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GEOLOGICAL CHARACTERISTICS OF THEASIKOY -TOYKONDU (Kiire-Kastamonu) MASSIVE
SULFIDEDEPOSITS

Uner CAKIR*

ABSTRACT.- Massive sulfide deposits of Kiire occur in a basaltic sequence, the uppermost unit of the Kure ophiolite. This unit is
massive at the bottom and passes into the pillow lavas and hyaloclastites towards the top. Geochermcal analyses indicate an
origin of oceanic ridge basalt. The basalts are overlain by a detritic sedimantary sequence represented essentially by shales at
the base and shale-sandstone alternations at the upper levels Beneath the shale, the ore is generally massive and has a high
grade, and towards the tower levels of the basalts it becomes stockworked and disseminated Structurally, the Asikdy ore deposit has
a form of ridge with a general direction of N45 W The average grade of the ore is 1 96 % Cu and 35 % S. Main ore minerals are
chalcopyrite and pyrite. Cobalt minerals like linneite, bravoite and native gold minerals are also present. Ore mineralization is mainly
thought to be the result of submanne volcanism and hydrothermal processes occurred during the Lias It probably developed near a
spreading axis of a narrow and short-lived back-arc marginal basin and remobilized later due to granitic intrusions of Dogger age.

INTRODUCTION

Asikdy-Toykondu massive sulfide deposits
are situated in the western part of the Kire district
of the Kastamonu province (Fig.1.) The orebody is
extracted at present by open pit methods. The
preparations for underground mining are in
progress.

Early detailed geological investigations of
Kire mining area was carried out by Kovenko for
the MTA General Directorate. He prepared a geo-
logical map of the Kire area with a scale of 1:5000
and discovered the AsikOy-Toykondu deposits from
the gossan (Kovenko,1944).

In 1966, a Cento team aiming to tram geolo-
gists in geological mapping techniques under the
management of MTA, made a general geological
map of the Kire district with a scale of 1:5000 and
a detailed geological map of the Asikdy pit with a
scale of 1:1000. They however misinterpreted the
repetition of the basalt-shale alternation related to
the thrusting ascribing incorrectly to two horizons.
They proposed that the ore mineralization was
formed by the hydrothermal solutions flowing along
the old faults much after deposition of the shale and
the intrusion of the grafiites.

Giiner (1980) remapped the Kiire area with a
scale of 1:10 000. His major and trace element
analyses revealed that, the basalts had an oceanifc

ridge basalt character. The relative ages of different
units determined from his paleo-magnetic data, are
very questionable. His suggestion that the shale-
sandstone unit is older than the basalts and perido-
tites are younger than the dacite dykes contradicts
the field observations made in this study. It is clearly
observed that the shale sandstone unit covers the
basalts and the dacite dykes cut all the ophiolitic
units.

Demirbas (1984) calculated by the cross-
section method, that the proven+probable reserves
of Asikdy is 15.24 million tons with an average
grade of 1.69 % Cu and 36.73 % S.

MTA with an objective to discover new ore
deposits and enlarge the known ones prepared a
geological map of an area of 850 km® with a scale
of 1:25 000 and prospected an area of 100 km?
between 1976-1978. As a part of this project, the
area including Asikdy, Toykondu, Bakibaba and
Kizilsu ore deposits was also mapped with a scale
of 1:5000 and 1: 2000, and the Asikdy pit with a
scale of 1: 1000 (Pehlivanoglu, 1985).

In another study conducted by the coopera-
tion of Etibank with the Japan international Cooper-
ation Agency (JICA) and Metal Mining Agency
(MMAJ), a semi-detailled geological and detailed
geophysical prospection of the Asikdy, Toykondu,
Bakibaba and Kizilsu mine districts were carried out
(JICA and MMAJ, 1992).
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Geological map and cross-sactions of Kire area. Based on Pehlivanoglu {1985), JICA and MMAJ (1992) with

the exception of tha mine areas of Asikdy, Toykondu and Bakibaba,

Recently, Ustabmer and Robertson (1994)
studied the petrological characters of the different
lithological units of the Kiire area and by evaluating
their chemical compositions concluded that the
ophiolite of Kure represents the slices of a marginal
back-arc basin.

