prepared, from 9 source rock and 4 country rock samp-
les, 4 samples from the pits, and 12 from ore samples,
and described with the ore microscopy. Non-opaque
minerals accompanying opaque minerals were also
examined with thin sections prepared parallel to polis-
hed sections.

Ultramafic and mafic rocks

Ore microscopy examinations of ultramafic rocks
were performed under two different rock assemblages
as peridotite and serpentinite type rocks and gabbro-
diabase type rocks together with pyroxenite resemb-
ling the composition of ultramafic rocks. It was also de-
termined that, like in the silicate minerals, ore minerals
of ultramafic rocks display similarities. Therefore, tex-
tural and compositional relations in the ore minerals of

both groups are presented on the basis of each ore mi-
neral.

Peridotite and serpentinites.- These source rocks
are represented with dunite, harzburgite, Iherzolite,
and sefpentinites of peridotite family.

Microscopic examinations reveal that coarse gra-
ined, euhedral to subhedral, chromites locally subjec-
ted to an intense cataclysm appear to be transformed
to chrome spinel and magnetite along fracture, fissure,
and edges (Plate I, fig. 5).

Magnetites of the rock can be divided into 4 groups.
1 st group is observed as transformation of chromites
to magnetite along fracture, fissure, and edges, 2nd
group is detected as fine grained, anhedral, skeleton-
and veinlet-shaped, silicate inclusion-bearing magne-
tites within serpentines, 3rd group appears to be fine
grained, subhedral to anhedral, magnetites along the
cleavage plains of orthopyroxenes (Plate I, fig. 6), and
4th group is observed as fine grained, anhedral, cloudy
magnetite grain accumulations appearing along the
cleavage plains of orthopyroxenes as a result of ser-
pentinization. Moreover, transforming of magnetite oc-
currences to maghemite and mushketovite are also
frequently observed.

Magnetites together with lesser amounts of fine
grained, anhedral, pyrite occurrences are detected
along the cleavage plains of serpentinized orthopyro-
xenes.

Chalcopyrites surrounded by magnetites are gene-
rally observed as fine grained and subhedral to anhed-
ral. They are intensely subjected to limonitization.

Fine grained, anhedral pyrrhotite is also found in
the rock.

Lesser amounts of pentlandite-gersdorffite are ge-
nerally associated with fine grained, subhedral to an-
hedral and rarely with euhedral magnetite. Mackinawi-
te fibers are detected within pentlandites and along its
cleavages (Plate ll.fig. 1).
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Siderite and ankerites are observed as veinlets lo-
cally being transformed to goethite and limonite. Little
amount of goethite and limonite occurrences is also fo-
und as transformation of chalcopyrites to limonite.

Pyroxenite-gabbro and diabases.- Rocks of this
group is characterized by pyroxenite, plagioclase pyro-
xenite, websterite, gabbro, spinel gabbro, olivine gabb-
ro, and diabase. Although pyroxenites are associated
with ultramafic rocks, they also exhibit transition to ma-
fic rocks.

Subhedral, anhedral, skeleton-shaped magnetites
are observed along the cleavage plains, fracture, and
fissures of orthopyroxenes. They are transformed to
hematite as a result of intense martitization. In some
cases, magnetites seem to be associated with garnets
(hydrogrossular ?: rodingitization ?) both formed in di-
opside and augite.

Chalcopyrites are generally fine grained, mostly
subhedral, rarely anhedral, and intensely subjected to
limonitization.

Fine grained, subhedral, anhedral spinel minerals
(possibly hercynite) are rarely developed along the cle-
avage plains of orthopyroxenes (Plate II, fig. 2).

In addition, lesser amount of pentlandite, chromite,
ilmenite, and sphene together with secondary limoniti-
zation are also observed.

Ore properties

Petrography and XRD studies reveal that gangue
minerals of the ore samples are generally composed of
chlorite, tremolite-actinolite, carbonate minerals, pyro-
xene, and lesser amounts of garnet, quartz, and clay
minerals, and in some cases, talc and little amount of
olivine which are vitally important in origin.

In order of abundance, ore minerals can be listed
as follows:

Magnetites may be examined under 4 different gro-
ups. 1 st group is composed of fine grained silicate inc-

lusion-bearing magnetites (Plate II, fig. 3) and they gra-
dually change to magnetites with no inclusion to the
crystal margins and form zoning matrix. 2nd group is
coarse grained, subhedral to anhedral, sutured, and
has a cataclastic structure and has been widely chan-
ged to martite along fracture, fissure, and cleavage pla-
ins (Plate II, fig. 4). 3rd group is composed of fine gra-
ined, anhedral, cloudy magnetites in which coarse gra-
ined magnetites appear to fill the spaces. They change
to martite in places. 4th group is observed as fine to
medium grained, euhedral to subhedral, skeleton- and
lattice-shaped magnetites that are mostly replaced by
siderite and ankerites.

A little amount of fine to medium grained, subhed-
ral, chalcopyrite was determined to be associated with
magnetite within siderite and ankerites. Tremolite, acti-
nolite, and chlorite type silicate inclusions are found in
magnetite and chalcopyrite and they seem to change
to chalcocite, bornite, and covelline along their edges
(Plate ll.fig. 5).

Fine graine, euhedral to subhedral, anhedral pyri-
tes traversing the magnetites contain silicate inclusi-
ons.

Little amount of fine grained, subhedral, chromite in
calcite and dolomite is completely changed to chrome
spinel and magnetite along the edges (Plate II, fig. 6).

Siderite-ankerite veins are observed in fracture and
fissures of ore minerals also as replacing magnetites.

Lesser amounts of limonite formed as a result of
surficial alteration is detected in magnetites.

COMPARISON OF ORE MINERALOGY AND
PETROGRAPHY STUDIES

Data obtained from ore mineralogy studies were
compared with those from source and country rock pet-
rography studies.

