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ABSTRACT

The 30-km-long and 10-km-wide, coal-bearing Yatagan Basin is located in SW Anatolia, close to the eastern coast of the
Aegean Sea, Tiirkiye. The basement consists of Menderes Massif metamorphics in the NW part of this intermontane basin, c.
80-km2-large area (Turgut lignite deposit). The Neogene and Quaternary sedimentary filling comprises fluvioterrestrial, limnic
and telmatic sediments which contain a mineable coal seam up to 15 m thick, unconformably overlain the basement. Two fresh
and six weathered samples were picked up from the Menderes Massif gneiss outcrops of the catchment area. Eight sedimentary
rocks, inorganics over and underlying the coal seam, were obtained from four borehole cores. All samples were examined
under the optical microscope; XRD, SEM-EDX and ICP-MS analyses were later performed. This study aims to examine the
mineralogical content and geochemical processes of the sedimentary rocks from different formations, namely Sekkdy and
Turgut Formations, which are over- and underlying the lignite horizon, to assess the clay mineral formations and
transformations. Gneiss samples contain mainly quartz, plagioclase, K-feldspar, muscovite and biotite with a lesser amount of
tourmaline, chlorite, garnet, apatite, zoisite, zircon and Fe-oxides. The -2 um fraction consists mainly of illite, with fewer
smectite and kaolinite. Sericitizitation of feldspar is the main product in gneisses. Coal over-and underlying sedimentary rock
samples contain mainly quartz, plagioclase, K-feldspar, muscovite, and biotite with less pyrite and iron oxides. The -2 pm
fraction of the sedimentary rock samples consists of variable clay mineral contents. Kaolin content is higher in acidic conditions
with an opposite correlation to smectite occurrences. The geochemistry of Menderes Massif gneisses shows that it gave felsic
material to the catchment area, whereas the geochemistry of sedimentary rocks is not coherent in all cases. Geochemical
parameters like CIA and PIA proved that weathering processes of the source materials prevailed during the generation of these
sedimentary units.
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1. INTRODUCTION

Since Neogene times Western Anatolia experienced intercontinental tectonics, which formed NW-SE,
NE-SW, and E-W trending basins [1-14]. The NW-SE trending Yatagan Basin is one of them being
located in SW Anatolia, close to the eastern coast of the Aegean Sea, Tiirkiye. The 30 km long and 10
km wide basin is filled with Cenozoic siliciclastic and carbonate deposits [15-19]. In the NW part of
Yatagan Basin, the Turgut lignite deposit is hosted, occupying a c. 80-km?-large area; it contains a
mineable coal seam up to 15 m thick. Lignite deposits are studied widely and extensively in the region
regarding abundance, operability and priority of supply [20-23]. Feldspar, quartz and marble open-pit
mines exist in the surrounding area as well. Moreover, the existence of the antique city Stratonikea in
the south of Turgut area points to the economic importance of the region in the past, even in the 3™
century BC (Figure 1).

The economic clay potential is yet to be extensively investigated and interpreted in the study area. In
addition, there is no study in the literature in which the clay minerals of these sediments are evaluated
in detail in the light of mineralogical and geochemical data, field-wide (horizontal) and depth-dependent
(vertical) and correlated with other existing findings. The present study focuses on the petrographic,
mineralogical and geochemical compositions of the sedimentary rocks over- and underlying the coal
seam. The aim is to research the clay mineral formations and to assess the existence of kaolinisation.
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2. GEOLOGICAL SETTING

The basement consists of Menderes Massif metamorphic rocks. The stratigraphy of the Menderes Massif
is divided into two units consisting of the Late Neoproterozoic Pan-African basement and the Paleozoic-
Early Tertiary cover series. In the study area, the observed units belonging to the Menderes Massif Pan-
African basement are schist and orthogneiss. The units belonging to the Menderes Massif cover series
are phyllite, quartzite, marble alternations succession and overlying platform type and pelagic marbles,
respectively. The primary contact between these two series is a regional-scale Pan-African unconformity
that defines a deep erosion [24-30].

