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Figure 7  X-radiographs and corresponding micro-density curves for all cores. 
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features that allow cross-correlation along the cores with a high degree of confidence. For 

example, the estimated 1988 varve exhibits a characteristic pattern defined by a sharp rise 

in density (increase in grain size), a well-defined maxima and a relatively thick density 

minima. Conversely, the previous unit, estimated as 1987, shows substantially more 

variability between cores, with double density maxima in cores W70 and W130 and 

single density maxima in the other cores (Figure 8). Cross correlation of these marker 

varves between the cores permitted the reduction of errors associated with false varves 

and double-density minima, and to anchor the individual chronologies within common 

sedimentary boundaries.   

4.6.3 Chronology validation 

The varve chronologies were compared with 137Cs profiles obtained on core P2 

and one of the proximal cores (W77) (Figure 1).  Both profiles show a clear, defined 

137Cs peak that corresponds to the expected maximum fallout from nuclear bomb testing 

in 1963/4 and matches the estimated corresponding varve ages (Figure 9). The onset of 

measurable 137Cs activity corresponds in both cores to the estimated varve years 1955-

1957, which appears to be slightly late compared to known 137Cs release into the 

atmosphere (Appleby 2001). However, the cesium chronology provides independent 

verification that the laminae observed in both of these cores likely represent varves.  

Hence, the other cores that were cross-correlated with marker beds also likely constitute 

clastic varves as well.  

 Pollen analysis was also carried on core WW in order to use vegetation changes 

and known land use changes to further constrain the sedimentary record.  The regional  
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Figure 8 Example of chronology building using the microdensity cross-correlation 

method for years 1988-1983. The individual subsections have been scaled to the same 

length. Lower panel: annual daily hydrograph of the Blanche River for the corresponding 

years (1988-1983). 
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decline of Pinus strobus (white pine) due to logging activities in the Ottawa River valley 

from the end of the 19th century until the beginning of the 20th century, and the rise of 

Ambrosia sp. (ragweed) that corresponded to the onset of agricultural practices in the 

watershed at the beginning of the 20th century were predicted to represent potential 

vegetation signals that could be resolved by the sedimentary pollen record.  Pollen 

markers, given the chronological range for vegetation changes and in the source of the 

pollen preserved in the sediments, constitute a sub-optimal dating tool. However, in the 

presence of well-documented vegetation changes, high resolution historical pollen 

analyses can provide useful chronological boundaries.  

White pine logging started around 1830 in the southern Ottawa valley river 

watershed and reached Temiskaming at the end of the 19th century. Historical accounts of 

white pine logging mention that the last significant amount of white pine was floated on 

upper Temiskaming Lake in 1922 (Tatley 1996). The onset of agriculture in Wabi Creek 

watershed dates to the end of the 19th century and with considerable expansion of 

cultivation during 1905-1915 following construction of a railroad into the area (Tatley 

1996). 

 Although no varve chronology is available for core WW due to core disturbance, 

the core shows the same transition from massive to laminated sediments directly after a 

woody organic deposit at a depth of 53 cm to which age of 1905 is attributed in core P2. 

The rise of Ambrosia sp. is found within several centimetres of this lithologic boundary, 

and supports the hypothesis that the onset of varve formation in Wabi Bay corresponds 

closely to the initial colonization and vegetation clearance of the area at the beginning of 

the 20th century (Figure 9).   However, the decline of the white pine is less clear, although 
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a prolonged minimum occurred between 46 and 10 cm depth (Figure 9).  This late 

decrease in white pine pollen could correspond to the logging of Wabi Creek and the 

Blanche River watersheds during the colonization period of the early 20th century.  

Regardless, the pollen record is consistent with the known history of the land use changes 

in the area and provides additional general support for the varve age model. 

 In addition, two AMS 14C dates of terrestrial plant remains were obtained on core 

WW in order to evaluate changes in accumulation rates prior to the onset of varves. The 

radiocarbon ages were calibrated to calendar years using the program CALIB 4.3 (Table 

2). The relatively large uncertainty associated with both dates limits the accuracy of 

accumulation rates for the inferred pre-anthropogenic core sediments. However, 

maximum and minimum accumulation rates between 210 and 53cm are estimated as 

0.20-0.35 cm·a-1 while the accumulation rate for the period post-1905 based on the varve 

chronology is 0.55cm·a-1. 

 

Table 2 Radiocarbon ages determined for core WW. Radiocarbon calibration was based 

on CALIB 4.3 (http://calib.qub.ac.uk/calib/). 

