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Abstract 

 

CƻǊŜǎǘ ǊƛƴƎǎ ŀǊŜ ƭŀǊƎŜ ŦŜŀǘǳǊŜǎ ŎƻƳƳƻƴ ƛƴ hƴǘŀǊƛƻΩǎ ōƻǊŜŀƭ ŦƻǊŜǎǘǎ ǘƘŀǘ ŎƻƳǇǊƛǎŜ ŎƛǊŎǳƭŀǊ 

topographic depressions in carbonate mineral soil that are filled with peat. This thesis documents 

ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǇŜŀǘ ŀƴŘ ǎƻƛƭ ŎƘŜƳƛǎǘǊȅ ŀƭƻƴƎ ǘǊŀƴǎŜŎǘǎ ŀŎǊƻǎǎ ǘƘŜ ά.Ŝŀƴέ ŀƴŘ ά¢ƘƻǊƴ bƻǊǘƘέ ǊƛƴƎǎΣ 

which are centered on accumulations of CH4 and H2S, respectively. Within the mineral soil, ring 

edges are characterized by strong negative anomalies in pH, ORP and carbonate, as well as positive 

anomalies of Al, Fe and Mn in the results of aqua regia and hydroxylamine-hydrochloride digestions. 

Within the peat, positive carbonate and pH anomalies are recorded. This antithetic relationship 

suggests vertical migration of carbonate species from clay to peat. An inverse relationship exists 

between ORP, versus redox inferred from aqua regia. Strong ORP lows occur where oxidized 

products show highest concentrations. This is interpreted to reflect the proliferation of autotrophic 

organisms occupying the strong redox gradient at the ring edge. 

 

Keywords: forest ring, reduced chimney, H2S, CH4, oxidation-reduction potential (ORP). 
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Résumé 

 

Les anneaux forestiers de la forêt boréale ŘΩhƴǘŀǊƛƻ sont des formations circulaires causées par une 

dépression topographique du sol carbonaté remplie de tourbe. Cette thèse décrit les changements 

chimiques de la tourbe et des sols sous les anneaux άBeanέ Ŝǘ άThorn NorthέΣ ǊŜǎǇŜŎǘƛǾŜƳŜƴǘ 

centrés sur des accumulations de CH4 et H2S. Le sol minéral au bord des anneaux présente des 

anomalies négatives de pH, ǇƻǘŜƴǘƛŜƭ ŘΩƻȄȅŘƻ-réduction et carbonates, et des anomalies positives 

de Al, Fe et Mn obtenus par digestion sous eau régale et ŎƘƭƻǊƘȅŘǊŀǘŜ ŘΩƘȅŘǊƻȄȅƭŀƳƛƴŜ. La tourbe 

affiche des anomalies positives de carbonate et pH. Cette relation antithétique suggère une 

ƳƛƎǊŀǘƛƻƴ ǾŜǊǘƛŎŀƭŜ ŘΩespèces carbonatées entre argile et tourbe. Une relation inverse existe entre le 

POR et les conditions redox déduites ŘŜǎ ƳŜǎǳǊŜǎ ŘΩŜŀǳ ǊŞƎŀƭŜΦ De fortes anomalies négatives de 

POR surviennent où lŜǎ ǇǊƻŘǳƛǘǎ ŘΩƻȄƛŘŀǘƛƻƴ sont enrichis. Ceci pourrait indiquer la prolifération 

ŘΩƻǊƎŀƴƛǎƳŜǎ ŀǳǘƻǘǊƻǇƘƛǉǳŜǎ ƻŎŎǳǇŀƴǘ ƭŜ ŦƻǊǘ ƎǊŀŘƛŜƴǘ ǊŜŘƻȄ ŘŜ ƭΩŀƴƴŜŀǳΦ   

 

Mots-clés: anneau forestier, cheminée réduite, H2S, CH4, potentieƭ ŘΩoxydo-réduction (POR). 
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Introduction 
 

 

1. Preamble 

Forest rings are light-coloured circular imprints on the boreal forest of northern Ontario and 

northwestern Québec, ranging in diameter from 50 m to 1.6 km. They are visible on air photos, 

satellite images and from aircraft (Figure 1). Over 2000 forest rings have been identified in northern 

Ontario and Québec in mapping efforts by the Ontario Geological Survey and the Geological Survey 

of Canada since 1999. Previous work on individual forest rings in Canada has established that: 

 

1) Forest rings in northern Ontario are abundant above glaciomarine and marine sediments of 

Quaternary age and commonly occur over Phanerozoic bedrock (Veillette and Giroux, 1999; 

Hamilton et al., 2004a);   

 

2) Forest rings are visible because of poor tree growth or high tree mortality, spatially coinciding 

with a topographic depression in carbonate-rich soils that is commonly filled with peat (Giroux 

et al. 2001); 

 

3) Accumulations of reduced gases such as H2S (Hamilton and Hattori, 2008) and CH4 (Hamilton et 

al. 2004a) occur in the overburden beneath a number of forest rings, and are released into the 

groundwater and the overlying atmosphere.  

