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Multiple Modes of Orbital-Scale Change in Thermohaline Circulation?

Interpreting 0'3C Gradients
Abstract P 9

L. E. Lisiecki and M.E.Raymo
Principal component analysis of Late Pleistocene benthic 6'°C records from 24 globally distributed marine . . . o .
sites reveals two independent modes of change associated with different orbital frequencies. Most paleocli- B OStO N U N |Ve rS |ty, I | S I eC kl @ b U ,ed U

mate studies of deep ocean circulation have either reconstructed only a few points in time (e.g., comparing the

Discussion

Last Glacial Maximum and the Holocene) or have examined the temporal evolution of relatively few pale- M O d e I Interglacial Atlantic
oceanographic records. These techniques have produced a simple model of circulation change in which North R e s u I t s

Atlantic Deep Water (NADW) shoals during glacial conditions and 1s replaced at depth by Circumpolar Deep This simple model is constructed by estimating the '°C value at each site as a function of time based

Water (CPDW) formed 1n the Southern Ocean. Our analysis 1s consistent with NADW shoaling proportional on simple assumptions. (1) The §"*C value of NADW is constant. (2) The 8"*C of CPDW is proportional

The time series of 0'°C are processed in several ways before principal component analysis is performed. First, the mean value as a function of time is
subtracted so that only the values relative to mean 6'°C are considered. Then the records are normalized to zero mean and unit standard deviation. There-
fore, the analysis reflects correlations in the temporal pattern of change rather than the variance or mean of 6'°C at each site.

to 1ce volume change over the last four glacial cycles. However, we also observe a second, independent mode
of change in 6'°C with more precession power. Many sites in the Atlantic record have strong precession re- proportion of NADW to CPDW at sites in the Atlantic varies as a function of depth and ice volume. The
sponses, with lighter 6'°C values in phase with summer insolation maxima. More analysis is needed to deter- 100% NADW boundary shifts from 2000 m in the most severe glacial to 3800 m in the warmest inter-
mine whether this precession response is caused by changes in the §°C of NADW (at the time of formation or glacial. Percent NADW decreases linearly to 0% from 0-1500 m below the boundary.

due to aging effects) or by changes in the NADW-CPDW boundary. The first principal component generated from the model data closely matches the first component of

o o
1 St P in CI pa I CO m pO n e nt the real data both spatially and as a function of time. The second component of the model resembles the
Introducti

to benthic 'O (ice volume). (3) The 8"°C of Pacific sites is the average of NADW and CPDW. (4) The

spatial distribution of the second component in the data, and both show peaks centered on terminations. Glacial Atlantic

However, the second component of the data also contains a strong precession response which 1s not pre-
dicted by the model. (See below.)

This times series correlates strongly with ice volume as recorded by benthic 6'°O. It is constructed based on the difference between deep Atlantic sites and inter-
mediate depth Atlantic sites and 1s best interpreted as changes in the depth of the boundary between NADW and CPDW. (Compare with the model on the right.)

CPDW i1s accurately
recorded (e.g., Venz
e @ and Hodell, 2002;

8 Pacific : Atlantic Curry and Oppo,
— 0 0 0 o 2005).
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