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Abstract

The Konya Closed Basin is an important basin in central Turkey, in terms of its geographic position, Quaternary infills, and well-
preserved archeological sites. It comprises Quaternary lake marls and other, mainly fine grained, sediments with locally in excess
0f 400 m. Geochemical data for samples taken from the 7-m-deep Adakale trench from the late Quaternary lacustrine sediments
in the Konya Closed Basin are presented and have been used as proxies to elucidate the past climatic changes, weathering regime,
redox conditions, and productivity. Climate changes observed in the studied samples for last 50,000 years were represented by
oscillations in weathering processes, detrital input, redox conditions, water levels, and paleoproductivity. Geochemical data show that
three periods of high detrital input (high Si+Al+K+Ti+Fe, high Ti/Al, Rb/Sr, low Ca and low Si/T1i), four periods of anoxic conditions
(low Mn and Th/U and high Ni/Co, Mo/Al and V/Cr), and four periods of higher productivity (high Cu/Al, Ni/Al, Ca/Al, Ba/Al Si/Ti
and Ca/Ti) were effective in the study area. These periods are corresponding to climatic changes during last glacial periods, the warm
climate of Dansgaard-Oeschger (D/O) events (D/O 2-12) and the cold climate of Heinrich events (H 2-5).
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Introduction

Lacustrine sedimentation is controlled by numerous
interacting factors such as climate, tectonic, geomorphology,
surrounding vegetation, aquatic biota, and recently human
activities (Cohen 2003; Martin-Puertas et al. 2011;
Guimaraes et al. 2016; Zhao et al. 2016). Lakes may respond
rapidly to changes in these factors. Sediments deposited at the
bottom of lakes have high potential to preserve the signs of
these changes. Geochemical data obtained from lake sedi-
ments have been used to elucidate the past climatic changes,
weathering regimes, redox conditions, regional vegetation
covers, and human activities (Koinig et al. 2003; Eusterhues
etal. 2005; Selig et al. 2007; Tanaka et al. 2007; Moreno et al.
2008; Orhan et al. 2019). Highly reliable information may be
obtained from lake sediments by means of high-resolution
geochemical data. Recently in many studies, the X-ray fluo-
rescence (XRF) core scanning method has been used in
obtaining high-resolution chemical data from core profiles
(Boyle 2000; Koinig et al. 2003; Mayr et al. 2005; Martin-
Puertas et al. 2011; Guimaraes et al. 2016; Zhao et al. 2016).

Konya Closed Basin has been studied by many workers
because of its importance in geology, agriculture, and arche-
ology (Roberts et al. 1979; Roberts 1983; Fontugne et al.
1999).

Although the Konya Closed Basin comprises
Quaternary lake marls and other, mainly fine grained,
sediments with locally in excess of 400 m, most of the
works done in relation to the climatic and environmental
changes were conducted on the coarse-grained marginal
shoreline facies and associated landforms (beach ridges,
wave-cut cliffs, etc.) which surround the plain and have
the most obvious evidences of late Quaternary environ-
mental changes (de Ridder 1965; Roberts 1983;
Kuzucuoglu et al. 1998; Fontugne et al. 1999;
Karabryikoglu et al. 1999; Roberts et al. 1999).

Present study has focused on the analysis of down-trench
geochemical changes in fine grained lake sediments from the
Konya paleolake in central Turkey. The aim of this paper is to
present an integrated study using geochemical data including
major, trace, and rare earth elements (REEs); elemental ratios;
and age depth relation to reconstruct environmental and local
climate changes of this region as well as depositional condi-
tions during late Quaternary.

Study area

Konya Plain is an almost flat marl-filled former lake bottom
having the altitude of which does not vary much around
1000 m, with lowest depressions at ca. 997 m. It covers an
area of about 4200 km? and is located north of the Taurus
ranges and south of the Tuz Golii (Salt Lake) basin. It is
separated from the Tuz GOlii drainage area by a pass only

@ Springer

50-m high, while the southern mountains rise up to over
3000 m. It is surrounded by the mountain Bozdag (a
Paleozoic limestone palacorelief with heights points of
1500 m) to the northwest and two stratovolcanoes higher than
2000 m: the Pliocene andesitic Karacadag to the northeast and
the Pleistocene differentiated Karadag to the south (Fig. 1a).

Materials and methods

Fifty-one samples about 10 cm apart were collected from a 7-
m-deep trench (Adakale trench; 37.51198° N, 33.05998° E,
Altitude: 1003 m) opened near the Adakale village (Fig. 1b).
All of these samples were analyzed for their major oxides and
trace elements including REEs. About 0.2 g of powdered
samples from each sample was analyzed by inductively
coupled plasma emission spectrometry (ICP-ES; major
elements) and inductively coupled plasma mass spectrometry
(ICP-MS; trace elements including REEs), in the Acme
Analytical Laboratory (Vancouver, Canada). After lithium bo-
rate fusion, precision and accuracy were checked by parallel
analysis of international reference standards. The minimum
detection limit for major and minor elements is 0.01% while
for trace element is 0.01 to 1 ppm.

