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Abstract: Lake Van, which is the largest soda lake of the earth, lies in the Eastern Anatolian High Plateau. Two
different composite cores, that span the last 250 kyr and 90 kyr, were drilled in Lake Van within the framework
of PALEOVAN project (ICDP). In order to test the theories of quasi-periodic behavior of climate, generated by
astronomical and solar forces, this study investigates the cycles in Lake Van sediment geochemistry data by the
Lomb-Scargle Periodogram (LSP) spectral method. The results are correlated with the Eastern Mediterranean
LC21 sediment core, Soreq and Sofular Cave speleothem stable isotope data with LSP results. The analyses show
the presence of the Milankovitch cycles, harmonics of the Milankovitch cycles, Holocene Bond cycles and the
Hallstadtzeit solar cycle. However, the results do not give a 1500 year cycle for 11.5-75 kyr BP interval.

Keywords: Eastern Mediterranean, Holocene Bond cycles, Lomb-Scargle periodogram, paleoclimate, solar cycles

Oz: Diinya’min en biiyiik sodali gélii olan Van Gélii, Dogu Anadolu Yiiksek Platosu’nda yer almaktadi. ICDP
projesi olan PALEOVAN kapsaminda, Van Golii'nden son 250 bin yuli ve 90 bin yuli temsil eden iki karot alinmustir.
Bu ¢alismada, astronomik ve solar dongiilerin etkileri ile olustugu diistiniilen, iklimin yart periyodik davranigin
smamak amaciyla Van Golii ¢okelleri jeokimya verileri Lomb-Scargle Periodogrami (LSP) spektral yontemi ile
analiz edilmistir. Elde edilen sonuglar, Dogu Akdeniz LC21 ¢ékel karotu ve Soreq ile Sofular Magaralari speleotem
duraylt izotop verileri LSP sonuclariyla karisilastiridmistir. Analizler Milankovi¢ dongiilerini, harmoniklerini,
Holosen Bond déngiilerini ve Hallstadtzeit giines dongiisiinii vermistir. Ancak, GO 11,5-75 bin yillart arasinda 1500
villik bir dongii gozlenmemistir.

Anahtar Kelimeler: Dogu Akdeniz, Holosen Bond dongiileri, Lomb-Scargle periyodogrami, paleoiklim, giines
dongiileri
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INTRODUCTION

Climate is a dynamical phenomenon and possibly
involves many nonlinear components. Therefore,
even for a short period in geological sense,
forecasting has many pitfalls and forecasts’
statistical significance boundaries are loose. On
the other hand, it was claimed that climate must
have behaved in a periodic manner due to the
changes in insolation in geological timescales
(Croll, 1875; Milankovitch, 1941; Sonett et al.,
1991; Hoyt and Schatten, 1997).

Search for the periodicity of climate has
been a matter of interest since the 19" century
(e.g. Lockyer, 1874). The theory of astronomical
forces acting on the climate system (Croll, 1875;
Milankovitch, 1941) are now well-established
(Hays et al., 1976; Imbrie et al., 1984; Elkibbi
and Rial, 2001), still with explanatory issues,
though (Muller and MacDonald, 2000; Paillard,
2015). Also, some shorter cycles that govern
the dynamics of the climate system have been
theoretically hypothesized (e.g. Ghil and Le Treut,
1981; Le Treut et al., 1988; Hagelberg, 1994;
Rial and Anaclerio 2000) or observed through
geological data (e.g. Dansgaard et al., 1984; Bond
et al., 1997; Mayewski et al., 1997; Sonett et al.,
1997). Furthermore, within instrumental records
some shorter solar cycles have also been directly
observed (Lean, 2010). The periodical behavior of
the climate system is important in understanding
the past, and essential to make better projections
into the future. There are still ongoing debates
about the behavior of some of these phenomena,
such as the Dansgaard-Oeschger events (DO)
of the Late Pleistocene or Bond cycles of the
Holocene. The discussions are mainly centered
on the origin of periodic behavior of the cycles
(Bond et al., 2001; Schulz, 2002; Debret et al.,
2007; Braun and Kurths, 2010) or their global
characteristics (Clark et al., 1999) or dynamics
that govern these events (Grootes and Stuiver,
1997; Sakai and Peltier, 1999; Bond et al. 2001;
Turney et al., 2005; Braun et al., 2005).
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Long and highly-resolved geological data are
scarce in Eastern Mediterranean. The LC21 core
of Mediterranean (Grant et al., 2012), Soreq and
Peqiin Cave isotope records (Bar-Matthews et al.,
2003) and Sofular Cave isotope record (Fleitmann
et al., 2009; Badertscher et al., 2011) are almost
continuous and the longest (spanning the last 150
kyr, 185kyr, 250 kyr and 670 kyr, respectively)
records in the region up to now. In Lake Van, a
drilling campaign has been carried out in 2010,
within the framework of International Continental
Scientific Drilling Program (ICDP), in order to
investigate past climate changes as recorded in
the sediments of the lake (Litt and Anselmetti,
2014). Two sites, namely, Ahlat Ridge (AR) and
Northern Basin (NB) were drilled. The former
has been drilled at 360 m below present day lake
level which is 219 m long, and the latter at 245 m
below present day lake level which is 145 m long.
The AR core spans the last 600 kyr with some
discontinuities. The NB core spans the last 90 kyr.
In this study we have searched for the potential
periodicities in geochemical data of Lake Van
sediment cores which were previously published
in Cagatay et al. (2014), Kwiecen et al. (2014) and
Stockhecke et al. (2014). By doing so, we will test
current theories of climate periodicities, which
have been mentioned in the previous paragraph.
To find the representative chemical proxies, we
first applied principal component factor analysis
to the data and then looked for the periodicities
by Lomb-Scargle Periodogram and tested the
hypotheses about quasi-periodic behavior of
climate in the Pleistocene.

