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Trapping of air in glacier ice (Greenland/Antarctica)

Depth of bubble close-off depends on accumulation rate and temperature.

Age difference 

between air in

bubbles and 

enclosing ice 

up to 2500 yr

in Antarctica

at present.



Density and bubble volume vs.

depth at Siple Station, Antarctica

Not all bubbles close at the same

time.

Vostok: 0-160 ka BP

Modelled age difference between

ice and air in bubbles.



Reconstruction of the CO2 and

CH4 increases since preindustrial

time (Siple and DE08 shallow ice

cores). 

Good agreement with Mauna Loa

curve!



CO2 over last 1000 years

from Antarctic cores.

CO2 over last 1000 years

from Greenland cores,

compared with Antarctic

curve.

In situ production of CO2

in Greenland ice!



From R. Bradley, Paleoclimatology (p. 170)



Vostok 0-220 kyr BP

Glacial-interglacial

temperature variation ~7 °C

From R. Bradley, Paleoclimatology (p. 170)



The 420,000 year record from Vostok.



Chemistry of ice cores

- Soluble impurities (major ions)

- Heavy metals

- Organic acids

A few examples:

Sulphate (SO4
2-) – formed by oxidation of SO2 in the atmosphere.

 Sources of SO2: Volcanic eruptions, forest fires,

fossil fuel combustion.

Also marine and continental sources.

Chloride (Cl-) – marine aerosol, also contributions from volcanism

and pollution

Nitrate (NO3
-) – formed by oxidation of NO and NO2.

Sources of NO and NO2: Reactions during lightning

and due to cosmic radiation, organic processes in

soil, burning of fossil fuels.

Calcium (Ca2+) – Mainly of continental origin, transported with dust.



Seasonal variation in impurity concentrations in a 5 m snowpit at Summit, Greenland. 



Anthropogenic increase in

nitrate and sulphate seen

in Greenland data.



GISP2 core, Greenland:

Elevated concentrations 

of marine and continental 

impurities during the last 

glacial period.

Dansgaard-Oeschger cycles

seen in most impurity records.



Atmospheric dust, originating

mainly in the Gobi desert, central

Asia, is transported to Greenland.

Dust particle size:  < 0.1 – 10 µm

Typical concentrations:

Holocene: 0.1 mg dust /kg ice

Wisconsin:  1-10 mg /kg



Spring peak



~35 spring peaks in dust in a 45 cm section at 2400 m depth

in the GISP2 core, Greenland. Age: ~50,000 years.



Calcium (proxy for dust) records from GRIP and Vostok,
compared with 18O.

Greenland:  Dust from Gobi desert

Antarctica:  Dust from Patagonia



PSA = Possible

           Source Area

P. Biscaye et al. (1997):

Study confirming the Gobi origin

of Greenland dust



Electric conductivity measurements on ice cores

ECM method



H+ = 0.045i1.73 µeq/kg

Calibration curve:

Acidity vs. current

Protons are the charge

carriers in pure ice
Hammer et al., 1980)



ECM record of volcanism 570-1970 AD

The Settlement layer in

Iceland (871 AD).



GRIP ECM record

Radio echo 

sounding

reflectors



Particles of volcanic ash (tephra)

found at 2464 m depth in the GISP 2

core – age 53,000 years BP.

From Zielinski et al., 1997



Large volcanic eruptions during the past centuries lead to slight

cooling of the atmosphere for a few years.



Lower conductivity in ice

from the glacial period.

Higher dust concentrations

during the glacial period,

Ca2+ neutralizes acids.



GISP2, Greenland: ECM and volcanic sulfate during the Holocene.

High level of volcanic activity early in the Holocene – formation

of large shield volcanoes in Iceland.

Skjaldbrei  – W. Iceland

Formed ~ 8000 BP



Volcanic sulfate and calcium

(climate indicator) – last

40,000 years in the GISP2 core.

Zielinski et al., 1997.



Toba eruption  ~70,000 years ago

From Zielinski et al.



The 10Be peaks in the Vostok core, ~35 ka and ~60 ka BP



The 35 ka BP peak in 10Be is also seen in Greenland cores

Vostok

GRIP

(GRIP – abandoned

timescale)



Data from Greenland on lead pollution of the atmosphere forced

us to switch to unleaded gasolin!