Mollusk shells in three highly fossiliferous samples collect-
ed at depth of 60 cm, 419 cm, and 491 cm from the Adakale
trench were dated by electron spin resonance (ESR) dating
method which is based on measurements of the number of
paramagnetic centers produced by natural radiation in a mate-
rial (Ikeya 1993; Griin 1989; Blackwell et al. 2016).
Equivalent doses (Dg) representing the accumulated natural
radiation doses were obtained by means of the additive dose
method. Annual dose rates (D) were determined using the
natural radioactive element (238U, 232Th, 40K) concentrations,
cosmic dose rate contribution, grain sizes of powders, and
moisture effect. ESR ages of the fossil shell samples were
calculated taking into account of uranium uptake history of
shells using ROSY program (Brennan et al. 1999). ESR spec-
tra of the samples were recorded at room temperature by
JEOL JESFa-300 X-band ESR spectrometer located at
Selguk University Advanced Technology Research &
Application Center, Turkey.

Results
Major oxides

Ternary plot of major oxide (SiO,, Al,O3, and CaO) content
shows that most of samples are enriched in CaO relative to
Al,O5 and SiO, (Table 1 and Fig. 2). Almost half of samples
were identified as marl and the rest as limestone (Fig. 2).
Fe,03, TiO,, and K,O contents are generally relatively higher



Arab J Geosci (2021) 14: 766

Page3of 14 766

— Q)\/k% Sls
a L B4 @7 g
—2 [ ]5 — 8
| %g s > %9
|y
Bozda
i
ONYA-WEST SULTANI
H? HOTAM ku
Q¢
N
Cargamba Rv.
32°2400 0
; "q,m 33°3600
32°360
332400
32°3801
33°0000 331200

bul
Ankara|
L)

TURKEY

3600 37°4800

37°3600

33°4800

Fig. 1 a Map of the Upper Pleistocene Lake systems in the Konya Closed
Basin (Fontugne et al.1999). 1 Limestone and volcanic basement. 2 Limit
of Pleniglacial paleobeaches and fans. 3 Extension of Pleniglacial lake. 4
Approximate extension of Late Glacial and Holocene lakes and marshes.

in samples having high SiO, and Al,O3, which are contributed
to the high detrital input. MnO content is relatively low in
those samples with high CaO which suggest anoxic bottom
water conditions at the deposition time. There is a high posi-
tive correlation between SiO, and Al,O3, Fe,05, MgO, K,0,
and TiO,, whereas there is a high negative correlation between
CaO and SiOz, A1203, F€203, MgO, Kzo, and TIOZ (Table 2)

Trace elements

The distribution of most of trace elements is closely related to
the detrital content of samples. They are clearly enriched in
sediments having high SiO, and Al,O3 (Tables 1, 3, and 4).
The Rb contents of samples are variable ranging from 1.6 to
68 ppm. There is a high negative correlation between Rb and
CaO and high positive correlation between CaO and Sr
(Table 2).

The redox sensitive elements such as Th, Ni, V, Fe,
Cs, and Ce are relatively enriched in samples having
high SiO, and Al,O5. This points an oxic bottom water
condition. On the other hand, the Mo content is rela-
tively higher in samples with higher CaO content sug-
gesting anoxic conditions (Tables 1 and 3).

Elements used as paleoproductivity proxy (Cu, Ni, Ba) are
relatively depleted in samples having high CaO content
reflecting high productivity (Tables 1 and 3).

Dating

Mollusk shells (Bithynia tentaculata for L8A24, Valvata
piscinalis for L§A31 and L8AS0 Fig. 3) were selected as

5 Ismil dune system (Lake Glacial). 6 Main surface inflow. 7 Swallow
holes. 8 Contours. 9 Sampling site (Adakale). b The appearance of a 7-m-
deep trench

dating materials. The signal intensity of freely rotating CO,
radical at g=2.0007 was used to determine Dg of samples
(Griin 1989). Dose response curves of signals were best fitted
to a single exponential saturation function, y = a * exp(bx) +c,
using the Y2Science ESR data processing program. ESR
spectrum and fitted dose response curve for L8A24 mollusk
shells are shown in Fig. 4, respectively. The parameters of fit
functions, equivalent doses, annual dose rates, and ESR dates
obtained from mollusk shells are given on Table 5.

Discussion

Lacustrine sediments have been used to elucidate the paleo-
ecological and paleoenvironmental conditions under which
they were deposited by means of different geochemical prox-
ies (Lei et al. 2008; Martin-Puertas et al. 2011; Guimaraes
et al. 2016; Zhao et al. 2016).

Detrital influx proxies

Al, Ti, and Zr contents and Ca/Al, Ca/Ti, Si/Al, Ti/Al, and St/
Al ratios have been widely used as detrital influx proxies
(Murphy et al. 2000; Tribovillard et al. 2006; Zhao et al.
2016). In a place where climatic conditions prevailed by
strong rainfall, erosion rate and detrital input to lakes will be
high (de Oliveira et al. 2009). Al, Ti, and Zr content of these
sediments will be high, while Ca/Al, Ca/Ti, and St/Al ratios
will be low (Guimaraes et al. 2016; Zhao et al. 2016). Si in
lacustrine sediments may be derived from both detrital and
biogenic sources (Kidder and Erwin 2001). Zhao et al.