 

4) Forest rings are likely the surficial expression of reduced chimneys within carbonate terrain 

developing over sources of reduced material (Hamilton and Hattori, 2008). In at least one case, 

a reduced chimney was detected over an H2S accumulation, but other reduced material may 

produce forest rings as well. 

 

The last conclusion was drawn from the case-study of the Thorn North ring. Groundwaters at this 

ring were found to be characterized by an accumulation of H2S at the ring center, as well as negative 

inward oxidation-reduction potential (ORP) anomalies coupled with the generation of trace 

amounts of CH4 at the ring edge. As a consequence, Hamilton and Hattori (2008) suggested that 
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forest rings develop in a process similar to reduced chimneys over mineral deposits. The model of 

formation of reduced chimneys, explained in the literature review, involves electrochemical 

processes resulting in a negative redox anomaly that influences pH and carbonate speciation. No 

detailed studies have been completed to date documenting such changes in the shallow subsurface 

of a forest ring.   

 

2. Thesis objectives and structure 

The objective of this thesis was to study geochemical data from two forest rings with an emphasis 

on changes occurring in the shallow subsurface at the ring edges. To this end, soil and peat samples 

were collected across a forest ring known to be centered on a CH4 accumulation in overburden (the 

Bean, Hamilton et al., 2004a) and a second over an accumulation of H2S in groundwater (Thorn 

North; Hamilton and Hattori, 2008). First, the thesis provides analytical data documenting changes 

in redox and pH conditions, carbonate contents, as well as redox- and pH-sensitive species in aqua 

regia and weak acid leach solutions. Secondly, a principal component analysis was conducted along 

one of the transects at the Bean ring, in order to evaluate geochemical trends related to the 

presence of the ring. The thesis discusses the data in light of the reduced chimney model, which was 

previously proposed to account for the formation of forest rings. A sequence of chemical reactions 

occurring at the ring edge is proposed in order to explain the observed geochemical responses in 

pH, ORP and carbonate contents. 
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FIGURE 1: Aerial photographs of forest rings in northern Ontario. The annulus is visible due to 

stunted tree growth, as well as growth of moisture-tolerant tree species, such as tamarack (coloured 

in orange on Figure 1B). A) Location is near 565800E, 5482600N, UTM zone 17N and the rings are 

approximately 150 m in diameter. B) Location is 292400E, 5551000N, UTM zone 17N and the ring is 

approximately 550 m in diameter. 

 

A.                                                                                     

 

 

B.  
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Literature review 
 

 

1. Vegetation and distribution of Forest Rings 

Forest rings are visible due to circular zones of low tree density, forming in stands of black spruce 

(Picea mariana). The ring edge (annulus) is visible as a light-coloured zone of forest that is primarily 

an expression of stunted tree growth that is particularly visible in winter when the snow-covered 

understory contrasts with the darker surrounding forest. In addition, the edge is commonly 

highlighted by an increase in Tamarack (Larix laricina) abundance, changing the colour of the forest 

canopy (Figure 1B). During the fall, the orange colour of the Tamarack contrasts sharply with the 

unchanged green colour of the surrounding black spruce. The core and the areas surrounding the 

forest rings are dominated by black spruce, which thrive under moderately to well-drained 

conditions. The ring annulus is a poorly-vegetated bog with low relief. Although the thickness of the 

annulus can vary, it is typically 10 m for the majority of rings.  

