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Figure 7. Comparison of CG 'O values (blue) with a stalagmite record from the western (Mexico, olive, Medina-Elizalde et al.,2010)
Caribbean. Titanium content in the Cariaco basin (southern Caribbean, Haug et al.,2001) is shown in black (colour figures available online).
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Figure 8. Results of spectral analysis of the §'%0 signal of CG.
Significant peaks at ~480, ~220 and ~80 yr indicate centennial and
multidecadal variability.

suggested by Medina-Elizalde et al. (2010) and Hodell et al.
(2001). However, the strong solar minima, such as the Maunder,
Spoérer and Wolf Minimum, are not reflected as particularly dry or
wet phases in the Cuban stalagmite record. Medina-Elizalde et al.
(2010) do not compare their record with records of solar activity,
and the record of Hodell et al. (2001) has relatively low temporal
resolution, which makes a direct comparison difficult. Black et al.
(2007) found a variability of 63 yr during the last 500 yr in an SST
record from the Cariaco basin and hypothesise that the multi-
decadal variability may be connected to changes in the THC.

Present-day climate in the Caribbean is also influenced by
other processes such as the ENSO phenomenon or the NAO. The
ENSO phenomenon generally operates on subdecadal timescales.
Although the temporal resolution of the CG §'%0 record is rather
high (~2 yr), detecting ENSO frequencies remains difficult. The
NAO exhibits multidecadal variability (Wanner et al., 2001) and
may, thus, also be a potential driver of the observed climate vari-
ability. However, the influence of the NAO is strongest in the
eastern Caribbean (Jury et al., 2007). Thus, its influence on cli-
mate variability in western Cuba may be limited. Furthermore,
the multidecadal component of the NAO and the AMO index may
operate in antiphase (Walter and Graf, 2002). However, multi-
decadal rainfall variability is difficult to study in the Caribbean
since rainfall data are sparse. For instance, most meteorological
stations on Cuba only offer observational data for several years.
Since the record does not show significant decadal periodicities
as expected for the NAO, a potential relationship between pre-
cipitation amount on Cuba and the NAO remains unclear.

Conclusions

The 8'%0 record of stalagmite CG from Cuba reflects precipitation
variability in the northwestern Caribbean during the last 1.3 ka.
Owing to the amount effect, more rainfall on Cuba leads to lower
8'80 values of precipitation. Lower 8'30 values in speleothem cal-
cite, therefore, reflect wetter conditions. The CG 8'%0 record
shows multidecadal variability (i.e. 80 yr) and a relatively high
correlation with the AMO reconstruction of Mann et al. (2009)
suggesting a relationship between Caribbean rainfall intensity and
North Atlantic SST during the last 1.3 ka. This relationship may be
explained by changes in the strength of the THC. During positive
AMO phases, both observations (Sutton and Hodson, 2005) and
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Figure 9. Wavelet analysis (left) of the stalagmite 5'®0 record and global wavelet (right). Centennial variability is pronounced between 0.8 and 1.1 ka.

model results (Knight et al., 2006) indicate a more northern posi-
tion of the ITCZ and more precipitation on Cuba.

This study shows that precipitation variability in the Carib-
bean is influenced by several processes. The dominant process on
multidecadal timescales seems to be the AMO. Other processes
such as solar variability may also play a role, as indicated by the
observed 220 yr cycle.

Acknowledgments

Claudia Fensterer is grateful to the Bristol Isotope Group for the
research stay and the possibility to use the laboratories. She also
thanks Daniel Schimpf for assistance with TIMS U-series dating.
The authors also kindly thank A Winter for discussion. Finally,
the authors would like to thank Peter Rowe and an anonymous re-
viewer for detailed suggestions, which greatly helped to improve
the manuscript.

Funding

Claudia Fensterer was funded by DFG SPP 1266 (INTERDY-
NAMIK). Denis Scholz acknowledges funding by DFG grant
SCHO 1274/1-1.

References

Black DE, Abahazi MA, Thunell RC et al. (2007) An 8-century tropical Atlan-
tic SST record from the Cariaco Basin: Baseline variability, twentieth-
century warming, and Atlantic hurricane frequency. Paleoceanography
22: PA4204.

Chen AA and Taylor M (2002) Investigating the link between early season
Caribbean rainfall and the El Nifo + 1 year. International Journal of Cli-
matology 22: 87-106.