@ Springer
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Table 1 Major oxide contents (in %) of the studied samples
Sample no Depth SiO, AlL,O3 % FeO, % MgO % CaO % Na,O % K50 % TiO, % MnO %
(m) %o
L8A1 -6.81 28.62 6.45 3.31 247 28.32 0.58 1.17 0.38 0.05
L8A2 -6.71 23.86 4.93 1.96 2.20 33.26 0.55 0.94 0.31 0.05
L8A3 -6.63 26.67 5.05 2.00 1.97 31.63 0.64 0.95 0.30 0.04
L8A4 -6.56 31.10 5.52 2.21 1.80 29.15 0.68 1.02 0.32 0.03
L8AS -6.51 34.46 5.27 1.32 1.48 28.99 1.03 0.96 0.26 0.03
L8A6 -6.46 34.76 5.00 1.26 1.49 29.22 0.99 0.91 0.29 0.03
L8A7 -6.39 33.07 4.79 1.29 1.60 30.08 0.88 0.84 0.32 0.03
L8AS -6.31 29.40 4.53 1.64 1.69 31.61 0.73 0.79 0.28 0.03
L8A9 -6.25 27.88 4.66 1.70 1.77 32.38 0.72 0.84 0.28 0.03
L8A10 -6.15 25.21 4.07 1.36 1.69 34.57 0.68 0.74 0.26 0.03
L8AI11 -6.05 25.34 4.13 1.23 1.68 34.66 0.69 0.74 0.26 0.03
L8A12 -5.95 22.02 3.64 1.16 1.75 36.83 0.61 0.63 0.23 0.03
L8A13 -5.85 16.29 2.96 0.99 1.77 40.69 0.48 0.48 0.18 0.03
L8A14 -5.75 14.32 2.85 0.93 1.74 41.96 0.42 0.45 0.17 0.02
L8AI1S -5.69 18.61 341 1.02 1.77 39.03 0.52 0.55 0.21 0.03
L8AI16 -5.63 19.36 3.60 1.10 1.86 38.05 0.57 0.61 0.22 0.03
L8A17 -5.61 5.88 1.38 0.53 1.29 46.32 0.21 0.21 0.07 <0.01
L8A18 -5.51 1.06 0.22 0.17 0.97 53.00 0.08 0.05 0.02 <0.01
L8A19 -5.41 1.90 0.42 0.23 0.76 52.51 0.11 0.08 0.03 < 0.01
L8A20 -5.31 345 0.79 0.33 0.90 51.40 0.14 0.13 0.05 <0.01
L8A21 -5.21 4.13 0.96 0.44 1.14 50.26 0.16 0.17 0.06 <0.01
L8A22 -5.11 5.75 1.49 0.48 0.88 49.55 0.18 0.22 0.07 <0.01
L8A23 -5.01 3.55 0.83 0.36 0.83 51.39 0.13 0.15 0.05 <0.01
L8A24 -4.91 1.49 0.37 0.17 0.95 52.78 0.07 0.06 0.02 < 0.01
L8A25 -4.79 2.60 0.73 0.35 1.13 51.77 0.10 0.13 0.03 <0.01
L8A26 -4.69 11.17 332 1.11 1.68 42.90 0.24 0.53 0.12 0.02
L8A27 -4.59 13.74 3.60 1.40 1.53 41.19 0.31 0.58 0.14 0.02
L8A28 -4.50 14.57 3.14 1.26 1.50 41.60 0.33 0.52 0.15 0.02
L8A29 -4.40 25.44 4.16 1.01 1.49 35.31 0.75 0.73 0.20 0.02
L8A30 -4.28 22.50 3.77 1.00 1.54 37.38 0.64 0.66 0.22 0.02
L8A31 -4.19 11.91 2.06 0.48 1.24 449 0.37 0.27 0.09 0.02
L8A32 -4.06 19.99 3.53 1.00 1.29 39.07 0.49 0.62 0.25 0.02
L8A33 -3.98 2.99 0.32 0.30 0.77 52.18 0.07 0.05 0.02 <0.01
L8A34 -3.79 1.74 0.22 0.22 0.92 53.24 0.06 0.04 0.02 0.02
L8A35 -3.66 39.86 7.06 2.00 2.02 23.78 0.86 1.18 0.55 0.03
L8A36 -3.56 37.79 8.24 2.95 3.17 2141 0.70 1.44 0.50 0.03
L8A37 -3.46 37.31 8.19 2.73 3.36 21.71 0.70 1.42 0.51 0.03
L8A38 -3.26 39.40 8.29 2.56 3.04 21.08 0.81 1.43 0.55 0.04
L8A39 -3.06 39.44 8.18 2.67 2.68 21.59 0.79 1.39 0.54 0.04
L8A40 -2.86 37.76 7.98 297 3.25 21.81 0.75 1.36 0.51 0.05
L8A41 -2.66 38.46 7.86 2.55 333 21.72 0.78 1.33 0.53 0.05
L8A42 -2.46 39.28 7.47 2.66 2.85 22.23 0.85 1.25 0.56 0.05
L8A43 -2.26 36.19 7.37 2.92 3.39 23.00 0.72 1.25 0.50 0.05
L8A44 -2.06 31.93 7.88 2.99 3.74 24.25 0.58 1.34 0.46 0.06
L8A45 -1.86 34.05 7.46 2.81 32 24.41 0.68 1.24 0.47 0.06
L8A46 -1.56 31.49 7.23 2.67 3.44 25.71 0.62 1.19 0.44 0.06
L8A47 -1.26 31.96 6.96 2.70 3.06 2591 0.61 1.17 0.44 0.06
L8A48 -1.06 31.13 6.79 2.64 2.87 26.97 0.62 1.17 0.44 0.06
L8A49 -0.80 11.54 2.72 0.95 1.97 43.64 0.29 0.46 0.16 0.02
L8AS50 -0.60 5.68 145 0.37 1.36 49.17 0.24 0.31 0.06 0.01
L8AS1 -0.10 1.91 0.47 0.27 1.37 52.23 0.09 0.09 0.03 < 0.01