Considering rock systematic, there is a large con-
sistency between petrography and ore mineralogy stu-
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dies. Findings of ore mineralogy of source rocks and

ore samples are also well in accordance with each ot-

her.

Primary mangetites in serpantinites are represen-

ted with fine grained, silicate inclusion-bearing magne-

tite occurrences. They are recrystallized as pure man-

getites due to indirect effect of granitic rocks, that is by

the effect of hydrothermal convection systems provi-

ding the fluid circulation within the country rocks he-

ated by the granitic rocks, while fine grained silicates in

magnetites give rise to crystal growths of coarse gra-

ined non-opaque minerals. During this process, depen-

ding on O and S fugacities, magnetites change to he-

matite also accompanied by pyrites. Thus, hydrother-

mally altered serpantinites are formed and hydrother-

mal alteration causes siderite, ankerite, and/or dolomi-

te and calcite minerals to form as a result of reactions

between mobile iron element and carbonatization

which is another important characteristic of the system,

like silicification. It is believed that most of the iron-car-

bonate minerals are formed by metasomatic effect of

iron element leached from former magnetite and iron

silicates.

During the hydrothermal alteration process, parti-

cularly mafic rocks and rocks with Ca-rich minerals gi-

ve easily rise to formation of "skarn type" components.

At the same time, cements of diabase type rocks may

largely develop fels-like textures. However, it should al-

so be considered that small relicts of limestones being

observed as blocks within ultramafic and mafic rocks

may also form country rock and lay the groundwork for

skarn minerals.

As the loss on ignition of the whole rock increases

(it is generally -2%, but it may be up to 4-5% or 7-9%,

Table 1), impact of hydrothermal alteration is also inc-

reased. This, in turn, provides change of magnetites to

hematite via martitization and/or bounding of iron ele-

ment to the carbonates as vein type mineralizations

traversing the structure. Late stage magnetite veinlets

cut all the components. However, as the impact of

hydrothermal alteration is decreased, that is rate of

loss on Ignition is lowered, magnetites become stable

to be observed in serpantinites.

Tourmaline-bearing veinlets that are believed to be

associated directly with granitic fluids traverse the
structures mentioned above. However, isolated states
of such veinlets (separate from other gangue minerals)

indicate that they have no direct effect on the minera-
lization. Traversing of these veinlets through the
hydrothermal alteration matrix, that is fed by hydrother-

mal convection systems, may indicate that granitic
rocks in the region have different ages but are derived
from the same thermal conduit with different composi-
tions.

GEOCHEMISTRY

Sampling and analysis method

Geochemical analyses were performed on a num-
ber of 25 selected samples collected from ore (12

samples), source and country rocks (13 samples) of
the Kesikköprü iron deposit. The sampling localities
are given in Doğan (1996).

Chemical analyses were carried out at the labora-
tories of the General Directorate of Mineral Research

and Exploration of Turkey (MTA). Si, Ti, Al, Fe, Ca, K,
and P elements were determined by XRF (X-ray Flu-
orescence method) while Mg, Na, Mn, Cr, Co, B, Sc,
and Pb concentrations were found with AAS (Atomic

Absorption Spectrophotometry) and OSA (Optical
Spectral Analysis), loss on ignition and Cl with gravi-

metry, S element with Leco method (lodimetric), N, Cu,
Zn, Ba, Sr, Zr, V, La, Ga, Y, Nb, Ce, and Nd elements
were determined by ICP (Induced Coupled Plasma)

method. Detection limits of the instruments are given in

Doğan (1996). As a result, chemical analyses of 11

major and 20 trace elements for 25 samples were ob-
tained.

Presentation of results of chemical Analysis

Results of chemical analysis of the samples collec-

ted from Kesikköprü iron deposit are shown in Table 1.
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Maximum, minimum, and mean values together with

standard deviations for the samples are displayed in

Table 2a and b.

Since quantitative evaluation of analyses results is

quite difficult, they were examined with graphical and

geostatistical methods which are given in the following

Table 2a- Maximum, minimum, standard deviation, and mean values of source and country rocks. The
numbers given in parenthesis below the mean value stand for the number of samples.
Minimum values for the elements not detected were statistically evaluated based on 70% of
the detection limit of the instrument for the relevant element, n.d.: not determined.

Table 2b- Maximum, minimum, standard deviation, and mean values of ore samples, n.d.: not
determined.
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sections. However, some points are needed to be exp-
lained for understanding of the evaluations.

Geochemical analyses performed on the samples
from source and country rocks were compared with
the; mean values of similar rock assemblages given in
Table 3. Based on this, SiO2 contents (37.50%) of du-
nite and serpantinite samples with sample nos. 1 and 2
are lower in comparison to those of normal harzburgi-
te and dunite (Table 3) while their MgO contents are

high while their MgO content is somewhat low. 3000-
ppm B content of gabbro with sample no. 12 is also
high. It is noticeable that pyroxenite with sample no. 11
and gabbro with sample no. 12 with the highest B con-
tents (1500 and 3000 ppm, respectively) have the lo-
west total iron oxide contents of all, 4.50 and 3.80%,
respectively. Cr, V, Ni, and Co contents of all source
and country rock samples (sample nos. 1-13) are wit-
hin the limit values of ultramafic and mafic rocks pre-
sented in Table 3.