The Miocene sequence, which unconformably overlays the basement, comprises three formations,
namely those of Turgut, Sekkdy and Yatagan Formations [18, 19, 31-35]. From bottom to top, Turgut
Fm includes conglomerate, sandstone, mudstone, limestone, coal, mudstone deposited under alluvial
fan, fluvial and lacustrine conditions, whereas Sekkdy Fm comprises coal, silty claystone, mudstone,
marl and limestone deposited under telmatic/lacustrine conditions. These formations are conformably
overlain by the Yatagan Fm, which hosts conglomerate, sandstone, limestone-marl-mudstone deposited
under alluvial fan and lacustrine conditions. Quaternary alluvial deposits constitute the Yatagan Fm
(Figures 1, 2).
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Figure 1. Geological map of Turgut area in Yatagan lignite deposit [18, 27-30].
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Figure 2. Stratigraphic column of Turgut area in Yatagan Basin [18, 19, 27-30].
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3. MATERIALS AND METHODS

Based on field work the geological maps of previous studies [18, 27-30] were revised on a scale of
1:25,000. The geological map was digitised using UTM (Universal Transverse Mercator) projection
type, WGS 1984 Datum and Zone: 35 in the ArcGIS™ software ArcMap 10.5 application. NASA
Earthdata and 30-m resolution elevation data from the Shuttle Radar Topography Mission (SRTM) were
used for the digital elevation model (DEM) [36, 37].

Two fresh,(G1, G5), eight weathered gneiss samples were collected from outcrops in the north margins
of the study basin (Figure 1, 3). Eight sedimentary rock samples were obtained from four borehole cores,
namely TU-1, TU-2, TU-7 and TU-18; the samples picked up from the coal-overlying layers received
the code A and these from the underlying ones B (Figure 1, 4).
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Figure 3. Outcrops of the Menderes Massif, Hisar Hill (see Figure 1).
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Figure 4. Borehole graphics and the sampled sedimentary rocks.

The gneiss samples were cut perpendicularly to the foliation and examined under the Leica DM750P
polarized microscope. The sedimentary rock samples (fraction size > 63 um) were examined for
transformations also under the microscope. The studies were performed at the Department of Geological
Engineering, Dokuz Eyliil University (Izmir, Tiirkiye) and the photomicrographs were taken via the
Leica DFC 290 HD attachment.

The XRD analysis was carried out on random oriented samples using a Rigaku MiniFlex 600
diffractometer at the Department of Geological Engineering, Dokuz Eyliil University (Izmir, Tiirkiye)
using CuKo radiation (k=1.542 A). The diffractograms were obtained at 33 kV and 15 mA, scanning 2-
65° of 20 with a step size of 2°/min. The clay mineralogical composition was determined after separating
the < 2 um fraction in distilled water by centrifugation. The clay particles were dispersed through
ultrasonic vibration for ~15 min. The clay fractions were vacuumed by pipette of the clay suspension
and transferred to three glass slides to get oriented preparations. Three different XRD patterns were
obtained from three different phases (air-dried, solvated with ethylene glycol at 60°C, and heated at
550°C for 2 h) of each sample at scanning 2-40° of 20. Semi-quantitative determinations were obtained
by multiplying the intensities of the principal basal reflections of each clay mineral by appropriate
factors. The analysing error is 5 wt.% [38]. The crystalline phase identification was carried out using
the PDXL2 software package (Rigaku).

Andreasen pipette method was applied to sedimentary rock samples to quantify the < 2 pum fraction of
each sample. Each sample was placed in distilled water to get a suspension. In order to prevent the
suspended grains from coagulating and flocculating in the liquid, the pH of the suspension was increased
by using NHa, and in order to ensure that the grains were well dispersed in the liquid, the suspension
was kept in an ultrasonic bath and mixed in an automatic shaker. The suspension was placed into an
Andreasen pipette vessel, a narrow and high cylindrical glass container with a sedimentation column
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height of 200 mm, which has a 10 ml chamber sealed with glass stopper on the top and designed to draw
samples from the bottom. Then the vessel was shaken vigorously and placed on a stable plane. The
temperature of the pulp was kept constant at 23°C during the experiment; the pulp was drawn into the
10 ml chamber and taken out of the Andreasen pipette into a weighed beaker at specified time intervals,
and the remaining body after evaporation was weighed again. Calculations were made based on Stoke's
law and the clay grain size (< 2 um) content of the sample was calculated according to the DIN 66115
standard [39].

Electron microscope examinations were undertaken on gold-coated gneiss and sedimentary rock
samples (particle size > 63 um) using a Carl Zeiss 300VP Scanning Electron Microscope (SEM) at
Central Research Laboratories Research and Application Center (IKCU-MERLAB), Katip Celebi
University (Izmir, Tiirkiye).

