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VARIATIONS IN MINERAL AND GEOCHEMICAL COMPOSITIONS OF
AUTHIGENIC MG-CLAY-BEARING DEPOSITS FROM A NEOGENE LAKE
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Abstract: The Neogene shallow-ramp type lake deposit contain Mg-rich clays that were formed by a neoformation
processes as a result of the alteration of materials derived from upper Miocene-Pliocene volcanic source rocks. The lake
deposit of the upper Miocene — Pliocene Karabakir Formation consists of calcareous sandy claystone, marlstone and
limestone intercalated with paleosol horizons. The clayey sandy calcareous rocks of the basin contain significant amounts of
Mg-bearing fibrous clay minerals. Lake deposit was analyzed by X-ray diffraction (XRD), ICP-AES and ICP-MS, scanning
electron microscopy (SEM). The area is interpreted as a lacustrine environment that underwent variations in depth and
paleoclimate, which resulted in range of mineralogical and geochemical changes. Under these conditions, volcanic glass of
the Karabakir Volcanics released Si and Mg, which were involved into the formation of Mg-bearing clays. The deposits
from the western Rizvanhill section correspond to the shallow part of the lake basin and are characteristically composed of a
smectite + palygorskite +calcite mineral association. Paleolake had been expanding and the climate became warm-humid
along with the increased paleolake level in Rizvanhill section. In drier paleoclimate, associated with increasing pH, Eh,
salinity and alkalinity conditions, the mineral assemblage changes to smectite + sepiolite + dolomite around Bozhill section
to the east. Geochemical data also support deepening of the lake system towards the east. The fact that the average ratio of
> (LREE) n/ Y (HREE) y and the (La/Lu)nnye enrichment factor are higher for the Rizvanhill section indicates warm-
humid paleoclimate and deepening of the lake basin from Rizvanhill to Bozhill Section which experienced drier

paleoclimate.
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1. INTRODUCTION

The mineralogical and chemical signature of clay-bearing lacustrine sediments has been
successfully used to infer constraints on the paleoenvironmental evolution of sedimentary basins (Leo
et al., 2002). It also known that clay minerals vary with respect to the paleogeography of the basin
(Jones, 1986; Ingles et al., 1998). pH and ionic concentrations in both surface and pore waters, which
can modify the original clay signatures. Several authigenic clay minerals such as Mg-rich smectite,
palygorskite and sepiolite can be formed depending on the lake basin depth and variations in alkalinity,
salinity and pH (Saez et al., 2007).

Na, Mg, K, Sr, Ca, U and Rb are mobile during the sedimentary processes and therefore have a
limited use for understanding sedimentary processes and provenance. On the other hand, several trace
elements such as Cr, Co, Th, Sc, Zr, and V should be immobile under depositional conditions and
diagnose specific source rocks (Taylor & McLennan, 1985; McLennan et al., 1993). For this reason,
like mineralogical changes, geochemical variations have the potential to to help in paleogeographical
reconstructions of sedimentary basins (Bauluz et al., 2000; Worash & Valera, 2002; Das et al., 2006,
Roy & Smykatz-Kloss, 2007). Although rare earth elements (REES) generally show similar behaviors
and move together in the geological processes, there exist geochemical differences between each
element and therefore, they separated and differentiated during the geological reactions in response to
the environmental variations, such as during the weathering, transportation, and deposition processes.
The differential distribution and concentration of REEs could be used to reconstruct the change in the

paleoenvironment and paleoclimate (Zhang, 1998).
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The eastern Anatolia region in Turkey witnessed the development of several Miocene-Pliocene
lake basins which intercalated with volcanic rocks (Sengdr & Yilmaz, 1981, Aksoy, 1993; Alpaslan &
Terzioglu, 1996) Investigated sediments are one of these volcano-sedimentary lake basins. This basin
has been the subject of various studies. Aksoy (1993) studied the regional geology of the area;
Ustiindag (1996) described the sedimentological characteristics of this lake deposit. The deepening of
lake from west to east has been suggested by Ustiindag (1996). Our first findings (Akkoca et al., 2007)
reveal that these sediments consist of smectite and some Mg-rich clay minerals such as sepiolite and
palygorskite. However, the detailed mineralogical and geochemical characteristics of this lacustrine
deposit have not been investigated. The first aim of the present study is to determine and discuss the
distribution of Mg-bearing neoformed minerals and the second aim is to evaluate how mineralogy and

element geochemistry vary according to the evolution of depositional settings in the basin.