Regional Setting

Lake Van lies in the heart of the Eastern Anatolian
High Plateau. It is surrounded by semi active
volcanoes to the west and north, and by Eastern
Taurides to the south (Figure 1). The lake level is
1650 m above sea level. It has approximately 3600
km? surface area which makes it the fourth largest
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closed lake on Earth and it is highly alkaline (Wong
and Degens, 1978; Degens et al., 1984). The lake
is a volcanic dammed lake (Saroglu and Gtiner,
1981), which formed, according to Cukur et al.,
(2014), at least 600 kyr ago, and was originally
a part of the Zilan, Bendimahi and Murat river
system. Lake Van-Mus Basin was separated into
two sub-basins as a consequence of eruption of
Nemrut Volcano.

While evaluating the climate of the region,
one should keep in mind the topographic and
geographic complexity of the whole Anatolian
Peninsula. It is surrounded by three major seas,
the Eastern Mediterranean Sea to the south, the
Aegean Sea to the west and the Black Sea to the
north. Anatolia is like an inclined plane, the altitude
gently increases through the east. Summer climate
of the peninsula is mainly under the influence of
two macro scale atmospheric phenomena. The
first one is the subtropical high pressure system,
which migrates to the north in summer and the
second one is the low pressure system settled on
Persian Gulf that carries a continental dry system
over Eastern Anatolia (Rohling and Hilgen,
1991). This dry system changes its character
over the Black Sea by getting saturated with the
warm Black Sea waters, which makes Black Sea
summer and fall precipitation sum more than
winter and spring precipitation sum (Bozkurt and
Sen, 2011; Goktirk et al.,, 2011). On the other
hand, even though the low pressure system cools
over Black Sea and passes over the warm Aegean
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Sea, Western Anatolia and Eastern Mediterranean
is almost dry during summer, due to its complex
interactions with the subtropical high pressure cell
on Atlantic Ocean. Goldreich (2003) calls this
condition as “summer paradox” and discusses in
detail. In winter, the Eastern Mediterranean region
is mainly affected by the maritime low pressure
system to the west and the high pressure system to
the north (Bozkurt et al., 2012). The precipitation
and lake levels in the peninsula are mainly affected
by the North Atlantic Oscillation (NAO) winter
index (Tirkes and Erlat, 2003; Krichak and Alpert,
2005; Kiigtik et al, 2009). Cullen and deMenocal
(2000) and Cullen et al. (2002) reported that NAO
enters the function of the Middle Eastern rivers’
streamflow amount, which are mainly fed by the
precipitation through Eastern Anatolian High
Plateau, as a variable. These atmospheric systems
shapes the Anatolian Climate, but distinctive
topography and orography renders the system too
complex to be characterized by these large-scale
atmospheric features. Lake Van, most probably
because of the orographic sharpness of the
Eastern Taurides at the south of the lake, forms the
climatologic border of Continental Mediterranean
and Continental Eastern Anatolia (Tiirkes, 1996;
Unal et al., 2003). Precipitation mainly occurs
as snow in winter and as rain in late fall and late
spring (Stockhecke et al., 2012). Annually, the
lake loses 4.2 km?® of water by evaporation and this
loss is balanced by 1.7 km? river discharge, and by
2.5 km? precipitation in volume.
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Figure 1. Lake Van location and drainage basin map. The red dots show the AR and NB core locations. The digital
elevation is constructed from SRTM 90 m data (Jarvis et al., 2008).

Sekil 1. Van Gélii lokasyon ve akac¢lama havzasi haritasi. Géliin igindeki kirmizi noktalar AR ve NB karot
lokasyonlarint gostermektedir. Dijital yiikseklik SRTM 90 m verisi kullanilarak olusturulmugstur (Jarvis vd., 2008).

MATERIALS AND METHODS

Lake Van Ahlat Ridge and Northern Basin
Geochemistry Records

Sediment samples of the AR core were subjected
to stable oxygen isotope analyses from bulk
carbonate and micro-X-ray fluorescence (u-XRF)
analysis by Kwiecien et al. (2014). Furthermore,
for the same core, total organic carbon (TOC) and
total inorganic carbon analyses were conducted by
Stockhecke et al. (2014). Similarly, the samples
of the NB core were subjected to stable oxygen
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and carbon analyses of the bulk carbonate, u-XRF
elemental analysis and TOC analyses by Cagatay
et al. (2014). Because the machines and tubes
used during the u-XRF analyses of the AR and
NB cores are different, elemental intensities of the
analyses differ. For this study we have used Si, K,
Ca, Fe and Mn ratios of the AR core and Ti, Fe, Ni,
Mn, Ca and Sr ratios of the NB core, along with
TOC, 'O, , of AR and NB and 6"°C, , of NB.