Curtis HJ, Hodell DA and Brenner M (1996) Climate variability on the Yucatan
Peninsula (Mexico) during the past 3500 years and implications for Maya
cultural evolution. Quaternary Research 46: 37-47.

Delworth TL and Mann ME (2000) Observed and simulated multidecadal vari-
ability in the Northern Hemisphere. Climate Dynamics 16: 661-676.
Dreybrodt W and Scholz D (2011) Climatic dependence of stable carbon and
oxygen isotope signals recorded in speleothems: From soil water to spe-

leothem calcite. Geochimica et Cosmochimica Acta 75: 734-752.

Enfield DB, Mestas-Nufiez AM and Trimble PJ (2001) The Atlantic multi-
decadal oscillation and its relation to rainfall and river flows in the conti-
nental US. Geophysical Research Letters 28: 2077-2080.

Fairchild 1J and Treble PC (2009) Trace elements in speleothems as recorders
of environmental change. Quaternary Science Reviews 28: 449-468.
Fairchild 1J, Smith CL, Baker A et al. (2006) Modification and preservation
of environmental signals in speleothems. Earth-Science Reviews 75:

105-153.

Fensterer C, Scholz D, Hoffmann D et al. (2010) 2°Th/U-dating of a late Holo-
cene low uranium speleothem from Cuba. JOP Conference Series: Earth
and Environmental Science 9: 012015, http://iopscience.iop.org/1755-
1315/9/1/012015.

Folland CK, Colman AW, Rowell DP et al. (2001) Predictability of northeast
Brazil rainfall and real-time forecast skill, 1987-98. Journal of Climate
14: 1937-1958.

Folland CK, Parker DE and Palmer TN (1986) Sahel rainfall and worldwide
sea temperatures, 1901-85. Nature 320: 602—607.

Friedman I and O'Neil JR (1977) Compilation of stable isotope fractionation
factors of geochemical interest. In: Fleischer M (ed.) Data of Geochemistry.
6th Edition. US Geological Survey Professional Paper 440-KK, pp. 1-12.

Frisia S, Fairchild 1J, Fohlmeister J et al. (2011) Carbon mass-balance model-
ling and carbon isotope exchange processes in dynamic caves, Geochi-
mica et Cosmochimica Acta 75: 380-400.

Gamble DW, Parnell DB and Curtis S (2008) Spatial variability of the Carib-
bean mid-summer drought and relation to north Atlantic high circulation.
International Journal of Climatology 28: 343-350.

George SE and Saunders MA (2001) North Atlantic Oscillation impact on trop-
ical north Atlantic winter atmospheric variability. Geophysical Research
Letters 28: 1015-1018.

Giannini A, Kushnir Y and Cane MA (2000) Interannual variability of Caribbean
rainfall, ENSO, and the Atlantic Ocean. Journal of Climate 13: 297-311.

Giannini A, Kushnir Y and Cane MA (2001a) Interdecadal changes in the
ENSO teleconnection to the Caribbean region and the North Atlantic
Oscillation. Journal of Climate 14: 2867-2879.

Giannini A, Kushnir Y and Cane MA (2001b) Seasonality in the impact of
ENSO and the North Atlantic High on Caribbean rainfall. Physics and
Chemistry of the Earth (B) 28(2): 143—147.

Goldenberg SB, Landsea CW, Mestas-Nufiez AM et al. (2001) The recent
increase in Atlantic hurricane activity: Causes and implications. Science
293: 474-479.

Granger OE (1985) Caribbean climates. Progress in Physical Geography 9(1):
16-43.

Gray ST, Graumlich LJ, Betancourt JL et al. (2004) A treering based recon-
struction of the Atlantic Multidecadal Oscillation since 1567 A.D. Geo-
physical Research Letters 31: L12205.

Hastenrath S (1976) Variations in low-latitude circulation and extreme cli-
matic events in the tropical Americas. Journal of Atmospheric Science 33:
20-215.

Hastenrath S (1978) On the modes of tropical circulation and anomalies. Jour-
nal of Atmospheric Science 35:22,220-22,231.

Hastenrath S (1984) Interannual variability and annual cycle: Mechanisms of
circulation and climate in the tropical Atlantic sector. Monthly Weather
Review 112: 1097-1107.

Haug GH, Giinther D, Peterson LC et al. (2001) Southward migration of
the Intertropical Convergence Zone through the Holocene. Science
293: 1304.