Whole rock chemical analyses were performed using an Inductively Coupled Plasma-Mass
Spectrometer (ICP-MS) following a lithium borate fusion and dilute acid digestion of a 0.2 g sample in
ACME Analytical Laboratories, Canada.

Abbreviations of the minerals and associated phases in the figures and tables follow the literature, which
are listed in Table 1 [40, 41].

Table 1. List of the abbreviations of the minerals and associated phases [40, 41].

Symbol  Mineral Name IMA status”  Symbol  Mineral Name IMA status”
Afs alkali feldspar GROUP Jd jadeite A
Alp allophane G Kfs K-feldspar informal
An anorthite GROUP Kn kaolin Group
Ap apatite GROUP Kln kaolinite A

Bt biotite GROUP Mca mica GROUP
Chl chlorite GROUP Mnt montmorillonite G
Cpx clinopyroxene GROUP Ms muscovite A

Di diopside G Opg opaque mineral informal
Fsp feldspar GROUP Pl plagioclase GROUP
Gbs gibbsite A Py pyrite G
Grt garnet GROUP Qz quartz A
Gp gypsum G Ser sericite D
Hem hematite A Sme smectite GROUP
Hly halloysite G Tur tourmaline GROUP
Hbl hornblende GROUP Zr zircon G

1t illite GROUP Zo Zoisite G
Others

10 Iron oxides

ML Mixed-layer phases

* International Mineralogical Association (IMA) abbreviations: A = Approved; D = Discredited; G =
Grandfathered (generally regarded as valid mineral name); GROUP = Name designates a group of mineral
species.

4. RESULTS AND DISCUSSION
4.1. Petrographical and Mineralogical Investigations

The gneiss of the study area has porphyroblastic texture. The microscopic composition of these samples
consists mainly of quartz, plagioclase, K-feldspar, muscovite, and biotite. Sericizitation of the feldspars
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is widespread, while argillization of K-feldspar is less (Figure 5 (a-d)). Chloritization of biotite is rare
and chlorite comprises fibrous bundles (Figure 5 (e, f)). Garnet and turmaline minerals are relatively
abundant to apatite, zircon and zoisite (Figure 5 (g-j)).

Major mineral composition of the gneiss samples as detected by XRD analysis are quartz, plagioclase,
K-feldspar and mica minerals (Figure 6 (a)) and the relative abundances of these minerals are given in
Table 2. Illite is the main clay mineral, while smectite and kaolinite determined in -2 um fraction of the
samples (Figure 6 (b)) and the semi-quantitative results of these clay minerals are given in Table 3.

SEM results show that the main transformation is sericizitation (Figure 7). Smectite formations from
opal-CT is shown in Figure 7 (b). Rosette chlorite was determined in the gneiss samples showing the
formation of chlorite from biotite. (Figure 8).

In many studies, orthogneisses, which are defined as "augen" or "granitic", have been named in various
ways such as to describe the degree of metamorphism (sillimanite gneiss), deformation characteristics
(mylonitic gneiss) and the rock of origin (orthogneiss) as well. Additionally, these intrusions are
categorized into three groups based on their mineral compositions and classified based on the type and
content of mafic minerals in the rock biotite orthogneiss, amphibole orthogneiss and tourmaline
leucocratic orthogneiss [42, 43]. Based on their primary textures and mineral compositions, studied
samples are biotite orthogneisses which are the most abundant type in the study area.
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Figure 5. Photomicrographs of the gneiss samples: (a) with crossed polarizers. Sericitization of K-feldspar and
plagioclase; (b) in plane polarized light (G9); (c) with crossed polarizers. Sericitization and argillization of
feldspar minerals. Pertitic texture of K-feldspar; (d) in plane polarized light (G4); (e) with crossed polarizers.
Chloritization of biotite; (f) in plane polarized light (G1); (g) with crossed polarizers. Zircon inclusions in
biotite; (h) in plane polarized light (G2); (i) with crossed polarizers. Tourmaline, apatite and zoisite minerals;
(j) in plane polarized light (G1).
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Figure 6. X-Ray diffractograms of (a) whole rock mineral compositions; (b) clay compositions of -2 um fraction
of G8 as a representative gneiss sample.

