
Abstract:
Ice core records provide us a way to investigate 
past climate and look in detail at past atmospheric 
conditions. With, on average, higher CO2 
concentrations in the Greenland record, the focus of 
this project was on the potential mechanisms 
responsible for the higher CO2 concentrations in 
the Greenland ice core record. Contamination in the 
ice is believed to be due to oxidation and 
dissolution processes, however, our results show no 
significant connection between the chemical 
processes in the ice and the higher CO2 
concentrations. 

Conclusion: 
Prior to our measurements, we predicted that the source of 
contamination may be due to oxidation of organic matter or 
dissolution of dust by acid. Our results show that the Tunu ice 
core record is, on average, only a few parts per million of CO2 
higher than the Antarctic record. It shows that the Greenland 
ice core record is in fact not as bad for CO2 measurements, 
compared to WAIS Divide record, as expected. Our results also 
show that there is no significant increase or decrease in excess 
CO2 at the peaks in the chemistry data. With no large 
difference in the excess CO2, the source of contamination may 
not be due to oxidation and dissolution processes in the ice, 
which is not what we predicted.

Results:
Our expected outcome for this project was to identify the greatest difference in CO2 concentrations between the 
Tunu samples and WAIS Divide samples and to understand where excess CO2 in ice cores may originate from. 
Figure 3 shows the WAIS Divide CO2 record over time as well as the Tunu CO2 samples over time. When 
compared to the WAIS Divide ice core record, an excellent, highly detailed Antarctic ice core record believed to 
have minimal contamination, the measured CO2 concentrations from the Tunu record are, on average, higher 
than the WAIS Divide record. Once compared to the WAIS Divide record, the Tunu samples were interpolated into 
the Wais divide record to see how much excess CO2 we have in the Tunu samples. The greatest difference in CO2 
concentrations between the WAIS Divide record and the Tunu measurements had a magnitude of about seven (7) 
parts per million (ppm). On average, the excess of CO2 in the Tunu record was two (2) ppm. With the greatest 
difference of seven (7) ppm, the excess CO2 concentrations in the Tunu samples are not as great as expected. 
After comparing the collected Tunu samples to the WAIS Divide record, they were compared to the chemistry data 
of the Tunu record collected by Joe McConnell. Figure 2 shows the excess CO2 and chemistry data over depth. As 
shown in the figure, no significant connection can be made between the excess CO2 and the chemistry data. 
Although we do see peaks and troughs in the chemistry data, they do not occur at the same depths where our 
measurements were taken. With no significant connection between the chemistry data and the excess CO2 of the 
Tunu ice core, we investigated the peaks of the chemistry data. Most of our samples were not from the exact 
same depths as where we see peaks in chemistry data such as black carbon (BC), calcium (Ca), or ammonium 
(NH4).  To know what the CO2 concentrations are at these peaks, we chose several peaks of BC, Ca, and NH4 
and recorded the exact depths at which the peaks occurred. After additional Tunu ice arrived from a laboratory in 
Reno, Nevada, the additional samples (labeled as Tunu 2017) were measured. Displayed as green crosses in 
Figure 2, the additional Tunu samples showed no significant connection between the chemistry data and excess 
CO2 concentrations. The excess CO2 concentrations of the additional Tunu samples fall between five (5) and nine 
(9) ppm.  
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Introduction:
Snowfall that collects on glaciers each year capture 
atmospheric concentrations of dust, sea salts, ash, 
gases, and pollutants. These ice core records, 
collected from various sites in Greenland and 
Antarctica, can be used to reconstruct temperature, 
atmospheric circulation, sea ice, desert extent, and 
the climate system in general. 
With ice core records going back over 800,000 
years, the temperatures and greenhouse gas 
concentrations can be reconstructed to many years 
before humans influenced the record of these gases 
(Figure 1). The OSU Ice Core And Quaternary 
Geochemistry Lab is a major center for research on 
greenhouse gases in ice. These records are 
extremely important for understanding changes in 
earth’s greenhouse effect and climate. Ice core 
records of carbon dioxide are particularly 
important, but some appear to suffer from 
contamination that reduces their significance. The 
source of the contamination is unknown, however, 
it is believed to be due to oxidation of organic 
matter or dissolution of dust by acid. The 
contamination is greater in Greenland ice core 
records than Antarctic records (Anklin et al., 1995). 
To try and understand the contamination 
mechanisms in Greenland ice cores, we used the 
Tunu ice core collected from Greenland in 2013 to 
collect carbon dioxide (CO2) concentrations.
 

Methods:
The samples are cut into three (3) cm pieces in a large walk-in freezer located in the Ice core lab. To collect CO2 
concentrations from the ice, the process begins with the high vacuum extraction line. The sample is loaded into the sample 
cup which is welded onto the vacuum flange (Image 1). The flanges are then sealed manually with a copper vacuum gasket. 
Once sealed, the sample will get pumped on for about 13 minutes to clear out the laboratory air. The sample is then physically 
crushed 15 times to disaggregate the ice, this releases the air trapped inside the ice. The air is now confined in the crusher 
and is moved to the cryostat via a water trap. The water trap consists of ethanol, chilled with nitrogen, and freezes out the 
water vapor in the air. The dry air is then trapped by a freezing process inside the cryostat. A cold head, located at the bottom 
of the cryostat, uses expansion and compression of helium gas to chill the tubes to about ten degrees Kelvin. From here the 
tubes are connected to a Gas Chromatography (GC) system to collect the CO2 concentrations. Before the measurements are 
taken, a calibration curve is done using standard gas. The exact CO2 concentration and pressure of the standard gas are 
known, allowing us to calibrate our measurements. 
Once our CO2 concentrations were measured, we compared them to both the WAIS Divide CO2 record and the chemistry data 
of the Tunu record collected by Joe McConnell from DRI, Reno (NV).

Figure 1) a. The 800,000 year record of atmospheric carbon dioxide 
concentrations (red) and methane concentrations (green) from the EPICA 
Dome C Ice core. The graph shows the coupling between greenhouse gas 
concentrations and the observed temperatures. B. Graph of carbon 
dioxide and methane concentrations from 450- 1950. The Graph depicts 
increases in greenhouse gas concentrations over the past 250 years. 
Figure taken from Brook (2008).

Image 1) Imagery of the high vacuum extraction line located in 
Wilkinson 006 in the Ice Core and Quaternary Geochemistry lab. 

Figure 2) Graph of the Tunu ice 
core chemistry data and Tunu 
excess CO2. The chemistry 
data used to compare to the 
extra CO2 concentrations 
include sodium (Na), 
ammonium (NH4), lead (Pb), 
calcium (Ca), black carbon 
(BC), nitric acid (HNO3), 
hydrogen peroxide (H2O2), 
isotopic ratio in respect to the 
standard mean ocean water 
(d180), and isotopic content in 
per mil (dD). Excess CO2 
concentrations are ‘extra’ 
compared to CO2 
concentrations of the WAIS 
Divide Ice core at the same 
age. Chemistry data collected 
by Joe McConnell at DRI, Reno.

Figure 3) Graph of WAIS Divide CO2 vs, Tunu CO2 samples. This Graph shows the 
individual CO2 concentrations of the Tunu measurements over the long term WAIS Divide 
record.   


