
INTRA-CONTINENTAL RECONSTRUCTION OF THE NORTH ATLANTIC OSCILLATION USING 
STALAGMITE ISOTOPES AND TRACE ELEMENTS (INSITE) 
Project Objectives  

The North Atlantic Oscillation (NAO) is the dominant mode of inter-
annual atmospheric variability in the Northern Hemisphere and a key 
driver of climate fluctuations (i.e., wind speed/direction, temperature, 
precipitation, storminess) in the North Atlantic region (1-5) (Fig.1). 
Characterising the currently unknown long-term behaviour of the NAO 
and the physical processes that control it is crucial for accurate prediction 
of future climate change and for distinguishing between anthropogenic 
and natural forcing mechanisms. The goal of the INSITE project is thus:  
(i) To extend the existing North Atlantic Oscillation (NAO) index 
through the Holocene using stalagmite palaeoclimate proxy records from 
SW Poland; (ii) To distinguish between anthropogenically- and 
naturally-induced NAO variability; and (iii) To generate the longest, 
most precisely dated, highest resolution palaeoclimate record for this 
region of central Europe.  
Description of the work performed since the beginning of the 
project   

Following a project kick-off meeting at the Institute of Geological 
Sciences (P.A.S. Research Centre) in Warsaw with project partner, Dr 
Helena Hercman in March 2008, two site visits to Niedźwiedzia cave 
were conducted in April and June 2008 for the purpose of identifying and 
collecting stalagmite samples and initiating the site monitoring program 
(high resolution drip rate and rainfall monitoring). Based on high 
resolution drip rate data and in situ basal reconnaissance U-Series dates 
of five active stalagmites, three stalagmites  were collected for the 
study from the cave’s lower (NIED08-02) and middle/tourist level 
(NIED08-04, NIED08-05).  

 
Fig.1. Phases of the NAO 
detectable in a stalagmite record 
from Niedźwiedzia cave (star 
symbol), SW Poland.  
 

 
Fig. 2. Preliminary U-Series age 
models of three Niedźwiedzia cave 
stalagmites.  

High resolution drip rate and rainfall monitoring, conducted 
through the study, has yielded important hydrological information for 
each stalagmite. In September 2008, a proposal was submitted to the 
Natural Environment Research Council (NERC) Geosciences Facility 
Steering Committee (NIGFSC) for funding of a suite of U-Series dates 
to build the stalagmite age models. The proposal was awarded £13,100 
and U-Series dating has been ongoing at the Open University U-Series 
Facility through the two year study. Initially, samples weighing 
between 250 and 500 mg were drilled and dated but the extremely low 
U-content of these stalagmites (8 μg/g < 238U < 145 μg/g resulting in 
0.05 to 0.6 pg/g 230Th accumulation) required larger sample sizes (1 g). 
To date, a total of 18 U-series dates have been obtained and the 
preliminary age models are shown in Fig. 2. Dates with hollow symbols 
and dates with very low 230Th/232Th activities have been excluded from the 
linear regression (Fig. 2). Based on the preliminary age models, the 
Niedźwiedzia cave stalagmites were deposited between 16 ky BP and 
present day (Fig. 2).  

Following development of preliminary age models, the stalagmites 
were drilled using a PROXON microdrill at a spatial resolution of 2 
mm for stable isotope δ18O and δ13C analysis. The resulting decadally-
to centennially-resolved isotope time series (Fig. 3) reveal considerable 
pre-Holocene variability but the mismatch of Holocene data highlights 
errors in the working age model. Refinement of the U-Series age 
models are required before palaeoclimate interpretations and higher 
resolution micomilling can be attempted.  



Main Results to Date 

Fig.4. High resolution drip rate and precipitation data recorded 
between April 3 and June 20, 2008. Hydrological monitoring 
data was collected through the two year study.  

 High resolution drip rate data reveal 
that NIED08-04 and NIED08-05 drip 
sites both respond rapidly to rainfall 
events (Fig. 4) and the stalagmites 
should preserve high-frequency NAO 
variability. The longer storage time of 
drip water feeding stalagmite NIED08-
02 makes this sample ideal for 
reconstructing low frequency NAO 
variability through the Holocene.  
 The high-resolution rainfall and drip 
rate data analysed to date (monitoring is 
still ongoing) has revealed important 
information on the climate signal’s 
transmittance to the stalagmites. Drip 
data are overall depleted in 18O relative 
to the corresponding monthly rainfall 
confirming that the drip sites associated 
with these stalagmites are dominantly 
reflecting the ‘spring flush’ when 
isotopically depleted snow melts as 
temperatures warm. With refinement of 
the U-Series age models, high resolution 
micromilling will be undertaken at a 
<100 micron resolution to reveal the 
annual-scale d18O variability that will 
be enable the NAO reconstruction. The 
high amplitude pre-Holocene variations 
observed in the decadally- to 
centennially-resolved δ18O and δ13C 
isotope profiles (Fig. 3) will be the 
subject of further investigation as it is 
likely that this southern Polish site has 
preserved abrupt deglacial climate 
events including the Younger Dryas and 
Bölling Allerod. Such records are 
extremely rare in continental Europe where continental ice sheets inhibited stalagmite deposition.  

Fig.3. δ18O profile for NIED08-02 (red), NIED08-04 (brown), and 
NIED08-05 (yellow). The data are plotted against time based on 
preliminary U-Series age models (δ13C profile not shown).

Expected final results and their potential impact and use  
Several high impact publications are expected to arise from this work. Stemming from previous work 
(6), one manuscript that is currently underway is a detailed examination of the NAO-δ18O relationship 
in Poland using the 30-yr GNIP dataset at Krakow, ensemble Lagrangian back trajectories, and 
multivariate statistical analysis. A second publication will report on the climate signal transmission to 
Niedźwiedzia cave stalagmites based on a >1 yr hydrological and hydrochemical monitoring program. 
A third publication will report on the long-term record of NAO variability that is preserved in 
Niedźwiedzia cave stalagmites. Understanding of the NAO’s long-term variability will enable better 
forecasting of future NAO variability with significant socio-economic impact. A final publication will 
focus on a high resolution deglacial abrupt climate change record uniquely preserved in a central 
European stalagmite. References: (1) J. W. Hurrell, Science 269, 676-679 (1995). (2) J. W. Hurrell, 
Geophys.Res. Lett. 23, 665-668 (1996). (3) J. W. Hurrell, Y. Kushnir, G. Ottersen, M. Visbeck, in The North 
Atlantic Oscillation: Climate Significance and Environmental Impact J. W. Hurrell, Y. Kushnir, G. Ottersen, M. 
Visbeck, Eds. (Am. Geophys. Union, 2003), 134, pp. 279. (4) K. Kodera, Geophys.Res.Lett. 29, 59-1 - 59-4 
(2002). (5) C. B. Uvo, Int. J. Clim. 23, 1185-1194 (2003). (6) L. M. Baldini, F. McDermott, A. Foley, J. U. L. 
Baldini, Geophysical Research Letters 35, L04709, doi: 10.1029/2007GL032027 (2008).  
 