Table 3- Some major and trace element contents of ultramafic and mafic rocks (Oman, Burro Mountain, Twin
Sisters, and Troodos) (from Boudier and Coleman, 1981).

extremely low (31.00-34.00%). However, CaO values
are somewhat high. Total iron oxide concentrations
with 14.10-16.10% indicate an enrichment. CaO con-
tents of Iherzolites (sample nos. 3, 5, 7, and 8) show
excess values while AI2O3 concentrations display a litt-
le increase. SiO2, MgO, and total iron oxide relations of
dunite and serpantinite samples are also valid for the-
se samples. MgO contents of websterite (sample nos.
4 and 9) and pyroxenites (sample nos. 10 and 11) are
a little higher while their total iron oxide concentrations
are significantly higher when compared to those of
websterite in Table 3. In addition, Sr contents of webs-
terite with sample no. 4 (132 ppm) and pyroxenife with
sample no. 10 (257 ppm) and B content of pyroxenite
with sample no. 11 (1500 ppm) are significant. CaO
and total iron oxide contents of spinel gabbro with
sample no. 6 and gabbro with sample no. 12 are also

Except total iron content, SiO2 (37.50-52.50%),
MgO (5.50-34.00%), CaO (1.70-21.50%), AI2O3 (0.10-
18.00), Fe2O3 (3.80-17.50%) contents of source and
country rocks display a wide element distribution within
the limits of ultramafic and mafic rocks. Low contents
of K2O, P2O5, TİO2, MnO, and Na2O also accompany
this association. Cr, V, Ni, Co, Cu, Zn, S, Cl, Ba, Pb,
Sr, Zr, B, and Sc contents of source and country rocks
are also variable. However, La, Ga, Y, Nb, Ce, and Nd
contents of source and country rocks were not detec-
ted.

Total iron contents of ore samples in Table 2a are
between 51.39 and 94.60% which are significantly hig-
her than those of other elements. Their AI2O3 contents
range from 0.10 to 2.20% and CaO contents are 1.80
and 11.00%, MgO contents are 1.40-12.50%, and SiO2
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contents are 2.80-20.50%. However, Na2O, K2O, and
P2O5 contents are quite low. Cr, Ni, and Co contents
are significant. Cu and Zn concentrations are some-
what high while Pb and Ba contents are significantly
low. Another important point is that low B contents
detected in ore samples (in whole rock analyses) are
not consistent with Sc, La, Ga, Y, Nb, Ce, and Nd
element contents.

Interpretation of results of chemical analysis

A total of 13 major element geochemical data obta-
ined from source and country rocks were plotted on the
AFM diagram and compared with those on typical loca-
lities of ultramafic and mafic rocks. What is shown in
this diagram that samples are generally concentrated
along the FM axis and display some similarities to the
ophiolitic rocks of Hatay region in Turkey (Doğan,
1996).

Careful examination of Table 1 reveals that MgO
and SiO2 contents of source and country rocks (samp-
le nos. 1-13) are lower while their CaO contents are
higher than those of ultramafic and mafic rocks at other
localities. However, there is a significant increase (!) in
their total iron oxide concentrations. Total iron oxide
concentration of only a few samples display a decre-
ase. Trace element content of source and country
rocks are generally similar to those of ultramafic and
mafic rocks at other localities. Table 1 displays the ele-
ment behavior unique to serpentinite and hydrother-
mally altered serpentinite lithologies.

Ore samples (sample nos. 14-25) given in Table 1
resemble an iron ore with a wide range of major ele-
ment concentration accompanied by Ca- and Mg-sili-
cates. On the basis of whole rock analyses, particularly
Zr, B, Sc, La, Ga, Y, Nb, Ce, and Nd trace element
contents, that were not detected in ore samples, indi-
cate that granitic fluids were not circulated in the ore or
granitic rocks have no direct effect on the ore formati-
on. However, high B but low total iron contents deter-
mined in only two country rock samples traversed by
tourmaline veins may yield that granitic rocks possibly
affected the system and they may be activated during
at least one stage of frequently renewable iron element

mobilization thus indicating that granitic rocks should
not be precluded from the system. Absence of ele-
ments characterizing the granitic fluids within the ore
rejects an iron expelling from granitic rocks or the mo-
del on iron enrichment deriving from granitic rocks.

Cr, V, Ni, and Co element enrichments in the ore
samples indicate a possible genetic relation between
mineralization and ultramafic-mafic rocks. Cu, Zn, S,
and Ba contents may be due to hydrothermal circulati-
on. Among the trace-elements, Cr has the most impor-
tant role in the ore formation. Cr with a concentration
range of 40-200 ppm in the ore samples seem to be a
major element rather than a trace element and indica-
tes the necessity of ultramafic-mafic rocks for the ore
formation. Therefore, all samples (sample nos. 1-25)
were reanalyzed at the laboratories of Ankara Nuclear
Research and Training Center (ANRTC) (Sarayköy,
Ankara) for their Cr contents. Table 4 shows Cr con-
centrations analyzed at the laboratories of both MTA
and ANRTC. Cr contents of ore samples range from 36
to 113 ppm that absolutely indicate the necessity of ult-
ramafic-mafic rocks for the ore formation.
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All the geochemical data yield that iron occurrences
of hydrothermal origin are derived from ultramafic-ma-
fic rocks and that serpentinization process has also
contributed to the ore formation. The effect of granitic
rocks on the system should not be neglected.

Graphical presentation of results of analysis

Chemical analyses of 19 elements from 13 source
and country rocks, 17 elements from 12 ore samples,
and 22 elements from 25 whole rock samples were
plotted on variation diagrams and distribution and
trends between element pairs were determined. Thus,
for each element pair consisting totally of 22 elements,
a number of 538 variation diagrams were constructed
with the use of computer.

Examination of variation diagrams of the element
pairs of the Kesikköprü iron deposit reveals that there
are similarities in distribution and trends of some ele-
ment pairs. Since it is impossible to present all these
graphics, considering their distribution relations and
consistencies, only 7 positively correlated and 6 nega-
tively correlated variation diagrams will be displayed
(Figs. 3, 4, and 5). Correlation coefficients on the vari-
ation diagrams are separately presented in order to
make distribution and trends more understandable.