bulk

According to the published age models, AR
and NB cores span the last 600 kyr and 90 kyr,
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respectively. The dating methods and the errors
are explained in detail in Stockhecke et al. (2014),
Kwiecen et al. (2014) and Cagatay et al. (2014).
In this study we used the 0-250 kyr interval of the
AR record, since discontinuities exists before 250
kyr. The mean uncertainty in the age model of the
AR core for the 0-250 kyr period is ~908 years
and in the NB core for the 0-90 kyr period is ~232
years. The mean temporal resolutions of the AR
core pu-XRF, 60, , and TOC data on average
are 57.35, 787 and 153 years, respectively. The
mean temporal resolutions of the NB core pu-XRF,
6"*0, ,/ 6"C, , and TOC data on average are 2.12,
314 and 315 years, respectively (Table 1). The
mean temporal resolutions of the AR core p-XRF
data and the NB core pu-XRF data in Holocene
57.21 and 0.79 years respectively.

Factor Analysis

Principle component factor analysis (PCFA) is a
simple and an effective method to explore the linear
relations between variables and is an effective
way of dimension reduction in multivariate data
sets. In PCFA, it is assumed that linear relations
between the variables exist and these hypothetical
relations are revealed by a predefined model.

The general model for the PCFA is as follows;

Xaxn — Xaxn = AaxkFixn + Edaxn

@)
where X, is the data matrix with d observations
of n variables - represents the mean of X. is F,
the factor scores matrix with k hypothetical or
statistically determined factors. 4, , is the factor
loading matrix and is the specific factor matrix.
The factor loading and factor scores matrix of
PCFA are determined, according to the spectral

decomposition of the covariance matrix of X,
by;

_ 1/2
Aaxk = laxeA s

2)
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Fiexn = A;iizrdek(den — Xaxn): (3)
where 4,  is the diagonal matrix with the first k
selected eigenvalues with decreasing order lying
on the diagonal and I, , is the matrix of the
corresponding eigenvectors as columns of the first
k eigenvalues (Koch, 2014).

Since factor analysis methods depend on the
correlation of the data, outlier values within the
data should be eliminated before factor analysis.
Multivariate outlier analysis methods do exist
but we have chosen the Wilk’s method and the
Yang and Lee (1987) significance test, which
uses the F-test (Rencher and Christensen, 2012).
The significance level has been chosen to be 0.05
for all the outlier analyses. In order to determine
the number of factors for each analysis, we
chose the number of the factors according to the
corresponding principle components which are
greater than 1.

Detrending and Filtering

Natural time series are generally considered as a
combination of the signal and noise, plus a trend
(Mudelsee, 2014). Long-term climate time series
may show long-term trends and these trends can
cause small pseudo-frequencies which should
be removed before spectral analyses (Muller
and MacDonald, 2000). In this study, in order to
detrend a single time series, we have subtracted
the best fit line of the data, obtained by the least
squares method, from the data vector. Furthermore,
to remove the high frequency noise, which is
most of the time a result of measurement errors,
we have preferred the Savitzky-Golay smoothing
filter, since it allows filtering unevenly spaced
time series. The Savitzky-Golay method fits a
polynomial on the window chosen and then picks
up the value for the mid element for the chosen
window vector (Press et al., 2007). We believe
that, in order to get rid of the noise one should
not manipulate the data excessively. Therefore, we
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have chosen first order polynomials while using
Savitzky-Golay filters.

For the "0, , record of the AR, and 6"*O, ,
6"C,,, and TOC record of NB record, we have
applied the 3-point frame size Savitzky-Golay
filter. For the TOC record of AR, we have applied
a 7-point frame size filter and then resampled 1
point from each consecutive 7-points. Similarly,
for K and Ca/K record, we have applied a 15
point frame size filter and resampled 1 from each

15-points.

Before applying the spectral analyses for the
Holocene u-XRF record of NB, we have applied
a 51-point frame size Savitzky-Golay filter and
then resampled 1 point from each consecutive 51
points.

Lomb-Scargle Periodogram

There exist several methods to pick up the
frequencies in a given time series (for a detailed
discussion see Muller and MacDonald, 2000). For
unevenly spaced data it is possible to transform the
data into an evenly spaced one by interpolation.
But the LSP, which fits the data to sinusoidals
by the method of least squares, allows applying
spectral spaced data
without suffering loss of information obtained by
interpolation. (Lomb, 1976; Scargle, 1982; Press
et al., 2007). The final formula of the method is
follows:

analysis on unevenly

PQ2nf) =

of the data respectively P(2xf) the power spectrum
as a function of each frequency /. Here t is defined
as:

YN -3 sindnft,

tan(4nft) = o —4————
(4mfT) Y3 cosAnfty

)

In order to distinguish the significant frequencies
from the insignificant ones, Scargle (1982) stated
that the normalized LSP obeys the exponential
distribution, and Horne and Baliunas (1986)
showed that, for a chosen M value, the statistical
significance level of the peaks can be calculated
for the chosen level z as:

P(Z>2z)=1-—(1—-e M, (6)

Horne and Baliunas (1986) empirically
showed that, unless the data is clumped, the value
of M can be chosen as equal to the length of the
dataset N. Since our data is more or less evenly
sampled, we preferred to be equal to the length of
the data sets.

