
associated with ice-core evidence for chang- In the modem North Atlantic, the pro- ocean. Consequently, the density of the sur- 
ing conditions over Greenland. cess of cooling surface water to form deep face waters would decrease, eventually to the 

The origin of millennial-scale climate vari- water, or convective overturn, provides point where conditions were no longer favor- 
ability is unclear. The finding of millennial- roughly one-third as much heat as is directly able for deep-water formation. As a result of 
scale oscillations during the Holocene, in the contributed by the sun (9). Thus, variations in the reduced heat released in the process of 
absence of large ice sheets, rules out ice sheet convective overturn can dramatically influ- convective overturn, less ice would melt, sa- 
instability as the primary cause. The interplay ence regional climate (see figure). Broecker linity would rise, and eventually the system 
between the primary Milankovitch frequen- introduced the concept of a "salt oscillator'- would resume the convective phase of the salt 
cies may acwunt for climate variability at essentially controlled by the balance between oscillator. Marine evidence of linked surface 
longer suborbital cycles, between 12,000 and fresh water delivered by melting ice and salt and deep-water variability during glacial and 
6,000 years (8), but it is unlikely that they are removed from the surface by the export of deglacial millennial oscillations is consistent 
responsible for climate cycles of 1000 to 2000 saline deep waters from the North Atlantic- with this hypothesis (1 0). 
years. Others suggest that variations in solar to explain millennial climate oscillations dur- The recent finding of millennial climate 
output may drive these climate oscillations. ing glacial times (I ). Heat released during oscillations in the Holocene, when large ice 
Bond et al. and Mayeski et al. favor an ocean- convective overturn may have promoted the sheets did not surround the North Atlantic, 
atmosphere mechanism but do not rule out melting of the ice sheets fringing the North may require modification of the "salt oscilla- 
primary forcing by external processes. Atlantic, delivering fresh water to the surface tor" hypothesis, but it by no means requires its 
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