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A.R. COLAKOGLU

shapes are found as clastics (Figure 3A, B); (2) clast-
supported conglomerate (1 mm — 1.5 metre blocks)
in a less iron-rich matrix with clasts composed of
chert, radiolarite and serpentinized ophiolite
fragments of varying sizes and differing degrees of
weathering; (3) a clast-supported conglomerate
containing abundant fragments of limestone,
serpentinized ophiolites and chert (Figure 3C).
These clastics confirm that the minerals and
components did not form in a primary lateritic crust,
but by erosion of the lateritic components and their
transport in a shallow marine environment near to
the ophiolites.

In the study area, magmatic rocks include
microdiorite, porphyritic diorite and basalt. The
basalts stratigraphically overlie the serpentinites and

st

are the youngest units observed in the study area
(Figure 2). Microdiorites found in the southwest of
the area studied extend eastwards, beyond the map
limit. Some small porphyritic diorites with a
maximum dimension of 300 x 400 meters were
observed in five different locations. One, a dyke-like
intrusion, cuts the lateritic zone. Porphyritic diorites
in this area are first described and reported in this
study but are not yet dated. This rock shows
macroscopically typical onion-skin weathering
texture due to cooling and alteration (Figure 3D).

Petrography and Ore Mineralogy

The Fe-Ni laterite zone is mainly composed of
goethite, magnetite, chromite, silicate minerals

Figure 3. All macro-photos (A) iron rich and iron poor bands 5-30 cm in thickness in the Fe Ni laterite zone. Bedding
dips at 60° SE (B) chert (Ch) and quartz fragments in reddish ferricrete laterite; (C) clast-supported
conglomerates; abundant limestone with fewer serpentinite and chert fragments; (D) porphyritic diorite
showing onion skin weathering (hammer is 35 cm long; magnetic pen is 12 cm long).
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(serpentinized olivine and pyroxene) clay minerals,
chlorite, calcite and talc. In the laterite zone,
chalcedony, red chert, quartz, radiolarite and
ophiolite fragments of varying sizes and shapes
displaying differing degrees of weathering
components are found as clastic fragments. Among
these components, creamy-white chalcedony shows
a comb texture which is characteristic of open space
filling (Figure 4A). Some parts containing radiolarite
(Figure 4B) and chert are cut by secondary silica
(micro-crystalline quartz and chalcedony) veinlets
(Figure 4C). Deformation textures observed in chert
and chromite grains indicate that tectonic events
affected the minerals (Figure 4D).

The main phases in the porphyritic diorite are
plagioclase, hornblende + biotite (Figure 4E), found
in a fine-grained plagioclase-dominated matrix. The
porphyritic microdiorites are finer-grained than the
porphyritic diorite and contain plagioclase, biotite +
hornblende. Basalt is macroscopically very fine-
grained, petrographically defined as olivine basalt
and plagioclase and olivine are the main components
in the micro-porphyritic matrix; pyroxene is less
abundant (Figure 4F). The textural features of the Fe-
rich laterites obtained from both microscopic and
macroscopic observations show that weathered and
decomposed material from ultrabasic rocks was
transported.

Identified opaque minerals in the ore zone
include magnetite, chromite, chrome-spinel,
hematite, maghemite, goethite, and traces of
millerite and psilomelane. Some Mn oxide minerals
were observed in the fracture surfaces. The
associated silicate minerals are quartz, chert,
radiolarite, serpentinized olivine, pyroxene, together
with small amounts of clay minerals and chlorite.
Magnetite is the main opaque mineral. It occurs as
abundant euhedral crystals 1-200 microns across.
The opaque minerals in the Fe-rich laterite are rich
in chromite, partly altered to magnetite. The
magnetite alteration of chromites was initiated at the
rim (Figure 5A, B). Chromite grains with different
dimensions and shapes show different degrees of
alteration. The texture of the laterite indicates that
re-deposition occurred in at least in two stages,
(fragments containing chert (Ch) in a magnetite
(Ma) matrix are embedded in a later iron and chert
matrix) (Figure 5C, D).
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All chromite crystals form euhedral and anhedral
crystals which are altered to magnetite at the rim
(Figure 6A). Millerite was observed as inclusions
trapped at the boundary of the magnetite-chromite
rims (Figure 6B) or within large magnetite crystals
(Figure 6C). Some chromite crystals have been
altered to hematite (Figure 6D) or directly to ferrian
chromite. This ferrian chromite can be identified by
its low reflectance grey colour compared to chromite.
Chromite shows different modes of zonation. Ideally,
optically zoned chromite shows dark chromite core,
surrounded by a light-grey ferrian chromite zone,
and greyish-white magnetite at the rim. However,
mostly the observed zonations are less regular
(Figure 6E, F).

Analytical Methods

In total 12 rock samples were collected to determine
major oxide and trace element data. Of these 11 are
from the transported iron rich lateritic zone, and 1
from intraclastic limestone (sample no= SC-12).
Analyses were determined using the ME-XRF-11
method at the CHEMEX Analytical Laboratories in
Canada. The major oxide and trace element results
are given in Table 3. Au, Pt and Pd were analysed by
ultra trace level methods using ICP-AES, with PGM-
ICP23 code number. The detection limits for these
elements are 0.001 ppm for Au, 0.005 ppm for Pt and
0.001 ppm for Pd. The SEM/probe investigation was
carried out in the Department of Geological
Engineering SEM/probe laboratory at Hacettepe
University, equipped with a Zeiss EVO-50 with
Bruker-Axs XFlash 3001 SDD-EDS. The XFlash
3001 SDD EDS was operated under 15 kV
accelerating voltage, 15 nA probe current for element
analysis, and 15 kV accelerating voltage and 0.5-1
nA probe current for the images.

Geochemistry
SEM/probe Investigation

No analysis was performed to determine the nickel
concentration in silicate minerals in this study. The
compositional variation was examined in two
different chromite grains which have been altered to