2. GEOLOGY

The basement rocks of the lake basin consist of Permo-Triassic metamorphics, Senonian
magmatics, Maastrichtian sediments and middle Eocene-upper Oligocene marine rocks (Fig. 1).
Metamorphic rocks exposed in the western part of area are the oldest rock units, and are composed of
white colored, intensely fractured marbles and subordinate micaceous clayey schists. The Senonien

magmatic rocks are represented by pyroclastic deposits and lavas with a wide compositional spectrum
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Figure 1. Location (a) and generalized geological map (b) of the study area (From Aksoy, 1993).

Miocene-Pliocene lacustrine volcano-sedimentary units. Lava flows and tuffites of basaltic to

andesitic composition that consist of plagioclase, olivine, clinopyroxene and hornblende consist of

Karabakir Volcanics. These volcanics interfinger with the studied lake deposits. (Aksoy, 1993;

Ustiindag, 1996). The studied lake is composed of coarse to fine-grained clastic and carbonate deposits

that locally alternate with paleosols. Ustiindag (1996) showed that this lacustrine sediment was

deposited in a low-energy ramp-type lake and that the lake basin deepened from west (Rizvanhill
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section) to the east (Bozhill section). Red to green colored, loosely cemented claystone alternating with
limestone and clayey limestones display thick exposures around Rizvanhill section and they can be
interpreted as palustrine deposits (Fig. 2a-b). Limestones around Rizvanhill are mainly white to beige
colored, clayey limestones and contain gastropod shells and plant roots. Clayey limestone and
limestones display very thick exposures around Bozhill section (Fig. 2c-d). To the southwest of Bozhill
section, the basaltic lavas of the Karabakir Formation interfinger with studied lake units and
unconformably overlie the Elazig magmatic rocks. The Pliocene Formation consists of conglomerate,

sandstone and mudstones, and the Holocene alluvium deposits are the youngest units in the study area

(Fig. 1).

3. MATERIALS AND METHOD

In order to identify the lateral and vertical distribution of clay minerals, three stratigraphic
sections were constructed in the lake sediments of the study area (Rizvanhill 1, RZK samples,
Rizvanhill 2, RZ samples, Bozhill, BZ samples (Fig. 3). 25 samples were analyzed for their
mineralogical characteristics by X-ray powder diffraction (XRD) (Rigaku DMAXIII), with Ni-filtered
CuKa radiation, radiation at 15 kV— 40 mA. Samples were scanned from 0 to 60° (20) for bulk, and 2-
30° (20) for clay fraction at a scan rate of 4°/min.

The clay fractions (<2um) for mineralogical investigations were separated by centrifugation
after dispersion. The samples were ground slightly prior to clay extraction in order to prevent clastic

micas from entering the clay-sized fraction. The peptizing components of the samples (carbonates)
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were removed via acid treatment. The oriented samples of clay minerals were prepared by pipetting the

clay suspension and/or smearing the clay mud onto glass slides. The mineralogical compositions of the

Figure 2. (a-b) Red colored (arrow), loosely cemented claystone levels which are alternated with limestone and clayey
limestones from Rizvanhill2 section (c-d) White colored compact, limestones and clayey limestones (arrow) from Bozhill2

section.

clay fractions were assessed by XRD. For these analyses, samples of specific fractions were solvated
with ethylene glycol (EG) at 60 °C for 12 h, and subsequently heated to 490 °C for 4 h. The assignment

of diffraction maxima was based on the standard JCPS file. The mineral composition of the whole rock
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minerals was determined by the technique described by Giindogdu (1982) after Brindley (1980). In this
method, samples were mounted in the same way and the characteristic peak intensities (I) of the

minerals were normalized to that of the reflection of dolomite.
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Figure 3. Studied sections from lacustrine succession (1) Rizvanhill 1; (2) Rizvanhill 2; (3) Bozhill Section.
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The relative abundance of clay minerals was estimated by weighting integrated peak areas of
characteristic basal reflections in the glycolated state with the empirical factors of Yal¢in & Bozkaya,
(2002) after Giindogdu, (1982) and Brindley, (1980). The characteristic peak intensities (I) of the
minerals were normalized to that of the reflection of kaolinite. Accordingly, the areas of glycolated 15
A peak were multiplied by 1.57 to yield smectite, the area of 10 peak was multiplied by 1.52 to obtain
illite, the 10.50 A peak areas were multiplied by 1.46 to estimate palygorskite, the 7.8 A peak areas
were multiplied by 6.25 to yield mixed layer clay minerals) smectite-chlorite (S-C), the 3.38 A peak
areas were multiplied by 3.21 to yield mixed layer clay minerals illite-smectite (I-S), the 12.1 A peak
areas were multiplied by 2.69 to yield sepiolite proportions. The relative accuracy of this method is
within 15%.