 

Forest rings were first reported in the 1950s (Dean, 1956) with the advent of aerial photography as 

a surveying tool. The term forest ring was first applied by the Ontario Geological Survey, in order to 

ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǘƘŜ ŦŜŀǘǳǊŜǎ ŦǊƻƳ άŦŀƛǊȅ ǊƛƴƎǎέΣ ǎƳŀƭƭŜǊ ǊƛƴƎǎ ŎŀǳǎŜŘ ōȅ fungus growing in a radial 

pattern, and to establish a unique name for them. Previous designations included άŎƛǊŎǳƭŀǊ ǊƛƴƎ 

ŦŜŀǘǳǊŜǎέ (Pinson, 1979), άƎƛŀƴǘ ŎƛǊŎǳƭŀǊ ǇŀǘǘŜǊƴǎέ ŀƴŘ άǿƘƛǘƛǎƘ ǊƛƴƎǎέ (Giroux et al., 2001). To date, 

the overall published literature regarding forest rings is sparse: 7 forest rings were studied in 

Québec by Giroux et al. (2001) and 14 forest rings were examined by the Ontario Geological Survey 

(Hamilton, 1999 ; Hamilton et al., 2004a ; Hamilton and Hattori, 2008). In addition to Ontario and 

northwestern Quebec, 200 rings have been identified on Anticosti island in Canada (Dubois, 1993), 

and anecdotally in Russia, Minnesota (USA), and Australia (Hamilton, personal communication). 

Their abundance in northern Ontario is however unmatched with over 2000 forest rings inventoried 

to date within a study area of 150 000 km², stretching westwards from Timmins to Geraldton, and 

northwards from Timmins to the western edge  of the James Bay Lowlands (Hamilton et al., 2004a; 

Veillette and Giroux, 1999). Within this area, the spatial and size distribution of forest rings appears 

correlated to both the regional bedrock, and the overburden geology. Rings are larger and twice as 

abundant above Phanerozoic than Precambrian bedrocks. Rings are also six times more likely to 
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occur over glaciomarine and marine deposits, rather than organic, glaciolacustrine and till deposits. 

Rings are least likely to occur over fluvial, glaciofluvial and bedrock deposits, although they 

sometimes do.  

 

2. Forest ring formation 

Early studies of the formation of rings 

Early studies suggested a biological origin, where forest rings are caused by radial growth of giant 

fungi within the Black Spruce root system (e.g. Mollard, 1980). These conclusions were speculative, 

based on the circular morphology of forest rings, without providing field evidence. Usik (1966) was 

the first to favour a geological origin, interpreting forest rings as the surface expression of 

dispersion halos, caused by the localized diffusion of elements above zones of mineralization. 

Prospectors in Ontario have repeatedly observed these features and believed them to be the 

surface expression of buried kimberlites or other circular features of economic interest (e.g. Millar, 

1973; Reed, 1980; Adams, 1998; Diatreme Explorations, 1999). The results of repeated drilling in 

several forest rings have so far not supported this possibility. Other possible origins of forest rings 

include relict permafrost features, thermokarst and periglacial features (Mollard, 1980).  

 

Veillette and Giroux (1999) and Giroux et al. (2001) discredited the biological origin of radial spruce 

mortality by disproving the underlying assumption that the average tree ages near the ring edge are 

graded, being low within the edge and increasing inward to a point of stabilization. Stabilization 

would have occurred at the distance covered by the fungi over the average lifespan of a black 

spruce (250 years). For Armillaria spp., one of the species with the slowest known rate of radial 

expansion (0.2m/yr), this would have amounted to a minimal zone of graded tree growth of 50m 

inward of the ring edge. The dendrochonological work by Giroux et al. (2001) found no gradient in 

the age of spruce across seven forest rings. Thus forest rings were demonstrated to be static 

features, unless expanding at a rate much slower than 0.2 m/yr. Giroux et al. (2001) also noted a 

decrease in elevation of the mineral substrate at the ring edge up to 3 m, coinciding with changes in 

forest productivity variables. These are a lower total basal area of spruce, a higher relative mortality 

of spruce and a decreased height growth. The visible ring edge is therefore a poorly forested zone 

with stunted tree growth. Discontinuous forest rings, where tree growth is not stunted over 

portions of the ring edge, display either no change in topography or a slight rise in topography (~ 0.5 
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m). The depressions at the ring edge are filled with peat and have high soil moisture. Poor drainage, 

known to inhibit nutrient uptake and photosynthesis of black spruce, was therefore identified as the 

cause for low productivity. Based on the spatial correlation between rings and calcareous substrate, 

Veillette and Giroux (1999) hypothesized the depression at the ring edge to be caused by geologic 

processes at depth, rather than geomorphologic processes at the surface. The significant depth of 

the depression and the occurrence of a thick infill of peat suggest that forest rings have been 

stationary for long periods of time (Hamilton et al., 2004a).  