Lab 

Identification 

Depth cm Sample 

description 

AMS 14C ages 

(years BP) 

Calibrated age 

interval (2б) 

(years BP) 

TO-12438 210.5 Thuja 

occidentalis  

750 ±60 634-790 

TO-12439 293 Vaccinium sp  850 ±60 677-914 
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Figure 9 137Cs Profiles (bars) and estimated depth-age (curve) for (A) Core P2, (B) Core W77, 

(C) Pollen diagram of core WW in percentage. 
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4.6.4 Inter-core varve comparison 

Five varve chronologies were obtained, the lengths of which are limited due to the 

physical length of the sediment from the cores (e.g., the shortest core (W130) covers 46 

years (1954-2000) over 39.5 cm), and to the onset of varves after ~1910 in core P2, at a 

depth of 63 cm, below which no regular laminations could be observed visually, by x-ray 

density, or from the Ca profiles (Figure 6).  

Among the three cores retrieved along the axis of Wabi Creek, W77 and W130 

show the most similar trends, while accumulation patterns in cores P2 and T5 appear to 

behave relatively independently from the other varve thickness records. When looking at 

the varve series during their common period (1954-2000), W77 appears to have the 

lowest sedimentation rate (0.49 cm/a) while T5 has the highest (0.85 cm/a) (Table 3). 

 

Table 3 Annual accumulation rates (cm/a) for Temiskaming Lake cores. 

 W70 W77 W130 T5 P2 

Mean thickness 

(cm) 

0.68 0.49  0.85 0.69 

Standard 

deviation (cm) 

0.24 0.14 0.25 0.33 0.20 

 

4.7 Hydroclimatic signal contained in the varves 

A comparison of interannual varve thickness and historical regional discharge 

variability was carried out in order to explore the linkages of sediment transport with 
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regional hydroclimatic variability. As no discharge record is available for Wabi Creek, 

we used two regional discharge series from the nearby Blanche and more distant 

Harricana Rivers (80 km northeast). The Blanche River daily discharge series covers the 

period 1974-1997 while Harricana River discharge data is available from 1933 to 1996. 

Both rivers have a typical annual hydrograph for the region, dominated by high spring 

discharge during the snow melt, followed by a low discharge period during the summer 

and small discharge increase during the autumn due to increased precipitation. Maximum 

annual daily discharge for the Harricana River varied from 99-317 m3·s-1 with a mean of 

188 m3·s-1 during the 1933-1996 period, while the Blanche River maximum annual 

discharge varied from 88-221 m3·s-1 for the period 1974-1997, with an mean maximum 

daily discharge of 166 m3·s-1. Comparisons, for the common period show that both river 

series are well correlated (mean daily discharge, 1974-1997, r2 = 0.56, n=8760, p<0.01).  

However, given its longer length, the Harricana River series was used for comparison 

with the varve records, despite the greater distance and the difference in watershed size 

between Wabi Creek and the Harricana River.  The Harricana River record was 

anticipated to offer a reasonable approximation of regional discharge variability during 

much of the 20th century, and especially of the intensity of regional spring discharge 

associated with the spring melt.  

Individual varve thickness series were compared with maximum daily peak 

discharge.  Additionally, the number of days during which the river discharge exceeded 

specific discharge thresholds was assessed as an approximation of the duration of 

significant discharge events with potential high sediment transport competency. Several 

thresholds were tested and the highest correlations were obtained for the number of days 



91 

during which the mean discharge was equivalent or greater than 70 m3·s-1 (Table 4).  

Significant correlations with these variables where found only for cores W70 and W130 

(Figure 10).  The strongest correlations were noted for the number of days when the mean 

discharge of the Harricana River exceeded 70 m3·s-1 (Table 3), which explained up to 

38% of the varve thickness variability in core W70 

 

Table 4 Coefficient of determination (r2) of the number of days each year during which 

the Harricana River, QC (station 04NA001, 48.69°N 78.10°W ) discharge exceeded, 50, 

70, 90 m3·s-1 and varve thickness and correlation between maximum annual discharge (Q 

maximum) and varve thickness 1933-2000 (n=67). Significant values (p<0.05) are shown 

in bold. 

Discharge threshold 

(m3·s-1) 

W70 W77 W130 T5 P2 

Q>50  0.28 0.01 0.10 0.07 0.00 

Q>70 0.38 0.04 0.23 0.02 0.01 

Q>90 0.34 0.05 0.27 0.01 0.01 

Q maximum 0.06 0.09 0.01 0.02 0.00 
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Figure 10 Varve thickness series for cores W70, W77, W130, P2 and T5. Number of days 

during which Harricana River discharge exceed 70 m3·s-1 and max daily annual discharge 

for the same river. 
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Varve thickness in general presents a decreasing trend over time in all cores, but 

the trend is significant (p<0.05) only in cores W70 and W130. No significant trend in 

river discharge was observed during the same period hence, it appears that the 

accumulation decrease is potentially attributable to decreased sediment delivery by Wabi 

Creek.  