This paper is prepared from the results of
the detailed geological study of the Asikdy, Toykon-
du and Bakibaba ore deposits within the Asikdy un-
derground mining project signed between Etibank
and Teknomad in 1986.

The objective of the work was to determine

the geological characteristics of the ore deposits
and to calculate the proven reserves. To update the
geological data with the progress of the mining op-
eration the detailed surface geological maps of the
Asikdy, Toykondu and Bakibaba areas and under-
ground geological maps of Bakibaba underground
mine and Eti gallery were prepared with a scale of
1:1000 (Teknomad, 1988). The logs of the 164
drills from surface and 69 drills from drifts obtained
by Etibank in the Asikdy, Toykondu and Bakibaba
areas between 1965-1986 were classified and
standardized. The cores of some important drill-
holes was re-examined.
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Based on the geological maps and drill-hole
data, 70 vertical geological cross-sections with 20 m
interval and 43 horizontal geological cross-sections
with 12m intervals were prepared for the Asikdy
deposit. Similarly for the Bakibaba deposit 24 verti-
cal and 23 horizontal geological cross-sections
and for the Toykondu deposit 20 vertical geological
cross-sections were drawn with a scale of 1:1000.

The proven reserves were estimated from
the vertical geological cross-sections. The ore ton-
nages of each grade and structure type were sep-
arately calculated for each horizontal slice of the
deposit with 12 m of thickness. The results of all
the data are summarised in this paper so as to
present the general characteristics of Asikdy-
Toykondu massive sulfide deposits.

GEOLOGYOFTHE SURROUNDINGROCKS

Kire massive sulfide deposits are situated
within the basalts forming the upper unit of the Kiire
ophiolite (Teknomad, 1988). The Kiire ophiolite is
formed by harzburgite and dunite tectonite, intru-
sive gabbro-diorite and lherzolite, basaltic volcanics
and detritic sedimentary rocks. The primary succes-
sions of the different ophiolitic units generally dis-
sappeared as a result of strong tectonic activity.
The harzburgites forming the lower unit in a normal
ophiolitic massive occur on the volcanic and sedi-
mentary unit as tectonic slices. The basalts are
generally overthrusted onto their cover, the shale
sandstone unit (Fig.1).

The basalts, enclosing rocks, are represent-
ed by massive lavas at the bottom and pillow lavas
and hyaloclastites at the upper levels. The ore lies
essentially in the hyaloclastites. The pillow lavas
have ellipsoidal form of which long axis varies be-
tween 5-10 cm and 2-3. m Their intertices are filled
generally by calcite, argiles and chloritised volcan-
ic glass. They have some separation planes having
onion skin form parallel to their external surfaces
and millimethc radial tension cracks filled by ore
minerals.

Hyaloclastites, are formed by angular ele-
ments of basaltic lavas millimetrc to decimetric in
size. They are cemented generally by basaltic
glass. Some pieces of red jasper can also be seen.
The rock has greenish color and is cut by the veins
of various thickness, filled by calcite, quartz and ore
minerals.

The microscopic examination indicate that
the basalts are formed principally by microlites of
albitised, sensitised and epidotised piagiodase and
by ouralitised and chloritised interstitial augites.
Some skeletal augites can also be observed.

The major and trace element analyses of the
basalts show that they have oceanic ridge basalt
character (Guner. 1980; JICA and MMAJ, 1992;
Ustabmer and Robertson, 1994). Basaltic unit is cut
by diabasic dykes having centimetric chilled mar-
gins and a general strike of NW-SE. Their thick-
ness varies between 20 cm and 10m. They crop
out generally in the eastern part of the Asikdy open
pit. They have ophitic texture and are formed es-
sentially by albitised piagiodase and ouralitised
augite. Some chlorite, sericite, quartz, magnetite,
pyrite, chalcopyrite and ilmenite can be seen. Us-
tadbmer and Robertson (1994) pointed out the exis-
tence of some sheeted dykes at the eastern flank
of the Bakibaba pit. The lower levels of the basalts
are also cut by gabbroic and lherzolitic intrusive
rocks. The gabbros crop out in dyke and batholitic
form at the south of Kire. In thin section they repre-
sent granular texture and constituted essentially by
labrador, augite and homblende. Some minerals
such as olivine, sphene, magnetite are also ob-
served.