 

The reduced chimney theory 

A possible origin for forest rings was discussed by Hamilton and Hattori (2008), who proposed  that 

at least one forest ring (the Thorn North ring) is the surface expression of a reduced chimney. 

Reduced chimneys form over a buried source of negative charge and maintain redox-sensitive 

species in a reduced state in the overlying overburden (Figure 2). Groundwaters within the Thorn 

North ring were indeed characterized by low ORP values inside the ring. Negative redox conditions 

also occurred within the shallow subsurface, where positive spontaneous potential anomalies were 

detected. Hamilton and Hattori (2008) proposed the concept of redox-induced spontaneous 

polarization to account for this correlation. This would result in low electrical fields at the margins of 

the ring and transport of ionic species within the electrical field. Reduced species would migrate 

upwards and outwards to the edge of the reduced chimney through electrochemical dispersion 

along the electrochemical gradient (Cameron et al. 2004). At the top and edges of the chimney, 

oxidation of the reduced species, notably Fe2+, above the water table is expected to result in the 

precipitation of Fe-oxyhydroxydes, production of H+ and dissolution of carbonates. This model 

explains the development of geochemical dispersion halo above mineral deposits buried under thick 

glacial sediments (Hamilton et al. 2004b, 2004c). Tracing a redox/pH sensitive geochemical 

parameter across a reduced chimney and beneath the water table produces a positive (or negative) 

response symmetrical with respect to the center of the reduced chimney, commonly referred to as 

άǊŀōōƛǘ-ŜŀǊ ŀƴƻƳŀƭȅέ ŘǳŜ ǘƻ ǘhe resulting symmetrical shape.  
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FIGURE 2: Reduced chimney model (Cameron et al. 2004). The 14 forest rings investigated to date 

were centered over reduced sources within overburden, although reduced sources in bedrock are 

possible.  

 

 

 

 

The work by Hamilton et al. (2004a) suggests that methane accumulations act as a reduced source 

for the majority of forest rings in northern Ontario. The study measured CH4 levels in shallow soil 

and peat, and in the near-ground air across 11 forest rings near Hearst in order to assess the 

prevalence of methane-sourced rings. The selected rings occurred over different types of 

overburden (till, glaciolaculstrine clay and organic terrain) and bedrock (Precambrian and Paleozoic 

limestone). In 9 out of 11 examined rings, average methane concentrations in air were higher within 

the ring, than the values outside of the ring unless dominant winds were blowing outwards. Values 

outside of the ring ranged between 1.80 and 1.91 ppm, while values inside of the rings ranged 

between 1.85 and 1.95 ppm. These results were confirmed by measuring the methane in the 

mineral soil at a depth of 0.5 m. Rings displaying high atmospheric methane concentrations 

displayed increases in concentrations from 10,000 to 40,000 ppm from the background value less 

than 4000 ppm. Concentrations across known or suspected non-methane sourced rings, displayed 

less variability and also reached maximal concentrations of 4,000 ppm.  
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3. Biogeochemistry of Al, Fe and Mn within soils 

The edges of a reduced chimney are expected to show high redox gradients from reducing 

conditions inside of the chimney, to oxidizing conditions outside. A high redox gradient environment 

reflects the occurrence of electron-transfer reactions which influence the distribution and mobility 

of redox and acid-base elements. Both inorganic (abiotic) and microbial (biotic) reactions are 

competing in the soil environment. Bacterial metabolism relies on the availability of a carbon 

source, an energy source, nutrients and an oxidized compound as electron acceptor. In the absence 

of sunlight, biotic reactions in the subsurface gain energy chemotrophically. Chemo-

organoheterotrophic organisms oxidize organic carbon, and chemo-lithoautotrophic organisms 

oxidize inorganic species. This is coupled to the reduction of an inorganic species, acting as terminal 

electron acceptor. Abiotic secondary reactions and mineral precipitation-dissolution reactions occur 

simultaneously, influencing the distribution of adsorbed metals.  

 

In this study, Al, Fe and Mn were chosen to describe the chemical dynamics in peat and soil at the 

ring edge. The biogeochemical cycles of Fe and Mn are driven by redox processes, while the 

solubility of Al in soil is pH dependent. The description of soil biogeochemical processes is based on 

Paul (2007) and Konhauser (2007), and the relationship between Al and soil acidity is based on Tan 

(2010). 

