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The enigma of the Younger Dryas: just 
what might have been the trigger?
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The Younger Dryas (YD) was an interval from ca.11.0–10.3 
14C ka (12.8–11.6 cal ka), when glacial conditions returned to 
the northern hemisphere, and there was a complex varying pat-
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tern of multiple outlet discharges of both meltwater/icebergs 
into the oceans, resulting in significant widespread atmo-
spheric and oceanographic changes. There is evidence that 
thermohaline circulation (THC) and the formation of North 
Atlantic Deep Water (NADW) ceased, and changes in the levels 
of atmospheric CO2 occurred. Debate has recently intensified 
as to what triggered the YD.

The first hypothesis that the YD was triggered by a specific 
forcing mechanism was published in 1989, when it was sug-
gested that an eastern Lake Agassiz drainage outlet opened into 
the Gulf of St. Lawrence (GOSL), and the transport of meltwa-
ter and icebergs northeast in a pre-conditioned Gulf Stream, 
produced a freshwater “cap” in the Norwegian-Greenland seas 
(NGS). In the 1990s, others argued that there is no isotopic 
evidence of reduced salinities and temperatures in the Gulf at 
this time. Some recently presented evidence supports a closed 
eastern outlet at YD onset, and concurrently compiled contra-
dictory evidence suggests that there were discharges from both 
the Hudson and St. Lawrence rivers at YD onset.

 In 2005, a model providing a radically different theory 
was published based on evidence that significant Keewatin Ice 
Dome meltwater discharge into the Arctic Ocean occurred 
throughout the YD, discharge more than twice that of the 
Laurentide Ice Sheet into the Atlantic Ocean during the same 
time. This discharge originated from Lake McConnell and pos-
sibly Lake Agassiz, flowed via the northwest (Clearwater River) 
outlet into the Arctic Ocean, through Fram Strait and into the 
NGS. Geomorphologic evidence of northwest drainage is clear, 
but others challenge the timing, believing it occurred post YD. 
Yet another hypothesis is that only the addition of large tabular 
icebergs to meltwater in the Arctic Ocean provided enough 
freshwater to “cap” the NGS and explain the lack of sudden YD-
onset sea-level changes. The most recently published evidence 
suggests that part of the answer may encompass a larger area, 
that enhanced Arctic Ocean outflow via the East Greenland 
Current during the Allerød intensified SE Greenland Ice Sheet 
(GIS) retreat, and increased meltwater influx into the Atlantic 
Intermediate Water that was then transported to the NGS by 
the Irminger Current. A pivotal role by the GIS may account 
for the very strong isotopic signal in the Greenland ice cores.

Modelling and evidence of possible external forcing mecha-
nisms may prove invaluable for improving understanding of 
abrupt climatic change and for evaluating models that simu-
late THC response; as predicted increases in freshwater input 
to the North Atlantic following increasing atmospheric CO2 
levels may cause changes to THC. Preparing for the climatic 
consequences of external forcing by societal impact on global 
systems requires understanding what triggered the YD and 
other sudden onset climatic changes.

 