Haug GH, Giinther D, Peterson LC et al. (2003) Climate and the collapse of
Maya civilization. Science 299: 1731.

Hendy CH (1971) The isotopic geochemistry of speleothems — I. The calcula-
tion of the effects of different modes of formation on the isotopic compo-
sition of speleothems and their applicability as paleoclimatic indicators.
Geochimica et Cosmochimica Acta 35: 801-824.

Hodell D, Brenner M, Curtis JH et al. (2001) Solar forcing of drought fre-
quency in the Maya Lowlands. Science 292: 1367-1369.

Hodell DA, Brenner M, Curtis JH et al. (2005) Climate change on the Yucatan
Peninsula during the Little Ice Age. Quaternary Research 63: 109-121.

Hodell D, Curtis JH and Brenner M (1995) Possible role of climate in the col-
lapse of Classic Maya civilization. Nature 375: 391-394.

Jones IC, Banner JL and Humphrey JD (2000) Estimating recharge in a tropical
karst aquifer. Water Resources Research 36: 1289—1299.

Jury M, Malmgren BA and Winter A (1997) Implications of summertime sea
level pressure anomalies in the tropical Atlantic region. Journal of Cli-
mate 10: 789-804.

Jury M, Malmgren BA and Winter A (2007) Subregional precipitation climate
of the Caribbean and relationships with ENSO and NAO. Journal of Geo-
physical Research 112: D16107, doi:10.1029/2006JD007541.

Downloaded from hol.sagepub.com at University Library of Innsbruck on December 8, 2012


http://hol.sagepub.com/

1412

The Holocene 22(12)

Kalnay E, Kanamitsu M, Kistler R et al. (1996) The NCEP/NCAR 40-year
reanalysis project. Bulletin of American Meteorological Society 77:
437-470.

Kerr RA (2005) Atlantic climate pacemaker for millennia past, decades hence?
Science 309(5731): 41-43.

Kim S-T and O'Neil JR (1997) Equilibrium and nonequilibrium oxygen iso-
tope effects in synthetic carbonates. Geochimica et Cosmochimica Acta
61:3461-3475.

Knight JR, Allan RJ, Folland CK et al. (2005) A signature of persistent natu-
ral thermohaline circulation cycles in observed climate. Geophysical
Research Letters 32: 1.20708, doi:10.1029/2005GL024233 .

Knight JR, Folland CK and Scaife AA (2006) Climate impacts of the Atlantic
Multidecadal Oscillation. Geophysical Research Letters 33: L17706, doi:
10.1029/2006GL026242.

Lachniet MS (2009a) Sea surface temperature control on the stable isotopic
composition of rainfall in Panama. Geophysical Research Letters 36:
L03701, doi:10.1029/2008GL036625.

Lachniet MS (2009b) Climatic and environmental controls on speleothem oxy-
gen isotope values. Quaternary Science Reviews 28: 412-432.

Lachniet MS and Patterson WP (2006) Use of correlation and multiple
step-wise regression to evaluate the climatic controls on the stable iso-
tope values of Panamanian surface waters. Journal of Hydrology 324:
115-140.

Lachniet MS and Patterson WP (2009) Oxygen isotope values of precipitation
and surface waters in northern Central America (Belize and Guatemala)
are dominated by temperature and amount effects. Earth and Planetary
Science Letters 284: 435-446.

Lachniet MS, Asmerom Y, Burns SJ et al. (2004a) Tropical response to the
8200 yr B.P. cold event? Speleothem isotopes indicate a weakened early
Holocene monsoon in Costa Rica. Geology 32: 957-960.

Lachniet MS, Burns SJ, Piperno DR et al. (2004b) A 1500-year El Nifio/
Southern Oscillation and rainfall history for the Isthmus of Panama from
speleothem calcite. Journal of Geophysical Research 109: D20117, doi:
10.1029/2004JD004694.

McCabe GJ, Palecki MA and Betancourt JL (2004) Pacific and Atlantic Ocean
influences on multidecadal drought frequency in the United States. Pro-
ceedings of the National Academy of Sciences, USA 101: 4136-4141.

McDermott F (2004) Palaco-climate reconstruction from stable isotope
variations in speleothems: A review. Quaternary Science Reviews 23:
901-918.