(2016) stated that silica in siliceous and silty shales could
possibly originate from biogenic sources which make silica
or Si/Al ratios an unreliable indicator for detrital influx. Ti and
K are typically associated with clays. Increase in Ti/K
ratio infers high amounts of weathered clay minerals
deposited during high water stands and wetter periods
(Hodell et al. 2008). Zr and Hf are typically fixed in
resistant minerals such as zircon, and thus an increase
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in these elements can provide an indication of high-
energy terrestrial runoff in the basin (Guimaraes et al.
2016). Even though the usage of REEs in lacustrine
sediments as paleoenvironmental indicators is not com-
mon, they have potential to be used as
paleoenvironmental proxies, because they are sensitive
to pH and salinity, redox fluctuations, and changes in
detrital sources (Martin-Puertas 2011).
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Table 2  Correlation coefficient matrix of variable pairs in the studied samples
SiO, ‘AlgO} Fe,03/MgO | CaO [Na,O| K,0 | TiO, | P,Os [MnO|Cr,Osf Ba | Ni | Cs | Ga | Hf | Rb | Sr | Th | U v Zr | Ce | Mo | Cu | Ni
SiO,| 1.0] .962) .883| .801| -.990| .949 .967| .955| .845| .798 .894 .902 .740 .826| .919] .907| .921| -.629 .952 .047 .899 .911] .932| -.208 .787 .814
ALOs| .962| 1.00| .962| .915 -.988 .839 .997| 983 .837| .857| .860 .906 .868 .891] .982 .864| .990 -.671] .99 .028 .971] .865 .976|-219 .832 .925
[Fe,O5] .883| .962] 1.00 .931] -.934 .715 .961| .941| .787 .895 .770, .817 915 .893 .956| .763| .977| -.662| .953 -.01(01 .960 .761 .931| -.176| .822| .948
MgO] .801| 915/ .931) 1.00| -.870 .616 .902| .902| .782 .879| .733| .759 .935 .808 .924| .730, .934| -.621] 915/ -.027) .933| .731] .911| -.259 .807| .959
Ca0]-.990| -.988| -.934f -.870| 1.00 -.904| -.990| -.976| -.853| -.844| -.880f -.905| -.812| -.869| -.956| -.890] -.962| .644| -.978 -.054| -.944| -.893 -.959| .191| -.829| -.882
Na,O] .949| .839| .715 .616 -.904 1.00| .851] .826| .767| .673| .830| .837 .519| .704 .760 .852| .764 -.469 .821 .092( .738 .858 .799| -.131| .677 .620
KO 967 .997] .961] .902 -990| .851] 1.00] .978 .841] .852 .844) .908 .859 .896 .977| .852| .987| -.657| 988 .049 .964 854 973 -.191| .842f 916
TiO,| .955| .983| .941 .902 -.976| .826| .978 1.00| .883| .848 .903| .872| .877| .842| .974| .915| .970 -.717] .992| .054 .968 .916[ .979| -.226| .817| .921
P,Os| .845| .837 .787 .782 -.853 .767 .841] .883| 1.00, .738 .832 .715 .734) .697 .810 .844| .814| -.582 .874 .089 .817 .852 .874|-.168 .758 .796
MnO| .798| .857 .895 .879 -.844 .673 .852 .848 .738 1.00| .699 .663 .852 .725 .834) .698 .859| -.550| .855) -.046 .851 .699 .819| -.215 .697 .858
Cr,05] .894| .860| .770| .733 -.880 .830| .844| .903] .832| .699 1.00 .771] .675 .683 .830 .947| .812 -.674 .871 .036( .825 .950 .867| -.295| .644] .742
Ba | .902| .906| .817 .759 -.905 .837 .908| .872| .715| .663| .771] 1.00| .669 .841 .874 .820| .884| -.449| .887 .100| .860| .822| .887| -.188| .773| .753
Ni | .740| .868 .915 .935 -.812 .519| .859| .877| .734| .852| .675 .669 1.00| .714 915 .662| .903 -.748 .883 -.005 .902 .661 .871|-202| .721] .966
Cs | .826| .891] .893 .808 -.869 .704 .896| .842 .697| .725 .683 .841) .714) 1.00| .854) .704] .911| -.423| .863 .126/ .886 .702 .850| -.042| .869| .811
Ga | 919 .982| .956| .924 -.956 .760| .977] .974 .810| .834| .830 .874 .915| .854 1.00, .825| .987 -.729 .976 .036| .972 .825 .963|-225 .806 .951
Hf | .907| .864] .763 .730 -.890, .852 .852| .915| .844) .698 .947| .820) .662 .704 .825/ 1.00| .816| -.602| .888 .089 .834f .998 .886| -.264 .702 .735
Rb | .921| .990| .977| .934 -.962 .764 987 .970 .814] .859 .812 .884 .903| .911] .987 .816| 1.00| -.664] .981 .043| .981] .816 .969| -201| .844 .949
Sr |-.629( -.671] -.662| -.621| .644f -.469| -.657| -.717| -.582| -.550| -.674f -.449| -.748 -.423| -.729| -.602| -.664| 1.00| -.692| .159 -.667 -.597 -.678 .261| -.370| -.713
Th | .952| .990| .953 .915 -.978 .821| .988 .992| .874 .855| .871| .887 .883| .863| .976| .888 .981| -.692| 1.00| .038 .969 .890| .991| -.230| .830| .931
U | .047] .028 -.01Q -.027 -.054] .092 .049| .054| .089 -.046| .036/ .100| -.005 .126| .036/ .089 .043| .159 .038 1.000 .118 .087 .024 .683| .237 .086
V| 899 .971] 960 .933 -.944| .738 .964 .968 .817 .851] .825 .860 .902 .886 .972 .834] .981| -.667| 969 .11§ 1.00| .834 .956| -.142| .843| .948
Zr | 911] .865 .761 .731 -.893 .858 .854| .916| .852| .699 .950 .822 .661f .702 .825 .998| .816| -.597 .89(04 .087 .834| 1.00| .889| -.267| .703 .733
Ce | .932| 976 .931] 911 -.959 .799 .973 .979 .874) .819 .867 .887 .871 .850 .963 .886 .969| -.678 .991 .024 .956 .889 1.00|-265 .817| .920
Mo |-.208| -.219| -.176| -.259 .191| -.131] -.191] -.226| -.168| -.215| -.295 -.188| -.202| -.042| -.225| -.264| -.201| .261| -.230| .683| -.142 -.267| -.265| 1.00| .033| -.131
Cu | .787| .832| .822 .807| -.829 .677| .842| .817| .758 .697| .644 .773| .721| .869 .806| .702{ .844] -.370| .830| .237| .843| .703| .817] .033| 1.00| .807
Ni | .814| .925| .948 .959 -.882 .620| .916| .921| .796| .858 .742 .753| .966| .811| .951| .735| .949| -.713| .931| .086| .948 .733| .920| -.131| .807| 1.00