 

4.8 Discussion 

4.8.1 Image analysis and varve properties 

Building on previous studies (Ojala and Francus 2002, Tiljander et al. 2003) that 

showed the sum of all gray-level values (or light sum) within the x-radiograph of a 

clastic-organic varve can be used as a proxy for the detrital input of mineral matter, the 

analysis of Temiskaming Lake sediment shows that x-ray values can are related to grain-

size variability within clastic varves. In this study, the limited thickness of the varves, 

their relatively low grain size range, as well as x-ray acquisition errors precluded the 

development of an unique calibration curve between x-ray density and grain size. If the 

acquisition error and nonstationarities of x-radiographs can be effectively removed, it 

appears that images could be effectively used to estimate high resolution grain size 

variability within varves and sub-annual laminae.  

 Similarly, our study also demonstrates the utility of the ITRAX core scanner for 

the study of clastic varves. In this case, the difference between the Ca content of the clay 

and the silt component of Temiskaming Lake varves can be used to delimitate varve 

boundaries as effectively as from the x-ray density profiles. In this context, high-
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resolution XRF profiles are a rapid and non-destructive method to establish sedimentary 

and varve boundaries that can be used in conjunction with conventional techniques such 

as core-face, thin section and x-ray or digital images (Haug et al. 2001).  However, 

similarly to density profiles obtained from x-radiographs, elemental profiles are not 

subject variability related to changes in density and water content. 

4.8.2 Onset of varve formation in Wabi Bay, Temiskaming Lake 

The sedimentology of the long cores shows substantial recent sedimentary 

changes, including an increase in sedimentation rate at the beginning of the 20th century 

that resulted in the onset of clastic varve formation c. 1910. Varve formation followed a 

widespread depositional event of unknown duration that delivered large amounts of wood 

and organic debris along with clastic sediment to the lake. This chronology corresponds 

closely to the colonization of the Little Clay Belt, the agricultural region that extends 

north of New Liskeard and from which Wabi Creek originates. The arrival of the first 

European settlers in the watershed dates from 1891, and the town was incorporated as 

New Liskeard in 1903 (Tatley 1996). In 1905, the Temiskaming and Northern Ontario 

Railway arrived in order to encourage new settlers to develop farming in the Clay Belt 

and farms began to be established in the Wabi Creek watershed a few years later 

(Engelhart et al. 1910). The first decade of the 20th century coincided with extensive 

deforestation and the development of a drainage network along Wabi Creek which 

coincided with downstream inception of varve formation in Wabi Bay. The clearance of 

forest, along with the ditches created to drain the clay soils, likely increased winter snow 
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pack thickness by limiting interception losses by the forest cover, accelerated the spring 

melt and runoff, and hence, the peak discharge and sediment transport from Wabi Creek.  

Another mechanism that could have facilitated the formation of clastic varves in 

upper Temiskaming Lake in the beginning of the 20th century was the construction of a 

dam in 1911 at the village of Temiskaming (90 km south of New Liskeard) to improve 

navigation and control downstream flooding.  The dam raised the maximum lake level by 

approximately 2 m (Tatley et al. 2006) and displaced the Wabi Bay shoreline up to 200 m 

inland (Figure 1).  The dam also resulted in substantially increased inter-seasonal water 

level variability.  The current water level of Temiskaming lake reaches its minimum at 

the end of the winter and its maximum shortly after snowmelt, flooding the flat muddy 

shores of Wabi Bay that were exposed during winter. This seasonal flooding of large 

shallow flats composed of Barlow-Ojibway glaciolacustrine sediments likely has a 

substantial impact on shoreline erosion and sediment remobilization (Gilbert 2006). 

Varve formation has been reported in many reservoirs (O’Sullivan 1983), likely through 

enhanced shore erosion and reduced flow velocity in the lake during infilling periods, 

which promotes faster settling of relatively coarse clastic material.   

 The Little Clay Belt sediments that are currently mobilized by the Wabi Creek 

and the Blanche River are sourced from the postglacial clastic sediments of Lake Barlow-

Ojibway that draped the region to an altitude of 173 m asl 8500 years BP (Veillette 

1994). These post-glacial glaciolacustrine sediments, that can still be observed in the 

watershed (Guillet et al. 1977), have been eroded by Wabi Creek and deposited in 

Temiskaming Lake prior to the arrival of settlers to the region.  However, sediment 

transport and deposition prior to settlement did not meet the conditions necessary for 
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visual varve formation in terms of quantity and seasonal variability of the sediment 

inputs.  Hence, increased erosion and a reduction in the duration of snow melt and 

increased peak discharge has allowed the formation of clastic varves. 

