Abstract

Benthic 6'°C has a long history as a proxy for ocean circulation change. However, several recent studies
[e.g., Rutberg and Peacock, 2006; Raymo et al., 2004] have suggested that variations in endmember 6'3C
values could confound reconstructions of glacial watermasses or even dominate variability in benthic
0'*C.We analyze 17 Atlantic benthic 6"C records to quantify what percent of variance in the data is asso-
ciated with changes in endmember composition versus watermass distribution. We illustrate a typical
sequence of change in 8'*C for a Late Pleistocene glacial cycle.Then we estimate changes in NADW dis-
tribution by assuming that the 6"*C composition of NADW and AABW are recorded by North and South
Atlantic sites, respectively. Three possible models of glacial-interglacial 5'*°C change are compared to the
data to test our interpretation of change in NADW distrubution. These models simulate 6*°C change
using one of three assumptions about Atlantic glacial cycle responses: 1) only the distribution of NADW
changed, 2) only the 6C of NADW and AABW changed, or 3) both the distribution and 6"C of
NADW/AABW changed.The models are evaluated with respect to the variance predicted for the 17 At-
lantic sites and the first two principal components of the data.We find that assumption 3 best describes
the variance in Atlantic 8"*C with respect to both criteria.In particular,no variance is found in the second
principal component unless both circulation and 6*C composition change, suggesting that at least 10%
of the variance in Atlantic 6"C is associated with changes in NADW distribution. Although watermass
geometry cannot directly address the question of overturning rates, the spatial extent of 6*C gradients
across boundaries can provide constraints on rates of production relative to mixing.
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Introduction

Does mid-Atlantic 6'°C variability reflect changes
in circulation or endmember 6'*C? (or both?)

Traditionally glacial cycles in the benthic 6"°C of mid-Atlantic sites have
been interpretted as changes in the ratio of North Atlantic Deep Water
(NADW) to Antarctic Bottom Water (AABW) caused by changes in the for-

al., 1988; Duplessy et al., 1988; Raymo et al., 1997; Bickert et al., 1997] have concluded that

By interpretting mid-Atlantic 6'°C variability as circulation change, many studies [e.g., Curry et

NADW shoals during glacial times, with lower NADW disappearing and upper NADW increas-

1. Circulation Only

The 8C compositions of NADW and AABW are held constant relative to
mean Pacific 6°C, and the depth of the boundary between NADW and
AABW is inversely proportional to ice volume (benthic 6'20).

We optimize the fit between the raw (unnormalized) data and parameters controlling the maxi-
mum and minimum NADW depth, the thickness of the mixing layer between them (modeled as
a linear gradient in 8'*C), and the rate of decrease in %NADW as a function of latitude.The
boundary depth given is the depth at which NADW begins to mix with AABW at 0 degrees lati-
tude. For ODP sites 658 and 1088, we use only half of the modeled %NADW to fit the lower
mean 0'3C at these sites. Because these sites are at water depths of 2000-2300 m, we assume
that this correction reflects the influence of intermediate water not included in the model.

Models

2. Endmember 6'°C Only

The percent of NADW at each site is held constant at interglacial levels,
and the 6'°C compositions of NADW and AABW vary.

The 63C of NADW is estimated as the average of 6'°C records from North Atlantic ODP Sites
980,982,and 983.The 6"*C of AABW is estimated as the average of 56"*C records from deep
South Atlantic sites RC13-229,0DP 1089, and ODP 1090.If circulation is constant over the gla-
cial cycle, it should be consistent with modern (interglacial) observations. We estimate the
modern %NADW at each site by calculating the average %NADW across the four interglacials
in our records, using our estimates of the 6'*C of NADW and AABW at each time. The resulting
estimates of %NADW for each site (below) are approximately consistent with the modern dis-
tribution of NADW and modern 3'3C profiles.

3. Circulation and Endmember 6'3C

Both the distribution of NADW and the 6'°C of NADW and AABW are al-
lowed to vary.The 6*C of NADW and AABW are estimated as in model 2,
and the depth of the boundary between NADW and AABW is inversely pro-
portional to ice volume as in model 1.

We optimize the fit between the raw (unnormalized) data and parameters controlling the maximum
and minimum NADW depth, the thickness of the mixing layer between them (modeled as a linear
gradient in 0'°C), and the rate of decrease in %NADW as a function of latitude. Because endmember

0"*C varies in this model, the optimal parameter values are different than in model 1.The boundary
depth given is the depth at which NADW begins to mix with AABW at 0 degrees latitude. As in model
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is nearly identical to that at the glacial maximum.

During deglaciation, 6'°C in the South Atlantic re-
spond before those in the deep North Atlantic.

However, a simple parameterized model in which
NADW shoals in response to ice volume is capable
of explaining most 8'°C change.

ated with changes in NADW distribution.