Representative clay-dominated bulk samples were prepared for SEM-EDX, analysis with the
LO-435 VP model, by gluing the fresh, broken surface of the sample onto an aluminum sample holder
that had been covered with double-sided tape and coated with a thin film (~350 A) of gold, using a
Giko ion coater. Minerals were also identified with an Energy Dispersion Spectrometer (EDS) on the
SEM.

Chemical data were obtained for 12 representative samples at Acme Analytical Laboratories
Ltd. (Canada) using ICP-AES for the determination of major and trace elements and ICP-MS for rare-
earth elements (REE). The major, trace and REE concentrations of the collected samples are given in
Table 4. Element concentrations were normalized with respect to Al (E)n (Hassan et al. 1999; Leo et al.
2002), since the concentration of most elements in clayey stones are well correlated with Al,O3 and as

a result, their concentrations are diluted (Taylor & Mc Lennan, 1985).
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Correlation coefficients were calculated from a data set composed of geochemical analyses,

using SPSS 8.0 for Windows. Accordingly, the significance level (o) is <0.05.

4. RESULTS

4.1. Mineralogy

4.1.1. XRD Investigation

Clay and calcite are, in similar proportion, the most abundant minerals in all collected samples.
Dolomite, quartz, feldspar and opal occur subordinately.

Clay minerals are chiefly composed of smectite, palygorskite lesser amounts of sepiolite,
chlorite, illite, I-S, S-C, and kaolinite (Table 1).

The XRD patterns of air dried glycol treatment and heated samples are shown in Figure 4).
Disordered Ca-smectites with a broad 15-16 A peak contain about 15-35% illite layers based on the
method of Reynolds, (1980). Smectite is recognized by its 15.5 A reflection which expands to 17 A,
and then collapses to 10 A after heating at 550°C. (Figure 4). Typical XRD patterns showed that (001)
peak at about 10 A for illite, (002) peak about 14.5 A for S-C, (002) peak about 12-12.5 A for 1-S (001)
peak at about 10.4-10.5 A for paligorskite, (001) peak at about 12.1-12.3 for sepiolite and (001) peak at
about 7.15-7.20 A for kaolinite are represented for air dried samples.

Whole rock and clay mineral distributions in samples collected from the Rizvanhill and Bozhill
sections are different (Table 1). Smectite is the most abundant clay mineral in samples collected from
Rizvanhill section in the western part of the study area and it is accompanied by calcite. Dolomite was
detected in small quantities. Quartz and feldspar have higher contents in comparison to Bozhill section

(Table 1). Among the clay minerals, smectite+palygorskite are dominant while sepiolite is absent.
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Other clay minerals are chlorite, illite, mixed layer clays (illite/smectite, smectite/chlorite) and
kaolinite.

Table 1. Average of semiquantitative analysis of mineralogical whole rock and clay minerals from Rizvanhilll-2 and
Bozhill stratigraphic sections. Semiquantitative analyses were made by multiplying the intensities of the principal basal
reflections of each mineral by suitable factors according to Giindogdu (1982) and Yal¢in and Bozkaya (2002) after
Giindogdu (1982) and Brindley (1980). Paragenesis were determined with average values of minerals in sections. >45% =

++++, 5-45 Yp=+++ , 2-50%=++, <2% =+.

Whole Rock Minerals Clay Minerals
Calc Quar | Feld | Dol | Opal | Clay Smect. | Palig. | Chlor | S-C/ I-S illite | Kaol. | Sepio.

z i
Rizvanhill | +++ | ++ ++ |- |+ +++ | A | | A |+ ++ |+ | - -—-
1 n=5 +
Rizvanhill | +++ | ++ ++ |+ + +++ | FHE | | A | ++ |+ |+ -—-
1 n=11 +
Bozhill +++ | + + ++ | + +++ | +++ +++ | +H+ | ++ ++ | e+ | - +++
n=9 + +

Dolomite has higher amount in samples taken from the Bozhill section further east in the area
feldspar, opal and quartz occur in trace quantities. In Bozhill section, sepiolite is also measured.
Chlorite, illite and mixed layer clays (illite/smectite, smectite/chlorite) are found in lesser amounts

(Table 1).
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The Mg-rich clay dominant samples by determined by XRD analyses were also studied with

scanning electron microscope (SEM) and energy dispersive X-ray spectrometer (EDS). In SEM studies,
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Figure 4. XRD patterns of representative

BZ7 sample. The charactersitic peak intensities (I) (arrow) of each minerals

were normalized to that of the reflection of kaolinite for semiquantitative analyses according to Yal¢in and Bozkaya, 2002

after Glindogdu, 1982 and Brindley, 1980).

some morphologic features of sub-microscopic minerals, such as shape and dimension, possible

mineral transformations and textural characteristics were recognized.