The results of the periodogram of different
proxy records may slightly differ due to noise
within the data, errors in age models, the
resolution of the data, and different laboratory
analyses which introduce different instrumental
noise. Therefore, in order to test the hypotheses
of the periods found, we applied the t-test (since
the cardinalities of the resultant sets are relatively
small) for the consistency of the numbers declared

1 ([ZRZ3(he = R)cos @nf (t = )]

202

[XRZ0 cos?2nf (t — )]

“4)

, Z¥=3 (i~ B)sin(anf (6 — )]

where,h, s are unevenly spaced time series of t, for
k=1,....Nand h and c® are the mean and variance

[ERzo sin?Q@rf(ty —T)] )
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under each band (see Results and Discussion),
within the 0.05 significance level.
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RESULTS AND DISCUSSIONS

In paleolimnology studies TOC records are
representatives of lake productivity and can
be used as proxies for the analysis of long term
climate cycles (Cohen, 2003). 6"*O, , and 8"C,
are considered as reliable isotope records, if
the source of the bulk is known. 'O, , may
represent the changes in both temperature and
hydrology (Cohen, 2003). For Lake Van, since
it is a terminal lake, 6"*O,  record is considered
as representative for water balance, precipitation/
evaporation ratio and lake level, i.e. it is mainly
affected by climate variability. 6"°C, , depends on
the photosynthetic activity which is affected by
the organic productivity and climatic conditions in
and around the lakes. For closed large lakes, like
Lake Van, 6"°C,  and 6"*O,  data show covarying

behavior and 8"°C, , can also be used as a climatic

indicator (Stuiver, 1970; Kelts and Talbot, 1980;
Leng and Marshall, 2004)

While p-XRF elemental data of lake
sediments have traditional interpretations, there
may be different views (cf. Davies et al., 2015).
After removing the outliers, we applied principal
component factor analysis on the p-XRF elemental
profiles, in order to group the profiles and test the
traditional approaches adapted by Cagatay et al.
(2014) and Kwiecien et al. (2014). The results of
the analysis of AR core give a single factor which
is led by two opposite elemental profiles (Table
2). The first group is defined by Fe and K and the
contrasting element is Ca. The factor analysis of
the NB core gives two main factors (Table 3). The
first factor is characterized by Fe, Ti and K, the
second factor is characterized by Ca and Sr. For
both cores, even the highest communality of the
first factor is Fe, which may have two meanings,
either reflecting redox conditions or the detrital
flux. On the other hand, except for highly saline
lakes, K resembles ecrosional features. (Cohen,
2003). Therefore, we preferred to use K as the
proxy for detrital input in the AR data. Since,
through the elemental profiles analyzed in NB,

Ti is the most immobile element, it is chosen as a
proxy for detrital flux. Ca, which is the other main
elemental profile, may precipitate authigenically or
result from detrital input. Therefore, we used here
the Ca/K ratio for the NB core and Ca/Ti ratio for
the AR core as proxy for the relative concentration
of detrital versus authigenic material (Cagatay et
al., 2014).

The LSP applied to the geochemical data
picks the sinusoidal frequencies, which lie in the
data, and the frequencies found in this study are
interpreted as paleoclimate cycle signals. There
exist almost infinitely many choices of intervals
to check for periodicities, but we have chosen four
main intervals, which are:

i.  The last 0-250 kyr BP,

ii. The Late Pleistocene (0-90 kyr BP, for the
whole NB record)

iii.  11.5-75 kyr BP, to test the periodic behavior
of Dansgaard/Oeschger events, and

iv. The Holocene Period (0-11.5 kyr BP)

Table 1. Temporal resolution of the data in years, used
in this study.

Cizelge 1. Bu ¢alismada kullanilan verilerin zamansal
¢oziintirliigii

Region p-XRF Stable isotopes TOC
AR 57.35 787 153
NB 2.12 314 315

Table 2. Factor loading matrix of AR p-XRF data. Fe,
K and Ca represent the same factor, however Ca is
negatively correlated with Fe and K.

Cizelge 2. AR u-XRF verisi faktor yiikleme matrisi. Bu
matrise gore, Feve K ayni faktorii temsil ederken, Ca ise
bu element profilleri ile ters davranis gostermektedir.

pu-XRF, o Component 1
Ca 1.00
Fe -0.97
K -0.93
Si -0.75
Mn -0.59
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Table 3. Factor loading matrix of NB pu-XRF data.

Cizelge 3. NB u-XRF verisi faktor yiikleme matrisi. Bu
matrise gore, Fe, Ti ve K ayni faktorii temsil ederken,
Ca ve Sr diger faktorii temsil etmektedir.

u-XRF Component1  Component 2
Ca -0.099 -0.99
Sr -0.44 -0.81
Fe 0.94 0.33
Ti 0.90 0.34
K 0.88 0.06
Mn 0.72 0.24
Ni 0.63 0.15

The power spectrum results, which exceed
95% significance level, of the last 250 kyr period
of AR and the last 90 kyr period of NB are listed
in Table 4.

