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An 8-century tropical Atlantic SST record from the Cariaco Basin:
Baseline variability, twentieth-century warming, and Atlantic
hurricane frequency
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[1] We present the first direct comparison and calibration of a downcore foraminiferal Mg/Ca record to
historical instrumental sea surface temperature (SST). Mg/Ca measured on the planktic foraminifer Globigerina
bulloides from a Cariaco Basin sediment core strongly correlate with spring (March—May) instrumental SSTs
between A.D. 1870 and 1990. A Mg/Ca SST equation is derived and a paleo-SST record is presented spanning
the last 8 centuries, an interval that includes the end of the Medieval Warm Period and the Little Ice Age. The
long-term record displays a surprising amount of variability. The temperature swings are not necessarily related
to local upwelling variability but instead represent wider conditions in the Caribbean and western tropical
Atlantic. The Mg/Ca SST record also captures the decadal and multidecadal variability observed in records of
global land and sea surface temperature anomalies and Atlantic tropical storm and hurricane frequency over the
late nineteenth and twentieth centuries. A divergence between the SST proxy record and Atlantic storm
frequency around 1970 appears to reflect a fundamental change in Atlantic hurricane behavior noted in historical
data. On average, twentieth-century temperatures are not the warmest in the entire record, but they do show the
largest increase in magnitude and fastest rate of SST change over the last 800 a.
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1. Introduction

[2] The likelihood of anthropogenic warming [e.g.,
Overpeck et al., 1997; Mann et al., 1999; Crowley, 2000]
and the growing recognition of the role of the tropics in
global climate change [e.g., Schmittner and Clement, 2002;
Grassi et al., 2006; Peterson and Haug, 2006] have spurred
the need for long continuous high-resolution records of
tropical climate variability. The Cariaco Basin (Figure 1)
is well positioned to record a detailed history of surface
ocean changes along the southern margin of the Caribbean
and the tropical Atlantic [Hughen et al., 1996; Lin et al.,
1997; Black et al., 1999; Peterson et al., 2000; Haug et al.,
2001, 2003; Lea et al., 2003; Tedesco and Thunell, 2003a].
Varved, high deposition rate sediments deposited under
anoxic conditions and an abundance of well-preserved
microfossils result in one of the few marine records capable
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of preserving evidence of interannual- to decadal-scale
climate variability in the tropical Atlantic. Here we present
an 8-century Mg/Ca-derived SST record that is the first
downcore record to be directly calibrated against instrumen-
tal SSTs.

2. Materials and Methods

[3] Box core PL07-73 BC (10°45.98'N, 64°46.20'W,
450-m water depth) was collected in 1990 from the north-
eastern slope of the Cariaco Basin. Consecutive 1-mm sam-
ples (565 in all) from the core were freeze-dried, weighed, and
wet-sieved through a 63-um screen. Samples were first
analyzed for planktic foraminiferal census counts, and then
100 Globigerina bulloides (212- to 250-um fraction) were
picked from each sample for Mg/Ca analyses. Although
Globigerinoides ruber is probably more representative of
annual average conditions in the Cariaco Basin [7edesco
and Thunell, 2003b], G. bulloides was chosen for this study
because of its greater abundance and hence sufficient material
from each 1-mm sample for Mg/Ca analyses.

[4] Each sample was cleaned using a procedure modified
from Boyle [1981] to remove possible contamination from
clays and organic matter. The samples were gently crushed
between two clean glass slides to break open the chambers
and then repeatedly washed and sonicated with deionized
water and methanol to remove clays. An oxidizing solution
was added, and then the samples were boiled for 10 min
with periodic sonication. This step was repeated to ensure
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Figure 1. Map showing the location of the Cariaco Basin
and spatial correlation coefficients between G. bulloides
Mg/Ca and Hadley Centre SSTs for the period 1870—1990.
Warmer colors indicate stronger correlations. Correlations
are statistically significant (p < 0.1) for all of the Caribbean
and much of the western tropical Atlantic, as they exceed
the critical value » = 0.31 for the effective sample length
Neff = 30.

removal of all organic material. The samples were then
rinsed with deionized water, mildly acid-leached with a
0.001 M HNOs; solution, rinsed again with deionized water,
and then finally dried. The cleaned samples were then
dissolved in 5% HNO; in a volume sufficient to yield a
Ca concentration of 80 ppm.