The Iherzolites are found as two small intru-
sions at south of Kire. The first one is enveloped
by gabbros and has a triangle form with hectomet-
ric dimension. Its contacts are covered. The second
intrusion is observed further south than the first one
in the basalts. It is in ellips form striking N37W, with
400 m length and 75-100 m thickness. Near the
contacts it is brecciated and, some traces of high
temperature metamorphism are observed along a
zone of about one meter thickness from the contact
within the basalts. In thin section the Iherzolites are
fresh and have poikilitk texture. Subeuhedral and
rounded olivines are included in large pyroxenes.
The principal mineralogical constituents of the rock
arg), olivine ( augite, ofthopyroxene (Eng,
a7)s brown titanian-magnesio-hastingsitic =~ horn-
blende and kaersutite garnet, rare piagiodase and
phlogopite. The secondary formation of the homn-
blende, garnet and some phlogopite from the py-
roxenes and olivines is interpreted as the metasom-
atisme of the peridotite by an alcaline and hydrous
melt. The Iherzolites represent probably the partial-
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ly melted and uplifted upper mantle and metasom-
atised later at depth. The origin of the metasomatis-
ing melt is questionable. But neverthless it may be
related to a subducted slab (Cakir and Geng,
1995).

The basalts are covered by a detritic sedi-
mentary unit represented by shale at the bottom
and shale-sandstone alternations towards the top.
Shale is dark grey or black in color and character-
ised by the much less strength relative to the ba-
salts. It is foliated in the fault zones parallel to the
fault planes. It is often folded. Along the fold axis
the recrystallization of the quartz makes this part
harder. It is formed principally by illite, quartz, chlor-
ite and muscovite. The other minerals, such as py-
rite, chalcopyrite, chromite, hematite and ilmenite
are rarely observed (Guner, 1980). In the Asikdy
open pit, at the basal parts of the sedimentary unit,
near the contacts with the basalts, some blocks of
basalts are found. On the drill hole cores the ba-
salt-shale alternations are often seen. Pehlivanoglu
(1985), investigating a much wider area, pointed
out the existence of the basaltic lava layers in the
lower levels of the shale. In the Elekdad ordered
ophiolite, situated at the south- east of Kire and
thought to be a continuation of the Kiire massif, the
basalts lies in alternation with similar sedimentary
rocks towards the top (Tuysiiz, 1985). This finding
is important because it shows that the upper parts
of the basalts and lower parts of the shale are
formed at the same time and in the same geologi-
cal environment. The shale-sandstone unit named
Akgol (Ketin and Gumis, 1962) or Borimce forma-
tion (Yilmaz, 1979) lies conformably on the Kayaba-
si Upper-Triassic platform limestones at the south
of Abana (Onder et al., 1987) and covered uncon-
formably by conglomerates and limestones of Dog-
ger-Maim age at south of Kire (Pehlivanoglu,
1985). The fossils found in this formation are gener-
ally indicative of Lias (Kovenko, 1944, Ketin, 1962)
or Upper Trias-Lias (Aydin et al., 1986) in age. The
pollens of Upper Carboniferous-Lower Permian age
found in this formation (Kutluk and Bozdogan,
1981) are supposed to be transported from the
continent because of the considerable age differ-
ence between them and conformable geological sit-
uation of this unit on Upper-Triassic limestones. Its
general detritic character and the occurrence of
some elements of metamorphic rocks in the sand-
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stpne unit (Pehlivanoglu, 1985) show that the
shale-sandstone formation was formed in a basin
near a continental margin. From these data, it may
be suggested that the volcanic and sedimentary
unit representing the upper unit of the Kiire ophio-
lite was formed in an oceanic ridge environment not
far from the continental margin in Lias and obduct-
ed on the continent in Dogger. In this scheme, it
seems that the Kiire ophiolite represents the frag-
ments of a narrow and short-lived oceanic litho-
sphere. For this reason without obtaining systemat-
ic geochronological data, the interpretation of Kire
ophiolite as a fragments of the Paleo-tethyan
oceanic lithosphere (Sengodr et al., 1980; Tuysiz,
1985) must be taken with precaution.