 It appears that recent sediments of Wabi Bay represent an relatively unique 

occurrence of clastic varve formation triggered by land use changes that caused not only 

an increase in clastic material transport and deposition, but also changes in the seasonal 

deposition pattern. These varves correspond to the strict definition of clastic varves in 

that they consist of coarser sediment in response to high inflow during the spring and 

fine-grained sediment deposited during low energy conditions when sediment input is 

low or under seasonal ice cover (Gilbert 2003). Although the thermal regime of Wabi 

Bay is unknown, a polymictic regime is assumed, given the large potential fetch and the 

relatively shallow depth of Wabi Bay. In the absence of permanent stratification and a 

discontinuous influx of sediments, these varves bear resemblance with non-glacial clastic 

varves found elsewhere, including the Arctic (e.g., Lamoureux 1999).  Hence, the setting 

at Wabi Bay broadly corresponds to Sturm’s (1979) third model of varve formation, 

which should produce a graded sedimentary unit for each major pulse of sediment into 

the lake. Multiple graded structures can be observed in the Wabi Bay sediments as sub-

annual density features, particularly in the most proximal cores, W70, W77 and W130 

(Figure 8).  In the presence of these sub-annual structures, the varve boundary is defined 

by the presence of a well-defined clay cap formed under ice cover, through flocculation 

and suspension settling under low energy conditions (Hodder et al. 2007).  

 These results provide an expanded perspective on the conditions for varve 

formation in boreal regions proposed by Larsen and MacDonald (1993), Larsen et al. 
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(1998), and Ojala et al.(2000), who concluded that the presence of clastic varve cannot be 

predicted with a high degree of confidence from lake/depth ratio or water column 

stratification conditions.  First, Wabi Bay varves appear to be predominantly controlled 

by fluvial conditions, in terms of discharge intensity and sediment availability, rather than 

by lake morphometry and stratification. This compares to documented boreal laminated 

lakes in the Larsen et al. (1998) database that present clastic-organic, biogenic or 

chemical varves and which typically require strong seasonality and meromictic 

conditions to preserve the sedimentary structures. Second, the recent onset of varve 

formation in Temiskaming Lake demonstrates that Wabi Bay morphometry or the 

presence of fine sediments in the watershed did not predict of the presence of varves 

since their formation was triggered by substantial landscape perturbation during 

settlement. Changes in flow conditions and overall detrital inputs characteristics 

associated with land use changes have been reported in numerous other 

paleolimnological studies. Keinel et al. (2005), in a study of the climatic and 

anthropogenic influence on the varve properties of Lake Holzmaar, Germany, found an 

increase in varve thickness at the end of the 18th century due to high detrital input 

corresponding to increased iron production in the region. Similarly, van der Post et al. 

(1997) reported an exponential increase in sedimentation rates in recent sediments of 

Blelham Tarn in the English Lake district in response to landscape perturbation caused by 

increased sheep grazing.  Forest clearance and inferred changes in surface hydrology also 

increased deposition rates and produced erosional pulses in three clastic-organic varved 

lakes in Sweden (Itknonen and Salonen, 1994). Additionally, as was the case in 

Temiskaming Lake, Itkonen and Salonen (1994) report that the sedimentological 
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hydroclimatic signals due to anthropogenic impacts on the sedimentary and limnological 

systems became stronger in the past 50 years, and it is now possible to distinguish them 

from the natural background. 

4.8.3 Hydroclimatic record contained in Wabi Bay and boreal clastic varves 

Processes that govern varve formation in other boreal records (Itkonen and 

Salonen, 1993, Petterson et al. 1993, Petterson 1999, Tiljander et al. 2003, Ojala and 

Alenius 2005, Gäalman et al. 2006) appear to be numerous. First, the clastic-organic 

nature of the other documented annually laminated lake sediments in the boreal 

environment, in comparison to the clastic varves present in Temiskaming Lake, limits the 

interpretation of total varve thickness as an integrated proxy of hydroclimatic variability. 

The organic lamina is typically formed from autochthonous material and can be 

interpreted as a proxy for biological primary production in the lake (Ojala and Alenius, 

2005). On the other hand, the clastic portion of the couplet, which is typically deposited 

during peak discharge, may represent several processes. Petterson et al. (1999) proposed 

that the clastic material that formed the spring couplet of Lake Kassjön sediments 

(Sweden) originated from channel bank erosion of the lake inflows.  Thus, interannual 

variability in the clastic component of the varve series represented changes in fluvial 

competency and processes. At Lake Nautajärvi (Finland), Ojala and Alenius (2005) 

interpreted the clastic component of clastic-organic varves to originate from surface 

runoff and hill-slope erosion rather than solely from stream bank erosion. In this case, 

vegetation cover played a significant role over sediment erosion and delivery to the lake 

bed, as illustrated by the increased erosion rates observed immediately after the isolation 
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of the Lake Nautajärvi basin. However, in this study, no significant correlation was found 

between the thickness of clastic and organic couplets, or between each couplet and 

hydroclimatic variability. In the study of two adjacent varved lakes in Sweden, Gälman et 

al. (2006) observed that a large part of the varve thickness variability was not explained 

by the accumulation rates of the major sediment components (mostly clay and gyttja).  