It is shown in CaO vs. SiO2 diagram of Fig. 3a that
13 source and country rock samples have similar
trends. Graphic yields a positively correlated distributi-
on extending from ultramafic to mafic rocks. V vs. SiO2

diagram (Fig. 3b) shows that, except pyroxenite with
sample no. 11, all the data points exhibit a positive cor-
relation with a wide distribution from beginning. SiO2

increase of sample nos. 10, 11, 12, and 13 is signifi-
cant. It is shown in MgO vs. Fe2O3 diagram of Fig. 3c
that 13 source and country rock samples display simi-
lar trends. Low Fe and Mg contents of sample nos. 10,
11,12, and 13 are significant. MgO vs. Ni diagram (Fig.
3d) shows a positively correlated distribution with a wi-
de distribution from beginning. However, in the diag-
ram, two different trends are observed. Diabase with
sample no. 13, gabbro with sample nos. 6 and 12,
pyroxenite with sample no. 10, and serpentinife with
sample no. 2 display a trend parallel to that of pther

samples. Mg and Ni contents of these samples are al-
so low.

It is shown in Fe2O3 vs. CaO diagram of Fig. 3e that
13 source and country rock samples have similar
trends. There is a negative correlation with a tight dist-
ribution from beginning. As CaO contents decrease
from mafic to ultramafic rocks, Fe2O3 contents are inc-
reased. SiO2 vs. Fe2O3 diagram of Fig. 3f indicates the
presence of a negatively correlated distribution with a
tight distribution from beginning. It is shown in SiO2 vs.
Ni variation diagram (Fig. 3g) that there is a negatively
correlated distribution with a wide distribution from be-
ginning. These diagrams also exhibit that Fe2O3 and Ni
contents are decreased from ultramafic to mafic rocks.
AI2O3 vs. MgO variation diagram (Fig. 3h) yields that,
except gabbro with sample no. 6, all other samples ha-
ve a negatively correlated distribution.

It is shown in SiO2 vs. MgO variation diagram of
Fig. 4a that 12 ore samples have similar trends. There
is a positive correlated distribution with a wide distribu-
tion from beginning.

In the Fe2O3 vs. SiO2 variation diagram of Fig. 4b,
12 ore samples show similar trends. In the diagram,
there is a negative correlated distribution with a wide
distribution from beginning.

There are two different parallel orientations in SiO2

vs. CaO variation diagram of Fig. 5a constructed for 25
samples from source and country rocks. Ore samples
at the left side of diagram yield a positive correlation
with a wide distribution from beginning while source
and country rock samples at the right side of diagram
show a positive correlation with a tight distribution from
beginning. In the MgO vs. Cr variation diagram of Fig.
5b, samples of ore, source and country rock samples
indicate a positively correlated distribution with a wide
distribution from beginning. Data points in these grap-
hics may be evaluated as two separate parallel trends
belonging to source and country rock samples.

There are two different trends in the variation diag-
ram of Fe2O3 vs. SiO2 built for ore, source, and country
rock samples. However, these different variations se-
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em to be continuation of each other. Samples yield a
negatively correlated distribution (distribution of points
observed along the same line) with a tight distribution
from beginning.

Interpretation of graphical presentations

In Fig. 6, a number of 10 graphics are presented
that are selected out of 538 constructed based on so-
urce, country, ore, and whole rock samples.

At the top of Fig. 6, Ca-Si and Mg-Fe element gro-
ups are shown on first, second, and third rows of sour-
ce and country rock graphics. These two groups inver-
sely behave, in other words, they resemble the comp-
lex of ultramafic and mafic lithologies. In addition, Mg-
Fe association indicates that iron element is dependent
on ferromagnesian minerals in the source rocks.

At the center of graphics in Fig.6 constructed for
ore samples, Mg-silicate forms a group. Contrary to the
graphics of total iron oxide vs. MgO and the features
observed in source rocks, there is a negatively correla-
ted distribution. That is, iron element is differentiated
from ferromagnesian minerals within the source rocks
and becomes a source for iron minerals accompanied
by Mg-silicates.

In the last row of Fig. 6, the variation diagram of
SiO2 vs. total iron oxide for all the samples are illustra-
ted. Because, ultramafic and mafic rocks at one side
and ore samples at another show almost the same
trends with r = -1.00, in the diagram, the negative cor-
relation with r = -0.99 is noticeable. Under these cir-
cumstances, searching of a source (e.g. granitic rocks)
for the origin of iron element is unreasonable. The fact
that laboratory methods are costly hinders the analy-
zing of granitic rocks. However, a distribution with r = -
0.99 does not necessitate the performance of chemical
analyses of granitic rocks.

Geostatistics

Although a limited number of samples is available
for the geostatistical methods to be applied, Cluster
and Factor Analyses on the basis of linear regression

were tested on different element pairs from a total of 25
samples (13 from source and country rocks and 12
from ore samples). Correlation coefficients of element
pairs of 171 from source and country rocks, 136 from
ore samples, and 231 from total samples were utilized.
Considering high and medium and intermediate, posi-
tive, and negative correlation coefficients (Doğan,
1996), qualitative results and/or element group and as-
sociations are presented in Table 5.

In Table 5 in which Cluster Analyses were tested
for source and country rocks, there seems to be two
groups with a high positive correlation (r > +0.65). First
group is represented with Ca, Si, and V elements. In
this limited association, each three element behaves in
the same way, that is if one of them increases, another
also increases or vice versa. Second group of Table 5
with a,high positive correlation is characterized by Fe,
Mg, Ni elements and loss on ignitions (LOI). Elements
of second group behave with a positive correlation.
They are also two groups with a positive correlation
(+0.65 > r > +0.40) in the table. First group is compo-
sed of Ca, Si, V, Na, and Al elements. The difference
of this association from the former first group that it inc-
ludes Na and Al elements. Second group consists of
Fe, Mg, Ni, Cr, Co elements and LOI. The main diffe-
rence between the two second groups is that the latter
group includes Cr and Co elements.