[s] Magnesium and calcium were simultaneously mea-
sured on a Jobin Yvon Ultima Inductively Coupled Plasma
Atomic Emission Spectrophotometer. Mg/Ca was corrected
relative to a standard solution [Schrag, 1999] run between
every sample, and 10% of the samples were replicated as
well. Reproducibility of the standard and replicate samples
in this study is £0.06 and +£0.08 mmol/mol, respectively.
The Mg/Ca for G. bulloides measured for this study vary
between 3.82 and 5.86 mmol/mol, well within the range of
other reported G. bulloides Mg/Ca [Lea et al., 1999;
Mashiotta et al., 1999; Elderfield and Ganssen, 2000;
McConnell and Thunell, 2005].

[6] The age model for the last 130 a of PL07-73 BC is
based on correlations of its foraminiferal census counts to
the faunal data of nearby cores with a previously published
well-established varve and *'°Pb stratigraphy, while the
older parts of the core are constrained by a correlative
chronology based on 17 accelerator mass spectrometry
14C dates [Black et al., 1999; Goiii et al., 2003; Black et
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al., 2004]. The resulting 8-century data set has a sample
resolution of approximately 1 a per sample near the top of
the record and approximately 1.5 a per sample near the
bottom of the record. The data were then interpolated
linearly onto the uniform monthly temporal grid, from
March 1221 to May 1990. March—April-May (MAM)
averages were then computed for each year to produce an
annual resolution record which consequently was used in all
further analyses presented in this paper.

3. Comparing the Cariaco Basin Mg/Ca Record
to Instrumental Sea Surface Temperature Data,
A.D. 1870-1990

[7] Previous studies examining the relationship between
foraminiferal calcite Mg/Ca and sea surface temperature
(SST) have used laboratory culture experiments [Niirnberg
et al., 1996; Lea et al., 1999; Mashiotta et al., 1999;
Toyofuku et al., 2000], sediment trap studies [Anand et
al., 2003; McConnell and Thunell, 2005], and core top
calibrations [Elderfield and Ganssen, 2000; Dekens et al.,
2002]. No one to date has directly compared a downcore
Mg/Ca record to historical instrumental data because there
are very few areas with sufficiently high sedimentation rates
where one can recover nonbioturbated sediments and high
fossil foraminifera abundances. Long-term sedimentation
rates in the Cariaco Basin are as much 1 m/ka, and sedi-
ments have been deposited under anoxic, nonbioturbated
conditions for the last 12.6 ka, thus allowing one to compare
and calibrate a suite of paleoceanographic proxies against
historical instrumental data.

[8] The G. bulloides Mg/Ca data were compared to the
Hadley SST data set [Rayner et al., 2003] Cariaco Basin
grid square (1° x 1°, centered on 10.5°N, 64.5°W) for the
period of A.D. 1870—1990. The Mg/Ca record was initially
compared to individual monthly SST series between 1870
and 1990. That is, correlation coefficients were calculated
between the Mg/Ca record and 1870—1990 January SSTs,
then February SSTs, then March SSTs, etc. (Figure 2).
Correlations were highest for the months of March, April,
May, and June (» of 0.49, 0.54, 0.57, and 0.52, significant
for p < 0.007, 0.002, 0.001, and 0.002, respectively),
strongly agreeing with recent Cariaco Basin sediment trap
data indicating that G. bulloides fluxes are highest during
March, April, and May [Tedesco and Thunell, 2003b].
Correlation significance (p value) was determined using
the two-sided approximate Student’s ¢ test for correlation
coefficients [von Storch and Zwiers, 1999]. In performing
these tests the nominal sample length N = 121 was
reduced to the effective number of independent values:
Negg = N/1, where 7, the number of years between
independent samples, was computed according to the
Davis [1976] formula, adopted by Trenberth [1984] and
found to be about 4 a for the months of March—June in
our series.

[o] Having established the strongest monthly correlations,
the Mg/Ca data were then compared to March—April—May
average SSTs over the period of instrumental overlap
(Figure 3a). We use the traditional exponential form of the
relationship between Mg/Ca and temperature [e.g., Lea et
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