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The measured concentrations of dissolved material in Greenland Ice Sheet borehole 
(Table DR1) and outlet (Table DR2) waters appear below. The sample naming scheme is as 
follows: The number after GL indicates the year the sample was collected. Borehole samples are 
labeled with numbers and letters. The numbers identify a site, the letters identify boreholes 
within that site. Boreholes within a single site are located ~20 m apart. Samples with -T were 
collected from the terminal outlet. Samples with -L were collected from a lateral outlet. Samples 
with -S were collected from surface streams (Table DR3). The final number represents a 
sequence of samples taken from a single borehole or outlet site. Several of the borehole samples 
required corrections for drill water dilution and other issues (discussed below). Table DR1 
represents the measurements prior to these corrections. The data from outlet samples were 
plotted directly from Table DR2. 

The GL10 boreholes are located in a near-marginal environment (< 1 km from the ice 
margin) and in relatively shallow ice. Both the GL11-1 boreholes and the GL12 boreholes are 
located approximately 15 km from the ice margin. These sites contrast deep and shallow ice, 
with the GL11-1 boreholes located on a local basal topographic high and the GL12-2 boreholes 
located in a basal trough. The GL11-2 borehole is located ~30 km from the ice margin.  All of 
the boreholes are in ice that feeds the Isunnguata Sermia outlet. This outlet is of relatively simple 
geometry, feeding into straight valley walls that parallel the east-west ice flow direction. 



Samples were filtered using 0.45 µm nylon filters. With most samples, filtration was 
performed in the field. Cation concentrations were measured using filtered samples and anion 
concentrations measured from unfiltered samples. Cation samples were acidified in the 
laboratory using 12 M HNO3. In 2010 and 2011, samples were analyzed at the USGS 
hydrochemistry analytic laboratory in Boulder, Colorado, USA, using a Perkin-Elmer/Sciex Elan 
6000 inductively coupled plasma mass spectrometer for cations and a Perkin-Elmer Optime 3300 
DV inductively coupled plasma atomic emissions spectrometer for Si. Anions were measured 
using an ion chromatograph. In 2012, samples were analyzed by the Geological Survey of 
Finland using similar instruments and methods.  

 

 

pH was measured in the field using a Beckman-Coulter meter. In some cases, pH 
indicator strips were alternatively used. An alkalinity titration was employed to estimate 
bicarbonate content. Because the alkalinity titration was performed in the laboratory, the samples 
almost certainly equilibrated with  atmospheric carbon. The data were therefore corrected: 

HCO Alk 1  ,       (1) 

where Alk  is the measured alkalinity, and K  is a partition coefficient between carbonic acid 
and bicarbonate (e.g. Langmuir, 1997). At 0˚C, K  equals 10-6.58 (Plummer and Busenburg, 
1982). The values for HCO  that appear in Tables S1-S3 employ this correction. The charge 
balance is provided as a check on the validity of this correction and on data quality. 

In order to assess the effects of drill water mixing, the composition of the surface streams 
used as drilling water were measured in several instances (Table S3). GL11-T-15 is a surface 
stream near the terminus, and is also included for reference. These data show the surface waters 
to be highly dilute, and therefore unlikely to add substantial chemical constituents to the basal 
water.  



 

In 2011 and 2012, drill water was pumped out of a tank where a constant level of 
fluorescein was maintained. The dilution of basal water by the drill water was calculated by 
dividing the concentration of  fluorescein in the sample by the concentration of fluorescein in the 
returning drill water prior to connection with the bed. Where returning fluorescein was not 
measured, it was estimated from the fluorescein concentration in the pump tank. Pump tank 
fluorescein concentrations were found to be 16 ± 1% higher than returning drill water fluorescein 
concentrations during the 2012 season. Ion concentrations in the basal water can then be 
calculated: 

	,           (2) 

where  is the measured molar concentration,  is the molar concentration in average surface 
waters, and R is the ratio of drill water to total water. Due to carbonic acid buffering, the pH of 
basal waters is largely controlled by the ratio of  carbonic acid to bicarbonate. The corrected pH 
is therefore calculated:  

pH log 	 3   

where pH  is the pH of the surface waters (assumed to be 5.6) and HCO  is the average 
bicarbonate concentration in surface waters.  

Fluorescein measurements were not performed in 2010. In the GL10 boreholes, -1 
samples were collected immediately after drilling, while -2 samples were collected 
approximately one day later. The -1 samples likely contain a mixture of drill water and basal 
water. The -2 samples are likely mostly basal water, as they were collected while water levels 
were rising in the boreholes. Because it is not clear how diluted the by drill water the -1 samples 
are, only the   -2 samples are included on Figure 4 (for the GL10 boreholes).  

 Samples GL12-2B, 2C, and 2D all contain substantial quantities of Cl-. We believe that 
this is likely due to an error in sampling procedure by which small quantities of 3.5 M KCl 
electrode storage solution were allowed to enter the samples. We correct this by subtracting 
equal quantities of K and Cl from the sample, assuming the Cl concentrations are the same as the 
value measured for GL12-2A-1. GL12-2A-1 has a Cl concentration comparable to that found in 
other borehole sampling sites. 



The borehole values used for plotting Figures 2-4 appear in Table DR4. Drill water 
dilution corrections for the 2011 and 2012 are effected, as well as the corrections for the KCl 
contamination in samples GL12-2B, 2C, and 2D. As sample G11-1A is highly dilute and a high 
percentage drill water, it is excluded from the analysis.  

 

 

 

The data from the alpine glaciers and other Greenland Ice Sheet work used in 
constructing Figures 2 - 4 appear in Table DR5. These values represent averages of several 
measurements, often designed to represent the integration of an entire annual melt season. For 
most studies, the averages were calculated by the authors. We calculated averages for Hagedorn 
and Hasholt, 2004 and for Ryu and Jacobson, 2012. 



 

 



References Cited 

Langmuir, D., 1997. Aqueous Environment Geochemistry: Prentice Hall. 
 

Plummer, L.N., and Busenburg, E., 1982. The solubilities of calcite, aragonite, and vaterite in CO2‐H2O 
solutions between 0 and 90°C, and an evaluation of the aqueous model for the system CaCO3‐CO2‐H2O: 
Geochimica et Cosmochimica Acta, v. 46, p. 1011‐1040. 

 

 