They found that the size and shape of mineral grains, the composition of diatom 

assemblages, the structure of organic matter, and the presence of iron hydroxide all had 

impacts on varve thickness.  This complex set of influences reflect different limnologic 

and hydroclimatic parameters, and hence, deciphering the different environmental signals 

in the varves constitutes a significant challenge.  

Core location appears to play a crucial role in the type and the strength of the 

hydroclimatic signal contained in the sedimentary sequence of Temiskaming and likely 

reflects localized distribution and deposition of sediment in the lake (Lamoureux, 1999; 

Schiefer, 2006). For example, cores W70, W77 and W130 are located along a proximal-

distal transect and do not demonstrate the expected distal thinning associated with 

distance from the inflow. Physical post-depositional disturbance by human activities 

might explain some incongruities between the cores, although the integrity of the 

laminated structures in most cores do not suggest substantial disturbance.  Rather, 

variations in sediment accumulation likely reflect the differential impact and deposition 

from turbidty currents along the slope of Wabi Bay. Along this transect, the lowest 

annual accumulation rates are observed in core W77, located on the steepest part of the 

slope where turbidity flows are expected to gain the most energy and deposit less 
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sediment, while the most distal core W130, is characterized by higher annual 

accumulation than the two other cores (Table 2). 

 Clastic varves can also contain a multitude of environmental signals, which 

depend on the nature of processes responsible for sediment transport and deposition such 

as snow melt, rainfall or near shore erosion (Hodder et al. 2007). Sediment transport in 

Wabi Bay appears to be in large part, controlled by discharge variability of the Wabi 

Creek, as estimated by the regional discharge signal contained in the Harricana River. On 

an annual time scale, this variability was characterized by a well defined maxima during 

the snow melt period and a prolonged minima during the winter under ice cover. This 

relatively simple model of hydrological variability and sediment transport is reflected in 

the varve structure of all cores as well as in the varve thickness of cores W70 and W130. 

However, the sediments in Temiskaming Lake reveal a complex record that reflect both 

the variability in spring discharge and the interplay between land cover changes, 

hydroclimatic variability and limnological process. 

 

4.9 Conclusion 

Analysis of the recent accumulation of sediments in Wabi Bay, Temiskaming 

Lake, demonstrates the advantages of x-radiography as a non-destructive means to 

qualitatively assess grain-size related density changes in clastic sediments. Elemental 

profiles obtained with the ITRAX core scanner also provided a rapid, non-destructive and 

consistent assessment of varve characteristics and aided in chronology construction 

where the varve structures are associated to changes in sedimentary geochemical 

composition. 
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 The recent clastic varve sediments found in Wabi Bay appear to be the product of 

three main controls: (1) a significant increase in fluvial input to the lake and accessibility 

to large supply of fine grained sediments due to historical land use changes; (2) an open, 

unstable landscape that promotes fluvial erosion and rapid streamflow during snowmelt 

period; (3) highly seasonal river discharge and presence of winter ice cover conditions 

that ensure the formation of annual structures within the sediments.   These conditions 

have previously not been investigated or reported in the boreal region of North America 

and these results point to the potential for other recent varve records in areas with suitable 

lakes and post-glacial sediment supplies.  Further, cases where pre-anthropogenic 

disturbances supplied sufficient sediment may represent an opportunity for long term 

paleohydrological reconstructions in this large and ecologically significant region.  
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Chapter 5 

Conclusion 

The results presented in this dissertation can be divided into two categories: 1) 

addressing the relationship between North Atlantic SST and terrestrial climate variability 

in northeastern North America, and 2) dealing with the impact of land and hydrologic 

variability on clastic sediments accumulation in Temiskaming Lake (Ontario/Québec).  If 

both aspects bring new elements and theoretical advances to the understanding of spatio-

temporal climate variability in instrumental and natural proxies, they also identify several 

methodological limitations. 