 

Soil redox and Fe-Mn species 

Iron is present in the ferric Fe(III) form under oxidized conditions. Fe(III) is stable under near-neutral 

pH, where it precipitates as Fe(III) (hydr)oxides. Abiotic oxidation mechanisms of ferrous iron (Fe2+) 

are very rapid in aerobic environments at pH > 5. Under anoxic conditions, abiotic Fe oxidation may 

be coupled with the activity of nitrate-reducers and photo-autotrophic bacteria. Biotic Fe oxidation 

may take place even when chemical oxidation is unfavourable, such as at low pH when the reaction 

is catalyzed by acidophilic Fe-oxidizers. Low levels of O2 are required for aerobic bacteria, so they 

can out-compete the rapid chemical oxygenation of Fe which is common at the oxic-anoxic 

interface.  

 

Iron is soluble as Fe (II) in the form of Fe2+ under reduced and acidic conditions, or as Fe3+ under 

oxidizing conditions. Biotic reduction of Fe3+ occurs under anaerobic conditions if insufficient sulfate 
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and nitrate are present to allow sulfate and nitrate respiration. Iron is then used as an electron 

acceptor during anaerobic respiration by Fe-reducing bacteria. Biotic reduction uses dominantly 

dissimilatory pathways, where the electron used during the metabolic process is transferred to an 

extracellular electron acceptor. Biotic Fe-reduction is coupled to the oxidation of organic matter and 

a wide range of organic compounds. Both biotic and abiotic reductive dissolution are accompanied 

by the release of passively adsorbed elements, such as Co, Ni, V, Ba, REE and Al.  

 

Reduced manganese, Mn (II), is soluble as Mn2+ under neutral to acidic pH conditions. Its oxidation 

forms Mn (III, IV) and precipitate as oxides (MnO2, Mn2O3, MnO.Mn2O3), and oxyhydroxide species 

(Mn(OH)3). Precipitation due to chemical (abiotic) oxidation only occurs at pH > 8, and if sulfide or 

carbonate species are present favouring the formation of MnIIS and MnIICO3. Biotic Mn-oxidation 

dominates in acidic and neutral pH and is dominantly dissimilatory. The biotic formation of Mn-

oxides can trigger secondary reactions, such as the coupling of Mn-reduction with the oxidation of 

As (III), N (III) and Cr (III) (Post, 1999). These reactions produce poorly crystalline layered Mn (IV) 

minerals, which occur as coatings or fine-grained aggregates. The resulting high surface area 

strongly influences the distribution of passively sorbed elements, such as heavy metals. 

 

Soil acidity and Al 

Aluminum is abundant in aluminosilicates and aluminum oxides of  clay fractions. The solubility of Al 

depends on soil acidity, rather than redox conditions. The release of Al from clay to pore waters 

occurs with decreasing pH. Biotic oxidative activity, as previously described, can be one of the main 

sources of active acid production within soil. A drop in pH causes the formation of H-Al-clay 

complexes as the Al present within the octahedral layer of clay minerals is replaced by H+. 

Aluminum ions are released from the H-Al-Clay complex through cation-exchange. Al3+ does 

however not stay in solution by itself, but tends to form complexes with six H2O molecules into 

aluminum hexahydronium. The continued hydrolysis of this compound involves the formation of 

several Al-hydroxy compounds and release of protons (H+). Thus the overall change in pH in soil is 

dependent on the ability to replace and release Al via exchange with H+ at the clay interface. Soil pH 

remains stable despite the release of H+, as long as exchangeable Al is present on the clay surface. 

This buffering effect occurs at pH < 5.1, therefore acid soils are rich in soluble Al and Al-hydroxy 

compounds. At more neutral and basic pH, the H+ is not readsorbed on the clay but neutralized and 

precipitated as Al(OH)3. 
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Study area 
 

 

1. Climate and vegetation 

Northern Ontario is located within the Abitibi plains eco-region, part of the boreal-shield climate 

zone and the boreal forest biome. The vegetation cover is dominated by black spruce, balsam fir 

and tamarack growing on a thick horizon of well decomposed organic matter (peat). The region has 

a continental climate, characterized by long cold winters, short warm summers and abundant 

precipitation year-long. Climatic records in Timmins (Ontario) from 1971 to 2000 yield a mean 

annual temperature ƻŦ мΦо х/ and total annual precipitation of 831.3 mm 

(http://www.climate.weatheroffice.ec.gc.ca/climate_normals/index_e.html). The mean summer 

(June-August) temperature and precipitation values over the 1971-2000 period range at 14.5 

хC/month and 87.8 mm/month. Sampling was carried out in Timmins and Hearst (located 210 km 

south-east of Timmins) in August 1999 and July 2000. August 1999 had an average temperature of 

15 хC and total precipitation of 81.4 mm. July 2000 was a dry year with an average temperature of 

16 хC and total precipitation of 45.4 mm. The area is located south of the permafrost and sporadic 

permafrost boundary (Smith and Burgess, 2002). During sampling, ice was however noted in peat on 

two sites at the center of the Bean ring.  

