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The paleolimnological approach:
Insights into the history of lakes and rivers



Multiple indicators of changes in sediment archives

algues
invertébrés



Lac Joseph

Lac William

Lac à la 

Truite

Stater Pond

Lac Bécancour
City of 

Thetford 

Mines

Bécancour River  

Chain of study sites (fluvial lakes)

Watershed of the 

Bécancour River

Carte modifiée de GROBEC (2010)

upstreamdownstream



Main problems and challenges

Lac William
❖ Eutrophication

associationlacwill

iam.ca
Photo credit : ALWPhoto credit : APLTI

Lac à la Truite



Source : Courrier Frontenac (2016) Photo credit : Laurier Larose

❖ Lake sediment infilling
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Drainage of

lac Noir

(1955–1959)

Main problems and challenges



Problem: Lake sediment infilling

Erosion of asbestos mine tailings



Main research questions

❖ What are the origins of the lake infilling and eutrophication ?

❖ What are the natural background conditions of the lakes ?

❖ What is the level of ecosystem deterioration ?

Main objective : reconstruct the lake « health » evolution of

the lakes in the Bécancour River basin over time.

Method : paleolimnology



Sediment sampling (summer 2017)
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Laboratory analyses
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Stater Pond

City of 

Thetford 

Mines 1st water body 

located downstream 

from the mines



Stater Pond – Core chronology
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Before 1954
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Dam and 

embankment

Stater Pond – changes within the watershed



Sudden increase of 

sediment 

accumulation rates 

following the 

drainage of lac Noir

(1954-1959)
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Stater Pond – sediment accumulation rates

Average linear 

accumulation rate 

since 1960 :

1,3 cm/yr
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Stater Pond – organic matter content

Sediments deposited 

since 1954 are very 

poor in organic 
matter  (< 9 %)

important inputs of 

mineral matter
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Stater Pond – Metals

Sediments 

deposited since 

1954 are abnormally 

enriched in 

magnesium and 

chromium
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Asbestos mining 

wastes contain 

high 

concentrations of 

magnesium and 

chromium



Sediment sources/origins

Asbestos 

mining 

residues

Riverine and 

soil 

sediments 

from tributary 

rivers



Summary :  Massive mine tailing erosion

has strong impacts on the Bécancour River

Photo credit: Chum 2015 Photo credit: APLTI
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Lac à la Truite – Chronology
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Lac à la Truite – sediment accumulation rates
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Sediment 

accumulation 

rates still very 

high since 1954 :

~ 0,7 cm/yr
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Lac à la Truite – Metals

Important inputs 

of mining 

residues
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Major impact event: 

Drainage of lac Noir (1955-1959)



After 1959

Crédit : Gouv. Québec Crédit: Gouv. Québec

Dam and 

embankment

Conclusion: Stater Pond was not sufficient

as a sediment retention basin
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Lac à la Truite –
Fossil algae (diatoms) and trophic state

Oligotrophic state

Eutrophic state

Slight improvement

1958

1986

Relative abundance (%)



Water treatment station of the Upper 

Bécancour River (since 1986)



Lac William

Thetford 

Mines

3rd water body 

located 

downstream from 

the mines



Lac William – sediment accumulation rates 
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Important initial 

increase in sediment 

accumulation  

associated with the 

modern colonization 

(0,3 cm/an)

Subsequent important 

increase associated 

with the drainage          

of lac Noir

Since 1954 : ~ 0,5 cm/an
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Lac William – Metals

Important inputs 

of mining 

residues
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Lac William –
Fossil algae and trophic state (diatoms)

Oligotrophic state

Mesotrophic state
1885

Relative abundance (%)



❖ Opening of Saint-Julien hospital in 1872 (Marcoux-Dubois et Fréchette-Laframboise, 1984);

❖ Timber trade and log drive on Lac William since 1885 (Marcoux-Dubois et Fréchette-Laframboise, 1984);

❖ Construction of the first sewer system around 1900 ?

Source: Marcoux-Dubois et Fréchette-Laframboise, 1984 

Source: Marcoux-Dubois et Fréchette-Laframboise, 1984 

Important changes/events in the watershed of Lac William:



Lac William – Fossil algae (diatoms)
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Eutrophic state
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Mesotrophic state
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Asbestos in the sediments

Lac Bécancour Étang Stater Lac à la Truite Lac William Lac Joseph

Natural 
watershed

sediments (%)
0,0–1,5 0,0 1,1–3,5 0,0–0,3 0,0 à < 0,1 %

Lake surface 
sediments (%)

4,3 3,1 1,7 4,0 2,0

Maximum (%) 4,4 5,2 6,9 4,0 2,0

❖Mostly chrysotile fibers

❖ Up to 2,1 % actinolite and

0,3 %  trémolite (amphibole

asbestos)

❖ Fiber length mostly under 5 µm



Major research conclusions

❖ Lakes of the Bécancour River displayed good/healthy 

ecological conditions until the event of modern colonization;

❖ The sudden drainage of lac Noir (1955–1959) had a  

catastrophic impact on all lakes located downstream from 

Thetford Mines;

❖ Massive erosion of asbestos mining residues occurred towards 

the Bécancour River;

❖ Stater Pond and lakes à la Truite and William have very high 

sediment accumulation rates resulting in rapid sediment infilling;

❖Thetford Mines wastewater greatly affects downstream lakes;

❖ Sediments of the Bécancour River chain of lakes display high 

asbestos fiber concentrations.



Main research recommandations

❖Curb the transport of sediments from asbestos-

containing mine tailings to the Bécancour River;

❖Reduce pollution associated with Thetford Mines' 

municipal wastewater;

❖Develop an efficient nutrient and sediment retention 

basin along the Bécancour River;

❖Increase riparian buffer zones along lakes and 

rivers;

❖Assess asbestos fiber content in water and ambient 

air along the Bécancour River. 



Revitalization/reconnection of lac Noir, 

Upper Bécancour River

Revitalization of the old river bed (oxbows)



A spark of hope !

Vézina retention basin near former Normandie (Vimy Ridge) asbestos mine
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Thank you for your attention ! 
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