The first observation on the results (Figure
2) of 250 kyr of the AR core and of 90 kyr of

the NB core gives the Milankovitch bands, i.e.
the obliquity (~41 kyr) and the precession of
the equinoxes (~21.7 kyr). In order to test the
consistency of the periods under the 21.7 kyr
band, we used the t-test with the null hypothesis
that the mean of the numbers under the band is
21.7 kyr. According to result, it is 95% statistically
significant that the mean of the band is 21.7 kyr.
On the other hand, the resultant periodicities under
the 41 kyr band, cannot succeed to pass the t-test.
It must be because of the relatively low number of
results, but we believe that the cycles under the 41
kyr band reflect the obliquity cycle. It is surprising
not to see the 41 kyr cycle at 60, ... However,
it is possible that the relatively low resolution may
hide the cycle. And the reason for the lack of 41
kyr cycle at NB dataset is the shortness of time
span of the dataset. To detect a cycle through
spectral analysis methods, the timespan of the data
should be at least 2.5 times of the temporal length
of the queried cycle.

Table 4. Spectral analysis results of the AR, NB, LC21 and Soreq Cave records, which exceed the statistical

significance.

Cizelge 4. AR, NB, LC21 ve Soreq Magarasi verilerinin istatistiki anlamlilik esigini asan spektral analiz sonuglart.

Region AR NB LC21 Soreq
(0-250 kyr BP) (0-90 kyr BP) (0-156 kyr BP) (0-184 kyr BP)
Data 30  TOC Ca/K  3"%0 3BC  TOC 3”0 310
62 kyr band 62.4 62.3 66.5 62.7 60.7
47.6
41 kyr band 39.9 39.9 39.2 38.3
30 kyr band 333 29.3 28.5 329 329 36.2 29.8 29.1
24.4 25.6 24.1 243
21.7 kyr band  21.7 23.7 22.7 21.3 21.3 22.6 20.2 20.2
16.2 kyr band 154 15.7 16.4 17.2 16.9 18.2
123 kyrband 114 12 12.5 12.5 12.3
10 kyr band 9.4 10.3 10.95
6.7
5.8 kyr band 5.8 5.8 5.8 5.4
4.2
3.5 kyr band 3.65 3.65 3.4 3.6
2.6
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Other results of LSP through 250 kyr and 90
kyr intervals of AR and NB records reveal the
~62 kyr, ~30 kyr, ~16.2 kyr, ~12 kyr, ~10kyr,
~5.8 kyr and ~3.5 kyr bands. Similar to 21.7 kyr
band, according to t-test within %95 significance
level, means of each band satisfy the band
average indicated in Table 4. An explanation
to these cycles is given by Le Treut and Ghil
(1983). According to their model, the interactions
between the ice sheet, the crust beneath and the
ocean produce a dynamical behavior, which give
rise to the harmonics, subharmonics, i.e. linear
combinations of the Milankovitch frequencies.
The main idea beneath the model is that the long
term change in insolation is reflected in the ice
sheets with a lag, because of the visco-elastic
behavior of the underlying crust. The resulting
lagged behavior of the visco-elastic crust affects
the equilibrium line altitude. Therefore, the ice
sheet and the crust beneath oscillate not on the
exact periodic timescales of insolation and the
model gives a nonlinear climatic oscillator (Ghil
and Le Treut, 1981; Le Treut and Ghil, 1983; Le
Treut et al., 1988). The evidences of this theory
have been mentioned in some studies (Pestiaux et
al., 1988; Yiou et al., 1991; Nobes et al., 1991;
Yiou et al., 1994; Mommersteeg et al., 1995;
Mayewski et al., 1997; Ortiz et al., 1999; Wara
et al. 2000). Therefore, we believe that, changes
in insolation and their effects on the behavior of
the ice sheet are global climate drivers in the long
term. On the other hand, there exist some other
explanations brought to the 30 kyr, 12 kyr and 10
kyr cycles found through this study. Beaufort et al.
(2001) reports the 30 kyr cycle in various records
of Indo-Pacific Ocean and also in Antarctica CO,
records. According to Beaufort et al. (2001), 30
kyr cycle is a consequence of the boreal summer
monsoon’s effect on the thermocline. Short et al.
(1991) argue that, a ~10 ka and a ~12 ka climatic
cycle must persist on equatorial and subtropical
regions according to their energy balance climate
model. However, they add that tropical convective
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processes may export these oscillations to higher
latitudes. Our tests are not meant to find an
explanation to the physical mechanisms of the
aforementioned cycles. The existence of most of
the cycles mentioned by Le Treut et al. (1988)
support their hypothesis; though, we cannot
neglect the latter mentioned ones.

The other interesting consequence of the
analyses is the absence of the periodic behavior of
the DO events (~1500 years) which is especially
reported in the previous studies through North
Atlantic and Greenland data of Late Pleistocene
(Mayewski et al., 1997; Yiou et al., 1997; Bond
et al., 1999; Alley et al., 2001; Schulz, 2002) and
also in the uranium data of AR core for the 13-75
kyr BP interval (Baumgarten and Wonik, 2014).
The test on NB and AR proxies, for the 11.5-75
kyr BP time interval, failed to show a significant
cycle in the 1500 year band. In order to test the
1500 year cycle, we have applied similar analyses
on the available Eastern Mediterranean data,
namely 3"°O_, records of the LC21 core drilled in
the Eastern Mediterranean (Grant et al., 2012) and
the Soreq Cave 8'*O record (Bar-Matthews et al.,
2003). The LC21 record spans the last 156 kyrs
with 260 years of resolution and the Soreq record
the last 184 kyrs with a resolution of approximately
468 years. The results of the spectral analyses of
whole LC21 and Soreq record (Table 4) almost
coincide with Lake Van results, which support
the Milankovitch theory and the harmonics/
subharmonics theory of Le Treut et al. (1988). On
the other hand, the spectral analyses of the 11.5-75
kyr interval of the LC21 and Soreq data show no
evidence of 1500 years of periodicity.