 

2. Location and general geology  

The Thorn North ring is located 40 km northwest of Timmins, Ontario, in a black-spruce dominated 

forest (Figure 3). The bedrock geology is mapped as Archean mafic metavolcanic rocks of the 

Superior Province. A drilling initiative by the Ontario Geological Survey in 2000 encountered quartz-

feldspar porphyry with minor (~1 vol.%) pyrite and chalcopyrite near the center of the ring, and an 

intensely sheared component of the same lithology in a neighbouring hole. The orientation of the 

shear zone is presumed to be north-south trending based on the regional structure (Hamilton and 

Hattori, 2008). The Quaternary geology in this area has been mapped and interpreted in detail by 

Paulen and McClenaghan (1998). The ring is located in an area with approximately 30 m of glacial 

drift cover. Most of the deposits were laid down during a period of deglaciation that began 
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approximately 9.4 kA. A thick varved clay unit was deposited in the region following the 

development of the proglacial lakes Barlow and Ojibway starting at 9.6 kA. Lake Ojibway is the 

northward succession of lake Barlow and started forming at 9 kA. A brief 450 year long re-advance 

of glaciers began around 8.4 kA (Dyke, 2004). During this time the Cochrane till was formed during 

over-riding of the glaciolacustrine deposits. Esker deposits are also likely relicts from the glacial re-

advance. The near-shore sands on the Thorn-North site formed in a brief period when lake Barlow-

Ojibway prograded northward as the ice started receding again. The lake started draining at 7.6 kA 

following the opening of an outlet, likely northward into the Tyrell sea. Peat deposits have been 

forming in the area since that period. 

 

 

FIGURE 3: Location of the Bean and Thorn-North forest rings in northeastern Ontario (from 

Brauneder et al. 2008). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Bean Ring is located within the James Bay Lowlands where the bedrock geology is mapped as 

Devonian carbonate. Drilling by the Ontario Geological Survey in 1999 confirmed the presence of 

thickly bedded non-fossiliferous micritic limestone as bedrock, but the age could not determined. 

The quaternary geology has not been mapped in detail but the drilling initiative showed that the 
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sediments consist largely of stony clay, carbonate-rich (~35 vol.%) till of the Cochrane Formation, 

intercalated  with numerous sand lenses. The overburden is less than 30 m in thickness. The till 

likely originated as glacially-overridden glaciolacustrine clays. The Bean Ring is located outside and 

within several kilometres of the southern limit of the Tyrell Sea incursion. Glacial sediments in this 

part of the James Bay lowlands are thought to be 8.5 kA in age (Dyke, 2004). 

 

3. Description of studied rings 

The Bean and Thorn North forest rings were selected because of their accessibility and previously 

installed infrastructure, such as deep and shallow monitoring wells. The monitoring wells provided 

insight into the local hydrogeology and subsurface redox conditions, and the drill holes allowed 

investigation of the stratigraphy.   

 

The Bean ring 

The Bean ring has a diameter of 430 m and is situated on a black spruce dominated terrain. Two 

orthogonal transects were established across the ring and named after their orientation: southwest-

northeast (BE-SWNE) and southeast-northwest (BE-SENW) (Figure 4). The ring is gently sloping 

downward to the northwest, with an overall relief of 5 m across the 1 km long BE-SENW transect. 

An unusual black spruce aureole occurs beyond the light coloured rim of the ring. Aureoles beyond 

the edge of rings are rare and have only been noted in a few other rings.  

 

The occurrence of a CH4 accumulation in Quaternary sediments beneath the ring was determined in 

a drilling program carried out by the Ontario Geological Survey in 1999 (Hamilton and Cranston, 

2000 ; Hamilton et al., 2004a). 23 shallow monitoring wells were installed at 9 m depth within the 

shallow overburden (Figure 5). CH4 gas was escaping groundwater from the shallow overburden but 

not the bedrock at concentrations high enough to be flammable (Hamilton et al. 2004a). Carbon 

isotopic compositions indicate the CH4 gas is biogenic and was formed at low temperature 

(Hamilton et al., 2004a). This same study suggested the CH4 resides in sand lenses in the till because 

no gas was noted in groundwater from bedrock. Several rounds of water level measurement show 

that the hydraulic head in the monitoring wells within the shallow overburden is up to 2 m above 

ground surface, indicating flowing artesian conditions across the ring. Artesian conditions in the 
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Quarternary sediments are more pronounced with increasing depth. Peat and soil are saturated 

across the whole ring for at least part of the year.  