The volcanic and sedimentary unit, sur-
rounding rocks of the Kire massive sulfide depos-
its, are cut by the dacitic and rhyodacitic dykes
(Fig.2). In the Asikdy and Toykondu areas they
have a general direction of NW-SE. Their length
varies between 150-500 m and thickness between
10-60 m. They contain some blocks of shale which
are baked at the contact zones. They are com-
posed of corroded semieuhedral quartz, sericitised
plagioclase and chloritised biotite. It is supposed
that the dacites and rhyodacites are the dyke form
prolongation of the granites and granodiorites crop-
ping out northwest of Kire. Yilmaz and Boztug
(1986) give a Dogger age for the granitoides of the
Daday-Devrekani area having similar geological
characteristics and interpret them as the products
of northward subduction of the Paleo-Tethyan
oceanic lithosphere.

In this case, the oceanisation giving birth to
the Kiire ophiolite may be interpreted as the result
of the same subduction process and that the Kiire
massif represents the fragments of a back-arc mar-
ginal basin. The reaching to the same conclusion
from the major and trace elements analyses of dif-
ferent units of Kire area (Ustabmer and Robertson,
1994) fortifies this hypothesis.

STRUCTURAL GEOLOGY

The volcanic and sedimentary unit repre-
sented by basalts at the bottom and shale-
sandstone at the top is divided into two tectonic
units by the Kire thrust (Fig.1). The basalts thrust
onto their own cover, i.e. shale-sandstone unit,



ASIKOY-TOYKONDU MASSIVE SULFIDE DEPOSITS

33

¥y ¥ v ¥V V¥ L oN
v v Y v ¥ vl e
»
v ¥ ¥ v ¥ vie
v oy v ¥V ¥ ¥
N300+
v ¥ v v ¥ v q
- o
¥ oy v ¥ ¥ ¥ o
vy |l vovy Av % 4
TOY - ) - 4
mr' v v [ YT : vy : 3
v v VoV v v v v v 2= =2
wondy |lmit s 3 v vE 1
vigdlv vE z
A vV oy v v v ¥ z : AV ¥ Y=
A VY vV ¥ ¥ VE SN WAL
T 31001 vf Hv(vvy Yok
¥ vy vy v v vavJvaw 'R
\f" LA vy v vy NMFvly vy v y 900
\"‘s ¥ oV oy ¥V ¥ ¥ Y Yyv[IVY vvyy PPy v ¥y
v oy vy oV VY vlvyy vy v vvylv v e
VS -%_(é vV oy v VY YAV ¥V ¥ ¥ VY ¥V
_==-:_-g—__v)vvvc X ¥ ¥ Y ¥o¥ o yX vv'ic,
= =N V oy v 2 ! w
=2 l s o3
Vov v a2t $ 2 3 a4
" 309\90‘ I R"] e =l v
SEE E=d b/ [ 105
vy 2 TN Y
¥ v
ADT = "\’,°‘
2V |E A7
3 Y v 9501
v VIE YOIV Y 2 R
= VIYL vy Y i
v vI|E vvv\(vv T
0700 E =
vy |E vy y yiy ]
S162 YV v vy v v
v v vy vyl
[ IR
&136 A v v vy vy vy
. v v NY ¥ Y VY v v
0 50 100m.
©3.2°| Dump assive ore Fauli
m Dacite Emsseminmgd are ZThrus!
E Shale Grouwacke Bosatt !{a“ Drill location
ZDiubust ]/ !Slrike and dip of layer LI_ I Cross-section