Enrichment in the elements (Al, K, Ti, Fe, REEs) which are
associated with aluminosilicates points an increase in detrital
input and high water level. But depletion in these elements is
interpreted as a sign of low detrital input pointing a relatively
dry climate which is characterized by weak erosion.
Sediments deposited under this condition are carbonates and
evaporates which are characterized by enrichment in Sr and S
(Guimaraes et al. 2016). The changes in the Rb/Sr ratio reflect
the rate of the chemical weathering of the rocks surrounding
the lake in relation with the climate. Higher Rb/Sr ratio points
a climate under which the chemical weathering is weak (Lei
et al. 2008).

Si, AL, K, Ti, Ca, Fe, and Y REEs contents as well as the Ti/
Al, Rb/Sr, and Si/Ti ratios change systematically through the
sampled section as shown in Fig. 5. The Si/Ti ratio is almost
constant at the levels where the content of Si+Al+K+Ti+Fe is
high and Ca content is low (Fig. 5). The two phases of en-
hanced Si/Ti (the periods III and IV) coincide with high Ca
content. This has been contributed to the biogenic silica, be-
cause Si/Ti ratio is used an indicator of biogenic silica, which
is linked to the changes in productivity of diatoms and
sponges (Guimaraes et al. 2016; Sahoo et al. 2015)

Three levels correspond relatively to high Si, Al, K, Ti, Fe,
and Y REEs; low Ca contents; and high Ti/Al and Rb/Sr and

low Si/Ti ratios. These levels represent periods of high detrital
input. Three levels interbedded with them are characterized by
relatively low Si, Al, K, Ti, Fe, and Y REEs; high Ca contents;
and lower Ti/Al and Rb/Sr and higher Si/Ti ratios (Fig. 5).
These levels represent periods of low detrital input.

Six periods of detrital inputs were defined by means of the
detrital influx proxies for the studied sediments (Fig. 5). The
detrital input was high during periods I, III, and V. During
these periods, a wet and cold climate was effective in the area;
the erosion rate and the water level was high. On the other
hand, periods II, IV, and VI are represented by low detrital
input. During these periods, a hot and dry climate was effec-
tive in the area; the erosion rate and the water level was low.

Redox proxies

The concentration of redox sensitive elements such as U, Th,
Mo, Ni, V, and Fe and trace element ratios may provide im-
portant clues about the paleoredox conditions. Most of the
redox-sensitive trace metals tend to be more soluble under
oxidizing conditions than under reducing conditions. This be-
havior makes U, V, and Mo and to a lesser extent certain other
trace metals such as Cr and Co useful as paleoredox proxies.
The combined use of U, V, and Mo enrichments may allow

@ Springer
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Fig.2 Ternary diagram of major oxides of the studied samples (a Marl; b
limestone)

suboxic environments to be distinguished from anoxic-
euxinic ones (Tribovillard et al. 2006). Thorium is usually
enriched in sediments deposited under oxic conditions
(Wignall and Twitchett 1996), whereas aqueous U will be
trapped by organic-rich sediments under reducing conditions
(Kochenov et al. 1977). Therefore, high Th/U ratios point oxic
conditions. Ni and V are adsorbed by organic matter under
anoxic conditions (Lewan and Maynard 1982; Breit and
Wanty 1991; Zhao et al. 2016), but the concentrations of Co
and Cr are independent from redox conditions. High Ni/Co,
V/Cr, and V/(V+Ni) values are considered to be resulted un-
der anoxic conditions (Jones and Manning 1994; Zhao et al.
2016).