 

 

 

FIGURE 4: Site map of the southeast-northwest (BE-SENW) and southwest-northeast (BE-SWNE) of 

the Bean ring. Coordinates (m) are in UTM Zone 17N, NAD83. The ring is 430 m in diameter. Note 

the wide black-spruce aureole surrounding the ring. The road to the right is an overgrown logging 

road that intersects the Fushimi Lake Road located beyond the southeast corner of the air photo. The 

site is approximately 40 km north of Highway 11. The photo is clipped from an Ontario Ministry of 

Natural Resources air photo number 86-5003-09-62. The traces of the sample lines were added later 

as a differentially corrected GPS track.   
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FIGURE 5: Shallow and deep stratigraphy on the Southwest to Northeast (BE-SWNE) and Southeast 

to Northwest (BE-SENW) sampling transects at the Bean ring. The thick vertical bars indicate the 

position of the ring edges. The sudden topographic low just inside the SE ring edge is thought to be 

an iceberg grounding. The piezometric surface was determined during the installation of 23 shallow 

monitoring wells and a deep borehole drilled to bedrock at the site. Methane is present in vapour 

phase at flammable concentrations in the 5 central wells, but not in the deep borehole.   
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Thorn north 

Thorn North (Figure 6) has a diameter of 560 m and is one of the best studied rings due to its road-

accessibility. The glacial sedimentary stratigraphy (Figure 7) has been previously described by 

Hamilton and Hattori (2008). The description is based on an extensive drilling program carried out 

by the Ontario Geological Survey in 2000, during which 54 shallow wells were installed in 

Quaternary aged sediments and three boreholes were drilled to bedrock; one outside and two 

inside of the ring. The shallow monitoring wells were installed to a depth of 8 m using hollow-stem 

augers.  

 

H2S was noted in almost all of the shallow wells inside the ring. Drastically lower concentrations 

occur in water from wells outside of the ring (Hamilton and Hattori, 2008). The Thorn-North ring is 

therefore centered on an accumulation of H2S in groundwater. Unlike CH4 at the Bean ring, the 

source of H2S at Thorn North is likely in bedrock. Water from two boreholes that penetrate the 

sheared quartz-feldspar porphyry zone identified in bedrock, had concentrations of H2S up to 2.25 

and 11 mg/L, which are higher than in groundwater from gabbroic rocks intersected in a borehole 

located outside of the ring (Hamilton and Hattori, 2008).   

 

The overburden at Thorn North is 30 m thick and is composed of glaciolacustrine clay and clay till in 

the west half of the ring, and fine to medium sand in the eastern half of the ring. This change is due 

to a 30 km long south-southeast trending esker underlying the eastern half of the ring. Three 

transects have been cleared in the forest across the Thorn North ring and were named after their 

orientation: north-south (TN-NS), west-east (TN-WE) and southwest-northeast (TN-SWNE). 

Sampling took place along the TN-NS and TN-WE transects. The TN-NS transect is dominated by 

glaciolacustrine clay and pebbly clay till. A thin oxidized lacustrine sand unit occurs at the center of 

the line, but was not sampled. The unit is thicker on the TN-WE transect, and accounts for the first 

five samples on the west end. The lacustrine sand unit thins out towards the east and is replaced by 

a unit of glaciolacustrine clay. The apparent degree of oxidation of the clay unit varies from low 

oxidation inside of the ring to high oxidation at the eastern end of the transect. A unit of fine esker 

sand underlies the clay on its eastern half and unsaturated conditions in the sand result in a perched 

water table in the overlying clay.  
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TN-SN is a wet sampling line, with a shallow water table lying between 0.02 m and 0.2 m beneath 

the ground surface. Moisture conditions along TN-WE are more variable, with the depth of the 

water table ranging between 0.02 m and 1 m. The water table is deepest, ranging between 0.5 m to 

1 m in depth, at the center and the western end of TN-WE. At these locations the uppermost layer 

of peat and lacustrine sand are unsaturated and oxidized.  

