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Essexites of Kestanbol pluton have significant amount of iron (Fe), titanium (Ti), Rare Earth Elements
(REE) and thorium (Th) and considered as the source of Geyikli Heavy Mineral Sands (HMS). Geyikli
HMS were enriched by the minerals of magnetite, rutile, monazite and apatite. In Geyikli HMS, REE
contents (up to 0,25%) were rised by 4-5 times during placer deposition, mainly caused by the enriching
of weathering resistant REE bearing dense phosphate minerals and zircon. On the other hand, Fe (up to

11%) and Ti (up to 2,5%) enrichments are heavily dependent on the magnetite, titanomagnetite and rutile
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minerals. By using the basic physical mineral processing techniques such sieving, shaking tables, multi
gravity seperators, magnetic seperation, it is possible to reach higher grades for both REE and Fe-Ti and
to have better initial values for electrochemical mineral processing techniques.

© 2021. Turkish Journal Park Academic. All rights reserved.

1. Introduction

Heavy Mineral Sand deposits are hosted for a variety of
strategic element enrichments which include Rare Earth
Elements, Thorium, Uranium, Iron, Titanium and Zircon. In
Turkey a few number of heavy mineral placers (Ormanh,
istanbul; Karasu and Melen Sakarya; Unye, Ordu;) are
identified (Mugan and Ipekoglu 1995). Most of these
mineralizations are relatively small and commercial mining in
these placers are not financialy feasible.

The Geyikli Heavy Mineral Sands located in Canakkale area is
one of the most famous placers in Turkey (Andac 1973) This
study focuses on the geochemical mineralogical properties of
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Geyikli Heavy Mineral Sands and their origin. Previous studies
indicated that the main minerals in Geyikli placer are
magnetite, sphene, zircon, anatase, korund, thorite and
uranothorite (Miicke and Andac, 1975; Orgiin et al. 2007).
Similar to the other beach sand deposits which originated from
felsic or alkaline magmatic rocks, Geyikli placer’s main heavy
mineral source is Kestanbol pluton (Andac 1973).

2. Material and Methods

Thirteen placer and five essexite samples gathered from the
study area during field work. Whole-rock (major and trace
element) analyses were conducted on powders grounded
using an agate mortar muller milling device. Using a Bruker S8
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Tiger X-ray fluorescence (XRF) spectrometer with wavelength
ranges from 0.01-12 nm, the oxides of major elements,
including SiOz, Al203, CaO, K20, Naz0, Fe203, MnO, MgO, TiOz,
and P20s, were determined; the analytical uncertainty is
usually <5%. Elemental analyses were conducted on powders
grounded using an agate mortar muller milling device for Elan
DRC-e Perkin Elmer Inductively Coupled Plasma-Mass
Spectrometry(ICP-MS) in Geochemistry Research Laboratories
of Istanbul Technical University (ITU/JAL) to determine the U,
Th and REE element contents. A two-step digestion process
used approximately 50 mg of powdered samples: (1) 6 ml of
37% HCl, 2 ml of 65% HNO3 and 1 ml of 38-40% HF acid mixer
put in a pressure- and temperature-controlled Teflon beaker
using a Berghoff Microwave at 135 °C; (2) 6 ml of 5% boricacid
solution was added to the step one mixer for ICP-MS analyses.

3. Geological Setting

Biga Peninsula Northwestern Anatolia (Turkey) widespread
Cenozoic magmatism occured in Middle Eocene after the
continental collision between the Sakarya Zone and Anatolide-
Tauride blocks. As a result of this magmatism, various
granitoids were emplaced into the crystalline basement rocks
of the Sakarya continent in Eocene-Miocene period with
similar geochemical and mineralogical signatures (High-K,
calcalkaline, I-type granitoids). N-S trending Kestanbol pluton
is an elliptical granitoid body which emplaced into regionally
metamorphosed basement rocks. East and southeast borders
of the plutonic body is surrounded with Miocene acidic to
intermediate volcanic and pyroclastic rocks (rhyolite,
rhyodacite lavas and andesitic-trachyandesitic pyroclastic
rocks) (Karacik and Yilmaz, 1998). The Plio-Quaternary
sedimentary units are observable in west and northwest
borders of the pluton (Karacik and Yilmaz, 1998) (Figure 1).

Figure 1. Geological map of the study area modified from Orgiin et al.,
(2007).
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4. Petrographical, Mineralogical and Geochemical
Properties of Kestanbol Pluton & Geyikli Heavy
Mineral Sands

4.1. Petrography of Kestanbol Pluton and Essexites

The pluton is mainly composed of quartzmonzonitic and
monzodioritic rocks with a mineral paragenesis of orthoclase,
plagioclase, quartz, hornblende, biotite and accessorry
minerals magnetite, ilmenite, rutile, pyrite, zircon, allanite,
apatite, epidote, thorite and uranothorite (Orgiin et al., 2007).
In this study it is concluded that the main heavy mineral source
rocks are essexitic rocks of the outward zones of Kestanbol
pluton, located between Kemalli1 and Aladag villages.

The essexites in the study area are described as medium to
coarse grained, greyish to greenish colored rocks. These rocks
display holocrystalline, hipidiomorphic granular texture or
porphyritic in contact zone.

The rocks show evidence for cataclasm and alteration in some
zones and made up of pyroxene (30-35% by volume),
plagioclase (20-25% by volume), amphibole (20-25% by
volume), K-feldpars (20-30% by volume) as major minerals
and zircon, apatite, monazite as accesorry minerals (Figure 2).

Figure 2. Photomicrographs showing petrographical characteristics of
the studied plutonic rock K-feldspars display poiklitic texture (a,c,f);
pyroxenes are altered to amphiboles (af) plagioclase minerals are
shows twining and displays zoned texture.