Table 2. Relative abundance” of minerals in the analysed gneiss samples.
Gl G2 G3 G4 G5 G7 G8 G9 G10 G11

Qz va va va va va va s va va va

Pl m m m a a a va m a va
Kfs Vs ? Vs Vs S Vs ? ? Vs Vs
Mica S S s m m s Vs s m 5

* va: very abundant, a: abundant, m: moderate, s: scarce, vs: very scarce.

Table 3. Semi-quantitative results of clay minerals in the analysed gneiss samples (percentage of fraction size <

2um).
Gl G2 G3 G4 G5 G7 G8 G9 G10 G1l1
1t 100 97.9 100 100 91.7 94.3 94.4 94.3 100 97.1
Sme - - ? ? 8.3 ? 3.2 ? - 1.9
Kln - 2.9 - - - 5.7 2.4 5.7 - 1.0
Chl - - - - - - ? - - -

Figure 7. SEM images showing the (a) transformation of feldspar to mica mineral in the process of sericitization
at the edges; (b) smectite formations from opal-CT.
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” = o

Figure 8. SEM images (Sample G1) showing the (a) elongated biotite mineral; (b) close-up view of the rectangle
that points to the rosette-like chlorite formations from biotite; (c) EDX analysis showing the major
elements of biotite; (d) EDX analysis showing the major elements of chlorite.

Thin sections which prepared > 63 um fraction size of the sedimentary rocks point to different features,
except all contain sericitization. Coal-underlying samples mainly consist of sedimentary lithic grains,
while overlying samples contain mineral grains, mainly quartz and lesser feldspar, with sericitization at
their edges. Some samples have bioclast cavities filled with lithic and opaque particles that point to the
ostracods [44] (Figure 10). SEM results show that main transformation is kaolinisation from biotite,
while serisitation from feldspar is lesser (Figure 11-13).

Major mineral composition of the sedimentary rock samples as detected by XRD analysis were quartz,
plagioclase, K-feldspar and mica. The -2 um fraction of the samples consists of illite, smectite and
kaolinite with a minor amount of mixed-layer species. XRD diffractograms of coal-underlying sample,
TU-18B, and coal-overlying kaolin rich sample, TU-18A are given in Figure 14. Illite was determined
by (001) peak at 10.00-10.20 A. Smectite was determined by peak at 12.00-14.00 A, that expanded to
17.00-17.30 A following ethylene-glycolation; the intensity of this peak collapsed to 10.05-10.21A
following heating at 550°C. Kaolinite was determined from its (001) peak at 7.00-7.20 A and (002) peak
at 3.57 A, absence of swelling with ethylene-glycol treatment, and those peaks destroyed at 550°C due
to dehydroxylation. The contents of main clay minerals were calculated semi-quantitatively according
to the XRD determinations of -2 um fraction for each sample. These results were re-calculated according
to the -2 um particle size amount of whole rock samples, which were analysed via Adreasen pipette
method (Figure 15).

72



Biickiin and Colak / Eskisehir Technical Univ. J. of Sci. and Tech. A — Appl. Sci. and Eng. Vol. 24
19th National Clay Symposium (Clay’2023) Sprecial Issue 2023

Figure 9. Photomicrographs of the coal-underlying sedimentary rock samples (fraction size > 63 um ): (a) with
crossed polarizers. Sericitization and chloritization in detritic grain; (b) in plane polarized light (TU-1B);
(c) with crossed polarizers; (d) in plane polarized light (TU-2B).

100 pm'

SENma Sl ]

Figure 10. Photomicrographs of the coal-underlying sedimentary rock sample with crossed polarizers and in plane
polarized light (TU-2B).
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Figure 11. SEM images (TU-2B) showing the the (a) kaolinisation process of mica mineral; (b) EDX analyses
showing the major elements of the selected points. This mica is the same pointed in Figure 9.
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Figure 12. SEM images (TU-18A) showing the the (a) kaolinisation process of mica mineral; (b) EDX analyses
showing the major elements of the selected points.
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Figure 13. SEM images (TU-2A) showing the the (a) kaolinisation process; (b) EDX analyses showing the major
elements of the selected points.