Fig. 2- Geological map and cross-sections of Agikdy-Toykondu massive sulfide deposits,

along the Asikdy and Kizilsu line. The western part
of the upper slice has generally been eroded. How-
ever it is important to observe in places that the
shale shows long continuation through the basalts.
The shale on the Bakibaba crest having 40 m of
thickness can be followed at least 375 m along the
dip, with a degree of 65. On the surface and in

Bakibaba drift the observation of some non-faulted
contacts between the basalt and shale give the im-
pression that this situation could be the result of
the initial structural setting. The lower tectonic unit
is bordered by TAD fault in the east of the Asikdy
area (Fig.2). This fault begins south of Toykondu pit
as a strike dlip fault and tumns into the reverse
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strike-slip fault towards the southeast. In Toykondu
area its general strike and dip is N30W/73 SW and
the lineation measured on the upper mirror is
N13W/24SE. It is followed 850 m. In the southeast
end, the TAD fault disappeares under the ADT
fault. The latter with a brecciated zone of approxi-
mately of 15 m thickness is a reverse fault with a
sinistral oblique slip. Its strike and dip measured at
the intersection zone with TAD fault is N76W/56SW
and the lineation is N83E/24SW.

The lower tectonic unit including the Asikdy
ore deposit has a ridge form with a general direc-
tion of N45W. It is generally fractured by normal
faults usually parallel to the axial plane. The Asikdy
massive appears to have been rotated around a
NE-SW oriented axis. The elevated northwest part
has been eroded and the lower levels of the basalts
crops out. The southeastern part formed by basalt,
ore and shale plunges under the basalts of the
upper tectonic unit. The general direction and dip of
the NE flank of the Asikdy ridge is N4W/60NE, and
that of the SW flank is N87E/62SE (Fig.3). The
upper tectonic unit is also fractured by reverse and
strike slip faults oriented generally NE-SW direc-
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tion-Trie latter is important because of their roles of
principal guidance for the mineralization in the Baki-
baba area.

- ltis interesting to point out that various struc-
tural elements observed in the volcanic and sedi-
mentary unit of the Asikdy massive are parallel to
each other and show a general direction of NW-SE.
Especially the parallel orientation of diabase dykes,
gabbroic and Iherzolitic intrusions to the Asikdy
ridge axis give the impression that this ridge form
represents a primary structure formed in an ocean-
ic environment. Consequently the contradictory sit-
uation of the normal faults being parallel to the
ridge axis and creating a horst graben system be-
comes explainable. Bailey et al. (1967) suggests
that these faults were formed before the mineraliza-
tion and created the channels for the mineralising
solutions.

In the Asikdy and Toykondu areas the paral-
lel orientation of the dacitic dykes to the primary
structures give the impression that these rocks
were injected into the fractures formed during the
extensive phase of the Kire ophiolite and repre-
sents the product of the same mechanism.
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Fig. 3-

isohypse map of Agikty massive sulfide deposit.
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GEOLOGY OF THE ORE DEPOSITS

The ore deposits in Asikdy and Toykondu are-
as occur:

1- As lenses of different dimensions in the
upper levels of the basalts. Right under the shale,
the ore has a massive structure and the axial
planes of the lenses are parallel to the basalt-shale
contact plane. Towards the lower levels, it be-
comes partially stockworked and disseminated.

2- As the discontinous and non-determined
shaped mass at the top of the secondary anticline
between basalt and shale. The structure of the ore
has the same properties. The ore deposits at the
south of Toykondu are the characteristic examples
of this type.

The Asikdy ore deposit is the most important
mineralization of Kire. It forms the upper parts of
the Asikdy ridge of which the axis has a general di-
rection of N45W and dip of 38-60 SE (Fig.2). In the
southwest it plunges with a dip of 55 degrees. The
northwest flank, the most important part of the de-
posit, continues under the shales and the basalts of
the upper tectonic unit. The southwest flanc lies un-
der a thick shale unit.