Four levels which are characterized by high Th, Ni, V, Cs,
and Ce and low Mo contents were identified through the mea-
sured section (Table 3). Samples from these levels are also
relatively enriched in SiO, and Al,O; (Table 1), which point
oxic bottom water condition.

Based on the redox proxies obtained from the studied sam-
ples, eight redox periods were distinguished (Fig. 6). The ma-
jority of redox proxies for periods I, I1I, V, and VII consistent-
ly reflect the oxygenated redox condition (high Mn, Th/U and
low Ni/Co, Mo/Al and V/Cr; Fig. 6), whereas V/(V + Ni)
ratios point to the anoxic condition. These periods correspond
to increased fresh water input, high water stands, and well
oxygenated, highly energetic bottom conditions. Periods II,
IV, VI, and VIII are characterized by redox proxies of reduced
condition (low Mn and Th/U and high Ni/Co, Mo/Al and
V/Cr; Fig. 6). These periods correspond to periods of high
evaporation, low water stands, and anoxic and stagnant bot-
tom conditions.

Paleoproductivity proxies

Productivity of organisms in a lacustrine environment is con-
trolled by the chemistry, temperature, salinity and turbidity of

@ Springer

lake water, and terrigenous input. Several proxies such as Cu/
Al, Ni/Al, Ca/Al, Ba/Al Si/Ti, and Ca/Ti have been used to
predict the paleoproductivity.

Ni and Cu in sediments are mainly deposited first as organ-
ometallic complexes (Fernex et al. 1992; Algeo and Maynard
2004; Piper and Perkins 2004). Sediments bearing organome-
tallic complexes matter generally degrade after deposition, but
the released Ni and Cu may be incorporated into sediments
under reducing conditions. Therefore, Ni and Cu may be used
as reliable productivity indicators.

Ba is considered a paleoproductivity proxy since the bio-
genic barite is related to the phytoplankton decay (Dymond
et al. 1992; Francois et al. 1995; Monnin et al. 1999; Jeandel
et al. 2000). Schnetger et al. (2000) showed that the Ba/Al
ratio in a sediment may be used as a reliable indicator for
paleoproduction. Silica in lacustrine sediments may be de-
rived from either detrital or biological sources so that the
changes in the Si/Ti ratio in a sediment sequences have been
used as an indicator of changes in the diatom and sponge
productions (Hermanowski et al. 2012; Sahoo et al. 2015).

Elements of paleoproductivity proxies change systemati-
cally through the measured section. There is a highly negative
correlation between CaO and the elements used in the inter-
pretation of paleoproductivity (Table 1). Four levels which are
relatively depleted in Cu, Ni, and Ba and enriched in CaO
were determined within the studied samples. These levels rep-
resent high productivity periods.

Eight paleoproductivity periods were distinguished (Fig. 7)
by means of commonly used proxies; periods I, I1I, V, and VII
are represented by low paleoproductivity condition (low Cu/
Al, Ni/Al, Ca/Al, Ba/Al Si/Ti, and Ca/Ti), while periods II,
IV, VI, and VIII are characterized by high paleoproductivity
condition (high Cu/Al, Ni/Al, Ca/Al, Ba/Al Si/Ti, and Ca/Ti).

Cold and wet climate is generally characterized by dense
physical weathering and high erosion rate, which contribute
high amount of detrital material to depositional sites, and by
low productivity. This type of climate also causes deep venti-
lation of lake water and bottom water oxygenation. Contrarily,
the hot and dry climate is generally represented by low
weathering and erosion rates and high productivity. Under this
climate, lake water is mainly stratified which resulted in a
reduced bottom condition.

Low detrital input has been interpreted as an evidence for
less erosive rainfall events and/or high catchment stability,
possibly indicating a drier period. This could be supported
by an increase in Ca precipitation (higher Ca/Al) and high
detrital organic matter content (Martin-Puertas 2011).

Periods represented by high detrital input, low productivi-
ty, and oxic bottom condition are interpreted as being products
of cold and wet climate, while periods characterized by low
detrital input, high productivity, and anoxic bottom condition
are considered results of cold and wet climate. Levels deter-
mined by using paleoenvironmental and paleoecological
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Table 4 Rare earth elements’ (REEs) content (in ppm) of the studied samples

Sampleno  Depth Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
(m)