Two main groups with a high negative correlation
(r < -0.75) appear in testing of Factor analyses for so-
urce and country rocks (Table. 5). First group is cha-
racterized by Ca, Si, and Al elements while second
group is represented with Fe and Mg elements toget-
her with LOI. It seems that elements of first and second
groups as a whole behave with a high positive correla-
tion with respect to each other while elements of these
groups display an association of a high negative corre-
lation individually. In other words, as the elements of
first group increase, elements of second group are
decreased or vice versa. In last part of Table 5 belon-
ging to source and country rocks, an association with
an intermediate negative correlation (-0.45 > r > -0.75)
is observed. Differing from the former first group with a
high negative correlation, V and Na elements are inc-
luded to the first group while Ni, Cr, Co, and Mn ele-
ments are included to the second group.
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Fig. 6- Variation diagrams of some elements in source-country rock, ore, and whole rock samples. Distribution rela-
tions are characterized by regression lines and correlation coefficients.
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There is only one group with a high positive corre-

lation (r < +0.70) appearing in testing of Factor analy-

ses for ore samples (Table 5). This group is represen-

ted with Mg and Si elements. There are two groups in

the table with an intermediate positive correlation

(+0.70 > r > +0.30). First group is characterized by Mg,

Si, Ca elements and LOI. The difference of this group

from the former first group is the including of Ca ele-
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ment and LOI. Second group is composed only of Ni

and Mn elements.

Two main groups with a high negative correlation

(r < -0.60) appear in testing of Factor analyses for ore

samples (Table 5). First group consists of Mg and Si

elements while second group is represented with only

Fe element. In last part of Table 5 belonging to ore

samples, an association with an intermediate negative

correlation (-0.30 > r > -0.60) is observed. Differing

from the former first group with a high negative corre-

lation, Ca element and LOI are included to the first gro-

up while Mn, Co, and Zn elements are included to the

second group.

There is only one group with a high positive corre-

lation (r < +0.73) appearing in testing of Factor analy-

ses for all samples (Table 5). This group is represen-

ted with Mg and Cr elements. There are two groups in

the table with an intermediate positive correlation

(+0.73 > r > +0.39). First group is characterized by Ca,

Si, V, Na, and Al elements while second group is com-

posed only of Mg and Ni elements together with LOI.

Two main groups with a high negative correlation

(r < -0.77) appear in testing of Factor analyses for ore

samples with (Table 5). First group is represented with

only Si element while second group is represented with

only Fe. In last part of Table 5 belonging to ore samp-

les, an association with an intermediate negative cor-

relation (-0.36 > r > -0.77) is observed. First group is

represented with Mg, Cr, Ca, and V elements. Second

group is composed of Fe and Zn elements together

with LOI. Differing from the former second group with a

high negative correlation, Zn element and LOI are inc-

luded to the latter second group.

XRD studies on core samples

Minerals found with XRD studies performed on 74

samples taken from Kes-2 well with a thickness of

173 m and the general petrographic features determi-

ned by microscope are described in Doğan (1996). In

XRD studies, intensity values of each peak was also in-

dividually evaluated by the computer. Using the inten-

sity values of 100 peaks, mineral components of each

sample were semi-quantitatively calculated.

Quantitative distribution of main components of 74

samples from Kes-2 well determined with XRD studies

is displayed in Fig. 7. Examination of the graphic reve-

als the presence of an association consisting of plagi-

oclase, pyroxene, and hastingsite (plus tremolite) at

the first 100-m part of the well. In the part to the depths

from 100 meter, clay, quartz, calcite, dolomite, ankeri-

te, siderite, and magnetite become dominant.

Correlation coefficients calculated on the basis of

component pairs of 74 samples generally yield 3 diffe-

rent groups (Doğan, 1996). 1st group consists of mag-

netite, hematite, ankerite, and pyroxene minerals and

comprises the ore-based group, 2nd group consists of

tremolite, hastingsite, serpentine, and calcite minerals

and comprises serpantinized lithologies and locally

hydrothermally altered serpantinites, and finally 3rd

group consists of only plagioclase and comprises pla-

gioclase-rich lithologies. Minerals of each group disp-

lay positive correlations while 2nd group minerals ne-

gatively correlate with those of 1 st and 3rd group mi-

nerals negatively correlate with those of 1st and 2nd

group. This generalization indicates the presence of an

alternation of plagioclase-rich lithologies at one side

and the lithologies composed of altered mafic minerals

(plus ore) at another side. In addition, correlation coef-

ficients of some component variations were also com-

puted such as hastingsite + tremolite = amphibole and

hastingsite + tremolite + pyroxene = amphibole

+ pyroxene. This process yields the presence of 3 gro-

ups. 1 st group consists of hematite, magnetite, anke-

rite, siderite, and pyrite minerals and comprises the

ore-based group, 2nd group consists of calcite, ser-

pentine, and hastingsite + tremolite + pyroxene mine-

rals and comprises serpantinized lithologies and locally

hydrothermally altered serpantinites, and finally 3rd

group consists of only plagioclase and comprises pla-

gioclase-rich lithologies. Relations among these gro-

ups are similar to those of previously described ones.

However, some increases in correlation coefficients

are noticeable.
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Correlation coefficients of some major components
and component variations are given in Table 6 that are
based on 28 samples selected out of 74 core samples
from plagioclase- and pyroxene-rich parts of the well to
the depth of 100 m. The purpose is to clarify the relati-
ons among silicate components. Table 6 yields that
hastingsite and tremolite display a positive correlation
with respect to each other while pyroxene shows a ne-
gative correlation to both hastingsite and tremolite, and
finally plagioclase has a negative correlation to all
three minerals. In Table 6b, pyroxene shows a negati-
ve correlation with hastingsite + tremolite while plagioc-
lase shows a negative correlation with hastingsite +

tremolite and pyroxene. In Table 6c, there is a negati-
ve correlation between plagioclase and hastingsite +
tremolite + pyroxene with r = -0.97. These circumstan-
ces reveal two original results. One is the change of
hastingsites to tremolite. The second is sequential as-
sociation among plagioclase, pyroxene, and hastingsi-
tes. Among the component percents in Fig 8, graphical
presentation of distribution of plagioclase vs. hastingsi-
te + tremolite + pyroxene is symbolically given.