In pyroxene minerals wuralitization and chloritization
alterations are common and plagioclase minerals are altered to
smectite and secondary calcite minerals. According to the
mineralogical data obtained from the rocks can be described as
essexite and petrographical studies are consistent with whole
rock chemical composition (Table 1).

4.2. Geochemical Studies

Kestanbol granitoid in the region can be considered as alkaline
intermediate granitoids. The major-element oxides (in %) and
trace & rare earth (REE) elements of Kestenbol monzodiorite
(Altunkaynak et al. 2012), essexite and Geyikli HMS are shown
in Table 1.
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Table 1. Average contents of major-element oxides (in %) and trace &
rare earth (REE) elements (in ppm) of the studied Kestenbol essexite
and Geyikli Heavy Mineral Sand, with the average content of the
Kestanbol monzodiorite from Altunkaynak et al. (2012).

Major-Element Oxides

Sample Si0, ALO; Fe0; MO Cad  NaO KO TiO, P,0s MO LOI

Kestanbol
monzodiorite
Kestanbol
Essexite

60.3 174 429 150 377 320 6.35 0.45 0.30 0.10 052

54.1 163 6.63 252 6.58 348 717 0.84 0.69 0.13 0.91

Geyikli HMS 521 9.32 139 15 6.16 337 421 317 0.60 0.07 112

Rare Earth and Trace Elements

sample La C P Nd Sm Eu GI Tb Dy Ho Er Tm Yb Lu YREE Y Th U Nb 2z

Kestanbol g0 1551 152 614 103 330 758 132 43¢ 076 251 027 176 025 M6l 245 30 790 146 319
monzodiorite:

Kestarbol ya11 232 258 $51 157 402 124 170 678 105 318 034 258 038 5242 35 1016 32 700 7000

GeyikliHMS 5153 1007 1096 3840 643 867 528 671 321 536 162 196 134 187 2219 1557 1620 610 1530 3771

The higher total alkali content in essexites than Kestanbol
monzodiorites indicates that the essexitic rocks were formed
from a less fractioned magma. The studied essexite samples
fall in the A-type and Within-Plate granites sections of
geotectonic discrimination diagrams, showing that a strong
post-collisional character and slight affinity for Syn-collision
granites (Figure 3).
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Figure 3. Plots of a) Zr+Rb+Ce+Y vs. (Na20+K20)/Ca0, (Whalen et al,
1987) b) Rb vs. Nb+Y, showing geotectonic discrimination of the
studied rocks (Pearce et al. 1984).

Kestanbol granitoid’s essexitic rocks are more enriched in
terms of the incompatible elements than rocks located in the
remaining parts of the granitoid body. This enrichment can be
explained with the decreasing of silica and increasing of total
alkali content. Studied essexitic rocks show enrichments in
both LILE (K, Ba, Sr) and HFSE (REE, Th, U) due to the less
fractionated magma and potassic-alkaline nature of the rocks
as shown in Figure 4, all Kestanbol rocks show Nb, Ti and P
depletion. In addition, the high Pb values indicate the crustal
contamination in magma chamber.

Figure 4. Spider diagram for Essexitic rocks and the remaining average
Kestanbol pluton (Sun and Mcdonough 1989).

4.3. Evaluation of the Geyikli Heavy Mineral Sands

The Geyikli HMS are enriched in most of the heavy minerals
and related elements such as Fe, Ti, Zr and REE. The Zr and REE
contents were enriched 4 to 5 times during placer deposition.
Moreover, Heavy Rare Earth Elements (HREE) were more
enriched than Light Rare Earth Elements (LREE). It can be
stated that the HREE enrichments are closely related with the
zircon mineral, having the similar enrichment factors (Figure
5). The positive correlation between P20s and LREE are
observed, pointing out that main LREE bearing minerals are
either monazite, xenotime or apatite.

The REE bearing phosphate minerals such as apatite, monazite
or xenotime mainly occur in early stages of the fractional
crystallization (Kogarko 2018) suggesting that the REE
enrichment was not related with any hydrothermal activity in
resource rocks.

|

Figure 5. a) Relative enrichment of elements b) Enrichment factor of
Geyikli Heavy Mineral Sand relative to Kestanbol essexite.

Geyikli Heavy Mineral Sands were enriched in heavy minerals
such as magnetite, titanomagnetite, hematite zircon, rutile, and
apatite according to XRD (Figure 6).
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Figure 6. X-Ray diffractogram of Geyikli Heavy Mineral Sand, showing
the the mineral composition.
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5. Conclusions

The studied rocks were described as essexites by the
petrographical analysis. These essexites are located in the
borders of Kestanbol pluton have significant amount of
incompatible elements and can be considered as a source for
REE and Th. It is concluded that these enriched elements
within the Geyikli sand are related with REE bearing phosphate
minerals. In Geyikli HMS, LREE contents were enriched by 4
times during placer deposition. HREE values, which are closely
related with zircon minerals, were more enriched than LREE
(up to 5 times). In addition to Geyikli HMS, various nearby
locations such as fluvial placers or in-stu enrichments on upper
parts of the granitoid body can be considered as depositions of
these weathering resistant and dense REE-phosphate
minerals.

The Geyikli HMS were enriched by the elements of Fe, Ti and
REE-Th. Iron and titanium enrichments largely dependent on
the magnetite, titanomagnetite and rutile minerals. For the
large scale production, it will be wise to use the basic physical
mineral processing techniques (sieving, shaking tables, multi
gravity seperators, magnetic separation) to reach higher
grades. These higher grade values can easily be used as a better
take off point for more complex electrochemical mineral
processing (flotation and solvent extraction) techniques.
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