L8A1 -6.81 11.8 19.2 353 3.94 14.7 249 0.65 237 036 203 041 1.21 0.18 .12 0.17
L8A2 -6.71 9.8 162 307 344 124 224 0.51 213 029 194 033 1.01  0.14 099 0.12
L8A3 -6.63 10.1 155 278 314 114 205 0.47 198 027 1.72 0.32 087 0.13 090 0.14
L8A4 -6.56 109 166 295 340 123 230 0.61 2.14 030 193 033 .03  0.17 1.01  0.16
L8AS -6.51 8.8 127 244 256 102 1.70 0.48 1.66 0.23 1.41  0.28 082 0.12 0.74  0.12
L8A6 -6.46 10.3 140 269 291 113 2.02 0.54 192 027 182 033 .01 0.17 097 0.15
L8A7 -6.39 114 153 293 312 11.8 208 0.53 208 029 190 0.35 1.08 0.16 1.04 0.16
L8AS -6.31 8.8 13.6 260 286 113 203 0.46 1.87 025 156 0.30 086 0.14 097 0.13
L8A9 -6.25 9.7 13.6 241 281 10.1 1.94 0.46 192 026 1.69 0.30 092 0.14 095 0.13
L8AI0 -6.15 8.3 125 239 264 98 1.72 0.44 164 023 145 031 085 0.12 0.79 0.14
L8AIl1 -6.05 8.3 125 238 261 9.6 1.69 0.44 1.64 0.23 1.37  0.27 0.76  0.13 0.84 0.12
L8AI2 -5.95 7.6 124 225 246 93 1.68 0.40 1.61 021 134 0.26 0.70  0.11 0.78 0.13
L8A13 -5.85 6.8 10.0 185 205 78 1.34 0.36 132 020 1.18 0.21 0.75  0.10 0.66  0.10
L8A14 -5.75 59 8.6 16.1 1.80 6.7 1.24 031 1.19 017 1.03 0.20 0.59  0.09 0.59  0.09
L8A1S -5.69 7.6 10.7 206 225 8.1 1.50 0.35 146  0.21 1.29  0.26 0.81 0.11 0.75 0.12
L8Al6 -5.63 8.1 11.0 198 226 82 1.62 0.39 148 0.21 1.27  0.25 0.73  0.11 0.74  0.11
L8A17 -5.61 2.5 3.6 6.9 0.74 3.0 0.50 0.14 0.51 0.08 048 0.11 026 0.04 027  0.04
L8AI8 -5.51 0.7 0.9 14 0.08 0.5 0.05 0.04 0.13 0.02 0.13 0.03 006 <001 0.05 <0.01
L8AI9 -5.41 1.2 1.9 2.8 022 1.1 0.12 0.05 0.19 0.03 0.19 0.04 0.13  0.02 0.10  0.02
L8A20 -5.31 1.8 2.5 44 042 1.6 0.24 0.09 031 0.05 033 0.06 0.18 0.03 0.16  0.03
L8A21 -5.21 2.1 35 7.1 0.65 2.6 0.48 0.09 040 0.06 038 0.07 024  0.04 021 0.03
L8A22 -5.11 2.8 43 79 077 29 0.50 0.15 054 0.08 051 0.11 034 0.05 025 0.04
L8A23 -5.01 1.7 3.1 4.7 043 1.7 0.24 0.08 032 0.05 026 0.07 0.17  0.02 0.16  0.02
L8A24 -4.91 1.0 1.2 2.1 022 09 0.17 0.03 0.16 0.02 0.10 0.03 0.08  0.01 0.08 <0.01
L8A25 -4.79 1.2 2.1 33 0.30 1.5 0.19 0.05 026 0.04 0.16 0.04 0.14  0.02 0.11 0.02
L8A26 -4.69 4.7 7.8 147 156 58 1.02 0.24 098 0.14 086 0.16 0.50  0.07 043  0.07
L8A27 -4.59 53 8.8 172 1.80 7.1 1.20 0.30 1.05 016 094 0.17 053  0.07 0.50  0.07
L8A28 -4.50 6.0 9.6 179 192 72 1.16 031 122 018 1.02 0.20 0.63  0.09 0.55  0.09
L8A29 -4.40 7.5 112 213 225 8.9 1.46 0.41 146  0.20 1.17  0.25 0.85 0.11 0.65 0.11
L8A30 -4.28 8.1 122 235 251 9.6 1.77 0.42 1.60 023 141 0.28 090 0.13 082 0.13
L8A31 -4.19 43 6.2 122 133 48 0.98 0.24 089 013 071 0.14 0.40  0.07 044  0.05
L8A32 -4.06 8.2 126 234 247 9.6 1.74 0.41 1.56 022 1.53 0.26 088 0.12 083 0.12
L8A33 -3.98 0.7 1.1 1.8 0.13 0.6 0.06 0.03 0.17 0.02 0.16 0.03 0.08  0.01 0.09  0.01
L8A34 -3.79 0.5 0.8 1.6 0.07 0.5 <005 <002 0.1 001 011 <002 005 <001 005 <0.01
L8A35 -3.66 18.1 26.0 506 554 213 3.80 0.83 353 050 3.21 0.63 1.82  0.27 1.79  0.30
L8A36 -3.56 158 266 524 545 208 342 0.82 336 049 3.02 0.56 .71  0.25 146  0.24
L8A37 -3.46 17.1 264 517 569 214 3.78 0.82 353 049 3.00 0.57 1.70  0.26 1.68  0.24
L8A38 -3.26 177 264 516 549 21.1 3.64 0.88 350 049 311 0.59 1.77  0.25 1.74  0.26
L8A39 -3.06 16.8 262 506 553 203 3.56 0.84 330 048 3.02 0.60 1.67  0.25 1.63  0.25
L8A40 -2.86 16.5 252 487 534 189  3.65 0.81 319 045 279 053 1.58 0.23 153 0.23
L8A41 -2.66 169 248 475 507 188 322 0.76 324 046 272 0.56 1.70  0.24 1.58 0.25
L8A42 -2.46 170 252 488 529 199 3.65 0.86 337 050 3.10 0.60 1.81 0.26 1.74  0.28
L8A43 -2.26 16.5 236 450 5.00 18.7 345 0.77 321 047 271 0.58 1.55  0.24 1.57  0.25
L8A44 -2.06 16.0 251 468 517 184 3.52 0.77 335 048 263 054 1.55 023 1.55  0.25
L8A45 -1.86 150 239 458 506 190 3.52 0.73 323 045 259 0.56 1.64 025 .51 0.23
L8A46 -1.56 142 219 421 455 172 326 0.73 284 043 263 049 142 021 130 0.20
L8A47 -1.26 151 21.8 410 464 179 3.5 0.74 296 043 272 049 1.49  0.20 146 0.23
L8A48 -1.06 142 214 399 442 167 294 0.73 281 043 246 0.50 142 0.22 138 0.21
L8A49 -0.80 5.8 9.8 17.9 1.77 6.8 1.21 0.30 1.10 015 096 0.20 0.49  0.09 0.54  0.09
L8A50 -0.60 24 187 266 236 7.2 0.89 0.24 071 0.09 049 0.08 022 0.03 023 0.03
L8ASI -0.10 0.9 2.1 3.6 030 1.1 0.12 0.05 0.18 0.03 0.18 0.03 0.11 <0.01 0.09  0.01