The central part of the Asikdy deposit is
bounded by a shale observed along the Sll, S70,
S78 at the Southwest (Fig. 2). The ore block at the
west of this shale is interpreted as a thin slice be-
cause of the presence of two levels of ore and ba-
salt along the drill of S65, S67, and S117. The two
orebodies, i.e. the one drilled by S106 and the oth-
er situated 100 m away from the former, form dis-
continuous mass of a thickness of maximum 25 m
at the roof of the secondary anticlines.

An important orebody which does not crop
out is discovered by the drill holes of S136 and
S142. It shows that the main mineralization of Asi-
koy follows the ridge axis along N45W/55SE and
forms thick ore lenses in places.

The Toykondu ore deposit is situated at the
northwest of the Asikdy open pit (Fig.2). The ore-
bodies between the faults TNF1 and TNF2 occupy
the roof of the secondary anticline. Their* axial
orientation is N85E/62SW and they have an aver-
age thickness of 5 m.

The orebody at the east of S128 forms a
lense having 50 m of length, 10 m of width and 5 m
of thickness. The direction and dip of its axial plane
is N25W/65SW. The drill-holes S79, S128 and
S138 indicated that its thickness reaches 13 m be-
tween the depths of 50 m-75 m.

In the upper levels of the basalts at the west
of the TNF1 fault small orebodies could be seen in
places. This mineralization zone has a N-S general
direction and a dip of 50-70 to the west. The cutting
of some ore levels by the drill-holes of S93, S123
and S124 shows that this zone continues at least
360 m towards the south and forms massif ore
lenses in places.

MINERALOGY

The ore deposits of Toykondu and Asikdy
have very similar mineralogical characteristics. The
principal ore minerals are chalcopyrite and pyrite.
Some marcasite, sphalerite, covelline and neodi-
genite are also observed. The rare minerals are
bravoite, linneite, tetrahedrite, goethite, hematite,
chromite, rutile, anatase, chalcosine, tenorite, mag-
netite, pyrrhotite, bornite and native gold. The
gangue is represented by calcite, siderite and
quartz. The microscopical characteristics of the
main ore minerals were described in detail by Ca-
gatay et al., (1980), Giner (1980) and Pehlivanoglu
(1985). They may be summarised as follows:

Pyrite constitutes the major party of the ore.
It is idiomorphe and generally smaller than 1 mm in
size. Some melnicovite having colloforme structure
can also be seen. The cracks of the idiomorphic py-
rite are filed by chalcopyrite, melnicovite and
gangue minerals, showing that it is the mineral
formed first. It is replaced by chalcopyrite along the
cleavages and its borders are corroded. Economi-
cally, chalcopyrite is the most important mineral. It
is generally interstitial between the pyrites and fills
the cracxs of the pyrites. Along its cleavages and
cracks it is replaced by neodigenite and covelline
(Cagatayet al., 1980; Guner, 1980; Pehlivanoglu,
1985).

Bravoites and pyrites form some zoned
structures having a thickness of 5-30 microns.
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Linneite is the most important cobalt mineral
observed in the Kire massive sulfide deposits.
It occurs as idiomorphic and semi-idiomorphic
minerals smaller than 200 micron in chalcopyrite
and chalcopyrite rich sections.

Native gold occurs as very fine grains small-
er than 30 micron generally along the contacts be-
tween chalcopyrite. idiomorphe pyrite, bornit and
along the cracks in these minerals.

RESERVES AND GRADE VARIATIONS

The proven reserves of the Asikdy and Toy-
kondu deposits were calculated by the prism meth-
od from the cross-sections perpendicular to the di-
rection of the Asikdy ridge at intervals of 20 m. The
ore tonnages and grades variations of different
structural units of the deposit for each mine levels
were determined separately. The ore is classified
into six types according to their Cu and S grades.
The grade ranges for open pit and underground
mine are presented on Table 1.

Table 1- Classification of ore types In the Apkéy and

Toykondu Deposiis.