Correlation coefficients of some major components
and component variations are computed that are ba-
sed on 27 ore samples selected out of 74 core samp-

Table 6- Correlation coefficients of component pairs for plagioclase- and pyroxenerich parts of well samples
[a: plagioclase, tremolite, hastingsite, and pyroxene, b: plagioclase, hastingsite + tremolite (Amp)
and pyroxene, c: plagioclase and hastingsite + tremolite + pyroxene (Amp-pyx) component
variations].

Fig. 8- Graphical presentation of plagioclase vs. hastingsite + tremolite + pyroxene distribution given in Table 60.
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les from ore- and carbonate-rich parts of the well to the

level deeper than 100 m (104.00-133.00 m). The pur-
pose here is to clarify the relations among oxide-rich
and carbonate-rich components which yielded two ma-

in groups. 1 st group consists of hematite, siderite, and

ankerite minerals and comprises the ore while 2nd gro-

up is composed of calcite and serpentine minerals and

comprises serpantinized lithologies. Each group disp-
lays a positive correlation internally while both groups
show a negative correlation with respect to each other.

Testing of some other component variations reveals
once more the presence of two main groups. 1 st group

consists of magnetite + hematite and ankerite + sideri-

te while 2nd group is composed of calcite + dolomite

and serpentine mineral variations. Evaluation of these

groups yields the results similar to the previous one.
The only difference is the accompaniment of dolomite

occurrences.

XRD studies on chemically analyzed samples

Minerals found with XRD studies performed on a

number of 13 source and country rock and 12 chemi-

cally analyzed ore samples and the general petrograp-
hie features determined by microscope are described

in Doğan(1996).

Component percents of 13 source and country rock

samples were determined and correlation coefficients
of all component pairs were computed. Moreover, cor-

relation coefficients of some variations of components
were also found. Examination of Table 7 reveals the

presence of three groups. 1 st group consists of ser-

pentine + olivine and magnetite minerals, 2nd group

consists of only plagioclase, and 3rd group is compo-

sed of-tiastingsite + tremolite + pyroxene minerals. In
the first group, there is a positive correlation with r =
+0.94 among serpentine + olivine and magnetite mine-
rals yielding an information in origin. 2nd group negati-
vely correlates with 1 st group while 3rd group with 2nd
and-1 st groups.

Calculation of correlation coefficients of all compo-
nent and component variation pairs of 6 peridotite
samples out of 13 source and country rock samples yi-
elds that serpentine, magnetite, and olivine minerals
form one group and hastingsite, tremolite, chlorite, and
pyroxene form another group. In general, there is a
negative correlation between the two groups. Testing

of some component variations indicates the presence
of two main groups. 1st group consists of serpentine +
olivine and magnetite minerals and yields a high posi-
tive correlation with r = +0.94. 2nd group is composed
of hastingsite + tremolite + pyroxene minerals. This
group negatively correlates with the first group with r =
-0.98.

Calculation of correlation coefficients of all compo-
nent and component variation pairs of 4 pyroxenite and
2 gabbro samples out of 13 source rock samples yields
that hastingsite, tremolite, chlorite, and spinel compri-
se the first group while pyroxene comprises the second
group and plagioclase makes up the third group. Mine-
rals of first group are positively correlated with each ot-
her. Correlation coefficient of r = +0.99 between has-
tingsite and tremolite is significant. 2nd group negati-
vely correlates with 1st group while 3rd group with 1st
and 2nd groups. Testing of some component variations
indicates the presence of two groups. 1 st group con-
sists of hastingsite + tremolite + pyroxene minerals
while 2nd group consists of only plagioclase mineral.

Table 7- Correlation coefficients of component pairs for source and country rocks [serpentine + olivine
(Se-OI), hastingsite + tremolite + pyroxene (Amp-pyx), plagioclase and magnetite component
variations].
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There is a significant negative correlation between the
two groups with r = -0.98.

Furthermore, component percents together with
correlation coefficients of component and component
variables of chemically analyzed 12 ore samples were
calculated that yielded the presence of two main gro-
ups. 1 st group consists of serpentine, chlorite, talc, si-
derite, ankerite, and hematite minerals while 2nd gro-
up is composed of quartz, calcite, magnetite, and pyro-
xene minerals. 1 st group minerals are positively corre-
lated with each other while minerals of 2nd group are
partly positively and negatively correlated. Therefore,
there seems to be some difficulties in reevaluation of
2nd group minerals and in their grouping. However,
testing of some component variables could be benefi-
cial. Testing of magnetite + hematite, magnetite + he-
matite, and siderite + ankerite associations yields the
4th group. 1 st group has almost the same assembla-
ge with the former first group. Serpentine, chlorite, talc,
siderite + ankerite minerals comprise this group. This
group is the indicative of vein mineralizations within
hydrothermally altered country rocks. 2nd group is
composed of quartz and calcite. These minerals indi-
cate gangue minerals associated with vein mineraliza-
tions. 1st and 2nd groups are the indicative of ore ve-
inlets. 3rd group is composed of only magnetite + he-
matite mineral assemblage and indicates the change
of magnetites to hematite. 4th group is made of pyro-
xene mineral. These 4 groups are negatively correla-
ted with each other. Negative correlation between 1 st
and 2nd groups reflects the presence of gangue and
vein type ore formation while negative correlation bet-
ween 3rd and 1 st groups may probably indicate that
ore minerals comprising the 1st group are derived from
magnetite.

Results of XRD studies

Vertical distribution of non-mineralized country rock
samples from the Kes-2 well indicates the presence* of
alternation of plagiocfase, pyroxene, and hastingsite
(plus tremolite) while the mineralized parts reveal the
association of clay, quartz, dolomite, ankerite, siderite,
and magnetite (Fig. 7).

High positive correlation observed between has-
tingsite and tremolite minerals in non-mineralized parts
of the same well indicates that most of hastingsites
change to tremolite. However, negative correlation and
inconsistency detected between pyroxene and tremoli-
tes hinder the searching of tremolite source in pyroxe-
nes. In this respect, the relation of pyroxene hasting-
site tremolite and changing of primary hastingsites
to tremolite may be considered.