Table 5 ESR dating results of the studied samples

Sample  The a, b, and ¢ parameters of fitted function, y=a * exp(bx)+c, used to determine ~ Equivalent dose DE ~ Annual Date - Tggr

no equivalent doses (Gy) dose (years)
D (mGy/ (early uptake)
a)
L8A24  -601.37;-0.00065; 614.79 33.90+3.42 0.81 42009+4239
L8A31  -239.92;-0.00176; 253.50 31.21+2.21 0.95 32819+2414
L8A50  -346.25; -0.00099; 353.91 22.05+1.45 0.87 25276+1732
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Valvata piscinalis piscilanis

O.F.Miiller, 1774

Fig. 3 Mollusca shells used for ESR dating

proxies on the studied samples are quite compatible with each
other (Fig. 8). Interpretation done from all levels defined by
different proxies almost confirm each other.

Climatic records

Global climate during the last glacial (~120 ka—10 ka
before present) period has experienced at least twenty
short-lived abrupt and large-amplitude warming shifts
called Dansgaard-Oeschger (D/O) events determined in
Greenland ice cores (Rahmstorf 2002; Rahmstorf 2003;
Lowe and Walker 1997). These events are not local to
Greenland. They have also been recorded in many other
places (Rahmstorf 2002). D/O events start with a rapid
warming by 5-10 °C within at most a few decades,
followed by a plateau phase with slow cooling lasting

— 7 mm

g

Bithynia tentaculata
Linnaeus, 1758

several centuries, then a more rapid drop back to cold
staidly conditions (Fig. 9; Johnsen et al. 1992;
Dansgaard et al. 1993; Rahmstorf 2002). Heinrich
events (H) are the second major type of climatic event
that occurred mostly in the latter half of the last glacial.
They are the coldest intervals between D/O events
(Fig. 9; Rahmstorf 2002).

The geochemical data obtained from the late
Quaternary lacustrine sediment of the Great Konya lake
on the Adakale trench close to Adakale village (Konya,
central Anatolia) show considerable variability over the
past 50 ka, which coincide to the last half of the glacial
periods. Climate during the last glacial period was not
stable; two differing types of climates had been effec-
tively repeated which can be interpreted in terms of
changes in palaeohydrology and paleoclimate conditions.
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Fig. 4 a ESR spectrum of 100 Gy irradiated L8A24 mollusk shells. b Dose response curve of CO,™ signal (g=2.0007) observed in L8A24 mollusk

shells
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Fig. 5 The down trench distribution of detrital influx proxies; 1 mudstone; 2 fine sandy silt; 3 silty clayey fine sand; 4 organic rich mud; 5 organic rich
fine sand
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Four relatively cold climate periods and four relatively hot ~ Conclusions
periods were interpreted from geochemical data of the studied

samples (Fig. 8). Their approximated duration and corre-  Detailed geochemical analysis of samples taken from a 7-m-
sponding events are given on Fig. 9. deep Adakale trench from the late Quaternary lacustrine
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Fig. 6 The down trench distribution of redox proxies; 1 mudstone; 2 fine sandy silt; 3 silty clayey fine sand; 4 organic rich mud; 5 organic rich fine sand
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Fig.7 The down trench distribution of productivity proxies; 1 mudstone; 2 fine sandy silt; 3 silty clayey fine sand; 4 organic rich mud; 5 organic rich fine

sand

sediments in the Konya Closed Basin, central Anatolia, pro-
vides important information about climatic changes and hy-
drological conditions in the area during late Quaternary.
Climate changes observed during last 50 ka were represented
by oscillations in weathering processes, detrital input, redox
conditions, water levels, and paleoproductivity in the studied
lakes.

Three periods of high detrital input (high Si+Al+K+Ti+Fe,

high Ti/Al, Rb/Sr, low Ca and low Si/Ti), four periods of
anoxic conditions (low Mn, Th/U and high Ni/Co, Mo/Al
and V/Cr), and four periods of higher productivity (high Cu/
Al, Ni/Al, Ca/Al, Ba/Al Si/Ti and Ca/T1) were identified from
the study area by using geochemical data. These periods are
considered to be resulted from climatic changes during last
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Fig. 8 The interrelation among the climate, water level determined by paleoenvironmental and paleoecological proxies, Dansgaard-Oeschger, and

Henrich climatic events
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Fig. 9 Dansgaard-Oeschger (D/O) warm events (numbered) and Heinrich cold climatic events (red square) occurred during last glacial period

(Rahmstorf 2002 and 2003)

glacial periods which correspond to warm climate of the D/O
2-12 events and cold climate of H2-5events.
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