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The “Flickering Switch” of Late Pleistocene
Climate Change

K. C. Taylor et al.

Editor’s Note

This paper astonished the palaeoclimate community by revealing that significant shifts in climate
can occur extremely rapidly, perhaps on timescales of just 5-20 years. Kendrick Taylor and
colleagues used measurements of the electrical conductivity of an ice core drilled at Greenland
to obtain a record of changes in the dust content of the ice during the last ice age. Alkaline
dust alters the conductivity, and changes in airborne dust content reflect climate-induced
rearrangements of atmospheric circulation. The researchers found several bursts of sudden
changes, which they attribute to abrupt switches between two different climate states. These
results suggest that climate change might not be a gradual affair, but could be triggered suddenly
when critical thresholds are surpassed.

Polar ice contains a unique record of past climate variations; previous Greenland ice
cores have documented relatively warm “interstadial” periods during the last glaciation
and short (century-scale) returns to colder conditions during the glacial to interglacial
warming (see, for example, ref. 1). These climate features have also been observed to
varying degrees in ocean sediment cores”* and terrestrial pollen and insect records®’.
Here we report electrical conductivity measurements from a new Greenland ice core,
which confirm these previous observations, and also reveal a hitherto unrecognized mode
of rapid climate variation. Fluctuations in ice conductivity on the scales of < 5-20 years
reflect rapid oscillations in the dust content of the atmosphere. This “flickering” between
two preferred states would seem to require extremely rapid reorganizations in atmospheric
circulation.

HE Greenland Ice-Sheet Project 2 (GISP2) is coring the summit of the Greenland

ice sheet (72.6° N, 38.5°W) to develop a continuous high-resolution record of
climate related parameters going back at least 200,000 years. The electrical conductivity
measurement (ECM) measures the ability of an ice core to conduct an electrical current,
which is related to the balance of acids and bases in the ice®'’. The measurement is
made by determining the current flowing between two moving electrodes with a potential
difference of a few thousand volts. The current increases with increased concentration of
strong acids, especially sulphuric (from volcanic activity® and other sources'') and nitric
(controlled mainly by atmospheric chemistry'*"®). The current decreases when the acids
are neutralized, which is most commonly caused by ammonia (biomass burning and other
sources'*") or due to alkaline dust (continental sources').
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The “Flickering Switch™ of Late Pleistocene Climate Change

Changes in the value of the ECM baseline occur when climate or weather patterns change
the source strength or transport of the acids and bases. During Wisconsinian times, dust
transport to Greenland increased by at least a factor of 40, possibly because of changes
in transport paths, wind speeds and surface moisture'®. The large amounts of alkaline
dust present in ice from cold periods during the last glacial period neutralize the acids,
reducing the current flow between the electrodes by a factor of ~40 compared with
Holocene conditions. This permits clear discrimination between dusty and less dusty
conditions. The relationship between the ECM signal and the concentration of
alkaline dust at the transition from acidic to alkaline conditions (0 to 10 pA) is not well
quantified. At the transition between acidic and alkaline conditions, the effect of small
amounts of additional dust on the magnitude (but not the frequency) of the ECM
signal may be disproportionately large. In the GISP2 core, however, detailed chemical
analysis shows that the order-of-magnitude decreases in ECM that we consider here are
associated with order-of-magnitude increases in calcium. The source for the calcium
is believed to be airborne calcium carbonate dust. The ECM record has the highest
time resolution (> 15 samples per year) of available measurements, and together with the
sensitivity to dust, this makes ECM suitable for investigating the rate of rapid atmospheric
circulation changes.

The ECM record discussed here covers the time period 10 to 42 thousand years before
present (kyr BP), and allows climate variability to be investigated on timescales of seasons
to millennia (Fig. la). The core has been preliminarily dated by counting of annual layers
which are identified by visual stratigraphy, ECM and particulate measurements. Every
annual layer has been counted for the past 17.4 kyr BP with an estimated accuracy of 3%
(ref. 17). Between 17.4 and 40.5 kyr BP, annual layers were counted by visual stratigraphy
for one out of every 10 or 20 m. The interim sections were dated by counting interpolated
annual layers. At an age of 15 kyr BP, ages of identical events in the GISP2 core and GRIP
core' (located 30 km to the east) differ by 200 years. This is within expected errors. At an
age of 40 kyr BP in the GISP2 core, corresponding events in the GRIP core are dated at
34 kyr BP. Both groups are refining the preliminary dating of the cores and this discrepancy is
likely to diminish. A comparison of the two cores will be presented elsewhere.
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The “Flickering Switch™ of Late Pleistocene Climate Change
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Fig. 1. a, GISP2 electrical conductivity measurement (ECM) record for the period of 10-40.5 kyr BP. Low
current levels indicate that alkaline dust has neutralized the acidity of the ice. The record is resampled
to a rate of one sample per year. The ages of the other expanded-scale figures (Figs 2—4) are indicated.
The years indicated are calendar years. We adopt the carbon-14 datum of AD 1950 as present time. b,
Isotopic ratio '*O/'°O for the ages 10.5 to 16 kyr BP. ¢, Isotopic ratio D/H for the ages 32 to 40.5 kyr BP.
The isotope samples are from contiguous 1-m sections of the core. Because of flow-induced thinning of
annual layers, the 1-m sections correspond to one sample every 15 to 37 years in the '*O/'O record and
one sample every 65 to 80 years in the deuterium/hydrogen record. The correlation between the ECM
and the isotope records demonstrates that the ECM record is responding to climatic events. 4, Mean July
insolation for latitude 60° north®.

The ECM record is characterized by a bimodal high or low pattern that is controlled
by the absence or presence of alkaline dust. For comparison we also present stable
isotope profiles, which are known to respond to the temperature difference between
the moisture source and the ice deposition site, and are used extensively for palaeoclimate
reconstructions'**’. The synchronous transitions in the ECM and isotope records (Fig, 18,
¢) demonstrate the sensitivity of the ECM to climate conditions. Periods of heavy isotopic
composition indicate warmer interglacial or interstadial conditions. The high ECM values
during these times indicate that it was also less dusty. The ECM record (Fig. 2) clearly shows
well-known millennium-scale Younger Dryas, Allerad, Belling and Interstadial periods,
and century-scale events during the Allered and Belling periods. The isolated spikes on the
ECM record span at most a few years and are likely to be associated with volcanic activity.
Although isotopes and ECM show synchronous transitions in Fig. 1, they do not correlate
well on timescales of a few years. This indicates that they respond to different aspects of
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