High negative correlation (r = -0.97) among plagi-
oclase, pyroxene, and hastingsite + tremolite + pyroxe-
ne observed in non-mineralized part of the well yields
the presence of a sequential association among plagi-
oclase, pyroxene, and hastingsite minerals. In this ca-
se, it is believed that geostatistical expressions of cu-
mulate textures of ultramafic cumulates are generally
approached in accordance with negative correlation
criteria.

In ore- and carbonate-dominated components of
Kes-2 well, two different groups with negative correla-
tions are detected. One is composed of magnetite +
hematite + and ankerite + siderite while 2nd group con-
sists of calcite + dolomite and serpentine minerals and
their varieties which indicating that serpentinization ac-
companies and/or associated with the ore formation.

In addition to ore samples, Cluster Analyses of che-
mically analyzed peridotite samples of source and co-
untry rocks yield the presence of two groups, one is
composed of serpentine + olivine and magnetite while
the second consists of hastingsite + tremolite + pyroxe-
ne. In pyroxenite and gabbro samples, hastingsite +
tremolite + pyroxene minerals comprise the first group
while plagioclase comprises the second group. There
is a negative correlation among these groups. In this
case, it is thought that geostatistical expression of cu-
mulate textures is approached with the correlation re-
lation among mineral associations of each rock group.

Studies conducted on currently exploited massive
ore samples indicate that 1st and 2nd groups are ma-
de up with serpentine, chlorite, talc, siderite + ankerite,
and quartz and calcite minerals. These groups corres-
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pond to ore-vein stage accompanied by hydrothermally
altered gangue minerals in the country rock. 3rd group
consists of hematitized magnetite while 4th group con-
sists of pyroxene. Negative correlation between these
4 groups is distinctive.

Considering all the synthesis mentioned above, ne-
gative correlation between pyroxene observed in the
ore samples and other 3 groups may indicate that mi-
nerals comprising the source of other groups should
have been derived from plagioclase in pyroxenite and
gabbro and from divine in peridotite. Since derivation
of iron mineral from plagioclase is not possible, the so-
urce of this group seems to be olivine.

RESULTS

1- Sediments of syntectonic basin that was develo-
ped under the control of ophiolitic rocks lying above the
Paleozoic-Mesozoic basement of the Kırşehir Massive
is characterized by a volcanosedimentary sequence
consisting of sedimentary and volcanic rocks of upper
Cretaceous Kasımağa formation that is laterally and
vertically transitional with an ophiolite complex compo-
sing of ultramafic-mafic rocks together with crystallized
limestone blocks. All these lithologies are intruded by
Çelebi and Kesikköprü granitoids of Maastrichtian to
Paleocene age. Typical skarn occurrences are obser-
ved along the contacts between granitic rocks and li-
mestones while "skarn-like" and "fels-like" occurrences
are detected far from granitic rocks and particularly wit-
hin the mafic rocks. All these units are unconformably
covered with post-tectonic basin sediments of Eocene
Çayraz formation, Miocene-Pliocene (?) İncik formati-
on, volcanic rocks, and Pliocene-Quaternary Kızılırmak
formation.

2- As a result of petrographic and XRD studies,
rocks associated with mineralization are divided into
two parts, one is ultramafic rocks consisting of perido-
tite, pyroxenite, and serpentinites and the second is
mafic rocks consisting of gabbro and diabase. Petrolo-
gic examination of core samples taken from the wells
drilled in the Kesikköprü iron deposit reveals a stratig-
raphy, to a depth of 175 m, consisting of, from top to
bottom, mafic rocks and hydrothermally altered mafic
and ultramafic rocks. Alternated association between

particularly olivine, pyroxene, and plagioclase minerals
becomes distinctive in thin sections of hand specimens
collected from the field and the area subjected to a de-
tail ore geology study. Moreover, a banded texture is
noticeable towards the surface. Petrographic studies
on ultramafic and mafic rocks reveal the presence of
ultramafic cumulates. However, since cumulate con-
cept is a genetic description and it necessitates some
petrologic studies, it should be avoided from using of
such a concept. At the same time, cumulate texture
should also be described in the field. Because the sub-
ject is related to ore geology, it is believed that a furt-
her study, on whether it is a typical ophiolitic sequence
or it is crystallized as a result of insitu differentiation, is
not needed.

3- Data from geochemical analyses on source
rocks were plotted on a AFM diagram indicating that
most of the samples are concentrated along FM axis.
This yields a very close relation to the ophiolitic rocks
of the Hatay region and partly to ophiolitic rocks of the
Divriği area.

4- Findings on ore mineralogy of ore samples and
ultramafic-mafic rocks are consistent. That is, granitic
fluids may be directly associated with the ore formati-
on. Ore is mainly composed of magnetite, lesser amo-
unts of pyrite, chalcopyrite, chromite, siderite, ankerite,
and trace amounts of pentlandite, gersdorffite, ilmeni-
te, and sphene. Transformation products are frequ-
ently observed. Ore is accompanied by some silicate
minerals, such as olivine, pyroxene, and tremolite, in
addition, calcite and dolomite are also found along
fracture and fissures.

Very fine grained, silicate mineral inclusion-bearing
magnetites observed in ultramafic rocks have been in-
tensely subjected to cataclysm due to tectonic settle-
ment and early impacts of granitic rocks and they chan-
ge to pure magnetites and are remobilized and recrys-
tallized due to the circulations formed by hydrothermal
convection cells in the country rocks which are heated
by granitic rocks. This event may be observed within
one same crystal size as changes to pseudo-zoned pu-
re magnetites from crystal included parts towards the
edges of crystal as well as zonings of centimeters in
thickness. These indirect effects of granitic rocks may
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redissolve such iron minerals during syngenetic and/or
postgenetic processes and may also give rise to forma-
tion of siderite-ankerite veinlets traversing the structu-
re.