Smectite crystallites are usually wavy and flaky, often yielding characteristic honeycomb

textures . In general, smectite develops in dissolution voids of the volcanic glass (Fig. 5a). Christidis et

al., (1995) also indicated that smectite was derived from alteration of volcanic glass and feldspar in

Kimolos Island, Aegean, Greece. Very small smectite aggregates are observed to be fluffy (Fig. 5b).
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Figure 5. Scanning electron microscope (SEM) photographs and Energy Dispersion Spectrometer (EDS) analysis of (a)

Smectite crystals with honeycomb structure.Volcanic glass shards (VGS) developed during smectite formation (RZ3

sample) (b) Fluffy smectite replacing vitric matrix and crystals (S) (RZ8 sample). (c) The thin meshworks of fan-like

sepiolite (Sep) and acicular palygorskite (Plg), coating dolomite grains (B17 sample). (d) Fan - like forms of fibrous

sepiolites (BZ17 sample).
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Palygorskite and sepiolite are seen as fine and filamentous fibers coating dolomite (Fig. 5c). In
addition, palygorskite has a tabular shape with smooth edges and the acicular morphology was
recognized at the tips of the plates (Fig. 5¢). Sepiolite fibers form fan-like bundles. The sepiolite
filaments are 0.5-1 um long with a width and thickness of less than 1um (Fig. 5c¢-d). Such features can

be considered as textural evidence for authigenic palygorskite-sepiolite (Jones, 1986; Tlili et al., 2010).

4.2. Geochemistry

4.2.1. Major and Trace Elements

Compositional variations of the lake samples are comparatively low (Table 2). Their SiO, and
Al,O3 contents show broad ranges from 4.44% to 4542 % and from 1.32 % to 13.60 %,
respectively, SiO, and Al,O3 depletion in lake sediments was explained by the dilution due to higher
carbonate accumulation (Lepane et al., 2007)

Correlation analysis was performed to reveal any communality of minerals and chemical
elements. Some correlation plots for major and trace elements are shown in Figure 6-7. SiO; is
positively correlated with Al,O3, Fe,O3, K;,0, Cr,03, TiO, and negatively correlated with CaO and
MgO. This suggests that CaO and MgO are derived primarily from carbonates, and other elements are
associated with silicates (Fig. 6-7). Rb displays positive correlation with K,O, demonstrating that a
similar geochemical behaviour can be associated with illite, since both elements are preferentially illite
(Fig. 6) (Das and Haake, 2003). Positive correlations of Ti- and Sc, Ga, Nb- and Ta, Th suggest that Ti-
and Nb-bearing minerals may control the distribution of trace elements (Fig. 8). (Taylor & Mc Lennan,

1985; Plank & Langmuir, 1998; Dass et al., 2006; Chester, 1990; Leo et al., 2002). Regarding the Al-
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Table 2. Major, trace and REE concentrations of samples. x(E)n: Average of Al normalized elements, y Y. (LREE)yN /% Y.
(HRRE) \: the arithmetical average of the ratio of Al-normalized > (LREE) to arithmetical average of the ratio of Al-
normalized Z(HREE), X(La/Lu)(Nn)(e): X[(Lasamp|e/A|samp|e)/ LaNASC/AlNASC) / (Lusamp|e/A|samp|e) / (LU NASC [ Al NASC)] (NASC

values from Gromet at al., 1984).

