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Study Area: Kangerlussuaq region of western 
Greenland



Study Area: Kangerlussuaq region of western 
Greenland 

• Akuliarusiarsuup Kuua River 
(AKR), which drains the 
Russell Glacier, a land 
terminating lobe of the 
Greenland Ice Sheet (GrIS) 
located in the Kangerlussuaq
region of western Greenland

• AKR integrates water from 
Seashore Lake and another 
small subglacial discharge 
tributary

• Climate is low Arctic polar 
desert

• Mean annual precipitation is 
low

Google Earth Image



Geologic Background
• Russell and Leverett Glaciers overlie a 

geologic boundary between the 
southern Nagssugtoqidian Orogen to 
the north and the North Atlantic craton 
to the south

• Regionally dominated by Archaean 
gneisses

• Southern Nagssugtoqidian Orogen: 
amphibolite-facies

• North Atlantic Craton: granulate facies
• Northward transition from undeformed 

to deformed Kangamiut dykes marks 
the boundary between the terranes



Why Did I Chose this Topic?

• Glaciers
• Radiogenic and stable Sr isotope ratios (87Sr/86Sr)
• The paper came out just this year
• Has to do with hard-rock geochemistry as well as aqueous 

geochemistry





87Sr/86Sr
• Isotopes are atoms of the same element that differ in the number of neutrons
• The difference between 87Sr and 86Sr is the number of neutrons in the 

nucleus
• 86Sr means that the mass number (number of protons plus the number of neutrons) of 

this isotope is 86
• 87Sr means that the mass number of this isotope is 87

• The β- decay of naturally occurring 87Rb37 to stable 87Sr38 is the basis for the 
Rb-Sr method of dating

• Geochronometry equation is written in terms of the isotopic ratio 87Sr/86Sr
• Used to date Rb-rich minerals such as muscovite, biotite, and K-feldspar in 

igneous and metamorphic rocks based on assumed values of the initial 
87Sr/86Sr ratio

Faure, Gunter (1998)



Stable Sr isotope ratios (87Sr/86Sr)

• Strontium has 4 stable, naturally occurring isotopes: 84Sr (0.56%), 86Sr 
(9.86%), 81Sr (7.0%), and 88Sr (82.5%)

• Important concept for isotopic tracing is that Sr derived from any 
mineral through weathering reaction will have the same 87Sr/86Sr as the 
mineral

• Only 87Sr is radiogenic
• Produced by decay from radioactive alkali metal 87Rb
• Two sources of 87Sr in any material: formed during primordial nucleo-synthesis 

along with 84Sr, 86Sr, and 88Sr, as well as that formed by radioactive decay of 
87Rb



Applications
• Provenance identification
• Global weathering and hydrothermal activity cycles
• Stratigraphy and correlation of marine sediments
• Mixing of seawater and freshwater sources
• Tracing the source and constraining the timing of formation of 

groundwater pathways and processes
• Forensics (ivory, wood, ceramics, etc.)



Previous Work Objectives
• How does silicate weathering affect the 

geochemistry of subglacial discharge from 
the Russell Glacier into the proglacial 
AKR?

• How do elemental concentrations and 
radiogenic and stable Sr isotope affect 
the geochemistry? 

• What is the elemental and Sr isotope 
geochemistry of suspended sediments, 
bedload sediments, bulk rocks, and mineral 
separates?

• What are the solute sources that are 
determined by 87Sr/86Sr ratios?

(Andrews and Jacobson, 2018)



Previous Work
• Using radiogenic and Sr isotope ratios (87Sr/86Sr)to examine controls 

on solute acquisition in subglacial discharge from the Russell Glacier
• Two melt seasons (2014 and 2015)
• Analyses of mineral separates from bulk rocks
• Water samples were collected once per week, from June through 

August 
• Downstream transect samples of the AKR were collected within one 

week of each other, once per month
• Water temperatures
• Anion, cation, and Si concentration analyses as well as Sr isotope 

analyses



Results of the research

• Silicate mineral weathering dominates the solute geochemistry of the 
Greenland Ice Sheet subglacial discharge in contrast to valley glaciers

• Ice sheet subglacial chemical weathering may have a greater impact on 
long-term CO2 drawdown

• Radiogenic Sr isotope ratios of subglacial discharge, sediment, and 
bulk rocks suggest that minerals with high 87Sr/86Sr ratios 
preferentially weather and elevate 87Sr/86Sr ratios of the dissolved load 
above the background level of bulk bedrock

• Calcite weathering doesn’t appear to be the prevailing control on 
subglacial discharge 87Sr/86Sr ratios



How am I going to improve the project/ my 
contribution

• Inverse Modeling in Phreecq to:
• Confirm the idea that the subglacial discharge from 

Russell Glacier is acquiring elemental geochemistry from 
the rocks that are within the area. 

• Another modeling approach was done in order to look at 
the interaction between the AKR and Seashore Lake. 



Inverse Modeling





Selected Output 1



Selected Output 2



Output of 
Equilibrium 

Phases





AKR Distribution of Species Seashore Lake Distribution of Species



AKR and Seashore Lake Distribution of Species



Seashore Lake and AKR (mixed) Saturation Indices AKR Saturation Indices



87Sr/86Sr Isotope Modeling using 
Phreecq



Conclusions
• The results from the two models in Phreecq suggest that silicate 

minerals for the phase mole transfers can be abundant in the AKR. 
• Once the AKR and Seashore Lake interact with one another and the 

AKR is bringing its geochemical properties to the Seashore lake, 
silicate minerals are precipitating out in abundance 

• A difference between the distribution of species can be seen before and 
after the interaction between the AKR and Seashore Lake. 

• Focusing on the interaction between the AKR and Seashore Lake once 
they meet, it can be seen in the distribution of species that calcium, 
carbon dioxide, and bi-carbonate values level out compared to before 
they meet. 
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