Mangini A, Blumbach P, Verdes P et al. (2007) Combined records from a sta-
lagmite from Barbados and from lake sediments in Haiti reveal variable
seasonality in the Caribbean between 6.7 and 3 ka BP. Quaternary Science
Reviews 26: 1332-1342.

Mann ME, Zhang Z, Rutherford S et al. (2009) Global signatures and dynami-
cal origins of the Little Ice Age and Medieval Climate Anomaly. Science
326: 1256.

Mattey D, Lowry D, Duffet J et al. (2008) A 53 year seasonally resolved
oxygen and carbon isotope record from a modern Gibraltar speleothem:
Reconstructed drip water and relationship to local precipitation. Earth and
Planetary Science Letters 269(1-2): 80-95.

Medina-Elizalde M, Burns SJ, Lea DW et al. (2010) High resolution stalagmite
climate record from the Yucatan Peninsula spanning the Maya terminal
classic period. Earth and Planetary Science Letters 298: 255-262.

Miihlinghaus C, Scholz D and Mangini A (2009) Modelling fractionation of
stable isotopes in stalagmites. Geochimica et Cosmochimica Acta 73:
7275-7289.

Ogurtsov MG, Nagovitsyn YA, Kocharov GE et al. (2002) Long-period cycles
of the Sun's activity recorded in direct solar data and proxies. Solar Phys-
ics 211: 371-394.

Peristykh AN and Damon PE (2003) Persistence of the Gleissberg 88-year
solar cycle over the last ~12,000 years: Evidence from cosmogenic
isotopes. Journal of Geophysical Research (Space Physics) 108: 1003,
doi:10.1029/2002JA009390.

Poveda G, Waylen PR and Pulwarty RS (2006) Annual and inter-annual vari-
ability of the present climate in northern South America and southern Meso-
america. Palaeogeography, Palaeoclimatology, Palaeoecology 234: 3-27.

Rowell DP (2003) The impact of Mediterranean SSTs on the Sahelian rainfall
season. Journal of Climate 16: 849—862.

Rowell DP, Folland CK, Maskell K et al. (1995) Variability of summer rainfall
over tropical North-Africa (1906-92) observations and modelling. Quar-
terly Journal of the Royal Meteorological Society 121: 669-704.

Scholz D, Miihlinghaus C and Mangini A (2009) Modelling §3C and §'%0 in
the solution layer on stalagmite surfaces. Geochimica et Cosmochimica
Acta 73: 2592-2602.

Schulz M and Mudelsee M (2002) REDFIT: Estimating red-noise spectra
directly from unevenly spaced paleoclimatic time series. Computers &
Geosciences 28: 421-426.

Spotl C and Vennemann T (2003) Continuous-flow IRMS analysis of carbonate
minerals. Rapid Communications in Mass Spectrometry 17: 1004—-1006.

Sutton RT and Hodson DLR (2005) Atlantic Ocean forcing of North American
and European summer climate. Science 309: 115-118.

Torrence C and Compo GP (1998) A practical guide to wavelet analysis. Bul-
letin of American Meteorological Society 79: 61-78. Available at: http:/
paos.colorado.edu/research/wavelets/

Vose RS, Schmoyer RL, Steurer PM et al. (1992) The Global Historical Clima-
tology Network: Long-term monthly temperature, precipitation, sea level
pressure, and station pressure data. Carbon Dioxide Information Analysis
Center Communications 17: ORNL/CDIAC-53, NDP-041. Oak Ridge
National Laboratory, Oak Ridge TN.

Vuille M, Bradley RS, Werner M et al. (2003) Modeling '*O in precipita-
tion over the tropical Americas: 1. Interannual variability and climatic
controls. Journal of Geophysical Research 108: D6, 4174, doi:10.1029/
2001JD002038.

Walter K and Graf H-F (2002) On the changing nature of the regional connection
between the North Atlantic Oscillation and sea surface temperature. Jour-
nal of Geophysical Research 107:D17,4338, doi:10.1029/2001JD000850.

Wanner H, Bronnimann S, Casty C et al. (2001) North Atlantic Oscillation,
concepts and studies. Surveys in Geophysics 22: 321-382.

Winter A, Miller T, Kushnir Y et al. (2011) Evidence for 800 years of North
Atlantic multi-decadal variability from a Puerto Rican speleothem. Earth
and Planetary Science Letters 308: 23-28.

Downloaded from hol.sagepub.com at University Library of Innsbruck on December 8, 2012


http://hol.sagepub.com/