Rizvanhill Samples
RZ3 RZ5 Rz8 RZ14 Rz17 RZK1 RZK2 RZK5  y(E)n
SiO, 4.44 10.08 24.5 4542 53.66 22.09 38.27 2362 0.74
TiO, 0.06 0.15 0.37 0.69 0.48 0.34 0.56 0.35 0.05
Al,O 1.32 2.98 7.24 13.6 9.36 6.25 10.60 6.51 1.00

3
Fe,O 0.73 1.46 3.21 5.96 4.83 3.03 4.76 3.06 048

3

Cr,0 0.005 0.004 0.01 0.019 0.015 0.028 0.019 0.002
3 0.021

MnO 0.02 0.04 0.07 0.04 0.02 0.04 0.06 0.04  0.007
MgO 0.86 1.19 1.37 1.08 2,92 1.85 217 208 0.30
CaO 50.1 43.93 28.3 10.1 832 3293 1892 317 877
Na,O 0.03 0.02 0.08 0.08 0.07 0.11 0.10 0.06 0.01
K70 0.15 0.22 0.53 0.91 0.89 0.47 0.87 048 0.08
P,0s 0.04 0.02 0.06 005 0029 0.13 0.07 0.06 0.01

LOI 42,2 39,9 3418 2202 194 32,6 23,5 32.01
Trace elements and REE in ppm)

Sc 2 4 9 14 12 9 16 11 1.38
\ 18 33 77 125 114 73 117 80 11.46
Co 1.7 3.3 215 17.2 8.8 11.7 19.4 10.3 1.6

Ni 20 21 48 57 77 72 88 51 6.21
Cu 5.6 9.9 18.6 31.4 411 243 27.2 183  3.26
Zn 10 15 36 61 56 38 52 34 5.53
Ga 15 3.3 7.7 13.6 9.7 7.0 11.6 6.5 1.06
Rb 7.2 8.1 23.4 329 425 189 29.3 16.0 332
Sr 155 86 90. 139 69 140 194 159 3031
Y 2.3 9.2 14.8 12.4 6.5 10.9 17.0 142 175
Zr 15.2 26.9 94.9 1115 95 50.0 78.0 532 944
Nb 1.2 1.8 6.5 8.5 7.4 3.9 5.7 5.4 0.72
Ba 37 23 120 94 89 115 154 99 14.6
La 2 6.4 10.5 8.6 6.7 9.3 11.9 9.9 1.32
Ce 4 104 22.4 18.4 151 164 21.8 132 241
Pr 0.46 1.47 2.7 2.13 165 205 2.89 203 030
Nd 2 6.6 10.6 8.1 5.8 8.2 12.6 8.1 1.26
Sm 0.36 1.21 2.35 1.75 117 183 2.71 1.80 0.06
Eu 0.09 0.36 0.52 0.41 024 049 0.77 057 0.26
Gd 0.39 1.31 2.26 1.75 1.05 176 2.83 210 0.28
Dy 0.39 1.45 2.4 1.97 1.08 177 2.92 222 0.05
Ho 0.09 0.26 0.5 0.42 024 037 0.62 0.46 0.17
Er 0.25 0.81 1.46 1.36 073 1.06 1.77 135 0.17
Yb 0.24 0.76 1.54 1.4 085 1.04 1.83 129  0.02
Lu 0.04 0.13 0.23 0.21 013 0.17 0.28 020 0.39
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Th 0.7 1 4.1 4.2 2.7 3.4 2.3
1> (LREE)N /4>, (HRRE) y 7.75
x(La/Lu)nn e) 0.94

Bozhill Samples

Bz4 BZ8 B3 B6 X(E)n

SiO, 50.39 48.08 37.83 31.9 3.57

TiO, 0.7 0.62 0.55 0.44 0.049
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Al,O; 14.34 13.44 10.19 9.16 1.00
Fe,03 6.35 5.77 5.16 4.89 0.47
Cr,0, 0.017 0.02 0.029 0.01 0.001
MnO 0.03 0.04 0.07 0.08 0.05
MgO 3.66 5.51 16.12 224 1.17
CaO 3.82 9 5.74 4.23 0.49
Na,O 0.1 0.15 0.07 0.11 0.009
K,0 1.17 0.95 0.59 0.79 0.07
P,0s 0.056 0.069 0.08 0.11 0.01
LOI 19.1 20.1 23.4 25.8
Sc 16 16 17 14 1.37
\ 149 127 131 124 11.55
Co 15 14 20.7 9.5 1.28
Ni 54 50 74 49 3.83
Cu 32.6 31.8 30.4 34.9 2.85
Zn 59 61 51 68 5.27
Ga 14.3 13.6 10.4 10.7 1.04
Rb 35.3 27.4 19.7 217. 2.35
Sr 71 307 875 592 44.6
Y 12.2 13.9 145 15.2 1.24
Zr 118 120.3 77.0 62.8 7.91
Nb 7.5 7.4 4.8 4.6 0.51
Ba 96 89 140 123 10.12
La 6.5 8.6 9.4 9.7 0.76
Ce 16.8 22.8 19.3 15.1 1.6
Pr 1.85 2.43 2.19 2.22 0.19
Nd 7.00 9.8 9.4 10.3 0.81
Sm 1.63 2.18 2.24 2.16 0.18
Eu 0.42 0.54 0.62 0.67 0.05
Gd 1.84 2.26 2.25 2.51 0.19
Dy 1.98 2.58 2.50 2.75 0.21
Ho 0.41 0.52 0.50 0.63 0.046
Er 1.3 154 151 1.74 0.13
Yb 1.47 1.62 1.59 1.69 0.14
Lu 0.23 0.26 0.25 0.29 0.022
Th 3.6 34 2.6 25 0.25
1Y (LREE)N /2>, (HRRE) y 6.55