The formation of micas generally is observed within the zone of slightly changed parent rock and locally
in the kaolinite-mica zone. Incongruent dissolution of feldspars in these zones leads to the formation
sericite and/or illite on their surface. This process takes place under alkaline conditions with the activity
of K* ions in the solutions. Local formation of sericite is observed at the borders and along cracks of
quartz grains, which is formed probably by dissolution of quartz in solutions containing ions of K* and
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AP, the latter being provided by minerals remaining with them in equilibrium [45]. Furthermore,
kaolinite is accompanied by feldspar as well as opal-CT and quartz. This indicates that Al is taken up
from feldspar during the in-situ conversion to kaolinite via hydration of feldspar [46-48].
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Figure 14. X-Ray diffractograms of the (a) whole rock mineral compositions of coal-overlying sample; (b) clay
compositions of -2 um fraction (TU-18A); (c) whole rock mineral compositions of coal-underlying
sample; (d) clay compositions of -2 um fraction (TU-18B).
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Figure 15. Semi-quantitative results of clay minerals within -2 um fraction size of the sedimentary rock samples.
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4.2. Geochemistry

In order to reveal the main geochemical characteristics of the gneiss samples, classical nomenclature
diagrams were applied. The chemical compositions of gneiss and sedimentary rock samples were given
in Table 5 and 6, respectively. Orthogneiss samples of study area were consisted of granites [49]. They
were classified as calc-alkaline [50, 51] and showed peraluminous composition [52] (Figure 16). Al.Os
have negative corelation with SiO, element variation with higher amount in coal-underlying samples.
The SiOy/Al;Os is less than two in the samples, that indicates low-maturity of sedimentary rock samples
[53] (Figure 17). Chondrite-normalized [54] rare earth element patterns of gneiss and sedimentary rock
samples were shown in Figure 18. Negative Eu anomalies of gneiss samples, suggesting the significance
of plagioclase fractionation. Sedimentary rock samples also have negative Eu anomalies, suggesting the
derivation from these bedrocks. NASC (North American Shale Composite) [55], PAAS Post-Archean
Australian Shale) [56], ES (European Shales) [57] and UC (Upper Crust) [58] values are also plotted to
the diagram.

Table 5. Major element (wt. %) and REE (Rare earth element) (ppm) concentrations of gneiss samples.

Gl G2 G3 G4 G5 G8 G9 G10
SiO, 74.80 74.70 74.23 72.62 69.42 75.89 75.54 76.87
Al;,03 13.19 13.34 13.57 14.19 17.29 12.58 13.38 13.08
Fe 03 142 1.33 1.43 1.79 0.43 1.33 1.37 0.90
MgO 0.36 0.38 0.28 0.49 1.04 0.26 0.68 0.44
Ca0 1.17 0.96 0.90 1.27 0.80 0.60 0.58 0.35
Na,O 2.72 3.19 2.58 2.89 8.76 2.51 4.46 5.33
K20 4.92 4.44 5.45 4.76 0.85 4.97 2.20 1.56
TiO, 0.19 0.20 0.17 0.24 0.23 0.16 0.19 0.11
P20s 0.12 0.11 0.16 0.18 0.25 0.13 0.16 0.18
MnO 0.02 0.02 0.02 0.02 <0.01 0.02 <0.01 <0.01
Cr,0; <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
LOI 0.80 1.10 1.00 1.30 0.80 1.30 1.20 1.00
Sum 99.78 99.79 99.79 99.76 99.86 99.73 99.81 99.83
CIA! 60.00 60.83 60.31 61.40 62.42 60.90 64.89 64.37
La 20.10 16.20 17.60 23.20 1.60 12.30 16.90 6.80
Ce 40.60 33.40 35.00 46.50 2.90 32.50 33.30 15.10
Pr 4.59 3.86 3.98 5.40 0.40 3.20 3.99 1.86
Nd 17.10 14.30 15.00 19.80 1.90 11.30 13.90 6.60
Sm 3.86 3.30 3.53 4.60 0.76 3.00 4.04 1.87
Eu 0.66 0.53 0.51 0.78 0.08 0.37 0.52 0.16
Gd 411 3.50 3.77 4.59 0.96 3.24 4.05 1.96
Th 0.86 0.69 0.80 0.87 0.21 0.75 0.84 0.45
Dy 5.92 4.60 5.52 5.73 1.39 5.67 5.61 3.38
Ho 131 1.01 1.22 1.23 0.30 1.29 1.24 0.75
Er 4.00 3.06 3.84 3.64 0.95 4.23 3.77 2.64
m 0.58 0.43 0.54 0.52 0.13 0.67 0.58 0.41
Yb 3.57 2.56 3.57 3.12 1.00 4.37 3.60 291
Lu 0.51 0.36 0.50 0.44 0.14 0.65 0.53 0.39
Eu/Eu*  0.51 0.48 0.43 0.52 0.29 0.36 0.39 0.26
Ce/Ce* 1.02 1.02 1.01 1.00 0.87 1.25 0.98 1.02
ICIA (Chemical Index of Alteration) = 100 X [Al,05 + (Al,05 + Ca0* + Na,0 + K,0)]

Eu/Eu* = EuNi/RSmN) * (Gdy)], Ce/Ce™ = z\/RLaN) * (Pry)
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Table 6. Major element (wt. %) and REE (Rare earth element) (ppm) concentrations of sedimentary rock samples.