Open pit mine \Undarground mine

Ore Iype w

Grade(g) \ Grade{g)

ICu% 5% | Cux 5%

Massive high gradel MH ]g22 gz34 | g=3 g234

Massive medium

grado MM |159<2 | g234 | 1.559<3 |g=34

Massive low grade |[ML |0sg<1 | =234 | 0sg<1.5 jp=34

Dissemineted

high grade DH |g22 g<34 | g23 g<34

Dissemineted

medium grade OM |15g<2 | g<34 ] 1.559<3 |p<34

Dissemineted

low grade DI |055g<1| g<34 |0 S<g<1.5g<34

The density of different type of ore is approx-
imated from the relationship obtained from grade-
density measurements. The results are presented
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on Tables 2,3 and 4 separately for the different
parts.of the deposit, types of ore and mining levels.

The Asikdy ore deposit is planned to be ex-
tracted by open pit method till it reaches 936 m lev-
el and by underground method between 936 m and
756 m. The present lowest level in the open pit is
1140. m. The preparation for underground mining is
in progress.

It can be seen from the tables that the north-
east flanc represents the most important reserves
of the Asikdy ore deposit in terms of quantity and
grade.

In the Toykondu area the grade is high, but
the reserve is very low. The maximum depth of the
ore is 90 m. It is to be extracted by open pit method.

The Kire massive sulfide deposits also con-
tain gold and cobalt. Cagatay et al. (1980) estimat-
ed that the average grades of cobalt and gold of
Kire deposit are 0,3 % and 2,48 g/t respectively. In
Toykondu area, the average grades of cobalt and
gold calculated from 12 m of massive ore cores ob-
tained in 1993, were 0,016 % and 1,55 g/t respec-
tively. Although these grades appears to be low in
the massive ore, it is expected that the grades of
the gold in the desulphurated alteration zones will
be as high as it can be, to be considered as a gold
deposit.

DISCUSSION ON MINERALIZATION

AsikOy-Toykondumassive sulfide deposits
are interpreted as being formed during a submarine
volcanism in Lias and subsequent hydrothermal
process. All the deposits occurs at the upper levels
of the basalts. However in the lower parts of the
shale covering the basalts some thin levels of py-
rite can be seen. Especially the occurrence of some
breccia formed by angular pieces of pyrite and ce-
mented by shale and pyrite (Kamitani and Camasir-
cioglu, 1976) shows that the mineralization contin-
ued during the sedimentation of the first levels of
the shale.

In the south of Toykondu pit, it is observed
that the pillow lavas forming the upper levels of the
basalts are entirely replaced by the ore. This proves
that the mineralization taking place after the volcan-
ism includes a replacement process.
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Tsbte 2- Proven Heserves of the Agikdy Open Pit  Table 3- Proven Reserves of the Aykdy Under-

Mine (sur! 036 m) ground Mine ($36m-756 m).
& (SUrfscs- mj.
Partof  Ore Average Grade Density  Reserve
Partof Ore Average Grade Density Reserve DoPOst Type  Cu%  S% ftonne)
Deposit Type Cu% 5% {tonne) N F MH 6,29 4422 46 857440
ol MM 1.94 4417 44 254144
r a ML 0,65 4320 4.3 536124
NF MH 3,79 4430 45 1Moot on
h k DH 3,69 2748 238 234992
c 1 MM 1,61 4093 44 674080 g DM 1,66 19,11 3.4 5664
ra M 071 4308 43 469904 2 oL 07’ I8 31 447659
! ! ' 5
t n . t Total 318 36,27 2337023
h k DH 269 2924 37 28415 C P
a8 a
8 oM 1,76 2642 36 44928 oL 068 2128 32 129138
a oL 066 17.01 33 452534
r
s a Total 0,89 2128 3.2 129128
t Total 223 3533 2850874 |
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o | MM 238 4281 43 283628
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h k DH a1s 2808 38 44785
nr ML 017 4031 41 574615 o DL 0.60 1772 33 260272
a
t 1
s Total 1.60 32,80 727503
r DL 0,86 2015 3.2 757620t
a Grand Total 2,73 34,88 3103754
! Total 114 36,56 2704147 yupie 4. Proven Reserves of the Toykondu Open Pit
Mins
S P MH 267 4174 44 360800  partof Ore Average Grade Density  Reserve
o a MM 0,76 4583 45 157500  Deposit Type Cu% 5% {tonng)
ur NP MH 6,04 4283 45 101700
oa M 0.32 3917 4.2 28560
t 1 DH 248 2705 37 %20
h DL 081 2605 35 g48500 1 DL 0,55 2387 35 10780
h
w Total 4,47 4084 141040
@ SP  WMH 2,59 3576 43 17974
s o a MM 184 4560 4.4 16940
u T
t Total 1,26 32,03 1469420 ¢ Total 2,25 40,53 34914
h