x(La/Lu)nn ) 0.44

343

ISSN: 2395-3470
WwWw.ijseas.com



IJSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-2, Issue-3, March 2016
| ISSN: 2395-3470
WwWw.ijseas.com

. 12
r=0.92 < i r=0.94
OO B
12 i
= &
z ] <>$ < g " had
% al § ™ 4_ 0‘ % <>
1 - &
H o 2|
| | &
0 4 D ©
b o %07 5o 4ot S0 ko b o Lo 07 Ao So o
2 sio2 0.2 — Si02
1.6 — 0.16 —| =082
_ | <
1.3 0.12 —
g ] N S @
o <Ko i N
0.8 — < 0.08 — < <
_ > i N < <
0.4 — @ 0.0 —
16 1o
S L T B e B e e e BB R
S O 10 20 30 40 50 60
L Sig2 S02
50 —
R 4 r=0m -
0.8 — o a0
] <> - |
0.6 — < | O
& g o0 (]
S — <> == ] I:I D I:I
0.4 — & < o a =
0.2 _|
_00 10 1 oo
] L B B B LI I I B ] | | T |
0O 10 20 30 40 50 60 . o e 0o
Si02 K20

Figure 6. Correlation graphics between some major and trace elements. Significance level (o) is <0.05.
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normalized values y(E)y of some major oxides (e.g. SiO,, Al,03, K,0, TiO,, Fe,O3 and MnO) and

trace elements (e.g. Ni, Sc, V, Ba, Co, Cs, Ga, Hf, Nb, Rb, Ta, Th, U, Zr) concentrations In the

Rizvanhill1-2 and Bozhill section compositions reveal slight differences, except for Ca, Mg and Sr

(Fig. 9). Similarity between Rizvanhill1-2 and Bozhill samples can be explained by similar source area.

The Ca, Mg and Sr differences are due to differences of pH, alkalinity and salinity due to differences of

dept and drier paleoclimate.

The geochemical differences between elements such as Th (indicative of a felsic source) and Sc,

Co and Cr (indicative of a mafic source) have been exploited to distinguish between felsic and mafic

provenance by various authors (e.g. McLennan & Taylor, 1991). Th/Sc, Th/Co, Cr/Th have been used

to differentiate sediments derived from different source rocks. (Cullers et al., 1988). These element
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ratios of lake sediments are more convenient to values for sediments, derived from mafic source rocks,

(Table 3).
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Table 3. Range of elemental ratios in this study, compared the ratios in similar fractions derived from mafic rocks (Cullers

1994; 2000). ,

Rizvanhill 1-2 Bozhill Mafic Rocks
Th/Sc 0,20-0,35 0.15-0.22 0,05-0,22
Th/Co 0,13-0,47 0,12-0,24 0,04-1,40
Cr/Th 22.80-56.52 32.30-76.31 25-500
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4.2.2. Rare Earth Elements

REEs are especially useful for monitoring source area composition (Taylor & Mc Lennan,
1985; Das et al., 2006). These elements have short residence time in the water column, and thus are
transferred almost completely into the sedimentary record and are useful for differentiating felsic from
mafic source components in shales (Fedo et al., 1996; Bauluz et al., 2000).

REEs of lake samples are shown at Table 2. Positive correlations between Ti- > REE suggest
that some Ti- bearing minerals may at least partially control the distribution of certain trace elements
(Fig. 10a) (Gonzalez -Lopez et. al., 2005).

The REE concentrations of samples are normalized to chondrite values and it was determined
that LREE concentrations are more enriched in comparison to HREEs, and the absence of Eu

anomalies shows that lake samples are generally mafic in composition (Fig. 10b).
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Figure 10. (a) Correlation graphics between Ti- Y REE. (b) Chondrite-normalized plot of average REE compositions of lake

samples (after McDonough et al. 1992)

4.DISCUSSION

5.1. Origin of the Mg- bearing Minerals

Field observations along with mineralogical paragenesis and the results of geochemical analysis
indicate that the studied lake deposits are composed of minerals that were deposited in an alkaline lake
environment. Variations in mineralogical and chemical compositions among three sections show that
paleogeography played role in lake deposition and, in this respect; different mineral facies are
recognized in the study area.