TU-1IA  TU-1B  TU-2A  TUu-2B TU-7TA TU-7TB  TU-18A TU-18B
SiO; 62.68 54.52 47.53 44.07 65.59 69.26 49.03 57.09
Al;O3 19.87 20.30 23.01 27.56 17.60 16.72 25.45 22.05

Fe20s 2.90 521 9.82 4.46 3.46 2.09 4.76 4.70
MgO 1.08 1.61 1.69 1.26 0.99 0.78 1.36 1.16
CaO 0.82 0.92 0.73 0.57 0.67 0.60 0.49 0.66
Na.O 1.44 1.65 0.84 0.14 1.76 2.27 0.58 1.23
K20 3.89 3.83 4.12 2.21 3.19 3.02 3.83 3.71
TiO; 0.61 0.77 0.93 0.87 0.62 0.66 0.89 0.82
P20s 0.26 0.09 0.10 0.09 0.07 0.03 0.08 0.08
MnO 0.02 0.02 0.11 0.02 0.01 0.02 0.02 0.02
Cr203 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
LOI 6.30 10.90 10.90 18.60 5.90 4.40 13.30 8.30

Sum 99.88 99.84 99.84 99.87 99.88 99.89 99.82 99.86
CIA! 76.36 75.80 76.03 73.95 80.17 83.86 90.42 79.75

ICV? 0.54 0.61 0.69 0.57 0.79 0.47 0.35 0.56
La 37.70 49.90 65.20 67.90 38.00 31.20 72.40 57.20
Ce 82.30 101.60 128.80 144.90 74.20 58.20 149.60 116.00
Pr 8.54 11.59 15.05 14.99 8.98 7.10 16.96 13.42
Nd 31.70 43.30 56.90 52.60 32.60 27.00 63.10 49.50
Sm 6.99 8.92 11.76 10.95 6.95 5.37 14.32 10.86
Eu 1.23 1.56 1.95 2.01 1.26 0.95 2.28 1.85
Gd 6.58 8.44 11.64 10.63 6.87 5.10 14.15 11.10
Th 1.14 1.38 1.94 1.75 1.19 0.82 2.46 1.90
Dy 7.17 8.31 11.45 10.16 7.39 4.65 15.42 11.49
Ho 1.48 1.69 2.39 2.11 1.55 0.96 3.12 221
Er 4.10 4.98 6.96 5.95 4.40 2.79 8.97 6.46
Tm 0.61 0.67 0.95 0.79 0.65 0.40 1.27 0.90
Yb 3.64 4.13 5.83 4.93 3.97 2.45 7.81 5.33
Lu 0.53 0.58 0.83 0.66 0.57 0.40 1.06 0.73
Eu/Eu* 0.55 0.56 0.55 0.56 0.51 0.49 0.57 0.52
Ce/Ce* 1.10 0.97 1.02 0.94 0.99 1.03 1.09 1.01

L CIA (Chemical Index of Alteration) = 100 X [Al,05 + (Al,05 + Ca0* + Na,0 + K,0)]
2ICV (Index of Compositional Variability ) = [(Fe,05 + K,0 + Na,0 + Ca0 + Mg0O + MnO + Ti0,) + Al,04]

Eu/Eu* = Euy3/[(Smy) * (Gdy)], Ce/Ce* = 3[T(Lay) * (Pry)
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Figure 16. Plotted gneiss samples on (a) SiO vs. (Na2O + K,0) binary (TAS) diagram [49]; (b) (Na.0O+K>0) —
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Al,03/(CaO+Na,0+K;0) vs. Al,03/(Na;0+K,0) (mol. %) (A/CNK - A/NK) diagram [52]. (wt% of
Fe203 used in the calculations as FeOxy)