The results on the 11.5-75 kyr interval reveal
the possibilities that, the DO events may not be
really periodic. On the other hand, high latitude
studies (Dansgaard et al., 1984; Grootes and
Stuiver, 1997; Mayewski et al., 1997; van Kreveld
et al., 2000) and Western Mediterranean studies
(Moreno et al., 2005) show that the DO events may
be periodic. It is claimed that the physics behind
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the DO events is similar to the physical setting of
the NAO (Sanchez Goii et al., 2002; Moreno et al.,
2005). If the DO events are really periodic, then
we can claim that, within the longer timescales
the climate of the Eastern Mediterranean, which
is thought to be at the border of NAO’s influence
(Cullen and deMenocal, 2000), is not directly
connected to North Atlantic or the signal is being
disturbed by some other mechanisms. Second
alternative to the previous assertion is, since the

region is at the border of NAO’s influence, the
DO periodicity may be masked and the power
of the periodic events is lessened. According to
this power diminish, the spectral analyses may
not detect the periodic behavior. Furthermore,
it is reported that the absence of ~1500 year
periodicity for the Sofular stalagmite record of 15-
50 kyr interval (Fleitmann et al., 2009) supports
our results.
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Figure 2. Spectral analysis results of Lake Van AR core (top two plots), NB core (third plot), LC21 and Soreq Cave
stable oxygen data (bottom plot). The yellow bands show the statistical significant periods of each group. The y axes
show the spectral power of each analysis and they are unitless.

Sekil 2. Ustteki iki grafik Van Golii AR, iistten tigiincii grafik NB, alttaki grafik ise LC21 ve Soreq magarast verilerinin
spektral analiz sonu¢laridwr. Sart bantlar ise her grup icin istatistiki anlamlilik esigini asan degerleri gostermek i¢in
kullamlmistir. Grafiklerde y eksenleri her analizin spektral giiciinii gostermektedir ve birimsizdir.
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Figure 3. Spectral analysis results of Sofular Cave 6'30 data (uppermost plot), AR and NB cores u-XRF data (second
and third plot respectively) for the Holocene period. The yellow bands show the statistical significant periods of each
group. The y axes show the spectral power of each analysis and they are unitless.

Sekil 3. Ustteki grafik Sofular magarasi "0 verisinin, ikinci ve iigiincii grafikler sirastyla AR ve NB u-XRF verisinin
spektral analiz sonu¢laridr. Sart bantlar ise her grup icin istatistiki anlamlilik egigini agsan degerleri gostermek i¢in
kullamlmistir. Grafiklerde y eksenleri her analizin spektral giiciinii gostermektedir ve birimsizdir.

Table 5. Spectral analysis results of the AR, NB, and
Sofular records for the Holocene (0-11.5 kyr BP).
Cizelge 5. AR, NB ve Soreq Magarasi verilerinin
Holosen i¢in (GO 0-11.5 binyil) istatistiki anlamhlik
esigini asan spektral analiz sonug¢lari.

Region AR NB Sofular
Data Ca/K Ca/K O]
2300 yr band 2155 2570
1500 yr band 1373 1560 1540

The power spectrum results (Figure 3) for the
Holocene, i.e. for the last 11500 years, are listed at
Table 5. According to the results of the Holocene,
the most prominent value is the ~1500 year band.
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This value is accepted to be the period of Bond
cycles of Holocene. It is thought that the cause
of the Bond cycles may be solar forcing (Bond et
al., 2001) or an internal oscillation of the oceanic
thermohaline circulation (Bianchi and McCave,
1999), which are accepted to be one of the driving
mechanism of the climate in millennial timescales
(Broecker et al., 1990). Contrary to our results,
Rohling et al. (2002) reports that, for the Aegean
Sea record they have, there is no evidence for a
~1500 year cycle. On the other hand, analysis on
880 of Sofular in Holocene gives almost similar
results to Lake Van data.

The other prominent result, which is missing
in the AR record, is the ~2300 year band of
periodicity. It is almost accepted that, the 2300
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years of periodicity represents the solar variation,
namely Hallstadtzeit (or Charvatova) cycle, and
its effect on climate is extensively discussed
(Charvatova, 2000 and references therein). For
the Holocene period, this cycle was also reported
in the Aegean Sea records (Rohling et al., 2002).

One question arises after the Holocene results.
If the Holocene Bond events are solar originated,
then why is this effect not seen in the Late
Pleistocene records of Eastern Mediterranean? We
think that, if there are solar originated changes in
the oceanic circulation (Braun et al., 2005; Braun
and Kurths, 2011), the influences of these changes
may notreach up to Eastern Mediterranean because
of the distance. But the changes in solar output
would surely affect the climate of the region.
Therefore, the solar cycle which is observed
through the Holocene must have existed through
the Late Pleistocene as well. But the effects of the
changes in the solar output are limited relative to
large climatic oscillations of glacial times, which
are masked in the analyses.