 

 

FIGURE 6: Site map of the north-south (TN-NS) and west-east (TN-WE) transects of the Thorn North 

ring. Coordinates (m) are in UTM Zone 17N, NAD83. The ring is 560 m in diameter. The road to the 

right is the Kamiskotia Lake Road, 21 km north of Kamiskotia Lake, northwest of Timmins, Ontario. 

The center of the ring can be reached via the SWNE line intersecting with Kamiskotia road. The 

photo is clipped from an Ontario Ministry of Natural Resources air photo number 91-4826-64-86. The 

sample lines were added graphically along the trace of surveyed sample locations. 



17 

 

  

FIGURE 7: Shallow stratigraphy on the south-north (TN-SN) and west-east (TN-WE) sampling lines 

at the Thorn-North forest ring. The stratigraphy and piezometric surface was determined from 54 

monitoring wells installed across the site screened between 8 and 9 m depth. The water table was 

determined during the sampling program based on the position of standing water in the auger-holes 

(figure modified after Hamilton and Hattori, 2008). 
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Methodology 
 

 

1. Sampling 

The author visited the Bean and Thorn North in July 2008 and July 2009 in order to examine 

environmental conditions at the forest rings, soil profiles at the ring edges and to replicate the 

sampling methodology for soil and peat. However, the data included in this thesis were acquired by 

soil and peat sampling carried out by the Ontario Geological Survey in August 1999 and July 2000 at 

the Bean and in July 2000 at the Thorn North ring. The same sampling methodology was used during 

both years. Two orthogonal sampling lines were established along transects across each ring 

(Figures 8 and 9). The sample spacing was reduced from 50-100 m in 1999 to 25-50 m in 2000. 

During both years, sample density across the presumed ring edge was increased to 5 m. The peat 

thickness was first assessed by measuring the depth to clay with a standard split soil spoon. One soil 

spoon length (30 cm) of mineral soil was collected beneath the peat-soil interface. Peat samples 

were collected within 30 cm of the clay sampling site, at the standard depth of 0.5 m using hand-

held Dutch augers (Figures 10 and 11).  

 

The top organic horizon is entirely composed of peat. Samples were classified based on visual 

examination and range from poorly humified to well humified. Poorly humified samples are partially 

decomposed, fibrous light to medium brown with well distinguishable stems and roots. Well 

humified samples are extensively decomposed, soft, and homogeneous dark-brown in colour. The 

interface between organic and mineral horizon, was commonly marked by a noticeable 

discoloration of the sampling unit, indicative of oxidation. Clay from the Bean site showed mottling 

or an orange/reddish colour. Mottling is a common occurrence in regularly water-logged soils and 

did therefore not occur under thick peat deposits. It is caused by a very localized alternation 

between oxidized (brown) and reduced (grey) environments reflecting iron cycling by iron-oxidizing 

bacteria (Chorover, 2005).These units, ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƳƻǘǘƭŜŘ Ŏƭŀȅέ ƻƴ ǘƘŜ .Ŝŀƴ ŀƴŘ άƛƴǘŜǊŦŀŎŜ 

ǳƴƛǘέ ƻƴ ¢ƘƻǊƴ bƻǊǘƘ on figures 10 and 11, were distinguished from the deeper uniform-grey clay 

unit and sampled as a different horizon. Only data from samples in the underlying uniform-grey 

unoxidized clay are used in the thesis.  
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Field data for the collected peat and soil samples are reported in Appendix 1 for Bean and Appendix 

2 for Thorn North. These include sampling depth, location along the transect, water depth at the 

sampling site, the surveyed topography and a short sample description. 

 

 

FIGURE 8: Sample locations for the southeast-Northwest (BE-SENW) and southwest-Northeast (BE-

SWNE) transects across the Bean ring. Geo-positioning of the air photo is estimated to be accurate 

to ±10 m but was rubber-sheeted to a Landsat image of unknown accuracy. Actual ring-edge 

locations (Table 1) were determined with the help of oblique air photos taken from a helicopter 

orthogonally to the sample lines. Geo-positioning of the sample points is ±1 m, although their 

accuracy relative to one another is better than this. Photo and location are as per Figure 4.  
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Figure 9: Sample locations for the north-south (TN-NS) and east-west (TN-EW) transects across the 

Thorn-North ring. Geo-positioning of the air photo is estimated to be accurate to ±5 m. Geo-

positioning of the sample points is ±1 m, although their accuracy relative to one another is better than 

this. Photo and location are as per Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 










































