Coal over- and underlyling sedimentary rocks plotted to the shale area, accept two samples, which
contain coarser detritics (Figure 19 (a)) [59]. In the TiO2/Ni discrimination diagram sedimentary rock
samples plotted to magmatogenic rock field showing felsic to medium trend, whereas in the Sr versus
Ba diagram they plotted to the mature field, and/or around mudstone area (Figure 19 (b, c)) [60].
Samples plotted ICV-CIA diagram [61], which pointed to mature field, showing trend from weak to
intense weathering (Figure 19(d)). TiO»-Zr contents of the gneiss points to the felsic igneous rock field,
while sedimentary rocks point this area with the samples which has coarser lithology (Figure 19(e))
[62]. Samples plotted to felsic-intermediate igneous provence area in discrimination diagram (Figure 19
(M) [63]. The coal over- and underlying sedimentary rocks of the study area are about one which change
around the limit according to the Ce/Ce* values in a typical shale, which is one [61, 64]. Existing fine
—grained framboidal pyrite crystals in the samples shows the anoxic conditions [65].
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Gneiss samples and sedimentary rock samples were plotted on A-CN-K (Al,0O3-CaO*+Na,0-K;0)
diagram (Figure 20) [66-68]. The initial trend (early weathering) is sub-parallel to the A-CNK boundry
of the triangle gneiss samples and their CIA values pointed to slightly weathering. Sedimentary Rock
samples CIA values pointed moderately weathering. Studied sedimentary rocks weathering processes
and mechanisms have been similar profiles developed from granitoids of diverse composition display
systematic, predictable, compositional weathering trends.

Mainly the coal-underlying sedimentary rocks contain detritic particles, which may be related to the
metasediments of the basement. Menderes Massif cover series and Karaova Formation of Lycian
Nappes contain metasediments: these of Mg-carpholite-bearing rocks and Fe-Mg-carpholite bearing
rocks [69], which do not occupy a surface area in Turgut lignite deposit.
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Figure 17. Variation diagrams for (a) Al>0s-SiO; plot of all samples; (b) Na,O-SiO; plot of all samples; (c) K,O-
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SiO; plot of all samples; (g) CaO-SiO; plot of all samples; (h) MnO-SiO; plot of all samples; (i) P2Os-
SiO; plot of all samples; (j) Cr.0s-SiO; plot of sedimentary rock samples showing differentiation between
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Figure 19. (a) Sand classification diagram [59]; (b) Samples plotted on Sr-Ba diagram showing; (c) TiO2-Ni plot
of sedimentary rock samples showing the magmatogenic greywackes following a trend for asidic rocks
[60]; (d) ICV and CIA diagram [61]. (e) TiO2-Zr contents of the gneiss and sedimentary rock samples

[62]' (f) Discriminant plots of sedimentary rock samples [63]
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Figure 20. Gneiss and sedimentary rock samples plotted on Al,O3;-CaO*+Na,0-K,0 (A-CN-K) diagram (CaO*
represents CaO associated with the silicate fraction of the sample.) as molar proportions. Granite,
granodiorite, shale, NASC, UC, PAAS samples plotted for comparison as molar proportions of the
average values. Red squares are idealized mineral compositions. The arrows are the calculated initial
trends followed by the leachates during the initial weathering stages [66-68].

5. CONCLUSION

Dominantly siliciclastic deposits characterize the sedimentary record of the Turgut area (Yatagan
Basin). Gneiss samples contain mainly quartz, plagioclase, K-feldspar, muscovite and biotite with a
lesser amount of tourmaline, chlorite, garnet, apatite, zoisite, zircon and Fe-oxides. The -2 um fraction
consists mainly of illite, with fewer smectite and kaolinite. Sericitization of feldspar is the main product
in gneisses. Coal over-and underlying sedimentary rock samples contain mainly quartz, plagioclase, K-
feldspar, muscovite, and biotite with less pyrite and iron oxides. The -2 um fraction of the sedimentary
rock samples consists of variable clay mineral contents. Kaolin content is highly acidic conditions with
an opposite correlation to smectite occurrences. The clay mineral content of one sample reaches up to
86%. This sample contains about 53% kaolinite. It is suggested that kaolinite-rich levels must be
examined in detail for their utilization potential as raw materials. The geochemistry of Menderes Massif
gneisses gave material to the catchment area, whereas the geochemistry of sedimentary rocks is not
coherent in all cases. More samples must be studied to understand the weathering effect in the basin.
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