CONCLUSIONS

The aim of this study is to test the debated long
term climate cycles by using Lake Van sediment
geochemistry data. The results of the spectral
analyses of Lake Van sediment cores imply

1  The Milankovitch cycles, namely the
obliquity cycle (41 kyr) and the precession of
the equinoxes cycle (21.7 kyr), pass the test
through Lake Van data. In order to support the
results, we also applied the same analyses on
the LC21 and Soreq data. Their results also
support the Milankovitch theory.

We also observe the
subharmonics of the Milankovitch theory.
Among the theories on these shorter cycles,
the results of the theory of Le Treut et al.
(1988) almost fit to our results, which are 62,
30, 16.2, 12.3, 10, 5.8 and 3.5 kyrs of cycles.

harmonics and
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For the 11.5-75 kyr interval there is no
evidence of a 1500 year cycle neither in Lake
Van data nor in LC21 and Soreq data.

The Holocene interval shows two prominent
cycles which are 1500 year of Bond cycle and
2300 year of Hallstadtzeit solar cycle.

According to the third and the fourth
conclusions, the straightforward climatic
connection of Eastern Anatolia and Eastern
Mediterranean in the geological timescale needs a
more complex reasoning, which goes beyond this
study and should be further investigated.
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GENISLETILMIS OZET

Avrupa’nin  bir buzullarla  kaph
olmas1 gerektigi fikri ortaya atildiktan sonra

zamanlar

buzullasmalarin birden fazla kez ve periyodik
olabilecegi ilk kez Esmark (1827) tarafindan
dile getirilmistir. Esmark’a gore buzullasmalar
ilk  zamanlarindan kalma olgulardir
Esmark’a

Yer’in
ve periyodik olarak olusmuslardi.
gore, Diinya olustugu ilk zamanlarda, bir
kuyrukluyildiz — gibi  yoriinge  eliptikligi  ¢ok
biiyiiktii.  Eliptik  yoriingede Giines etrafinda
Giines ten uzak donemlerde  bir
buzullasma yasanirken, yaklastiginda ise buzullar

donerken,

eriyordu. Ancak Esmark’in bu fikirleri iizerine
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dayandirdigr astronomik teoriler yanlisti. Ciinkii,
Esmark’in iddia ettigi gibi Diinya olusumunun
ilk bir  kuyrukluyildiz  gibi,
eksantrisitesi ¢ok biiyiik olan bir eliptik yoriingeye
sahip degildi.

zamanlarinda,

Adhémar  (1842),
ekinokslarin  presesyonu ile
yvaklasik 22.000 yullik periyotlarla giiney ve kuzey

Esmark tan sonra

buzullasmalarin

yarumkiirelerde  salimm  yapmasi  gerektigini
soylemistiv.  Bugiin  kabul goren iklimlerin
astronomik  dongiilerle  sekillendigine  dair

hipotezlerin temelini Adhémar atmistir denebilir.
Ekinokslarin  presesyonu, Diinya’'nin  dénme
ekseninin, bir topa¢ gibi, yalpalamasina ve
ayni zamanda diinyanin giines etrafinda dénme
ekseninin de rotasyonu ile olusan duruma verilen
isimdir. Presesyon, etimolojik olarak Latince
geriye gitmek demektir. Bu astronomik harekete
bu ismin verilmesinin sebebi kuzey kutbundan
kusbakisi bakan bir gozlemcinin ekinokslarin
eliptik diizlemde meydana geldikleri noktalarin
zaman iginde saat yoniinde dondiiklerini gorecek
olmasidir. Buna gore ekinokslar ve giindontimleri
farkh baska
noktalarda bulunmaktadir. Ornegin, bugiin kuzey
yarimkiirede ks giindoniimii neredeyse Diinya
Giines’e en yakin noktadayken gergeklesirken,
yaklasik 11.000 yil once giinese en uzak noktada
gozlemlenmekteydi.

eliptik  diizlemde zamanlarda

calismalarindan  haberdar
olan Croll (1875), ekinokslarin presesyonunun
fikrini
genisletmistir. Croll’a gére Diinya’nin eliptik
ekseninin eksantrisitesinin (eksenin daha dairesel

Adhémar in

Diinya’min  iklimine  olan  etkisi

ve daha eliptik durumlart arasinda hareketi, yani
elipsin odaklarinin birbirlerine olan uzakliklarinin
degismesi) yaklasik 100.000 yllik dongiilerle
degismekte olmasi ekinokslarin presesyonunun
iklime olan etkisinde temel olan kavramdir. Bunun
disinda, Diinya 'nin dénme ekseninin egimi (bugiin
yaklasik 23.5%lik bir egime sahiptir) yaklasik
41.000 yullik salimimlarla yaklasik 21.5° ila 24.5°
egimlere ulagsmaktadwr ki bu da Diinya iklimini,
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ozellikle yiiksek enlemlerde, etkilemektedir. Croll,
yarumkiirelerin en az giineslenen kislarda buzul
caglarina girecegini diisiinmekteydi. Buna gore,
yoriingenin eksantrisitesinin fazla, Diinya 21
Aralik giinii giinese en uzak oldugunda, egim
agist da fazla ise kuzey yarimkiire kendini bir
buzullagsmanin icinde bulacakti. Croll’un iklim
bilimine yaptig1 katkilar sadece bunlarla simirli
degildir. Hipotezini, hem buzun albedosunun
yiiksekliginden  kaynaklanan — geri
kavramiyla hem de okyanus akintilarinin geri
beslemesi kavramiyla genisletmistir.

