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• Spring snowmelt led to 

the dilution of TDS and 

the mobilization of TSS 

via surface runoff.

• As the thaw period 

progressed, TSS 

decreased to near 0 

mg.L-1 and the 

concentration of TDS 

increased. This 

indicates an increase 

in subsurface flow.

• In late summer and 

over winter, there was 

a marked increase in 

TDS, DOC, and DOC 

Age. This suggests 

that lateral flow through 

Talik zones is a source 

of solutes and aged 

DOC to Rengleng river.
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Introduction
Contemporary climate change is driving the widespread degradation of permafrost 

across the circumpolar Arctic. This is impacting the water quality of freshwater systems, 

as permafrost is rich in organic and mineral material (Fouche et al., 2020). 

Furthermore, climate change and permafrost thaw is altering the hydrological 

processes that control the delivery of terrestrial material to and through aquatic 

networks (i.e., the frequency of extreme rainfall events, the timing and intensity of 

spring snowmelt, and lateral flow pathways) (Bintanja et al., 2018, Vonk et al., 2015; 

Chiasson-Poirier, et al., 2020; Smith et al., 2005). The water quality response of Arctic 

streams and rivers to climatic variability and permafrost thaw is highly variable, 

depending on terrain features (e.g., organic material, surficial geology, relief), 

permafrost conditions (e.g., nature and magnitude of thermokarst), and hydroclimatic

controls (e.g., summer rainfall, spring freshet, water residence time, hydrologic 

connectivity) (Vonk et al., 2019; Tank et al., 2020). A number of studies have 

established that permafrost thaw is a potential source of organic and mineral material 

to downstream aquatic systems (Shakil et al., 2020; Tank et al., 2020; Kokelj et al., 

2021). There is still uncertainty, however, in how the water quality impacts of 

permafrost thaw vary spatially (in response to changes in permafrost and terrain 

conditions) and temporally (in response to seasonal variability in precipitation, thaw, 

and flow pathways). 

Purpose:

The purpose of this study is to investigate the factors controlling the response of water 

quality to permafrost thaw in three neighbouring catchments with contrasting terrain 

and permafrost conditions. 

Broad Objectives:

I. Investigate the cumulative effects of organic-rich peatland tributary streams and 

mass wasting on the chemistry of the Miner River, Imaryuk watershed, NT;

II. Compare and contrast the seasonal response of water quality to the 

emergence of winter streamflow in two organic-rich Arctic rivers not influenced 

by mass wasting (Rengleng River and Caribou Creek, NT); and 

III. Characterize the permafrost conditions (type and magnitude of 

thermokarst) and terrain features (surficial material) within the    

contributing catchment of each river, in order to explain spatial   

variability in water quality.

Study Area

Catchment Characteristics

Water Quality Response
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Rengleng River and Caribou Creek: The recent emergence of winter streamflow 

at Rengleng river and Caribou creek suggests an increase in the connectivity of 

the main river channel with groundwater flow pathways. In 2021, water samples 

were collected up to three times monthly from late-winter to late-summer (March 

to August). The sampling locations were collocated with a Water Survey of 

Canada hydrometric station, near the outlet of each river (see Figure 2) . Samples 

were analyzed for species of carbon, nitrogen, and phosphorus, as well as mineral 

ions. To try and ascertain the source of winter streamflow, water samples were 

also analyzed for 14C Age. Supplementary data is available from 2019 and 2020.

Methodology

2. Caribou Creek

3. Miner River

• Seasonal trends in TDS 

concentration resembled 

Rengleng river. The 

composition, however, changed 

across seasons.

• The role of H2SO4 in carbonate 

weathering increased from early-

summer to Fall. This  indicates 

deeper subsurface flow during 

this period.

• Also in contrast with Rengleng 

river, DOC was modern year-

round. 

Miner River: The Miner river is impacted by numerous retrogressive thaw slumps 

(right). To measure the response of water quality to retrogressive thaw slumping, 

water samples were collected before and after each active thaw slump with a 

debris tongue that extended into the river (S7, S6, S8). Water samples were 

collected monthly during the flow period of 2023 and  analyzed for species of 

carbon, nitrogen, and phosphorus, as well as mineral ions and trace metals. 

Additional data is available for 2021 and 2022. 

Surficial Geology:

The surficial geology of Rengleng river 

(bottom) and Miner river (top) catchments 

is predominantly Moraine Plain (Mp) and 

Hummocky Moraine (Mh) (Figure 2). Mp

can have glacial till ranging from 2-20m 

thick and Mh can have glacial till up to 60m 

thick. By contrast, the majority of the 

Caribou creek catchment (middle) is 

characterized as Moraine Veneer (Mv), a 

thin (<2m) layer of glacial till overlying 

bedrock topography. In addition to glacial 

till, the landscape is rich in organic 

deposits, particularly in the Rengleng river 

catchment. 

• Before S7 (the 

initiation of thaw 

slumping), TSS was 

present in low 

concentrations.

• Thawing slumping led 

to a notable increase 

in the concentration of 

TSS. This was 

strongly correllated

with subsequent 

increases in Total 

Phosphorus (TP), 

Total Aluminum (TAl), 

and Total Iron (TFe).

• TSS was negatively 

correlated with DOC. 

This could be 

explained by the 

adsorption of DOC to 

mineral sediment.
Figure 3: The presence/absence of periglacial features (a), the level of degradation associated with periglacial features 

(b), and the number of mass wasting events (c) within 7 Km2 grid cell across the three study catchments. This data was 

obtained from the NWT Thermokarst Mapping Collective (see Kokelj et al., 2023). 

Figure 4: Seasonal variability in Total Dissolved Solids (TDS), 

Total Suspended Solids (TSS), Conductivity, Dissolved Organic 

Carbon (DOC), and F14C (an indicator of DOC age). 

Figure 5: The proportion of major ions (in meq) in 

Caribou creek for each sampling years.

Figure 6: The minimum (lower limit), maximum (upper limit), 

and mean concentration of  Total Suspended Solids (TSS) and 

Dissolved Organic Carbon (DOC) in the Miner river (left). The 

Pearson correlation coefficient between TSS and DOC and 

other variables (right).   
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Figure 2: Surficial geology of the Rengleng river, Caribou creek, and 

Miner river catchments. The data was obtained from Cote et al. (2013).  

The debris tongue of a 

retrogressive thaw slump 

blocking Miner river.

Permafrost Conditions:

Polygonal terrain is distributed throughout each catchment. Notably, the polygonal terrain appears to be 

experiencing low levels of degradation. This is typical for peatland polygonal terrain in this area (Steedman et al., 

2017). 

Flowing south-north, the Miner river catchment crosses into an ice-marginal glaciated landscape. In this region, 

ice-marginal glaciated landscapes contain large volumes of massive ice that are often only protected by a thin 

layer of over burden. This makes them more vulnerable to mass wasting. In contrast with the Rengleng River and 

Caribou Creek catchments, Miner river is affected by numerous retrogressive thaw slumps (red dots). 
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1. Rengleng River

Figure 1: The watershed boundary for Rengleng river (1), Caribou creek (2), and Miner river (3) 

delineated using the Arctic DEM. The basemap delineates the major watersheds within the study 

area and was obtained from NWT Geomatics (Government of the Northwest Territories). 
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