Hydrothermal convection cell affecting the country
rocks comprise the hydrothermal alteration models ac-
companied by "skarn-type minerals" and "fels-like tex-
tures". Tourmaline-rich isolated veinlets traverse the
whole structure that are formed at later stages directly
by the granitic fluids of different compositions following
the same conduit. The whole structure in a wide region
are also cut younger fluorite veins.

5- Absence of Zr, B, Sc, La, Ga, Y, Nb, Ce, and Nd
elements in the ore samples indicates that granitic flu-
ids are not effective for the ore formation.

Geochemical studies performed on the ore samp-
les yield that source of iron element may be derived
from ultramafic rocks. Ultramafic rocks being enriched
in iron due to serpentinization are leached by indirect
effects of granitic rocks, and thus country rocks beco-
me iron-poor and the iron expelled may form the mine-
ral associations, hence the iron deposits, at suitable Eh
and pH conditions (Fig. 9).

Therefore, as a result of serpentinization, expelling
of iron element in ferromagnesian minerals of ultrama-
fic rocks, such as olivine and partly pyroxene, is the pri-
mary source of iron. Their secondary enrichment by
the granitic fluids indicates another important stage in
the formation of Kesikköprü iron deposit.

DISCUSSION-COMPARISON AND

SUGGESTIONS

In the previous studies (Kraeff, 1962; Boroviczeny,
1964a, b, c, c, d, Sözen, 1970; Öztürk et al., 1983), Ke-
sikköprü iron deposits was thought to be a skarn type
deposit associated directly with granitic rocks. Howe-

ver, recent works on the formation of modeling of iron
deposits (Ünlü, 1989; Ünlü and Stendal, 1986 a, b;

1989; Stendal and Ünlü, 1991; Ünlü et al., 1995) state
that iron enrichments deriving from ophiolitic rocks due
to indirect effects of granitic rocks. It is also suggested

that ophiolitic rocks are the source of iron element in
synsedimentary-volcanogene or exhalative-sedimen-
tary deposits within the basins formed on the ophiolitic
complex (Ünlü, 1983; Stendal et al., 1995; Çiftçi et al.,
1996; Ünlü et al., 1996).

In the frame of this study, it is suggested that Kesik-
köprü iron deposit is a Divriği type deposit (Gümüş,
1979: pyro-mobile-metasomatic, Ünlü et al., 1995: me-
tamorphic + hydrothermal alteration type), that is, iron

is not derived from granitic rocks but formed by the en-
richment resulting from dissolution of source rocks.
The fact that country rocks are not mostly carbonace-
ous rocks restricts to use of the term of "skarn-type de-
posits". Therefore, in general, Kesikköprü iron deposits
may be described as a deposit associated with "mag-
matism-metamorphism" processes (Guilbert and Park,
1986). However, although small limestone relicts ob-

served as blocks within ultramafic and mafic rocks se-
em to be not directly affected from this process, consi-
dering the field observations and theoretic assumpti-
ons, it should not be precluded that such a process
may facilitate formation of skam minerals and fels tex-
tures.

It seems inevitable that an investigations should be
directed to discovering of new magnetite deposits in
the lithologies belonging to ophiolitic melange around
the Kesikköprü area, and then, studying the altered
rocks by air-borne electric and magnetic methods whi-
le ore occurrences by means of air-borne magnetic
method, and by justifying the data obtained with those
from magnetic method performed in the field, target
areas have to be selected and finally detailed geologi-
cal studies should be carried out. It should be always
considered that during these studies, new iron and

manganese deposits could be discovered in volca-
nosedimentary sequences.
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PLATES



PLATE-I

Fig. 1 - Pyroxenes (grained parts at the top) of banded

texture and plagioclases (light colored part at

the bottom) within the gabbro. XPL.

Magnification x16 .

Fig. 2- Carbonated (subjected to hydrothermal

alteration) magnetite crystals (small black

grains on the left center) oriented in the

serpentinite. XPL. Magnification x16 .

Fig. 3- Magnetite veinlets (black) and chromite grains

(four black grains on the right bottom) within

serpentinized ultramafic rock (dunite). XPL.

Magnification x16 .

Fig. 4- Magnetite (black) and silicate occurrences

(light gray) within magnetite in carbonated

serpentinite (subjected to hydrothermal

alteration). XPL Magnification x16 .

Fig. 5- Chromite (black margin at the right bottom) in

serpentinite (dark gray at left) - cataclastic

textured chromite-magnetite assemblage

associated with spinel (light gray spots) and

magnetite (white) transitions. In oil.

Magnification x200.

Fig. 6- Deformed orthopyroxene (gray) and magnetite

occurrences (white) along the cleavages. In

oil. Magnification x200.
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PLATE-II

Fig. 1- Magnetite (gray) and pentlandite (dirty white,
anhedral at the left center) growths and a
gersdorffite grain (white, subhedral at the
center) in serpentinites (black). In oil.
Magnification x200.

Fig. 2- Hercynite occurrences (gray) along cleavage
plains of orthopyroxene (dark gray). In oil.
Magnification x200.

Fig. 3- Silicate inclusion-bearing (small black spots)
magnetite occurrences (gray) associated with
siderite-ankerite type carbonates (black
coarse grains) along fracture and spaces. In
oil. Magnification x200.

Fig. 4- Cataclastic magnetite occurrences (gray)
transforming to martite along the edges. In oil.
Magnification x200.

Fig. 5- Tremolite, actinolite, and chlorite (horn-shaped
dark gray part at the center) inclusions-bearing
chalcopyrite occurrences (gray) locally
transformed to bornite (dark gray cloudy
appearance at the left center) in siderite-
ankerite (black). In oil. Magnification x200.

Fig. 6- Chromite and chrome spinel (gray central
parts of the same crystal) occurrences in
calcite-dolomite (cloudy gray background)
transformed to magnetite (the most outer light
gray zone of drop-shaped crystals) along the
margins. In oil. Magnification x200.
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