Sepiolite-palygorskite-smectite-calcite-dolomite mineral association was controlled by pH,
salinity and/or alkalinity and cation ratios (Si/Al+Fe, Ca/Mg and Mg/H") and H4SiO,4 concentration,.
Due to different geomorphologic and hydrologic characteristics of marginal and distal areas, carbonate
precipitation increased toward the central areas. Dolomite precipitation took place later on and was
very probably related to the different chemistry of the lake water. The dolomitization process was
driven by an increase in the Mg/Ca ratio of waters at the center of the lake (Primentel, 2002).

Millot (1964) determined mineralogical changes from the margin of the basin to the lake center
in several Tertiary lake basins from northern Africa. According to Millot, (1964), the abundance of Al-
bearing materials decreased while that of Mg-silicates increased from the margin of the basin to the

lake center. It is also pointed out that if clastic sediment content decreases, a zonation consisting of
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smectite-palygorskite, palygorskite-sepiolite develops from margin to the deeper part of the lake. In the
lake bain Al-Fe-rich smectites change to Mg-rich clays (palygorskite-sepiolite) from west to east (Fig.

11).
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Figure 11. Mineralogic and geochemical variations in two sections of the basin.
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Smectite, which is the main clay mineral within the lake basin, might be partly derived from
country rocks (Chamley, 1989). Some of the detrital smectite might also be derived from source rocks.
Neoformation is also an important mechanism for the precipitation of minerals towards the lake. In
other words, the dominance of chemical sediments, particularly in the central parts of the lake,
validates the second possibility. The precipitation of smectite from cations released by the rapid
hydrolysis of volcanogenic components is a well known mechanism (Boski et al., 1998). The basaltic
rocks of Karabakir Formation, represented by the pyroclastic deposits and volcanogenic deposits which
outcrop along the eastern margin of the lake basin. In SEM studies, most of smectites have a
honeycomb shape (Fig. 5a-b), suggesting an in-situ origin, (Huggenberg & Fuchtbauer, 1988). On the
other hand, the spongy texture due to the transformation from volcanic glass, in addition to volcanic
glass shards and voids are developed as a result of authigenic smectite formation. Smectites replace
volcanic glass, volcanic fragments and rim intergranular pores (Fig. 5a). Likewise, Christidis (2001)
described the smectite forming first during dissolution of the volcanic glass through nucleation and

crystal growth, leading to pseudomorphic textures and dissolution voids of the volcanic glass.

Elongated crystallites are more typical for Fe-rich smectites (Fig. 5b). The alteration of basic
rocks usually yields Fe-rich smectites (Christidis, 2009). Therefore, this type of smectites have
neoformation origin and might be formed by the smectitization of Fe-rich mafic minerals or volcanic

glass of the Karabakir Volcanics.

Palygorskite in sediments might be formed in various geological environments as detrital,
diagenetic or neoformed types (Singer, 1979; Prudéncio et al., 2007). In addition, detrital

phyllosilicates and dolomite are also present (Torres-Ruiz et al., 1994; Lopez-Galindo et al., 1996). It is
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possible that, like smectite, a small amount of palygorskite could be derived from basement rocks. On
the other hand, considering the mineral paragenesis along the lake margin, palygorskite might be also
formed by diagenetic transformation of dolomite. Palygorskite is seen as fine and filamentous fibers
and coating dolomite (Fig. 5¢). These fibrous clay mineral occurrences surrounding carbonate grains
are considered to have an authigenic origin by some workers (Hassouba and Shaw, 1980; Estéoule-
Choux, 1984). Palygorskite, which is detected almost in all samples, coexisted with calcite, rather than
dolomite (Table 1, Fig.5a-b). Palygorskite+calcite must be formed where the Mg/Ca ratio of the
environment is low, while palygorskite+dolomite assemblage will be dominant if Mg/Ca ratio is high.
The formation of sepiolite and related minerals in Neogene volcano-sedimentary lake basins
was reported by Galan and Castillo (1981) and Starkey and Blackmon (1984). Their works show that
the formation of sepiolite is related to basin conditions. For the deposition of sepiolite-bearing thick
chemical composition sediments within the central part of the lake basin, Si-, Mg-, Ca- and COs3-
enriched solutions The Mg was supplied from the surrounding, volcanic ash, dolomite and
diatomaceous mud act as source materials for sepiolite formation (Fleischer, 1972; Isphording, 1973;
Weaver and Beck, 1977; Galan & Ferrero, 1982). Permo-Triassic metacarbonates, middle Eocene-
upper Oligocene marine Formation and upper Cretaceous magmatics and Upper Maastrichtian
sandstone and recrystalized limestones are suitable source rocks for the formation of sepiolite. The
alternation of marly and clayey layers was also possibly a result of periodic climatic changes. Wet
periods with materials supplied to the basin favored the formation of palygorskite in Rizvanhill section.
During drier periods, evaporitic carbonate and dolomite sedimentation took place, with little sepiolite