Until recently, climate variability of northeastern North America, including the 

Arctic, was understood as being primarily impacted by the North Atlantic Oscillation 

(NAO) and its Arctic manifestation, the Arctic Oscillation (AO), as well as by 

anthropogenic global warming. Indeed, it has been shown that the NAO winter index is 

linked to winter temperature over North America, Europe, and Asia (Hurrell and van 

Loon 1997; Wettstein and Mearns 2002). Notably, the NAO dominates climate during 

winter in eastern Canada (Bonsal et al. 2001), and explains up to 50% of the variance in 

winter temperature in Québec and the Maritime provinces. A clear dipole pattern is also 

observed, with positive NAO years resulting in colder winters in Québec and warmer 

temperature in the northeastern and interior regions of the United States (Hurrell and van 

Loon, 1997). However, outside of the winter season, the NAO appears to have a very 

limited impact on terrestrial surface temperature of eastern and northern Canada.  
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The understanding of climate variability in northeastern North America recently 

entered a significant shift, which coincides with the growing interest for the effect of low 

frequency variability in North Atlantic SST on circum-Atlantic climate (Kerr 2005). The 

newly identified Atlantic multidecadal oscillation (AMO) has since then been related to 

an array of phenomenon, including changes in hurricane activity in the Atlantic 

(Goldenberg et al. 2001), drought in the US (McCabe et al. 2004) and summer 

precipitation and temperature in Europe and America (Sutton & Hodson 2003). In the 

Chapter 3, we investigated, using high quality, annually resolved proxy, the presence of 

this low frequency pattern of variability in the eastern boreal forest and Canadian Arctic. 

A spectral pattern resembling that of the AMO is depicted by the proxies, back to the late 

16th century in the Canadian Arctic, and to the early 18th century in southeastern boreal 

regions. Positive AMO phases result in enhanced spring runoff in the Arctic, while they 

are characterized by extended growing season and higher summer moisture in the 

southeastern boreal forest. These results contribute to the understanding of the influence 

of low frequency North Atlantic SST changes on the North American hydroclimate but 

also come with significant limitations. The principal limitation of such studies is related 

to the scarcity of suitable high-resolution hydroclimatic proxies for the analysis of low 

frequency climate variability, particularly in the boreal and subarctic regions where such 

data are limited to disturbance-prone dendrochronological series. Hence the spatial 

coverage of multiproxy and multi-site paleoclimatic studies remains sub-optimal. 

Another major challenge that comes with the identification of common modes of 

variability between proxies is the isolation of the studied signals from the recent 

anthropogenic warming trend and associated climate changes, as well as nitrogen 
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fertilization that impacted varve deposition in the Arctic and tree growth patterns in the 

boreal forest, respectively (Innes 1991). Such limitations are intrinsically associated with 

the sub-optimal nature of climate proxies and can only be reduced through a better 

understanding of processes and factors relating environmental variability and individual 

proxy response. Finally, another important limitation is the interpretation of the climatic 

significance of common variance from individual proxy series. While we can attest with a 

significant degree of confidence that different time series share a common signal that 

corresponds to a low frequency signal in North Atlantic SST, fully understanding the 

quantitative nature of the hydroclimate signal (snow water equivalent, precipitation, 

temperature, seasonality, etc.) for each proxy and location remains subject to some 

degree of uncertainty. It is in order to overcome this difficulty to that Chapter 4 of this 

dissertation was undertaken.  

First, a review of published research related to the physical mechanisms involved 

in the generation of the multidecadal SST anomaly and of its effect on North American 

hydroclimate clarified the nature of the AMO and of its manifestation. This review 

reveals how little is known about the relationship between North Atlantic SST and 

terrestrial climate in Canada, a relationship that is at the core of the signal identified in 

Chapter 2 of this dissertation. The seasonal imprint of North Atlantic SST on Canadian 

terrestrial climate was then investigated in the second part of this second chapter. The 

analysis compares Kaplan (Kaplan et al. 2003) North Atlantic SST series to seasonal 

surface temperature calculated from the adjusted historical Canadian climate database 

(Vincent et al. 2002). The results show statistically significant relationship between North 

Atlantic SST and surface temperature around the St. Lawrence valley during the winter. 
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During the during the spring and summer, this zone of influence expand to the subarctic 

and arctic regions, explaining up to 25% of the seasonal variability in surface 

temperatures over the coast of Labrador. This analysis should now be expanded to other 

climatic variables, including precipitation, atmospheric pressure and wind patterns. 

Chapter 4 illustrates the crucial need for more high-resolution paleoclimatic 

records in northeastern North America when comes to understanding the spatio-temporal 

climate variability of this vast region. It is in this context that a search for varved 

lacustrine sediments was undertaken in the Abitibi-Temiskaming region of Ontario-

Québec, which, given its abundance of lakes and fine grained sediments originating from 

deglacial lake Barlow-Ojibway, showed good potential for varve formation (Ojala et al. 

