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Why the Holocene, Why Turkey?

~4.4 ka
~3.6 ka

~3.5 ka

~2.5 ka

~1.5 ka

~0.4 ka

9.5 – 7.7 ka



  

Climatic Zones in Turkey



  

NAO(+): Dry in whole Turkey?



  

NAO(+): Dry in whole Turkey?

Dry DryDry



  

What was done before

Kotthoff et al., 2008

Marino et al., 2002

Tree ring widts
Touchan et al., 2003

Turner et al., 2008
One data 
point for 
43 years



  

Aim of this work

 To construct well-dated & highly resolved 
stalagmite proxy records that might help 
resolve the various climatic questions of the 
Holocene

 To assess the strengths and limitations of 
stalagmites as natural climate archives, on 
Holocene time scale 



  

Material: Stalagmites



  

Methods: 230Th (U-series) dating

 → Proxies: Growth rate and initial 234U/238U

 Growth rate: Proxy for water availability and / or temperature in the 
cave, both of which depend on climate

 Initial 234U/238U : Can be a proxy for rainfall amount & intensity



  

Methods: Stable Isotope Analysis

 Stalagmite: CaCO
3 
→ Proxies: δ13C and δ18O

 δ13C : vegetation activity proxy

 Abundant rainfall & effective 
infiltration & moderate 
temperatures → lower δ13C in 
stalagmite

 Ineffective infiltration → 
enhanced CO

2
 degassing in the 

cave → higher δ13C in stalagmite

 Very heavy rain → saturated soil 
→ no equilibration with lower δ13C 
soil CO

2
 → possibly higher δ13C in 

stalagmite

 δ18O: Can be a proxy for 
temperature, amount of 
precipitation, seasonality 
of precipitation, isotopic 
composition of moisture 
source, depending on the 
site ...



  

Caves and Records

Record 3:
UZUNTARLA 

Cave

Other records:
OVACIK and YENESU Caves

Record 2:
KOCAIN 

Cave

Record 1:
SOFULAR 

Cave



  

Results: All Caves and Records

Record 1 Record 2 Record 3 Inconclusive



  

Record 1: Sofular Cave

 Obvious 
effect of 
Black Sea 
on Sofular 
site

 Low 
correlations 
with other 
stations in 
Turkey, if 
not 
insignificant 



  

Sofular Cave: age models

 Three Holocene 
stalagmites: 

So-1, So-2 and So-10

 49 230Th dates 

(41 on So-1)

 Average age 
uncertainty: 1.29%



  

Sofular Cave: Isotope profiles 

 3000 stable isotope 
(δ13C and δ18O) 
measurements 
within the Holocene 
sections

 5.4 years of average 
temporal resolution 
for So-1, lower for 
other stalagmites



  

Sofular Cave: δ18O 

δ18O reflects the 
isotopic composition
of the Black Sea 
on the long term



  

Sofular Cave: rainwater δ18O 

 Both the temperature and the amount effect 
determine δ18O variations in rainwater

 → Complicated signal in stalagmite δ18O



  

Sofular Cave: modern δ13C 

 δ13O seems to respond to variations in 
spring+summer+fall precipitation amount



  

All Sofular 
Proxies



  

Regional 
Synthesis



  

Mechanisms for the wet period

High 
SSTs ?



  

Mechanisms for the wet period

Local 
monsoon

 ?



  

Sofular Cave: Conclusions

 Growth rates, initial 234U/238U and δ13O more useful 
than δ18O within this time scale / at this site

 ~9.6 – 5.4 ka BP → Even wetter on the Black Sea 
coast

 Mechanism for wet period : 

High Summer SSTs and/or Local Monsoon

 Effects of cold events (RCCs) unclear, except for 
8.2 ka BP event



  

Record 2: Kocain Cave

Cave altitude:

 960 m



  

Record 2: Kocain Cave



  

Record 2: Kocain Cave



  

Kocain Cave: Age Model

Only one 
stalagmite: 

Ko-1



  

Kocain Cave: Stable Isotopes

ineffective infiltration & 
low vegetation cover → 

δ13C values high, 
growth rates low 



  

X No match:

       water excess       
(effective moisture) 

versus stalagmite δ13C

+ Good match: 

calculated snowfall

versus stalagmite δ13C

+ Good match: 

winter temperatures

versus stalagmite δ13C

X No match: 

precipitation weighted 
rainwater 

versus stalagmite δ18O

Snowfall amounts 
calculated

after Pipes and 
Quick (1977)



  

~3.5 
ka



  

Gray shaded areas: 
Significant 

correlations 
between winter 
temperatures at 
Kocain site and 
winter&spring 
precipitation

Blue contours: 
Borders of Ottoman 
Empire at 1566 AD



  

Kocain Cave: Conclusions

 δ13O is a proxy for winter temperature (unique 
response), δ18O unclear

 Winter warmth in southern Turkey during the 20th 
century AD exceeded several times in the past 

 Persistent NAO(+) during MCA only partially 
supported, persistent NAO(-) during LIA 
contradicts the Kocain record  

 Both warm and cold extremes may lead to 
societal collapse



  

Record 3: Uzuntarla Cave



  

Uzuntarla Cave: 
Age Model & Isotopes



  

Uzuntarla Cave: 
δ18O calibration

 While calculating annual temperatures,
monthly temperatures were weighted 

with monthly 'water excess' values.

δ18O displays 'temperature effect'
→ mixed proxy for temperature

 and seasonality of precipitation.



  

Uzuntarla Cave: 
δ13C calibration

 

δ13C seems to respond to the
changes in water excess.



  

 

Lower winter 
temperatures → less winter 
precip → cooling effect on 

Uzuntarla δ18O blurred   



  

Uzuntarla Cave: conclusions

 

 δ18O is a mixed proxy for temperature and the 
seasonality of precipitation

 Decline in δ18O as a response to cooler periods 
compensated by a shift in the seasonality of 
precipitation to warmer times of the year

 δ13O responds to 'water excess', though not 
clearly

 Winters during the Minoan Civilization in Crete 
were probably the warmest in the Eastern 
Mediterranean during the last 4.1 ka   



  

Inconclusive Work: 
Ovacık and Yenesu Caves

 

OVACIK 
Cave

YENESU 
Cave

SOFULAR
Cave

UZUNTARLA
Cave

Ovacık and Yenesu records 
should support / replicate Sofular and Uzuntarla records...

But do they?



  

Ovacık Cave: Age Models

 

Two stalagmites: O-1 (not recent) and O-4 (recent)



  

Ovacık Cave: 
comparison with Sofular

 



  

Yenesu Cave: 
Age Model

 

Only one stalagmite: Ye-4
 



  

Yenesu Cave: 
comparison with Uzuntarla

 



  

Conclusions on 
Inconclusive Work ?

 

 Isotope profiles of stalagmites from nearby caves 
can be different, especially for the Holocene → 
climate signal blurred

 Fossil stalagmites → comparison with recent 
meteorological data not possible → no clue for 
climatic interpretation



  

Summary of All Results



  

Summary of 
All Results



  

Summary of 
All Results



  

Summary of 
All Results



  

Summary of 
All Results



  

Final Remarks

 Stalagmites are now 'mainstream' climate proxy 
archives, but...

 Low growth rates, lack of annual layering, 

high 232Th → dating uncertainties
 Holocene climatic variations are small → signal 

can be blurred by non-climatic factors
 We need actively growing samples → 

Meteorological calibration is essential! 
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