besleme

Croll’un hipotezi jeomorfolojik gozlemlerle
ortiismedigi icin 20. yiizyilin basinda popiilerligini
kaybetmeye baglar. Ancak, Milutin Milankovig
(1941) Croll’un fikirlerini kaldigi yerden alip
gelistirecektir. Milankovig, Croll’dan farkli olarak
buzullasmanin olabilmesi i¢in kuzey yarunkiire
vazlarimin daha
gerektigi fikrini (Murphy, 1869) benimsemistir.
Bunun disinda, yil icinde giineslenmenin en fazla
oldugu yarwil icin kullanilan bir tabir olan kalorik
mevsimlerin ~ giineslenme  degerinin  gereken
biitiin matematiksel hesaplarmi son 600.000 yil
icin elliptik integraller yardimiyla yapmistir ve
bunlarin grafiklerini ¢izmistir.

laslarmdan soguk  olmasi

Milankovi¢ ¢izdigi egrideki tepe noktalarini
sayarak giineglenmenin  20.700  (ekinokslarin
presesyonu), 40.040 (eksen salinimi) ve 91.800
(elliptpik yoriingenin eksantrisitesindeki degisim)
yillik  periyotlarla  salindigim
Ancak daha kesin sonuglar Berger’in (1973,
1977) c¢alismalarindan sonra, spektral analiz
sonuglariylaortaya ¢ikmigtiv. Buna gére ortalamasi
21.700 yu olan ekinokslarin presesyonu, en
gliclii bileseni 41.000 yil olan eksenin salinimi
ve en gii¢lii 2 bileseni 412.000 yul ve ortalamada
100.000 yu olan yoriingenin eksantrisitesindeki
degisimler, yerin iklimi iizerinde etkili en onemli
astronomik parametrelerdir. Hays vd. (1976)
yilinda, Hint Okyanusu’'ndan alinmis karotta,
planktonik foraminifer kavkilarindan elde edilmis
durayli oksijen izotopu egrilerine uyguladiklar:

belirlemistir.
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spektral analiz yontemi ile elde ettikleri sonuglar,
Milankovi¢ teorisinin en onemli teyidi kabul
edilmektedir. O giinden beri yapilan kiiresel
olgekteki calismalarin biiyiik ¢ogunlugu Hays vd.
(1976) 'nin sonuglarini desteklemektedir.

Teori bazi sorunlara ¢oziim getirdigi gibi,
bir¢ok problemi de
Bunlardan en 6nemlisi, son bir milyon yildaki
en giiclii periyodik bilesen olan 100.000 yulik
dongiiniin - giicti  Milankovi¢’in teorisinde yok
denecek kadar azdw. Bir diger biiyiik sorun da
glineslenmedeki salimm en diisiikken (MIS-12,
MIS-11 gegisinde oldugu gibi) iklim sistemi ¢ok
gliclii salvmmlar yapmakta ve giineslenmedeki
salimm en giicliivken ise (MIS-7 gibi) sistem
diigiik salimimlar yapmaktadir. Teorinin sorunlart
hakkinda daha fazla bilgi icin okuyucu Muller
ve MacDonanld (2000), Paillard (2015) gibi
kaynaklara damsabilirv. Tarihsel perspektif icin
Imbrie ve Imbrie (1979), Bard (2004) ve Berger
(2012), iglerindeki referanslarla beraber uygun
kaynak gorevi gérmektedirler.

beraberinde  getirmistir.

Biz bu ¢alismada, Dogu Anadolu’da bulunan
Van Golii’'nden alinmis, son 250 bin yili ve son
90 bin yili temsil eden iki karotun jeokimyasal
verilerinde (u-XRE, TOC ve durayli oksijen/
karbon izotopu) Lomb-Scargle perioyodogrami
yontemi ile bolgenin iklim dongiilerini arastirdik.
Sonuglarin tutarliligini desteklemek icin Dogu
Akdeniz’den alinmis LC21 karotu duraylt oksijen
izotopu verisi, Soreq ve Sofular magaralar
durayli izotop verilerine de ayni analizi uyguladik.
Verilere spektral analiz uygulamadan once
Savitzky-Golay filtresinden gegirildi ve verilerin
lineer trend kaldirildi. Sonuclar
Dogu Akdeniz verilerinde Milankovi¢ dongiileri,

tizerindeki

Milankovi¢ dongiilerinin harmoniklerini, Holosen
Bond dongiilerini ve bir solar dongii oldugu
diistintilen Hallstadtzeit dongiisiinii vermigtir.
Ancak, 11.5-75 bin yil once araliginda baska
calismalarda var olan 1500 yillik dongii ile bu
calismada karsilagiimanustir.
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