2000) Although several lakes were indentified as having potential and subsequently 

cored, this work did not resulted in any long laminated sequence that could be used as 

high-resolution climatic proxy. However, it permitted the identification for the first time 

in the boreal region, recent clastic varved sediments at Temiskaming Lake covering about 

100 years. Recent varve formation there is attributed to significant increase in sediment 

input to the lake and accessibility to large supply of fine grained sediments due to: (1) 

historical land use changes; (2) an open, unstable landscape that promotes fluvial erosion 

and rapid streamflow during snowmelt period; and (3) highly seasonal river discharge 

and presence of winter ice cover conditions that ensure the formation of annual structures 

within the sediments. This study sheds light on control on clastic varve formation in the 

temperate/Boreal setting. This unusual occurrence is primarily attributed to landscape 

perturbation and was made possible given the major sediment availability in the 

watershed, rather than by lake morphometry or absence of mixing. These results confirm 
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that varve formation is difficult to predict from simple criteria such as depth/area or mixis 

regime; Larsen et al. (1998) showed that lakes presenting clastic-organic, biogenic or 

chemical varves typically require strong seasonality and meromictic conditions to 

preserve the sedimentary structures.  This last chapter nevertheless demonstrates that 

sediment rich area of the boreal forest have the potential for clastic varve formation 

which could be used as hydroclimatic proxies.  

In conclusion, this dissertation brings new perspective on (1) low frequency climate 

variability in the northeastern North America during the past few century and (2) recent 

formation of clastic varves in a boreal setting. Nevertheless, numerous related questions 

remain to be investigated, particularly through the development of new paleo-

precipitation proxies and their interpretation in understudied regions of North America. 
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Appendix A 

Kinojevis tree rings 

The Kinojevis tree-ring series was sampled on 40 living individuals trees (Thuja occidentalis) 
from the rocky shores of Kinojevis Lake (48.09 N, -78.84). 

 

Year 
Kinojevis 

Index 
Kinojevis 
Index Std  Year 

Kinojevis 
Index 

Kinojevis Index 
Std 

1986 0.90 -0.52  1953 0.94 -0.29 
1985 0.98 -0.07  1952 0.99 0.02 
1984 0.93 -0.35  1951 0.95 -0.19 
1983 0.85 -0.92  1950 0.83 -1.04 
1982 0.83 -1.06  1949 0.64 -2.61 
1981 0.80 -1.23  1948 0.79 -1.30 
1980 0.88 -0.68  1947 0.75 -1.67 
1979 1.00 0.10  1946 0.87 -0.73 
1978 0.99 0.01  1945 1.07 0.47 
1977 0.91 -0.49  1944 1.10 0.67 
1976 0.95 -0.24  1943 1.06 0.42 
1975 0.82 -1.08  1942 1.29 1.60 
1974 1.01 0.16  1941 1.20 1.17 
1973 0.89 -0.63  1940 1.02 0.19 
1972 1.03 0.26  1939 1.06 0.41 
1971 1.07 0.46  1938 1.06 0.43 
1970 0.99 0.04  1937 0.85 -0.86 
1969 0.85 -0.87  1936 0.92 -0.40 
1968 0.89 -0.63  1935 0.95 -0.24 
1967 1.11 0.73  1934 1.00 0.07 
1966 1.04 0.32  1933 1.04 0.30 
1965 1.04 0.35  1932 1.20 1.18 
1964 1.19 1.14  1931 1.01 0.13 
1963 1.26 1.46  1930 1.13 0.82 
1962 1.09 0.58  1929 1.14 0.86 
1961 1.00 0.10  1928 1.02 0.21 
1960 1.24 1.37  1927 0.97 -0.12 
1959 1.03 0.24  1926 0.95 -0.19 
1958 1.23 1.34  1925 1.07 0.48 
1957 1.25 1.40  1924 0.87 -0.75 
1956 1.01 0.16  1923 0.84 -0.96 
1955 0.88 -0.68  1922 0.79 -1.31 
1954 1.09 0.59  1921 0.82 -1.14 
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Year 
Kinojevis 