Grand Total 1,61 351 2033441 Grand Total 4,03 40,62 175954
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The orebody does not contain any high tem-
perature minerals. Some high temperature minerals
such as magnetite, ilmenite and chromite rarely ob-
served in the basalts are believed to be contempo-
raneous with these rocks. The minerals such as
melnicovite, chalcopyhte and gangue form collo-
form structure indicating a low temperature forma-
tion. From these data it may be suggested that the
mineralization comprised of hydrothermal and sedi-
mentary process. Thereby the Asikdy and Toykon-
du deposits can be considered analogues to that at
the modern oceanic spreading centres. An espe-
cially well observed example lies along the axial
ridge of the Galapagos spreading center in the East
Pacific rise (Corlis et al., 1979; Haymon and Kast-
ner, 1981).

As it is cited from Koski (1983), "This miner-
alization results from large scale circulation of sea-
water through basaltic basement along the fracture
zones near the technically active axis of spreading.
The high geothermal gradient above 1 to 2 km-
deep magma chambers emplaced below the ridge
axis drives the convective circulation cell. Cold oxi-
dizing sea-water penetrating the crust becomes
heated and evolves into a highly reduced some-
what acidic hydrothermal solvent during interaction
with basaltic wall-rock. Depending on the tempera-
ture and water/rock ratio, this fluid is capable of
leaching and transporting the ore metals. Dissolved
sea-water sulphate is reduced to sulfide. Conse-
quently metal sulfides are precipitated along chan-
nelways and replaced the wall-rock from ascending
fluid. Vigorous fluid flow results in venting of re-
duced fluid at the sea-floor/sea-water interface and
deposition of ore minerals.”

In Kiire deposits following data indicating the
remobilization of ore posterior to the principal min-
eralization is observed:

1- In Toykondu area some of the orebodies
occur along the axis of the secondary anticlines
oblique to the primary structures. They were prob-
ably formed during or after the obduction of the
Kire ophiolite.

2- The ore right under the shale is generally
massive and Cu rich, and becomes stockworked
and disseminated downwards.
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3- In Bakibaba area the mineralization also
occurs as discontinuous veins in the fracture
zones.

4- The cracks of idiomorphic pyrites, the first
mineral in paragenesis, are filled by chalcopyrite.

The results obtained by Pehlivanoglu (1985)
indicate that some of the sulfide mineralizations is
associated with the granitic intrusions of Dogger
age. It appears that the granitic intrusions increas-
es the temperature of the environment and causes
the remobilization of some mobile elements. They
consequently formed the secondary mineralization
by precipitation and replacement mainly under the
shale which did not allow the mineralising solutions
topenetrate.

CONCLUSIONS

The Kiire massive sulfide deposits constitute
a typical-example for a mineralization in ophiolitic
volcanic rocks. They probably occurred near the
spreading axis of a narrow and short-lived back-arc
marginal basin at Lias and obducted on continent
at Dogger.

AsikOy ore deposit occurs at the upper levels
of the Asikdy ridge. As proven reserves, it contains
10,2 milions tons of ore with average grade of
1,96 % Cu and 35 % S.

Toykondu deposit is smaller with 176 000
tons of proven reserves and average grade 4% Cu
and 40,6 %S.

Kiire massive sulfide deposits also contain
cobalt and gold. Their grade distribution within the
deposit is not well known because of insufficient
number of assays obtained from drill cores. There-
fore it will be very useful to investigate especially
gold distribution in Kiire area by assaying the old
core samples and the samples taken sistematically
from the atmospheric alteration zones.
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