or smectite formation and a lack of detrital minerals. The eastward decreasing of the palygorskite and
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appearing of sepiolite indicates a basin evolution and perhaps a climate with drier periods in Bozhill

section which is deeper part of Lake Basin.

5.2. Element Distribution with Deepening Lake Level

The deepening of the lake basin towards the east, revealed from the distribution of Mg-clays, is
also supported by geochemical data.

The arithmetical average of the enrichment factor of Al- and North American shales-normalized
elements is computed as y(La/Lu)nnye): x[(Lasample/Alsampie) / Lanasc/Alnasc) / (LUsample/ Alsample) /
(Lunasc / Alnasc)] (NASC values from Gromet et al. 1984). This ratio is 0.94 for Rizvanhill and 0.44
for Bozhill samples (Table 2). The decrease in this ratio indicates deepening of the basin in such a
direction. HREEs are easier to form bicarbonate solution and organic complexes than LREEs in the
strong weathering process under warm-humid condition; the HREEs are usually enriched in the
solution while LREEs are concentrated in the weathered remnants (Zhang et al., 1997), Therefore,
higher LREEs values of Rizvanhill correlated to warmer climate (Tanaka et al., 2007). The scope of
paleolake had been expanding and the climate became warm-humid along with the increased paleolake
level in Rizvanhill section. Dry climate resulted in narrowing of the lake in Bozhill section which is
deeper part of the lake.

5.CONCLUSIONS

The mineralogical and chemical compositions of analyzed samples from lake basin have been

used to deduce the following:

353



IJSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-2, Issue-3, March 2016
ISSN: 2395-3470
WwWw.ijseas.com

1. The mineralogical and geochemical features of the deposit indicate that detritus in the basin fed by
from the magmatic-sedimentary and metasedimentary source rocks of the surrounding area. In the lake
basin, minerals were formed by transformation of volcanogenic materials.

2. The mineralogy of the lake deposit is mainly composed of clay, calcite, dolomite, quartz, feldspar
and opal. Clay minerals are smectite, palygorskite lesser amounts of sepiolite, chlorite, illite, I-S, S-C,
and kaolinite.

3. Calcitetsmectitet+palygorskite mineral association at Rizvanhill section changes to
dolomite+smectite+palygorskite+sepiolite assemblage at Bozhill section as a result of the deepening of
the lake and an increase in pH, alkalinity and salinity due to deepening of the lake and drier
paleoclimate.

4. In SEM studies, most smectites are found to have been formed as space filling by a transformation of
volcanic glass or alteration of Fe-rich material in lake water. Volcanic debris is a likely source for
smectite because high basaltic levels of Karabakir Formation are found near the lake basin. Some part
of smectite and palygorskite must have been derived in detrital form from surrounding rocks however,
sepiolite formation is restricted to the deeper part of the basin in Bozhill section which was subjected to
drier paleoclimate, and it definitely might be authigenically formed.

5. x(E)n values of SiO,, Al,03, K,0, TiO,, Fe,03, MnO and Ni, Sc, V, Ba, Co, Cs, Ga, Hf, Nb, Rb,
Ta, Th, U, Zr > REE at Rizvanhill and Bozhill sections are similar show that two section is shallow
parts. But Ca is higher Mg and Sr is lower amount in Rizvanhill section may be indicative of
shallower parts of the basin, paleolake had been expanding toward Rizvanhill section in warm-humid
paleoclimate This is also supported by decreasing x Y, (LREE)y / % Y, (HRRE)n and x (La/Lu)nne)

values in Bozhill section.
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This study has shown that clay mineralogy and the variations of geochemistry might reveal

important data on the paleogeography of the paleolake basin and support earlier interpretations.
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