Index 
Kinojevis 
Index Std  Year 

Kinojevis 
Index 

Kinojevis Index 
Std 

1919 0.73 -1.77  1874 0.96 -0.17 
1918 0.69 -2.11  1873 1.03 0.27 
1917 0.88 -0.70  1872 1.05 0.38 
1916 0.72 -1.89  1871 1.09 0.59 
1915 0.81 -1.20  1870 1.32 1.75 
1914 0.89 -0.58  1869 1.12 0.76 
1913 0.93 -0.32  1868 1.20 1.18 
1912 1.03 0.25  1867 1.26 1.47 
1911 1.03 0.27  1866 1.27 1.51 
1910 0.91 -0.50  1865 1.30 1.67 
1909 0.90 -0.58  1864 1.13 0.81 
1908 0.87 -0.77  1863 1.02 0.20 
1907 0.90 -0.57  1862 1.06 0.41 
1906 0.74 -1.75  1861 1.03 0.26 
1905 0.85 -0.92  1860 1.01 0.17 
1904 1.07 0.49  1859 0.95 -0.20 
1903 1.34 1.81  1858 1.03 0.25 
1902 1.14 0.88  1857 1.01 0.15 
1901 1.06 0.42  1856 0.96 -0.17 
1900 1.04 0.34  1855 1.03 0.25 
1899 0.96 -0.19  1854 0.99 -0.01 
1898 0.97 -0.07  1853 0.88 -0.69 
1897 0.98 -0.04  1852 0.79 -1.34 
1896 1.04 0.32  1851 0.87 -0.72 
1895 1.13 0.80  1850 0.85 -0.87 
1894 0.98 -0.02  1849 0.87 -0.73 
1893 1.15 0.90  1848 0.71 -1.93 
1892 1.23 1.34  1847 0.79 -1.36 
1891 1.10 0.68  1846 0.93 -0.37 
1890 0.92 -0.39  1845 0.86 -0.84 
1889 1.01 0.12  1844 0.90 -0.57 
1888 1.17 1.03  1843 0.88 -0.69 
1887 1.14 0.87  1842 0.98 -0.05 
1886 0.96 -0.14  1841 0.91 -0.51 
1885 1.14 0.88  1840 0.88 -0.67 
1884 1.21 1.24  1839 0.83 -1.01 
1883 1.05 0.39  1838 0.94 -0.30 
1882 1.19 1.14  1837 0.86 -0.85 
1881 1.06 0.42  1836 1.14 0.87 
1880 1.08 0.56  1835 1.09 0.62 
1879 1.15 0.91  1834 1.05 0.37 
1878 1.06 0.40  1833 1.16 0.99 
1877 0.98 -0.03  1832 1.03 0.29 
1876 0.75 -1.67  1831 1.40 2.09 
1875 0.95 -0.20  1830 1.05 0.36 
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Year 
Kinojevis 

Index 
Kinojevis 
Index Std  Year 

Kinojevis 
Index 

Kinojevis Index 
Std 

1829 1.10 0.63  1786 1.11 0.72 
1828 1.10 0.63  1785 0.94 -0.31 
1827 1.30 1.67  1784 0.78 -1.41 
1826 1.11 0.73  1783 0.86 -0.84 
1825 1.09 0.62  1782 0.99 0.00 
1824 1.03 0.27  1781 0.99 0.05 
1823 0.96 -0.17  1780 0.88 -0.71 
1822 1.08 0.52  1779 0.84 -0.97 
1821 0.95 -0.21  1778 1.13 0.84 
1820 0.83 -1.03  1777 0.99 0.03 
1819 1.10 0.67  1776 0.78 -1.37 
1818 0.89 -0.64  1775 0.70 -2.08 
1817 1.13 0.83  1774 0.67 -2.32 
1816 0.86 -0.80  1773 0.78 -1.40 
1815 0.96 -0.17  1772 1.02 0.22 
1814 1.18 1.05  1771 0.93 -0.37 
1813 1.01 0.13  1770 0.74 -1.75 
1812 1.17 1.00  1769 1.14 0.87 
1811 0.98 -0.06  1768 1.41 2.15 
1810 1.21 1.23  1767 0.73 -1.81 
1809 1.26 1.49  1766 0.84 -0.96 
1808 1.32 1.75  1765 0.74 -1.73 
1807 1.13 0.84  1764 0.98 -0.04 
1806 1.46 2.34  1763 1.09 0.60 
1805 1.50 2.49  1762 1.00 0.10 
1804 1.26 1.48  1761 1.41 2.14 
1803 1.17 1.04  1760 0.98 -0.04 
1802 1.68 3.19  1759 1.04 0.34 
1801 1.02 0.22  1758 1.06 0.45 
1800 1.17 1.03  1757 1.20 1.17 
1799 1.10 0.64  1756 0.99 0.02 
1798 0.94 -0.29  1755 0.89 -0.64 
1797 1.08 0.54  1754 0.88 -0.70 
1796 0.81 -1.18  1753 1.07 0.47 
1795 0.89 -0.60  1752 1.10 0.64 
1794 0.77 -1.46  1751 1.38 2.03 
1793 0.79 -1.32  1750 0.95 -0.25 
1792 0.93 -0.34  1749 1.28 1.56 
1791 0.91 -0.48  1748 0.91 -0.45 
1790 0.99 0.04  1747 1.11 0.69 
1789 0.98 -0.03  1746 0.91 -0.45 
1788 1.02 0.18  1745 0.85 -0.88 
1787 1.26 1.45  1744 1.02 0.20 
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Year 
Kinojevis 

Index 
Kinojevis 
Index Std 

1743 1.00 0.09 
1742 1.02 0.22 
1741 0.71 -1.95 
1740 0.80 -1.27 
1739 0.89 -0.61 
1738 0.61 -2.87 
1737 0.58 -3.15 
1736 0.75 -1.64 
1735 0.83 -1.00 
1734 1.08 0.57 
1733 1.11 0.72 
1732 0.92 -0.42 
1731 0.97 -0.07 
1730 0.75 -1.61 

 




